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Summary

Heartwood is the inner stem core in trees that is deposited with natural antimicrobial
preservatives. Its formation is defined by the conversion of reserve materials into
heartwood substances in conjunction with programmed cell death (PCD) of the xylem
parenchymas. The process resembles wounding responses and shares molecular
regulatory mechanisms with wood formation. Despite the ecological significance as a
crucial development and defense strategy in trees, research on heartwood formation
(HWF) has remained scarce, especially concerning its aspects in PCD. The current
study focuses on two families of regulatory proteases in plant PCD, type-II
metacaspases (MC-IIs) and vacuolar processing enzymes (VPEs), and examines their
gene expression patterns in the different wood regions across an annual cycle based
on the pre-established HWF marker genes, PALI and CHS3. In addition, the physiology
of xylem parenchymas in trees and their terminal differentiation is reviewed to
elaborate on the ecological significance of HWF. Taking Robinia pseudoacacia as a
representative of angiosperm trees for the case study, heartwood-forming samples
were collected monthly between April 2019 to March 2020 for gene expression
analysis by real-time PCR. Complementary, weather data were included for a
comprehensive overview, as well as sequences analysis with homologs of the

candidate genes.

The results show the orderly co-expression patterns of maker genes across the wood
regions and annual cycle. In the differentiating xylem, upsurges of gene expression
were observed with three MC4-like RpMC-IIs and RpMC9 starting in April and subsided
by June, and the upregulation of y-RpVPE occurred primarily in May and lessened in
June, then B-RpVPE abruptly rose in June, and finally PALI increased in June and
gradually declined until September. When viewing the combination with the
corresponding weather data, upregulation of the type-II MC coincided with the first
sharp increase of sunshine duration of the year, whereas elevation of 3-RpVPE and
PAL1 followed the rise in both sunshine and average temperature. In the transition
zone (TZ), gene expression of PAL1, CHS3, and yVPE elevated in synchrony in autumn.

The observed pattern in the outer TZ intriguingly preceded that of the inner TZ by a
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month in autumn, which may be an indication of the flow of HWF initiation signals.
The present work demonstrated that HWF involves all living regions in the stems and
occurs over the seasonal cycle. Furthermore, HWF is a complex differentiation process
comprised of multiple major biochemical processes and structural changes, and y-VPE

appeared to be a suitable reference as the marker for PCD.



Zusammenfassung

Kernholz ist der innere Kern des Baumstamms, der natiirliche antimikrobielle
Konservierungsstoffe beinhaltet. Das Kernholz wird durch die Umwandlung von
Reservestoffen in Kerninhaltsstoffe in Verbindung mit dem programmierten Zelltod
des Xylemparenchyms gebildet. Der Prozess dhnelt der Wundreaktion im Holz und
weist dhnliche molekulare Regulationsmechanismen wie die Holzbildung auf. Trotz
ihrer 6kologischen Bedeutung als entscheidende Entwicklungs- und Verteidigungs-
strategie bei Bdumen ist die Kernholzbildung, insbesondere im Hinblick auf den
programmierten Zelltod, noch wenig erforscht. Die vorliegende Studie konzentriert
sich auf zwei Familien von bereits etablierten Marker-Proteasen, die den
programmierten Zelltod in der Pflanzenentwicklung regulieren: Typ-II-Metacaspasen
(MC-II) und vakuoldre Prozessierungsenzyme (VPE). Weiterhin wurden die Gene
Phenylalanin-Ammoniak-Lyase (PAL) und Chalkonsynthase (CHS) betrachtet, als
Schliisselenzyme des Phenylpropanoid- bzw. Flavonoid-Biosynthesewegs. Ihre
Genexpressionen weisen auf die Produktion phenolischer Verbindungen hin und
wurden als Marker fiir die Produktion von Kerninhaltsstoffen identifiziert. Untersucht
wurden die Genexpressionsmuster der genannten Gene in den verschiedenen
Holzregionen iiber einen Jahreszyklus hinweg. Dariiber hinaus wurde die Physiologie
des Xylemparenchyms und seine terminale Differenzierung untersucht, um die
okologische Bedeutung der Kernholzbildung herauszustellen. Am Beispiel der Robinie
(Robinia pseudoacacia), einem Vertreter der Angiospermen, wurden fiir die
Genexpressionsanalyse mittels Real-Time-PCR, iiber ein Jahr hinweg monatlich
kernholzbildende Gewebeproben gesammelt. Ergdnzend wurde eine vergleichende
Sequenzanalyse mit Homologen durchgefiihrt, um zusammen mit den Wetterdaten

einen umfassenden Uberblick zu erhalten.

Die Ergebnisse zeigen die zusammenhédngenden Expressionsmuster der Maker-Gene
iiber die Holzregionen und den Jahreszyklus hinweg. Im differenzierenden Xylem
wurde ein Anstieg der Genexpression bei vier MC-II Genen beobachtet, der im April
begann und bis Juni abfiel. Die Hochregulierung von y-RpVPE trat hauptséchlich im

Mai und weniger im Juni auf. Die Expression von (-RpVPE hingegen stieg im Juni
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abrupt an. PAL1 wurde schliel8lich vermehrt ab Juni exprimiert und ging bis
September allméhlich zuriick. In der kombinierten Betrachtung mit den
entsprechenden Wetterdaten fiel die Hochregulierung von MC-II mit dem ersten
starken Anstieg der Sonnenscheindauer des Jahres zusammen. Wahrend der Anstieg
von 3-RpVPE und RpPAL1 sowohl dem Anstieg der Sonnenscheindauer als auch der
Durchschnittstemperatur folgte. In der Ubergangszone stieg die Genexpression von
RpPAL1, RpCHS3 und y-RpVPE synchron an. Das beobachtete Muster in der duf3eren
Ubergangszone trat im Herbst einen Monat friiher auf, als in der Inneren. Dies konnte
einen Hinweis auf die Flussrichtung der Initiierungssignale der Kernholzbildung
darstellen. Die vorliegende Arbeit zeigt, dass die Kernholzbildung alle lebenden
Regionen des Holzes betrifft und im Laufe des Jahreszyklus stattfindet. Dariiber hinaus
ist die Kernholzbildung ein komplexer Differenzierungsprozess, der aus mehreren
wichtigen biochemischen Prozessen und strukturellen Verdnderungen besteht. Fiir den
programmierten Zelltod scheint die Protease y-VPE ein geeigneter Referenzmarker zu

sein.
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INTRODUCTION

1. INTRODUCTION

In many trees, heartwood formation (HWF) is the final stage of stem development that
impart natural preservation to its core. The process occurs in the deep interior of the
secondary vascular tissues, where xylem parenchyma (XP) cells undergo a secondary
differentiation process similar to wounding response. Once the process is completed,
all wood cells in the region are dead, but their corpses are reinforced with defense
substances against biotic attacks. Heartwood poses clear economic incentives due to
the natural decay resistance in timber and the products derived from their extractives,
such as fragrances (Kampe & Magel, 2013; Singh & Singh, 2012). From the ecological
perspective, the mechanism behind such formation reveals one of the trees' most

crucial defense strategies that contributes to their resilience and remarkable longevity.

The lack of living cells in heartwood led to the debate on their physiological value in
living trees (Bamber, 1976; Hillis, 1987; C. M. Stewart, 1966). Studies on the
allocation of carbohydrates, deposition of extractives, and activity of key biosynthetic
enzymes indicated deliberate translocation of carbon recourses to the inner region and
conversion of reserve materials into heartwood substances (HWS; Bergstrom et al.,
1999; Beritognolo et al., 2002; Hauch & Magel, 1998; Magel et al., 1994). In addition
to the genes associated with the biosynthesis of HWS, a list of genes responsible for
signal transduction was up-regulated (Lim et al., 2016; Yang et al., 2003; Yeh et al.,
2020). These findings confirmed that the process of HWF is under intrinsic hormonal
and genetic regulation; recent works described the formation as a natural and active
developmental process and proposed the physiological roles of heartwood in trees

(Kampe & Magel, 2013; Spicer, 2005).

Woody stems in trees are mainly composed of dead xylem cells. During xylogenesis,
tracheary elements (TEs) and fibers undergo vigorous production of secondary cell
walls (SCW) and lignification (Funada et al., 2016). Upon completion of building SCW
is the removal of cytoplasmic content, as TEs develop into hollow pipe-shaped
conduits, and fibers mature into bricks-like structural support. These two cell types

constitute the main volume of wood, and their lignified cell corpses establish the

16



INTRODUCTION

infrastructure for the essential secondary vascular functions of long-distance water
conduction. Interwoven among them is an intricate network of living XP cells, which
is responsible for the metabolic activities in the mature sapwood (Morris, 2016; Spicer,

2014).

This living XP network (XPN) is essential for tree functioning and survival in response
to environmental variability (von Arx et al., 2015). The flow and content of the sap
are regulated by the XP cells that surround the conduits (Brodersen & McElrone, 2013;
Clearwater & Goldstein, 2005). Carbon resources gathered from photosynthesis are
under the management of the XPN cells; the surplus is stored as reserve substances in
it, and the XP cells carry out their conversion and translocation to developing organs
in the time and body parts of need (Magel et al., 2000). XP cell also provides dynamic
responses in the events of infection and wounding for damage control and allow new
growth to resume (Shigo, 1984). HWF carried out by the aged XP cell at the inner
region offers preservation to the trees’ internal structure, thereby sustaining

continuous lateral expansion.

Like wood formation near the cambium, HWF is a complex differentiation process
characterized by SCW modification and programmed cell death (PCD). PCD is a
pivotal mechanism amongst multicellular organisms and, thus, a highly conserved
process on the molecular level. The different xylem cell types undergo developmental
PCD (dPCD) that varies in the timeframe, spatial position, and initiation triggers.
However, they all undergo a large-scale synthesis of phenolic compounds and their
deposition to the cell walls, which are tightly regulated in conjunction with cell death.

Hence, the molecular machinery involved in these processes is comparable.

Several regulatory proteases that act as initiators in plant dPCD are examined in this
work. We herein discuss how they link together the different aspects of wood and
heartwood formation in the differentiation process. Specimens were collected over an
annual cycle monthly for an overview of their involvement during the secondary
xylem’s full development. In addition, the physiological significance of the xylem
parenchymas in trees is reviewed to connect our understanding of the ecological

values of heartwood formation.
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STATE OF KNOWLEDGE

2. STATE OF KNOWLEDGE

2.1 Heartwood

2.1.1 Definitions

Heartwood, as defined by the International Association of Wood Anatomists (IAWA),
is "the inner layers of wood, which, in the growing tree, have ceased to contain living
cells, and in which the reserve materials (e.g. starch) have been removed or converted
into heartwood substances." (IAWA, 1964). While converting reserve materials to
antimicrobial substances also occurs during the localized wounding response induced
by injury or infection, heartwood is distinct with its seasonal initiation and the

anatomic position at the innermost living layers of the stem.

The region where sapwood transforms into heartwood is termed the transition zone
(TZ; Hillis, 1987; Bergstrom, 2003), or intermediate wood in the past (IAWA, 1964).
The sap- and heartwood boundary tends to loosely follow the growth rings, and the
width varies significantly between species (Hillis, 1987). In some trees, the boundaries
are conspicuous and abrupt, while others appear in a gradient. In the research
experiments that employed methods in molecular biology, the TZ is often defined by
the active production of HWS (Beritognolo et al., 2002; Lim et al., 2016; Yang et al.,
2003). For example, in the gene expression profiling study for HWF with scot pine, TZ
was defined as the region where stilbene synthase encoding transcripts are most highly
expressed (Lim et al, 2016). In the recent two decades, a great variety of advanced
microscopes have been employed to allow visual assessment of the subcellular location
of HWS depositions, which is reviewed in Kampe and Magel (2013). The specimens
for microscopic studies are dead in most cases; they are often air-dried, and TZ is

defined by the deposition of HWS.

HWEF takes heavy investment in trees in terms of carbon resources and is a complex
developmental process involving multiple major cellular processes across the different
regions within the stems. In its biological relevance, the transformation focuses on the

two essential cellular processes that define its formation: (1) the conversion and
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deposition of reserve materials into bioactive substances and (2) the cessation of
containing living cells. Compared to the amount of research studying HWS production
and deposition, investigation focusing on the aspects of PCD during the process is rare.
The various cellular processes of HWF are generally not considered separately.
However, recent evidence proposed how various component of HWF occurs in
different seasons. Taking the softwood example of Larix kaempferi, Nakada and
Fukatsu (2012) defined three components of HWF and concluded that the progress of
HWF at a given place follows the order in the disappearance of free water from
tracheid lumen, then the ray parenchyma cells die between April and July when the

cambium is most active, and finally HWS deposition in late autumn to early winter.

2.1.2 Heartwood color

The color of heartwood is determined by the species-specific HWS, which varies within
the same species by the growing conditions of the trees (Moya & Marin, 2011;
Taylor et al.,, 2002). Some heartwoods are conspicuous, such as that in pine (Pinus
silvestris L.), larch (Larix decidua Mill.), yew (Taxus baccata L.), redwood (Sequoia
sempervirens Endl.), and black locust (Robinia pseudacacia L.). However, some trees
produce uncolored heartwood, such as spruce (Picea abies), hornbeam (Carpinus
betulus L.), and linden (Tilia cordata Mill.). The major contributing factor to the darker
shade in heartwood is the higher contents of tannins and phenolic compounds, while
the molecules typically associated with wood durability fall into one of several
polyphenolic classes, such as flavonoids and stilbenes. The color or shade of
heartwood does not define its durability, but it has an aesthetic appeal and association
with other desired heartwood properties, including higher density and decay
resistance. Therefore, color makes a major determining factor for economic values in

timber trading.

There is little difference in the chemical composition of HWS between juvenile
heartwood formed by the younger trees and mature heartwood in older trees
(Diinisch et al,, 2010; Magel et al, 2001). Diameter growth and tree age have been

excluded as the major contributing factors (Nelson et al., 1969). Recent evidence
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suggested that parameters of wood color are influenced by soil properties such as
moisture content, acidity, available phosphate, total nitrogen, and exchangeable metal
ions. Specifically, soil magnesium content has been proposed as an accelerator of
phenolic accumulation (C. P. Li et al., 2017), and high soil magnesium content has
been observed to result in more reddish and yellowish heartwood in Juglans species

(Makoto et al., 2021).

2.1.3 Models and types of heartwood formation

Different types of HWF have been described based on three angiosperm models, with
Robinia pseudoacacia for Type-I (Magel et al., 1994), Juglans nigra for type II
(Beritognolo et al., 2002), and Santalum album for a debatable type IIIl HWF (Celedon &
Bohlmann, 2018). Black locust (R. pseudoacacia) represents the classic obligate
heartwood forming species and is taken as an example to describe Type I HWF. This
type of formation is characterized by a de novo and in situ synthesis of phenolic
heartwood substances within the TZ (Magel et al., 1994), meaning that all biochemical
steps from the breakdown of reserve materials to finalizing with the end-product as
HWS occurs within the narrow transitioning region. Black walnut (Juglans nigra)
makes the exemplar for describing the Type-II, or Juglans-type, HWF (Beritognolo et
al., 2002). Instead of converting reserve materials into HWS on a singular occasion,
this model features the gradual decrease in reserve substances in the aging sapwood
coincides with an accumulation of glycosylated precursors, which then transform into

the characteristic HWS within the TZ through oxidation and hydrolysis.

HWS are chemically diverse; many trees produce a cocktail of compounds via distinct
metabolic pathways and in different cell types for the purpose. Tropical sandalwoods
(Santalum album) and Alaska yellow cedar (Callitropsis nootkatensis) are examples that
produce terpenes as the signature HWS in addition to phenolics. Their heartwood
extractives are rich in sesquiterpenes and pose economic significance in the flavor and
fragrance industry. Based on the example of sandalwoods, Celedon et al. (2016)
describe a third model of HW formation, in which teraponids are synthesized in the

metabolically active "heartwood". It is noteworthy that the authors defined heartwood
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as the region with an accumulation of heartwood extractives (Celedon et al., 2016).
When adhered to the definition that most extant literature is based on, the region with
any living parenchyma cells still undergoing the transformation would be considered
the TZ; only the region that has completed the process and no longer contains living

cells would be regarded as heartwood.

Nonetheless, Celedon & Bohlmann (2018) drew attention to how the various
constituents of HWS may synthesize differently. Flavonoids and teraponids are
synthesized in separate specialized XP cells, in which their transitions are scheduled
on a different time frame and position. Phenolic substances are first produced during
an earlier transition stage in the outer realm, and teraponids at a later stage in the
inner region. Such observation has been reported in other trees. With a gymnosperm
example of Scots pine, the signature HWS are stilbenes and resin acids (Saranpadid &
Nyberg, 1987), which are also produced in different temporospatial patterns
(Lim et al., 2016). Transcriptomic analysis indicated the de novo and in situ synthesis
of stilbenes at the TZ, while resin acids are synthesized early in the spring, mainly in

the sapwood (Lim et al., 2016).

2.2 Wood formation and physiology

2.2.1 Physiology of the secondary vascular system

Primary growth in plants is the development and expansion at the tips, whereas
secondary growth results in lateral thickening in the stems (Figure 1). In the evolution
of secondary vascular development, there are great variations in the arrangement of
vascular cells within the stems (Spicer & Groover, 2010). The secondary growth in
typical woody stems is made by the vascular cambia, a thin meristem layer that lies
at the periphery beneath the bark that regenerates perpetually. For secondary growth,
it produces a complex matrix of specialized cells in a bidirectional manner that gives
rise to secondary phloem to the outside centrifugally and secondary xylem to the

inside centripetally (Larson, 1994). The phloem cells eventually become parts of the
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bark and shed off the trees. The matrix of xylem cells accumulates throughout every
growing season, resulting in radial thickening as wood. The extant forest trees around
the world are predominantly gymnosperms and dicotyledonous angiosperms, both
form wood in this manner. Other forms of secondary vascular development that
support considerable height and mass but do not form wood are seen in tree ferns and
tree-like monocots, such as palms and bananas. In comparison, woody plants show
the most evolutionary success in terms of species diversification, achieving mass and

height, and organismal longevity (Spicer, 2016).

This architectural arrangement of secondary vascular cells that result in wood offers
a long list of advantageous adaptive traits in the territorial landscape
(Spicer & Groover, 2010). There are three main types of cells in the secondary xylem:
TEs (tracheids in gymnosperms and vessel elements in angiosperms), fibers, and
parenchyma cells (Larson, 1994). TEs have straw-like anatomy at maturity, and their
connection makes up the pipeline of vascular conduction (Escamez & Tuominen,
2014). Fibers have robust secondary cell walls, and their brick-like anatomy
constitutes the main mass that offers rigidity and strength to the stems. Xylem cell
types are less specialized in gymnosperm, with tracheids comprising over 90% of the
total wood volume and serving the combined functions of mechanical support and
water transport (Higuchi, 1997). In angiosperms, the cells are more specialized as
vessels are exclusively for water conductance, while fibers establish mechanical
stability. While TEs and fibers lay down the infrastructure for long-distance transport,
the XP cells serve a diverse suite of living functions, which are discussed in the next
chapter (2.3 The living functions of the xylem parenchyma network system). The
different cell types are produced in a highly ordered arrangement that
compartmentalizes the stem, which holds the capacity for long-distance water
transport, water and nutrients storage, resistance to drought and freeze, and recovery
from embolism (Choat & Pittermann, 2009; Domec et al., 2008; Shigo, 1984; Spicer,
2016).
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Figure 1: Schematic illustration of the woody eudicots’' primary and secondary vascular growth
(Secondary Growth: The Vascular Cambium, n.d.).

2.2.2 Molecular aspects of xylogenesis

The secondary xylem cells are formed through a complex developmental program to
achieve physiological maturity. After the division from cambial mother cells and
elongation, the differentiation is carried out through a meticulous orchestration of

biosynthesis of secondary cell wall (SCW) components, their deposition, lignification,
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and PCD (Fukuda, 1996; Higuchi, 1997). Vessels in angiosperms undergo dPCD with
rapid clearance of cytoplasm shortly after their division at the vascular cambia
(Bollhoner et al., 2012). In the differentiating TE cell cultures of Zinnia and
Arabidopsis, the cells deposit cellulose and hemicellulose into the SCW for 10-16
hours upon division. Then the cell remains alive for another 2-6 hour before
committing suicide, and proceed to lignification (Iakimova & Woltering, 2017;
Pesquet et al., 2010, 2011). Tracheids in gymnosperms and fibers in angiosperms share
close ontogeny and morphological changes during their differentiation; these cells
take longer to develop multiple layers of SCW (Courtois-Moreau et al., 2009). Genomic
analysis revealed that the process is backed by the coordination of thousands of genes,
involving functions in signal transduction, transcriptional regulation, biosynthesis of
cell wall components, cytoskeletal organization, and PCD (Andersson-Gunneras et al.,
2006; Dharmawardhana et al., 2010; Prassinos et al., 2005; Wang et al., 2009). A
significant part of orchestrating the expression of such a vast amount of genes in

xylogenesis occurs at the transcriptional level (Zhong & Ye, 2013).

Transcription is the molecular process of copying a specific segment of DNA from the
genome, usually a gene, into short RNA sequences for the downstream synthesis of
functional gene products. These short RNA sequences are termed messenger RNA
(mRNA), and they are synthesized by RNA polymerases (Kornberg, 2007). Multiple
specific sequences outside of a gene's coding region participate in the modulation of
its transcription; they are named cis-regulatory elements (CREs). Enhancers are CREs
that reside at some distance from the gene, while promoters lie directly upstream of
the coding region. Table 1 lists several common wood associated cis-regulatory
elements (CREs; Zhong & Ye, 2013). Transcription factors (TFs) are sequence-specific
DNA-binding proteins that bind to CREs to either promote or block the recruitment of
RNA polymerases (Conaway & Conaway, 1997). As the prerequisite to initiating the
transcription of a gene, its CREs must be bound sequentially with the appropriate set
of TFs, whose assembly is facilitated by mediator proteins, for RNA polymerase to be

in position and form the transcriptional preinitiation complex (Figure 2).
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Figure 2: Schematic illustration of transcriptional initiation. The process begins with binding the
appropriate set of transcription factors (TFs) to the enhancer and promoter sequences. Then, with the aid
of mediator proteins, RNA polymerase is recruited to the preinitiation complex. Finally, RNA polymerase
exits the assembly and starts transcribing the gene's coding region into messenger RNA (mRNA).

Functional studies revealed that gene expression for the biosynthesis of SCW
components is concerted via the interaction between wood-specific TFs and CREs
(Hertzberg et al., 2001; Zhong & Ye, 2013). The SCW are composed of three major
types of polymers: cellulose, hemicelluloses, and lignin; the biosynthesis of SCW
requires the coordinated activation of all genes involved in the production of these
major components. The MYB family is one of the largest TF families in plants; their
members are key players in the regulatory networks in various physiological and
biochemical processes. Bioinformatic analysis identified a list of MYB-TFs that
regulate the genes responsible for the biosynthesis of all three main cell wall
components (J. Liu et al,, 2015), while an additional set of TFs separately affects only
lignin production (O. Wilkins et al., 2009; Zhong & Ye, 2007). Lignin, the chief

constituent of wood, is a complex phenylpropanoid polymer of three monolignols in
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varying compositions depending on tree species (Boerjan et al., 2003). The production
of monolignols starts with the general phenylpropanoid pathway, and most
phenylpropanoid biosynthetic enzymes contain AC-rich elements and MYB-binding
responsive elements (MRE) in the promoters (Figure 3; Raes et al., 2003). MYB-TFs
recognize target genes through these elements, and their interaction determines the
activation or suppression of their transcription. The same mechanism also controls
transcriptional initiation for cellulose and hemicellulose biosynthetic genes but with
a different set of wood-specific MYB-TFs. A number of putative CREs in the promoters
of cellulose synthase identified via bioinformatic analysis revealed that their presence

in the orthologous is evolutionarily conserved among angiosperms (Creux et al., 2008).

Table 1: Examples of wood associated cis-regulatory elements (CREs).

Name of CRE Abbr. Size Sequence Reference

AC element AC 7-bp ACC (A/T)A(A/C)C Hatton et al., 1995

secondary wall MYBresponsive | smre | 7-bp | ACCIA/TIAIA/CIT/C) Zhong and Ye, 2013
Secondary wall NAC binding (T/A)NN(C/T)(T/C/G)TNNNN

element SNBE 1 19-bp |\ INA(A/CIGN(A/C/T)(A/T) | ZPon8 et al, 2010D

Phenylpropanoid
biosyn. enzymes

Figure 3: Schematic illustration of the genetic structure of phenylpropanoid biosynthetic enzymes.
Arrow indicates the site for transcription initiation. White elements present the promotor regions: AC-rich
elements (AC) and MYB-binding responsive elements (MRE).

Upstream of the MYB-TFs are the transcriptional master switches that link SCW
production to PCD. While TFs bind directly to the CREs of genes to modulate their
expression, transcriptional master switches control groups of TFs that are functionally
and cell-type specific, they are named secondary wall NAC domain transcription
factors or collectively known as the SWNs (Yamaguchi et al., 2008; Zhong et al., 2010).
Examples of cell type-specific SWNs are vessel-specific vascular-related NAC domain
(VND), fiber-specific secondary wall-associated NAC domain protein (SND), and NAC
secondary wall thickening promoting factor (NST). In addition to the modulation of

SCW component biosynthesis, SWNs activate a suite of genes involved in SCW
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modification and PCD (Figure 4). For the deposition of secondary walls, the SWNs
bind to the secondary wall NAC binding elements (SNBEs) in the promoters of target
genes (Zhong et al, 2021). For detailed elaboration on the SWN-mediated

transcriptional network, readers are referred to Zhong & Ye (2015).

o ngaathru

Figure 4: Schematic illustration of the transcriptional regulation network in xylogenesis (Zhong &
Ye, 2015).
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2.2.3 The xylem parenchyma network system

Parenchyma cells are one of the three ground tissues in plants. Except in the secondary
xylem, they mostly have thin primary cell walls that offer flexibility to structural
changes in the cell shape (W. N. Stewart & Rothwell, 2009). This cell type is alive and
totipotent at maturity; they may contain specialist organelles, such as chloroplasts for
photosynthesis and amyloplasts that accumulates starch(Simpson, 2019). Due to their
association with specialist organelles and the ability to dedifferentiate, parenchyma
cells have a very diverse suite of functions, including metabolic processes such as
photosynthesis, storage of non-structural carbohydrates (NSCs), water reservoirs,

wound healing, and regeneration (Evert, 2006).

Xylem parenchyma cells are produced by the vascular cambium, along with TEs and
fibers. Ray parenchyma (RP) strands are connected ray cells developed from the ray
initials of the cambium; they have symplastic connections via the cytoplasm that allow
active transport of materials and inter-cellular communication. The rays run
centripetally across the pith to the bark showing a wheel-like appearance in the cross-
section of a stem; they connect the phloem and xylem, providing symplastic pathways
for materials exchange between the two (S. Salleo et al., 2004; Sokolowska & Zagérska-
Marek, 2012; Spicer, 2014; van der Schoot & van Bel, 1990). The fusiform initials of
the vascular cambium develop into axial parenchyma (AP) strands that orient
somewhat parallel along the stem, which share connections with the vascular conduits
through half-bordered pits (Chaffey & Barlow, 2001). The two types of strands run
perpendicular to each other and form a highly interconnected three-dimensional XP
network (XPN) system throughout the stem (Figure 5; Brodersen, 2013; Morris et al.,
2016; Spicer, 2014).
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Figure 5: Three-dimensional model of wood image showing the XPN (Morris et al,, 2016a). The grey
cube shows the wood anatomy of Ziziphus obtusifolia stem, vessels are shown in blue, the rays are marked
in red, axial parenchymas in purple, and green dots indicates the location of defense chemical distributed
throughout the ray parenchymas.

2.3 The living functions of the xylem parenchyma network system

Vessels and fiber cells are dead in the mature conducting sapwood; interwoven among
them is a living XPN system, which directs all live functions that require metabolic
activities (Magel, 2001; Spicer & Groover, 2010). The entirety of the XPN
interconnects throughout a tree, radially from pith to bark and axially from roots to
the tips of branches. XP cells are categorized into contact and isolate cells; the former
has direct contact with the conduits, whereas the latter is the contrary (Spicer, 2016).
Although the various highly specialized XP coalesces to a lesser portion of wood by
volume, the XPN system bears the critical duties in resource management throughout
the seasonal fluctuation, maintaining stable vascular conduction, and recovery
response against environmental damages (Carlquist, 2018; Holbrook et al., 2002;
Magel, 2001; Morris, 2016; Spicer & Groover, 2010).
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2.3.1 Carbon resource management

The XPN system manages the carbon resources in response to seasonal fluctuations to
facilitate the growth and development of various tree organs (Essiamah & Eschrich,
1985; Magel et al., 2000). As perennial plants undergo different developmental stages
according to seasonal clues in the annual cycle, energy demand arises in various sites
with distance and time apart. These include bud bursts in spring and dormancy in
winter; in angiosperms, there are also the production of flowers, fruits, and seeds. In
between the photosynthetic tissues as carbon sources and developing organs as the
sink, reserve substances in trees are mainly stored in the XP cells. In gymnosperm,
such storages are located in the rays with efficient routes for radial translocation.
Storage substances are primarily parked in the isolated cell, and their release is
mediated through contact cells into the conduits. In addition to being the primary site
of reserve storage and providing means of carbon translocation, the XPN also manages
the interconversion between transportable soluble carbohydrates and their storage
forms, such as starch, triacylglycerides, and storage proteins. The convention is carried
out by a list of sucrose and starch metabolizing enzymes; readers are referred to

Magel et al. (2000) for a comprehensive review.

2.3.2 Maintenance of hydraulic pressure and embolism repairs

Contrary to the cohesion-tension theory (Dixon & Joly, 1895), a large body of evidence
indicates that long-distance water transport in the secondary xylem is not entirely a
passive process (Brodersen & McElrone, 2013; Clearwater & Goldstein, 2005). While
TEs and fibers make up the infrastructure in the sapwood for water transport, the
regulation of sap flow requires input from living cells (Holbrook et al., 2002). Although
the exact mechanisms await further elaboration, evidence has demonstrated that XPN
involves hydraulic maintenance by regulating the sugar content, pH level, and ion
movement of sap (Nardini et al., 2011; Salleo et al., 2009; Secchi & Zwieniecki, 2011).
In the case of embolism, the contact XP cells can release sugars into the affected vessels

through the proton pump mechanism, increasing the sap osmolarity and thus xylem

30



STATE OF KNOWLEDGE

pressure (Améglio et al., 2004; Essiamah & Eschrich, 1985). XP cells also control the
acidity of tree sap (Fromard et al., 1995). The pH level of tree sap varies along the
annual cycle in temperate tree species; for example, it is more acidic in early spring
during bud bursts (Ferguson et al., 1983; Sauter, 1988). While proof of theory awaits,
it has been speculated that the lower pH level facilitates the movement of ions and
organic nutrients between contact cells and vessels along a pH gradient (Larsson &

Mogller, 1990).

Tylosis formation has been suggested as another mechanism for maintaining hydraulic
pressure carried out by the XP cells. The secondary cell walls of XP cells lack the
complex laminar structure and resemble a thickened primary cell wall (Panshin &
Zeeuw, 1980). Tylosis are cytoplasmic extensions from the contact XP cells that grow
through the cell wall pits into the lumen of neighboring vessels; such formation
renders the affected wood region impermeable to both liquids and air (Fujita et al.,
1978; Gerry, 1914). They are often considered in association with HWF (Chattaway,
1949), but a clear correlation has not yet been identified. No morphological or
biochemical characteristics of PCD have been found in association with tylosis growth,
nor any sign of specialized metabolite production. Instead, recent reports showed
tylosis occurs as a reaction to embolism and water stress, and such formation results
in the recovery in the conduction (Morris et al., 2016; Secchi et al., 2017). Such a
mechanism for embolism repairs also applies to the trees’ reaction to pathogenic
invasions, indicating its nature of function in damage control (Clearwater & Goldstein,

2005).

2.3.3 Defense and wounding response

XPN has the pivotal role of providing dynamic responses to infections and damage in
trees, which is a significant factor in explaining the remarkable longevity of perennial
woody plants and their capacity to survive countless attacks (Morris et al., 2016;
Shigo, 1984). Living sapwood has active and passive defense mechanisms; active
defenses are induced by pathogens or mechanical wounding, while passive defenses

are laid down as preventive measures. A tree's survival after injury or infection
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depends significantly on its ability to compartmentalize the damages and continue
with growth and development afterward (Shigo, 1984). The secondary vascular tissues
in woody plants comprise an intricate arrangement of cells that compartmentalize the
tree in multiple degrees. The lignified SCW of the xylem makes the basic units in

compartmentalization, which is an example of the built-in passive defense.

Compartmentalization of decay in trees (CODIT) describes four walls of defensive
response with increasing strength (Shigo, 1984). Wall 1 and 2 are the first defensive
responses to be put in place by the XPN. Wall 1 restricts the axial movement of
infection or embolism by forming occlusion in the conduits with tylosis or gels (Gerry,
1914; Shigo, 1984). Wall 2 halt the radial spread of pathogens with the chemical static
lignified boundary. Wall 3 is the chemical alteration carried out by the RP at the time
of wounding (Hillis, 1977; Shigo, 1984). In response to microbial invasions and
physical injuries, the RP cells in the affected area use their storage reserves to fuel the
synthesis microbe resistant polyphenolic compounds (Hillis, 1977). Furthermore,

wounding signals are transmitted to the neighboring cells to activate their responses.

Walls 1 to 3 together form the reaction zone, which results in a physical and chemical
boundary that impedes the spread of infections or damage (Shigo & Tippett, 1981).
Figure 6 shows an example of a reaction zone in R. pseudoacacia. Wall 4 of CODIT
describes the post-wounding response of establishing a barrier zone that isolates the
necrotic tissues (Shigo & Tippett, 1981). XP cells in the barrier zone undergo
suberization, depositing a layer of antimicrobial fatty sealant to the cell wall, making
the site completely impervious (Biggs, 1987; Hillis, 1977; Schmitt & Liese, 1993). In
the immediate vicinity of the injured area, the new RAP forms air-tight callus tissues,
further sealing the damaged regions, and separating them from subsequent new

growth outside (Sharples & Gunnery, 1933; Shigo, 1984).
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Figure 6: Wounding response in Robinia pseudoacacia shown with UV microscopy. The green color
shows the natural fluoresces from the heartwood substances robinetin and dihydrorobinetin, indicating the
chemical alternation of the parenchyma cells. Image a to e displays the tangential view at a successively
closer distance to the wound site (dark hole/canal in the center of the fluorescent region) of about 50 um
increment.
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2.4 Transformation into heartwood

In HW-forming trees, the innermost layer of XP cells goes through a secondary and
terminal differentiation that couples with bulk SM production. The XPN has a
significant role in active defense and repair, and the wood region outside its coverage
is vulnerable to biotic attacks (Shain, 1995). As the innermost layer of the XPN ages,
the cells face increasing stress, such as oxygen depletion and carbon dioxide
enrichment (Hillis, 1968, 1987). In heartwood-forming trees, retiring cells at the inner
layer of the XPN undergo a secondary differentiation similar to the wounding
response, which offers permanent passive defense to the region (Hillis, 1987; Shigo,
1984). The cellular events include the breakdown of carbon reserve, biosynthesis of
HWS, deposition of HWS into the cell walls, and PCD. On the organismal level, the
allocation of carbon resources within the stem also occurs to facilitate the high energy
demand of HWS production. We review the aspects of HFW that mainly revolve
around the production of HWS in this chapter, and PCD is discussed in detail in the

next (2.5 Programmed cell death).

2.4.1 Energy supply for the transformation

Starch or flavonoid precursors at the TZ make the primary source for in situ syntheses,
while the energy required for production is predominantly supported by an import of
sucrose from the outer wood region. (Magel et al., 1994) The biosynthesis of HWS
demands a high amount of energy in the transiting region (Hasegawa & Shiroya, 1968;
Magel, 2000). During HWF, elevated activities of amylases and lipases occur in the
outer wood regions. Storage substances there in the form of starch and fats are broken
down into sucrose by hydrolytic cleavage, while carbohydrate transporter proteins are
activated in the sapwood for their allocation through the rays to the transitioning XP
cells (Figure 7; Magel 2000). The simple sugar is then further cleaved by sucrose
synthase and neutral invertase in the TZ, mostly to provide for glycolytic and

respiratory energy demand in the synthesis of SM (Magel et al., 1994).
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Figure 7: Illustration on the cellular states of ray parenchyma cells in relation to heartwood
substance biosynthesis. a) Parenchyma cells in the outer region contain reserve materials, which are
broken down into simple sugar during heartwood formation and translocated to the transition zone (TZ)
through the rays. b) Parenchyma cells at the TZ under vigorous production of secondary metabolites.

2.4.2 Phytochemicals and heartwood substances

Plants are sessile on both the organismal and cellular levels; the essential life functions
of communication and defense are predominately carried out with phytochemicals.
With the simple sugars generated via photosynthesis as starting materials, plants
synthesize a vast array of structurally diverse aromatic compounds through subsidiary
pathways. These biomolecules are termed secondary or specialized metabolites (SM);
they are widely distributed in various tissues and serve multiple purposes. Scents and
pigments in flowers and fruits are SM accumulated in reproductive tissues to attract
and interact with other organisms in the environment for propagation. Anthocyanins,
for example, determine flower and fruit color to attract pollinators and seed dispersers
(Landi et al., 2015). However, a large portion of SM is defensive in nature; they are

stored in plant tissues as deterrents and toxins to cope with the constant threats of
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herbivores and infectious microorganisms (Bennett and Wallsgrove, 1994; Patten et

al., 2010).

All botanical lineages synthesize phenolic compounds and flavonoids, which function
as developmental cues and defense substances against environmental stresses (Bennett
& Wallsgrove, 1994). SM in wood are defined as everything that is not a structural
polysaccharide or lignin (Obst, 1998); they are often referred to as extractives in
forestry, including resin, gums, and HWS (Hillis, 1968). Both lignin and flavonoids
are phenolic compounds that accumulate in the xylem; their biosynthesis occurs
during the differentiation of distinct xylem cell types in response to environmental

changes (Barros et al., 2015).

Phenolic compounds are synthesized through the phenylpropanoid or acetate-
malonate metabolic pathway; hence they share precursors and regulation mechanisms
with those for lignin biosynthesis. The biosynthetic enzymes in the phenylpropanoid
pathway contain MRE in the promoters of their genes, which allow the coordinated
expression regulated by MYB-TFs (Raes et al., 2003). The same regulatory mechanism
on transcriptional initiation applies to the production of flavonols, only that they differ
in combinatorial interactions. Flavonols and lignin production share the initial steps
in the phenylpropanoid pathway (Figure 8). Downstream of the production of 4-
coumarate-CoA, chalcone synthase (CHS) is the first enzyme that carries on towards
the synthesis of flavonols, with the following successive steps catalyzed by chalcone
flavanone isomerase (CFI), flavanone 3-hydroxylase (F3H) and flavonol synthase (FLS)
(Weston & Mathesius, 2013). These four enzymes contain MRE in the promoter of
their genes, the same as that of the phenylpropanoid enzymes. However, instead of
the AC element, they have an ACGT-containing element (ACE) and an R response
element (RRE). These CRES require the binding of a different set of TFs, such as BHLH
and R2R3 MYB-TFs (Hartmann et al., 2005; O. Wilkins et al., 2009). The coordinated
expression of CHS, CFI, F3H and FLS is based on functionally identical CREs

recognized by the same TFs (Hartmann et al., 2005).
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Figure 8: (Left) general phenylpropanoid and flavanols biosynthetic pathways. The biosynthesis of
lignin and flavonols shared the initial steps in the phenylpropanoid pathway until
4-coumarate-CoA is produced. For flavonols, the downstream successive steps are catalyzed by chalcone
synthase (CHS), chalcone flavanone isomerase (CFI), flavanone 3-hydroxylase (F3H), and flavonol synthase
(FLS). (Right) Schematic illustration of the phenylpropanoid and flavonoid biosynthetic genes. Arrow
indicates the start of the coding region. The white boxes indicate the cis-regulatory elements (CREs): AC-
rich elements (AC) and MYB-binding responsive elements (MRE), ACGT-containing element (ACE), and
R-response element (RRE).

2.4.3 Heartwood substances deposition

It has been well-established that HWS are most effective against wood degradation
when deposited into the cell wall matrix (Hillis, 1968), but the mechanism of its
deposition has remained unclear. In hardwood species, the accumulation of phenolic
compounds seems to involve an enzymatic initiation, then a chemically driven
copolymerization between the phenolic derivatives and the pre-existing cell wall
polymers (Monties, 1991; Magel et al. 1995b). The genes encoding enzymes for cell
wall modification and lignification in the outer wood region during wood formation
were up-regulated in the TZ concomitantly with HWS biosynthesis (Bergstrom et al.,
1999; Yang et al., 2003). In particular, the authors specifically pointed out the

exclusive upregulation of extensins and extensins peroxidase at the TZ during HWS
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biosynthesis in R. pseudoacacia (Yang et al., 2003). In addition to a complex matrix of
polysaccharides (cellulose and hemicelluloses) and polyphenols (pectin and lignin),
plant cell walls also contain structural glycoproteins (Hoson, 1991). Extensins are a
family of hydroxyproline-rich glycoproteins (HRGPs) that constitute the major protein
components in the cell walls of dicot plants. Expression of the extensin genes is
developmentally regulated and inducible by mechanical wounding, pathogen attack,

or ethylene treatment (Corbin et al., 1987; Parmentier et al., 1995; Wycoff et al., 1995).

The association of extensins in HWF is rarely documented and its relation to HWS
deposition is unclear. However, its linkage with another cysteine protease associated
with SCW building has been reported. The papain-like KDEL-tailed cysteine
endopeptidases (CEPs) have been observed to involve SCW thickening and stem
maturation during the differentiation of TEs and fibers (Han et al., 2019). CPEs have
broad substrate specificity, including proline and glycosylated hydroxyproline; this
gives them the ability to digest extensins, which subsequently form the basic scaffold
for cell wall formation (Helm et al,, 2008). A revisit of the topic is in chapter 2.6
(Regulatory proteases in plant programmed cell death), where its relevance to a

candidate gene is further detailed.

2.5 Programmed cell death

2.5.1 Definitions and types of programmed cell death

Programmed cell death, synonymous with regulated cell death, is the process when
cells commit suicide by activating an intracellular death program (Galluzzi et al.,
2018). It is a wubiquitous phenomenon and an indispensable mechanism in
multicellular organisms but is also observed in colonies of single-cell organisms. In
metazoans, an organism is an individual constituted by a highly organized cell
community; the population and functionality of cells in communal settings are under
strict regulation to serve the collective whole. Cell division and differentiation are

tightly controlled for growth and regeneration; in complementary, cell death is strictly
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regulated to remove the damaged and unwanted cells, thereby maintaining
organismal homeostasis. These two cellular processes work in synergy throughout an

organism's growth, development, and senescence.

PCD is also a critical mechanism of innate immune responses in plants and animals.
To activate defense responses against harmful agents, the immune systems of an
organism recognize the self and discriminate the foreign. Pattern recognition receptors
(PRRs) at the cell membrane make the first line of defense by recognizing microbe- or
danger-associated molecular patterns (MAMPs, DAMPs) to trigger immune signaling
(Tang et al., 2019). Virulent pathogens may evade the PRR-based defense and succeed
in entering the cell, and host cells recognize the presence of their effectors and
intracellular MAMPs. As post-invasion defense responses, higher eukaryotes have
evolved convergent strategies in specific cell death modalities to minimize the
inflicted damage, which plays out as inflammatory responses in animals and

hypersensitive responses (HR) in plants (Coll et al., 2011; Hofius et al., 2011).

Initial classification of PCD relied on the morphology of the dead or dying cells in
mammalian models; three types of cell death were established: apoptosis, autophagy,
and necrosis (Galluzzi et al.,, 2007; Schweichel & Merker, 1973). In drastically
simplified terms, Type I PCD, or apoptosis, features the fragmentation of cell content
via the formation of apoptotic bodies, which are then engulfed and digested by
phagocytes. The second type of PCD is autophagy, which does not always result in cell
death (Kroemer et al., 2010). Instead, it involves a "self-digesting" mechanism that
enables the recycling and repairs of cellular components and captures invading
threats. Morphologically, it features the formation of double-membraned autophagic
organelles. Necrosis is the third; it received declining recognition as a form of
regulated death due to its chaotic nature and external activation (Berghe et al., 2009).
It is characterized by the breakage of the cell membrane and the subsequent

inflammatory response.

Over the last three decades, experimental evidence rapidly expanded the topic on the
genetic, biochemical, pharmacological, and functional aspects (Tang et al, 2019).

Apoptosis has been split into multiple subtypes, and many novel forms of non-
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apoptotic PCD have been established. Morphology is still an important aspect as cell
death manifests with morphological alterations. However, cell death modalities on the
molecular level have become the primary focus. Signal transduction involved in the
initiation, execution, and propagation of cell death explains the mechanistic difference
between the newly established PCD and their pathophysiological relevance. The
Nomenclature Committee on Cell Death (NCCD) formulates guidelines for defining
and interpreting cell death as the field continues to expand. For details on the current
classification system of cell death, readers are referred to Galluzzi et al. (2018) or the

latest update from the NCCD.

2.5.2 Programmed cell death in plants

Animals and plants share evolutionary convergences in PCD, and their mechanisms
differ according to their cellular structure, most distinctively the cell walls and the
vacuoles. The defining criteria for apoptosis are cell fragmentation into discrete bodies
and heterophonic removal; this is irrelevant to the botanical counterpart as plant cells
are sessile and bound by rigid cell walls: In addition, incorporating cell corpses for
physiological purposes is a common norm throughout the development of plants.
Although the classification of plant PCD is still an ongoing debate, there is a consensus

that plant vacuoles set the main stage.

The vacuoles occupy most of the volume in plant cells and are multifunctional
organelles (Shimada et al,, 2018). They are parts of the secretory pathway and
physiologically comparable to vesicles in animal cells, which compartmentalize
different cellular components (Tohge et al., 2011). An individual plant cell may
contain several types of vacuoles that differ in function and structure. Protein storage
vacuoles (PSVs) are the depositary for accumulating proteins, sugars, and organic
acids. Metabolite storage vacuoles (MSVs) are the compartments for secondary
metabolites, some of which are cytotoxic. Lytic vacuoles (LVs) are acidified
environments impregnated with hydrolytic enzymes and defense proteins, and they
set the main contrast between PCD modalities in animals and plants. In animals, cell

debris is engulfed and degraded by phagocytic cells that patrol the body; in plants,
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cytoplasmic removal is carried out by lytic enzymes in a cell-autonomous and

stationary manner (Shimada et al., 2018; Yamada et al., 2019).

The NCCD’s classification is mainly based on animal models and is not applicable to
plants; the classification system for plant PCD is an ongoing discussion. One school of
thought draws parallels between modalities of plant PCD with autophagy in animal
cells (Floyd et al., 2015; Hofius et al., 2011). The concept is supported by the presence
of autophagic organelles and the activation of autophagy-related genes (Liu et
al., 2005). The studies of autophagy in plants predominately focus on the mechanism
of stress responses, enabling cell survival via nutrient recycling, pathogen termination,
or clearance of cellular damage (D’Mello, 2007). The apparent resemblance between
plant and animal autophagy is the formation of double-membraned vesicles, termed
autophagosomes. In selective and macro-autophagy, cytoplasmic components are
packaged by autophagosomes and delivered to LVs for degradation (Van Doorn &
Papini, 2013). In micro-autophagy, invagination of the vacuolar membrane (or
tonoplast) directly engulfs the subject to be removed, forming intra-vacuolar vesicles
for digestion. In both cases, materials are degraded to small molecules and exported
back to the cytosol for recycling (Figure 9). Mega-autophagy (syn. autolysis) describes
the scenarios where the cells are damaged beyond salvage or destined to die for
organismal development. Instead of forming membrane-bound vesicles, a central LV
arises with the accumulation of hydrolases, which then collapses and releases the lytic
enzymes into the cytoplasm (Van Doorn & Papini, 2013). The release of lytic enzymes
is always followed by the proteolytic cascade that results in cellular demise. Therefore,
tonoplast rupture is referred to as "the point of no return" and marks the moment of

cell death.
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Figure 9: Schematic illustration of autophagy in plants (Floyd et al., 2015).

Van Doorn et al. (2011) categorized botanical PCD into autolytic and non-autolytic.
The former is characterized by vacuolar collapse and subsequent rapid destruction of
the cytoplasm, which made an umbrella coverage for all developmental and HR-PCD.
The latter does not include cytoplasm clearance and is considered equal to necrotic
PCD in animals (Van Doorn et al, 2011), which is increasingly recognized as
accidental cell death (ACD). Another concept regarding the types of plant PCD reviews
the biochemical comparables between inflammatory types of PCD in animals, such as
pyroptosis and necroptosis, and HR-PCD in plants (Coll et al., 2011). They lay out the
comparison of the signaling cascades in the two kingdoms, which both lead to the

expression of defense-related genes and ultimately reach a finale in PCD.

In addition to the well-established autolysis by tonoplast rupture, Hara-Nishimura &
Hatsugai (2011) described another mode of vacuole-mediated cell death focusing on
tonoplast dynamics (Figure 10). The other vacuole-mediated cell death features the
fusion of vacuolar and cellular membranes, resulting in the discharge of vacuolar
content directly to the extracellular space. The two modes of vacuole-mediated cell
death are described along with pathogenic inducers and their subcellular locations.

While tonoplast disintegration targets the internal cellular components and is effective
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against viral invasion, proto-tono-plast fusion is induced by bacterial MAMPs, and
defense proteins contained in the LVs are released to the extracellular space, where
bacteria proliferate. Furthermore, biochemical markers were also identified. PCD via
tonoplast disintegration requires caspase-1-like activity (YVAD), while proto-tono-

plast fusion is marked by caspase-3-like activity (DEVD).

a Vacuolar membrane collapse b Membrane fusion upon
upon viral infection bacterial infection
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Figure 10: Schematic illustration of the two modes of vacuole-mediated hypersensitive response
programmed cell death (HR-PCD) in plants induced by pathogens. (a) HR-PCD via tonoplast
disintegration upon viral invasion, lytic enzymes are released to the cytoplasmic environment. (b) HR-PCD
by proto-tonoplast fusion upon receiving the signal of bacterial treats, ejecting the content of the lytic
vacuole to the extracellular environment (Hara-Nishimura & Hatsugai, 2011).

Concluding the different schools of concepts, there are three types of morphologically
common cell deaths observed in plants, one of which is mostly considered ACD. The
two modes of vacuole-mediated cell death are described as parts of plant defense
mechanismes, it is a general consensus that dPCD generally follows the same pathways
and morphology as that of tonoplast disintegration and exhibits caspase-1-like

activities in the process.
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2.5.3 Terminal differentiation of xylem cells

Noteworthy from the latest recommendations from NCCD, cellular senescence and
terminal differentiation are conceptually distinct from PCD (Galluzzi et al, 2018).
Terminal differentiation describes the developmental process of specific tissues or cells
that involve PCD toward the last phase. In animals, cornification presents an example
of dPCD in which the cell corpses serve as the outermost skin barrier (Eckhart et al.,
2013). Cellular senescence refers to the cells permanently losing their proliferative
capacity, while remaining viable and metabolically active (Zeng et al., 2018).
However, the same word “senescence” has a different meaning in botany; it refers to
the death of body parts that are no longer necessary for the plant, and remobilizing
nutrients for growth or storage elsewhere (Guiboileau et al,, 2010). Examples of plant
senescence are leaves falling before winter or dry season, flowers shedding petals after
fertilization, and forming tubers for perennation while the entire above-ground parts
die off (Thomas, 2013). Adopting the recommended definitions, cell deaths observed
during wood and HWF are terminal differentiation. In the different types of xylem
cells investigated, autolytic PCD occurs in synergy with cell wall modification to fulfill

specific physiology (Figure 11; Escamez and Tuominen 2014).
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Figure 11: Schematic illustration of terminal differentiation in xylem vessel on the top and fiber at
the bottom (Bollhéner et al., 2012). Light blue (v) indicates the central vacuole, dark blue (n) the nucleus,
and red dots (o) represent other organelles. The morphological changes at early stages in the cambial zone
(1), cell expansion (2), secondary wall formation (3), and thickening (4) are similar in the two cell types. In
vessels, vacuolar rupture occurs upon completion of secondary cell wall thickening, followed by rapid
degradation of cytoplasmic remains (V5-V6). In fibers, degradation of the organelles starts before tonoplast
rupture (F5), swelling of organelles secondary wall building continues for a longer time (F6), then the
vacuole collapse and final clearing occurs (F7). In both cell types, the lignified cell walls remain after cell
death and serve their physiological function.

In trees that do not form heartwood, XP cells may enter a prolonged period of cellular
senescence after a certain age, and their eventual cell death does not result in
physiological modification. As a natural development of organ senescence, the carbon
sources stored in the dying XP cells are recycled into the tree. Contrarily, the TZ in
heartwood-forming trees is the tissue for carbon sink. When XP cells undergo terminal
differentiation for HWF, the large-scale SM production consumes carbon resources and
their deposition modifies cell walls, resulting in a different cell type. Although the end
outcomes in both cases are void of reserve materials in the inner stem core, the
investment of carbon resources in heartwood-forming trees is returned as deposits of

preservatives in the tree’s densified internal structure.
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2.6 Regulatory proteases in plant programmed cell death

PCD is executed via proteolytic cascades; in metazoa, the caspase (cysteine-dependent
aspartyl specific protease) family and their hundreds of substrates constitute a
significant part of the PCD degradome (Cohen, 1997). Therefore, they are often
regarded as molecular markers of PCD. Caspases have a strict substrate specificity in
cleaving target proteins after an aspartic acid (symbol Asp or D) residue (Cohen,
1997). They are categorized into apoptotic and inflammatory based on the type of
PCD they are involved in, and the former is subdivided into initiators and
executioners. The initiator caspases are activated through protein-protein interaction,
whereas executioners are activated by initiators to perform the cleavage of cellular
substrates necessary to carry out proteolytic cascades (Figure 12, Shi, 2004). Although
no caspase has been found in the plant genome to date, studies using caspase-specific
peptide inhibitors suggested that the presence of caspase-like activities also plays an
integral role in plant PCD of various causes (Baskett, 2012). Hence, proteases with
caspase-like structural folds are of great interest in the search for responsible enzymes

that carry out such activities in plants.
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Figure 12: Activation of initiator and executor caspases, both result in the formation of
heterotetramers. Cleavage sites for maturation are indicated by red crosses. The maturation of initiator
caspases is carried out by auto-proteolytic cleavages, whereas the cleavages on the executor caspases at the
linker region between the two subunits in conducted by initiator caspases.

Metacaspases (MCs) are the structural homologs of caspases and are only found in
eukaryotes that lack caspases (Carmona-Gutierrez et al., 2010). Their involvement has
been observed in both developmental (Suarez et al., 2004; Sundstrom et al., 2009;

Bozhkov et al., 2005) and stress-induced PCD (He et al., 2008; Watanabe and Lam
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2011). Hence, MCs have been identified as the molecular marker for autolysis in plants
(Uren et al., 2000). While both caspases and MCs are mainly cytosolic, MCs differ from
caspases in substrate specificity and do not exhibit typical caspase-like activities

(Vercammen et al., 2007; Sundstrom et al., 2009; Yamada et al., 2019).

Legumains in plants exhibit similar enzymatic properties to caspases in animals (Hara-
Nishimura et al., 2005; Kuroyanagi et al., 2005), and its homologs are found in a
diverse range of eukaryotes, including animals that have caspases. While caspases take
the leading role in the cell death proteolytic cascade in the metazoan system, AEPs
serve critical functions in endosomal and lysosomal degradation, remodeling of
extracellular matrix, and their involvement in developmental cell death has also been
shown (Dall & Brandstetter, 2016; Shirahama-Noda et al., 2003). In plants, they are
most commonly termed vacuolar processing enzymes (VPEs) for their localization and
functions in vacuoles (Hara-Nishimura et al., 1993). Homologs of VPEs are usually
referred to as asparagine endopeptidases (AEPs) in animals and legumains in
mammals; other terminologies applied to the enzymes are listed in Table 2. VPEs have
the substrate specificity for Asp as caspases do, additionally, they also cleave after

asparagine (symbol Asn or N) (Becker et al., 1995; Hara-Nishimura et al., 1991).
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Table 2: Common terminologies of vacuolar processing enzymes (EC 3.4.22.34).

Enzyme name Abbreviation | Species/ taxon Explanation / localization Reference
the recommendations of the
Legumain LGMN Mammals Nomenclature Committee of
the IUBMB
. . All taxon, more . e .
Asparagine/ asparaginyl . Strict specificity for cleaving
. AEP common in . .
endopeptidases . after asparagine residues
animals
Vacuolar processing VPE Plants Localize and function in
enzymes vacuoles
. Schistosoma Digestion of hemoglobin the | (EI Meanawy et al.,
Haemoglobinase . )
mansoni midgut 1990)
Hordeum L N (Marttila et al.,
Endoprotease B EP-B vulgare Localize in germinating seeds 1993)
. Hordeum o (Linnestad et al.,
Nucellain Localize in nucellar cell walls
vulgare 1998)
. (Tanaka et al.,
Cysteine protease PRSC1 PRSC1 Humans
1996)
Asparaginyl (Dall &
paraginy . ACP Mono-carboxy-peptidase Brandstetter,
carboxypeptidase
2013)
Clitoria (Nguyen et al.,
Butel
utelase ternatea 2014)
Vicilin peptidohydrolase Legume Cleave vicilin in cotyledons

2.6.1 Metacaspases

Metacaspases (MCs) are a family of ancestral relatives of caspases, and they share high
homology in structures (Figure 13; Tsiatsiani et al., 2011). Most MCs have the same
conserved His-Cys catalytic dyad as in caspases, with a few exceptions that have a
His-Ser catalytic dyad (Szallies et al., 2002). Their main difference from caspases is
that they cleave specifically after arginine (symbol Arg or R) or lysine (symbol Lys
or K) residues at the P1 position of their substrates (Tsiatsiani et al., 2011; Vercammen
et al., 2004). Due to the difference in cleaving targets with caspases, MCs are not
directly responsible for the caspase-like activities in plants (Minina et al., 2013).
Instead, they act upstream of the Asp-specific proteases, which indicates their
upstream position to the activation of autophagy (Minina et al,

2013;

Tsiatsiani et al., 2011).

Three types of MCs have been identified as the structural homologs of metazoan
caspases, and they are found exclusively in eukaryotes with no caspases in the genome

(Carmona-Gutierrez et al., 2010). The domain architecture of MCs includes a catalytic
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subunit named p20, a non-catalytic subunit p10, and a linker region in between
(Uren et al.,, 2000; L. Tsiatsiani et al., 2011). Type-I MCs are found in diverse
organisms, from single-cell protists to higher plants and fungi. Their precursors have
a pro-domain at the N-terminal, resembling that of initiator pro-caspases
(Uren et al., 2000). Type-II MCs are similar to executioner pro-caspases in lacking this
pro-domain in the precursors, and they have a more extended linker region in
comparison. Type-II MCs are present in green plants exclusively; Type-III MC has a
reverse order of the two subunits and has only been found in planktonic
(Uren et al., 2000; Vercammen et al., 2007). The number of MC genes in different
plant species varies considerably; angiosperms commonly have multiple homologs of

each MC type (Tsiatsiani et al., 2011).
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Figure 13: Illustration of the domain structures of caspases and metacaspases (MCs). Beige elements
present the N-terminal pro-domains (NTP), blue elements indicate the large subunits p20, and green
elements show the small subunits p10. There are two types of pro-domains in initiator caspases: the single
death fold known as the caspase recruitment domain (CARD) and two death folds known as death effector
domains (DED). Type I MCs contain a zinc-finger motif in the pro-domain similar to that of initiator caspases.
Type-II MCs do not have a prodomain; instead, they have a longer linker region between the two domain
subunits. The conserved His-Cys catalytic dyad is marked in yellow. Three of the amino acids that form the
caspase-1 substrate-binding pocket (Arg179, Arg341, and Ser347 in H. sapiens) are marked in red, two of
which are also present in MCs.

With little exception, MCs rely on calcium ions (Ca**) for activation (Watanabe and
Lam, 2011), which suggests their involvement in the initial signaling cascades. MCs

are synthesized in the ER as inactive pro-enzymes, and their activity depends on

49



STATE OF KNOWLEDGE

specific cellular conditions as parts of post-translational regulatory mechanisms
(Tsiatsiani et al., 2013). Unlike the caspase family, MCs do not undergo dimerization
to form an active protease. Instead, evidence suggests that a cleavage within the linker
region carries out their maturation, and this cleavage requires the presence of
Ca’?*(Klemenci¢ & Funk, 2018; Watanabe & Lam, 2011). In addition, each MC subunit
contains a region rich in negatively charged amino acids, which fold into loops and
form a second calcium-binding site when they come into proximity (Fortin and Lam,
2018; Klemenci¢ and Funk, 2018), as shown in Figure 14. Signal transduction
pathways that rely on Ca®" as an intracellular second messenger, so-called calcium
signaling, are broadly involved in plant developmental processes and stress responses
(Batisti¢ and Kudla, 2012). In the event of coming across physiological stimuli such
as pathogenic elicitors, plant hormones, and abiotic stresses, plants cells respond with
the generation of Ca®" signatures that differ in peak duration, intensity, and
repetitions (Tuteja & Mahajan, 2007; De Vriese et al., 2018). These Ca** signatures
serve as messengers for inter-cellular communication, and the Ca**-dependent
activation of MCs suggested that they are responsive to physiological stimuli via

calcium signaling.
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Figure 14: Schematic illustration of the calcium ions (Ca2?*) dependent activation in Type II
Metacaspases. Blue elements indicate the large subunits p20, and the green elements show the small
subunits p10.

The pH optima of MCs is another post-translation regulatory mechanism, and the
combined activation prerequisite with Ca**-dependency suggests their mode of action

in vacuole-mediated PCD. The cytoplasm of living cells typically has a neutral pH,

50



STATE OF KNOWLEDGE

whereas LVs and the cell walls are acidic. Repeatedly observed in the timeline of
autolytic cell death, an influx of Ca®" arrives at the pH-neutral cytoplasmic
environment immediately preceding the vacuolar collapse. After tonoplast rupture,
the acidic vacuolar content is released, rendering a pH drop in the cytoplasm. In vitro
activity assays of MCs in diverse species indicate that their pH optima are neutral to
slightly basic (7.0-8.5) (Vercammen et al., 2004; Bozhkov et al., 2005). AtMC9 and
homologs are the only exceptions in the MC family to activate in acidic conditions
without Ca®*-dependency (Bozhkov et al., 2005). As a plant immune response, the
Ca?*-dependent type-II MCs mediate the processing of PROPEP, a class of immune
peptides can be induced by stress-associated stimuli, such as pathogens, MAMPs,
wounding, and defense hormones (Bartels & Boller, 2015; Huffaker et al., 2006;
Klauser et al., 2015). On the other hand, MC9 is expressed in cells undergoing
developmental cell death and serves its role in the acidic cytoplasm after the vacuolar
collapse (Bollhoner, 2013; Olvera-Carrillo et al., 2015; Tsiatsiani et al., 2013). During
xylogenesis, activities of AtMC9 are required for the rapid and efficient autolysis of

xylem vessel elements (Bollhoner et al., 2013).

2.6.2 Vacuolar processing enzymes

The emergence and function of VPE isoforms

Analyses of plant genomes indicate that VPEs are widely distributed in land plants and
hold significance in the emergence of seed plants (Hatsugai et al., 2015). VPE was first
identified in castor beans as the single responsible enzyme for seed protein maturation
(Hara-Nishimura et al., 1991). The enzymes have been isolated in a wide range of
animals and plant species and serve a diverse suite of functions. Phylogenetic studies
revealed three gene duplication events of the VPE along the diversification of green
plants (Figure 15; Poncet et al., 2015). Gymnosperms have only one VPE type, and
two distinct isoforms are present in the most recent common ancestor (MRCA) of seed
plants, Amborella trichopoda. In Amborella, monocots, and basal eudicots, there are [3-
type and a pro-ortholog that later give rise to a-y-8-type VPE. BVPE generally

functions in the PSV and converts storage protein precursors into their respective
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mature forms (Hara-Nishimura et al., 1998). To the present knowledge, most seed
proteins of various plants are produced by proteolytic cleavages by BVPE (Hara-
Nishimura et al., (1995). The separation of SVPE from other VPEs during angiosperm
evolution coincided with the development of the double fertilization system, which
involved the development of endosperm (Friedman, 1994). During the diversification
of core eudicots, a vegetative y-type VPE, and a seed coat specific 8-type VPE emerged.
Expression of §VPE is confined in the integument cell layers, and the executor enzyme
in the specific PCD leads to the formation of a hard seed coat (Rocha et al., 2013;
Nakaune et al., 2005).

aVPE arose from the split with yVPE and is only present in Brassicaceae (Poncet et al.,
2015; Yamada et al., 2019). a- and yVPEs are considered the vegetative types because
they are commonly found in vegetative tissues, and they predominantly function in
the LVs(Kinoshita et al.,, 1999). Despite the name, they do participate in embryo
development and reproductive growth. Conversely, while the seed-type BVPEs is
primarily present in seeds, they have also been found in the PSV throughout plant
bodies, including both reproductive and vegetative tissues (Shimada et al., 2003). The
model organism A. thaliana has one of each of four VPE types; gene knock-out studies
showed that while SVPE plays the major part in processing seed storage proteins (Gruis
et al., 2002; Shimada et al., 2003), yVPE is the essential isoform in both developmental

and stress-induced PCD (Kuroyanagi et al., 2005).
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Figure 15: A schematic reconstruction of the evolution of the VPE family in plants, showing the
origins of the duplication events that occurred at various evolutionary stages (Poncet et al., 2015).

Mode of function in plant PCD

The vegetative type VPEs mediate PCD through their primary role in the LVs (Hara-
Nishimura et al., 1991; Kinoshita et al., 1999). The LVs contain proteases that degrade
cellular components; proteases that commonly participate in PCD include papain,
aleurain, carboxypeptidase Y, and serine proteases. In addition, the LV is also a storage
for proteins produced under the induction of stress, such as chitinases (Ponstein et al.,
1994), lectins (Gatehouse et al., 1987; T. A. Wilkins & Raikhel, 1989), and cyclotides
(Craik, 2012). These PCD-associated proteases and stress-induced proteins are
synthesized as inactive zymogens, often with a C-terminal inhibitory extension to be
cleaved at the Asn or Asp residues during maturation (Kinoshita, Nishimura, and Hara-
Nishimura 1995; Yamada et al., 2005). The self-activating VPE is a priming initiator
in the protein processing system (Hiraiwa et al., 1997; Kuroyanagi et al., 2002). Once
activated in the vacuolar compartments, the mature VPE recognizes the Asn or Asp
residues on other precursor proteins and cleaves their peptide bonds at the carbonyl

sides (Hara-Nishimura et al., 1998; Neuhaus & Rogers, 1998). The extensive variety of
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proteins that are post-translationally processed by VPEs is reviewed in Yamada et
al., (2019). This action results in the maturation of the PCD-associated proteases and
stress-induced proteins in the LV, thereby initiating the proteolytic cascade leading to
tonoplast rupture and the degradation of cytoplasmic structures (Fukuda 1996;

Hatsugai et al., 2015).

The essential role of VPE in vacuolar collapse was demonstrated with virus-infected
leaves in tobacco (N. benthamiana and N. tabacum) (Hatsugai et al., 2004). The VPE-
silenced plants showed a reduction of caspase-1 activity; it did not carry out tonoplast
disintegration and failed to conduced pathogen-induced PCD observed in the wild type
(Hatsugai et al., 2004). Furthermore, elevated gene expression of vegetative VPE
during dPCD has also been reported in vascular cells. During the active deposition of
SCW in A. thaliana TEs, elevated expression of a- and yVPE occurs along with cellulose
synthase genes (Kinoshita et al., 1999; Turner et al., 2007). The same pattern has been
observed for fiber with both 8- and yVPE in poplar (Courtois-Moreau et al., 2009). As
previously mentioned in Chapter 2.4.3 Heartwood substances deposition, CEPs have
been observed to involve SCW thickening and stem maturation during the
differentiation of TEs and fibers (Han et al., 2019). They have the ability to digest
extensins, which form the basic scaffold for cell wall formation (Helm et al., 2008). In
xylem fiber cells of A. thaliana, CEP1 zymogens are activated by yVPE (Cheng et al,
2019). In their experiment with a yvpe-suppressed mutant of A. thaliana, the
differentially expressed genes (DEGs) categorically belong to both PCD and the
biosynthetic pathways for cell wall components (Cheng et al., 2019). The yvpe mutant
had vigorous SCW biosynthesis at the transcription level, an accumulation of
unprocessed proenzyme CEP1, prolonged SCW thickening, delayed PCD, and

incomplete degradation of the cellular contents.

Domain structure and activating mechanism of VPEs

VPEs are synthesized as inactive zymogens at the ER, and the propeptides encode for

a self-activating mechanism. The VPE pro-enzymes have a signal peptide, a short
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propeptide at the N-terminus (N-terminal propeptide, NTP), and an inhibitory
prodomain at the C-terminal (C-terminal propeptide, CTP) that masks the catalytic
sites (Dall & Brandstetter, 2013; Kuroyanagi et al., 2002). After its synthesis at the ER,
the self-catalytic removal of the signal peptide releases the inactive pro-enzymes into
the secretory pathway (Fischer et al., 2000); they are then trafficked to the vacuoles
(Kuroyanagi et al., 2002) or the cell wall (Linnestad et al.,, 1998). Arriving in these
acidic environments triggers the self-catalytic removal of the inhibitory CTP, resulting

in mature enzymes (Kuroyanagi et al., 2002).

VPEs and their metazoan homologs are predominantly localized in an acidic
subcellular environment that has a reducing redox potential, such as the plant
vacuoles and nucellar cell walls (Linnestad et al., 1998; Shimada et al., 2018) or within
the endo-lysosomal system in animal cells (Dall & Brandstetter, 2013). However, they
have also been found translocating to the cytosol, into the nucleus, and the
extracellular space that have incompatible pH and redox potential (Dall &
Brandstetter, 2013). In the mammalian model, legumains interact with a protein
named integrins at pH-neutral environments that stabilizes their tertiary structures in
different subcellular localizations (Dall and Brandstetter, 2016; 2013). In the botanical
model, VPE relies on the Legumain Stabilization and Activity Modulation (LSAM)
domain within the CTP (Figure 16). After auto-catalytic cleavage of the inhibitory
CTP, the LSAM domain remain non-covalently bound to the active domain, which
confers stability at neutral pH and allows the enzymes to survive in different cell

compartments (Zauner et al., 2018).
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Figure 16: Illustration of the domain structures of caspases and legumains. Domain structures of
caspases: beige elements present the N-terminal pro-domains (NTP), blue elements as the large subunits
p20, and the green elements show the small subunits p10. There are two types of pro-domains in initiator
caspases: the single death fold known as the caspase recruitment domain (CARD) and two death folds
known as death effector domains (DED). Legumains contain a single active domain and sequences are
comparable to that of the two subunits in caspases combined. The conserved His-Cys catalytic dyad is
marked in yellow. Three of the amino acids that form the caspase-1 substrate-binding pocket (Argl79,
Arg341, and Ser347 in H. sapiens) are also present in all identified VPEs and marked in red. Legumain in
plants contains an activation peptide (AP) and the Legumain Stabilization and Activity Modulation (LSAM)
domain within the C-terminal pro-domain (CTP).

Beyond the proteolytic activities

In addition to their proteolytic activities, a list of VPE isoforms has been identified
with peptide bond ligase ability in animals and plants (Craik, 2012; Du et al., 2020;
Mylne et al., 2011; Nguyen et al., 2014). As the LSAM domain is bound to the mature
VPE, it not only confers stability to the enzyme at neutral pH but also modulates the
activity of the catalytic domain in favor of ligase activity (Zauner et al., 2018). Among
the list of identified ligases, butelase 1 from Clitoria ternatea and HaAEP1 from
Helianthus annuus are two VPE isoforms reported with particularly high efficiency as
peptide cyclases (Nguyen et al., 2014; Mylne et al., 2011; James, Haywood, and Mylne
2018).
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Cyclic peptides (cyclotides) are miniature cyclic proteins of around 30 amino acids
(Conlan & Anderson, 2012). A variety of toxic cyclotides serve defense functions in
the Eudicot families plants (Dutton et al., 2004; Mylne et al., 2012; Poth et al., 2011),
such as insecticidal, nematocidal, molluscicidal, bactericidal, and antiviral
(Craik, 2012; Shafee et al., 2015). Their production requires cleavage between
domains and then forming a new peptide bond between the carboxyl and amino
terminals within the protein precursor (Conlan & Anderson, 2012). In several plant
species, VPEs are responsible for both actions required for cyclotide production

(Haywood et al., 2018; M. A. Jackson et al., 2018).

In addition to their enzymatic functions, VPE can also affect cell fate and plant
development by manipulating ethylene production at the transcription level
(Matarasso et al,, 2005). In higher plants, the first committed step in ethylene
biosynthesis is carried out by the regulatory enzyme 1-Aminocyclopropane- 1-
carboxylic acid (ACC) synthases. The ACC synthase (Acs) genes are encoded by a
multigene family, and each member is differentially regulated by various
environmental and developmental factors. In tomatoes (Solanum lycopersicum), a yYVPE
LeCp has been identified to control the gene expression of an Acs gene (Matarasso et
al., 2005). The ChIP analysis demonstrated the in vivo interaction between the LeCp
protein and the Acs gene sequence inside the nuclei. In addition, they identified the

AT-rich element in the Acs2 promoter as the binding site.

The plant hormone ethylene is a prominent influencer of plant growth and
development (Abeles et al., 1992; M. B. Jackson, 1991; Mattoo & Handa, 2008).
During the different phases of TE formation observed in Zinnia cell cultures, ethylene
is produced with characteristic accumulation peaks during the initiation, SCW
formation, and lignification (Pesquet & Tuominen, 2011). Ethylene is also an inducer
for defense responses (Boller, 1991; Lund et al, 1998); its production is closely
associated with the formation of phenolic compounds in herbaceous and woody plants
(Chappell et al., 1984; Imaseki, 1991). Ethylene as an essential factor in HWF has been
demonstrated in decades of reports, such as that in black walnut (Juglans nigra L.) and

black cherry (Prunus serotina Ehrh.; Nelson et al., 1981), pine (Nilsson et al., 2002),
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and Chinese fir (Song et al., 2014). In addition, the up-regulation of an ethylene
receptor homologous gene was among the DEGs during HWF in Robinia (Yang et al.,

2004).

2.7 Experimental design

2.7.1 Model organisms

Robinia pseudoacacia offers multiple advantages to the studies of HWF, thus selected
for the current experiment as a representative model for ring-porous trees that form
the classic obligate heartwood. Heartwood forms in mature xylem that are at the
minimum several years of age. In many species, HWF only start in stems older than a
decade. R. pseudoacacia is a fast-growing legume species that starts forming heartwood
early, at around 4 to 6 years old (Nakaba et al., 2012). It is ecologically diverse yet
monophyletic, and has been widely cultivated in temperate regions for its highly
durable timber and ornamental strands (Cierjacks et al., 2013). The sharp boundary
between the sap- and heartwood is conspicuous, with HWS that fluoresces in yellowish
green under UV light (Figure 17), allowing easy identification of the region. The
characteristic HWS in Robinia are dihydrorobinetin and robinetin, which are
flavonoids generated through well-studied biochemical pathways (Magel et al., 1994).
These molecules share parts of biochemical pathways with lignin production, hence
offering a common ground for comparing regulations on the main component in

xylogenesis and HWF.
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Figure 17: Photos of a cross-sectioned stem of Robinia pseudoacacia under normal light (left side)
and UV light (right side). (Left) Photo of the full disk shows the large volume occupancy of heartwood
region in the stem. (Right) Photo of the same disk focusing on the region between inner bark to outer
heartwood.

2.7.2 Sampling scheme

Studies on HWF require specimens of age and from species with far longer life cycles
than common model organisms for biological experiments. Furthermore, samples in
the depth of the stem core are exceptionally rigid, which presents obstacles in their
processing. For example, phenolic compounds present at the TZ challenges the
standard extraction methods in molecular biology (De Filippis & Magel, 1998),
traditional chemical fixation methods for transmission electron microscopy (TEM)
that perform well for cambium cells are not applicable because the inner wood region
is impermeable due to tylosis, and common cryofixation methods result in ice crystals

that destroy tonoplast integrity (Takabe & Kim, 2016).

Due to sample availability and the practical cumbersome, the vast majority of research
on HWF was conducted based on a few specimens. Older literature generally includes
many samples, either with a diversity of species (Frey-Wyssling & Bosshard, 1959;
Hillis, 1987) or across the seasons (Nobuchi et al., 1982). Although technological
advancement in recent years offers new opportunities for further investigation on the
topic at the cellular and molecular level, the norm for HWF studies in recent years is
to harvest samples from one or two trees in spring and another one to two in autumn.

HWF is a complex developmental process that takes place over several months at the
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minimum, involving multiple major cellular processes across all living regions in the
stems of a tree. The current study aims to provide an overview on the gene expression
patterns of the PCD marker genes over an annual cycle; samples from mature and
healthy trees were collected monthly for a year, and all wood regions with living cells

were examined.

2.7.3 Gene expression studies

Regulation of gene expression is the basis for cellular function, differentiation, and
development of any organism. Naturally, gene expression is tightly regulated via
multiple mechanisms and can be modulated in many steps, some of which are the
epigenetic binding of DNA, transcriptional initiation, RNA processing, and post-
translational modification of a protein. For the current study, the selected method for
analysis is real-time polymerase chain reaction (real-time PCR, or qPCR). Real-time
PCR detects gene expression at the post-transcription level and before the functional

gene products as proteins are made.

The expression level of any particular gene is implied by the turnover of its transient
transcripts in the form of single-stranded mRNA, and qPCR is a method that aims to
measure the copy number of gene transcripts in a sample. The preparation procedure
for qPCR involves immediate fixation of the specimen, total RNA extraction, and
transcribing the total mRNA present in the cell into a more stable version of nucleic
acid sequences, termed complementary DNA (cDNA). During a qPCR run with gene-
specific primers, the amount of cDNA is recorded at every replication cycle, which
serves as the basis for calculating the quantity of gene transcripts. Taking the relative
gene expression approach, we measure the candidate gene relative to the stably
expressed reference gene across different time points and wood regions. The relative
gene expression of PCD regulatory enzymes indicates the timeframe in which the cells
in the corresponding region have received the signal to prepare for PCD, which may

offer clues on identifying the effectors of HWF.
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3. MATERIALS AND METHODS

3.1 Plant materials

3.1.1 Species identification and sample harvesting

Six black locust trees grown in the arboretum of the Thiinen Institute in Hamburg-
Bergedorf, Germany, were identified for a full-year sampling scheme. They were
between 15 and 20 years old, 15 to 20 meters in height, and their stem diameters at
breast height were around 30 cm. Monthly between April 2019 to March 2020, a
healthy branch between 10 to 20 ¢cm in diameter was cut and flash-frozen by dry ice
immediately, then transferred to an ultra-low freezer for storage until further

processing.

Prior to the sampling regime, species identity was confirmed to be Robinia
pseudoacacia L. by comparing DNA sequences at the internal transcribed spacer (ITS)
region of the 18S ribosomal RNA gene to the reference sequence from GeneBank

(Accession number EF494737.1).

3.1.2 Specimens processing and experimental design

After the specimen were solidly frozen, they were sawn into disks of 2 cm thickness,
lyophilized, and sectioned into six regions as shown in Figure 18. There are 63
sectioned samples in total, and they were labeled with the codes by year (2 digits) —

month (2 digits) — wood region (1 digit), as listed in Table 3.
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Wood Region Sample Description
Code & P P
1 Phloem Between bark and vascular cambium
Outermost growth ring(s) with open vessel elements,
2 Outermost sapwood . . g gls) P
differentiating xylem
3 Middle sapwood Sapwood with tylosis
Innermost sapwood region right next to the fluorescent area under
4 Innermost sapwood .
UV light
. Between area of observable fluorescence to solid fluorescence
5 Transition zone . .
under UV light (between the pencil marks)
6 Outer heartwood Outermost 2mm region with solid fluorescence

Figure 18 Illustration on wood regions for sample sectioning. (Left) Photos of a freeze-dried specimen
disk under normal light on the top and UV light at the bottom. (Right) Indication of how the different regions
were sectioned for the present study.
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Table 3: Coding of samples and their availability for the present study, a total number of 63 samples.

Sample code by wood region
1 2 3 4 5 6
2019 Apr 1904-1 | 1904-2 1904-3 1904-4 - 1904-6
2019 May 1905-1 | 1905-2 1905-3 1905-4 - 1905-6
2019 Jun 1906-1 | 1906-2 1906-3 1906-4 1906-5 -
2019 Jul 1907-1 | 1907-2 1907-3 1907-4 1907-5 1907-6
Sample | 2019 Aug 1908-1 | 1908-2 1908-3 1908-4 1908-5 -
;‘;‘::e'::’ 2019 Sep 1909-1 | 1909-2 1909-3 1909-4 1909-5 -
date 2019 Oct 1910-1 | 1910-2 1910-3 1910-4 1910-5 1910-6
2019 Nov 1911-1 | 1911-2 1911-3 1911-4 1911-5 -
2019 Dec 1912-1 | 19122 1912-3 1912-4 - 1912-6
2020 Jan - - - - - -
2020 Feb 2002-1 | 2002-2 2002-3 2002-4 - 2002-6
2020 Mar 2003-1 | 2003-2 2003-3 2003-4 - 2003-6

* -~ indicate the absence of sample

3.2 Nuclei acid isolation and reverse transcription

With each sample, 10 g of sectioned wood chips were collected and milled into flour
with Retsch Mill while kept cold with liquid nitrogen. Genomic DNA was isolated with
Qiagen DNeasy® Plant Kit and total RNA with RNeasy Plus Universal Kits (Qiagen,
Hilden, Germany) according to the manufacturer's instructions. Samples closer to
heartwood have little RNA due to the lesser amount of living cells and higher amount
of heartwood specific phenolics. Hence the following steps were inserted additionally
into the extraction protocol: RNA was precipitated with isopropanol and centrifuged
at 12000 x g for 10 min at 4°C to obtain pellets, washed with 70% ice-cold ethanol,
resuspended in RNase-free water, and re-precipitated with 2 vol. of 100% ethanol at
and 0.1 vol. of 3M Sodium Acetate (pH 8) at -20°C overnight before pooling onto
RNeasy mini column for washing steps and final elution. The optical density (OD) of
total RNA was determined on a Nanodrop ND-1000 spectrophotometer (Thermo
Scientific, Waltham, MA, USA). Removal of genomic DNA and cDNA synthesis were
carried out using QuantiNova Reverse Transcription Kit (Qiagen, Hilden, Germany)

with 200 ng of total RNA as templates.
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3.3 Obtaining sequences of candidate genes

3.3.1 Primer design

To identify the sequences of candidate genes in R. pseudoacacia, DNA sequences of a
homologous gene from members of Fabales were retrieved from the NCBI and UniProt
database (Table 4 to 6). Sequence alignments were made in the software Geneious
Prime to design degenerate primers for polymerase chain reaction (PCR;
ROZEN et al., 2000), and parameters were set to respect the guideline according to
Pennington et al. (2009). Properties and compatibility of the oligonucleotides were
validated with Oligo Analysis Tool available at Eurofins' website'. Primers validated
by digital means were then purchased from biomers.net GmbH for the laboratory

procedures.

Table 4: Homolog sequences of type-Il metacaspases used for primer design.

Accession Description
Homologs of AtMC4 in Fabales
XM_004509944 | PREDICTED: Cicer arietinum metacaspase-4-like (LOC101509880), mRNA

PREDICTED: Abrus precatorius metacaspase-4-like (LOC113864938), transcript variant
X1, mRNA

XM_028348014 | PREDICTED: Glycine soja metacaspase-4-like (LOC114387810), mRNA
XM_028389058 | PREDICTED: Glycine soja metacaspase-4-like (LOC114422611), mRNA
XM_003546612 | PREDICTED: Glycine max metacaspase-4 (LOC100802658), mRNA
Homologs of AtMC9 in Fabales

XM _027495318.1 | PREDICTED: Abrus precatorius metacaspase-9 (LOC113862209), mRNA
XM_016115254.2 | PREDICTED: Arachis duranensis metacaspase-9 (LOC107494198), mRNA
XM_025749698.2 | PREDICTED: Arachis hypogaea metacaspase-9 (LOC112696814), mRNA
XM_016306384.2 | PREDICTED: Arachis ipaensis metacaspase-9 (LOC107604728), mRNA
XM_020364252.2 | PREDICTED: Cajanus cajan metacaspase-9 (LOC109802849), mRNA
XM_004493225.3 | PREDICTED: Cicer arietinum metacaspase-9 (LOC101488845), mRNA
XM_003554030.5 | PREDICTED: Glycine max metacaspase-9 (LOC100781510), mRNA
XM_019601616.1 | PREDICTED: Lupinus angustifolius metacaspase-9 (LOC109357640), mRNA
XM_013594075.3 | PREDICTED: Medicago truncatula metacaspase-9 (LOC25498997), mRNA
XM_028910894.1 | PREDICTED: Prosopis alba metacaspase-9-like (LOC114724535), mRNA
XM_028916909.1 | PREDICTED: Prosopis alba metacaspase-9-like (LOC114729879), mRNA
XM_017562410.1 | PREDICTED: Vigna angularis metacaspase-9 (LOC108328531), mRNA
XM_014635660.2 | PREDICTED: Vigna radiata var. radiata metacaspase-9 (LOC106753803), mRNA
XM_028061471.1 | PREDICTED: Vigna unguiculata metacaspase-9 (LOC114176425), mRNA

XM_027499192

T www.eurofinsgenomics.eu/de/ecom/tools/oligo-analysis/
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Table 5: Homolog sequences of y-type VPE in Fabales used for primer design.

UniProt ID Species Gene aliases Common name
I6N3H4 Arachis diogoi VPE
AOA151TOP6 Cajanus cajan KK1 023041
AOA151SVD2 Cajanus cajan KK1 014184
AOA1S2Y9H1 Cicer arietinum LOC101515346
AOA1S2Y3V1 Cicer arietinum LOC101514688
AOA060D9Z7 Clitoria ternatea CtAEP, Butelase-1
AOA222UCD2 | Clitoria ternatea CtAEP6
AOAOPOQMG1 | Clitoria ternatea AEP
AOAOPOQMIJ1 | Clitoria ternatea AEP
ITMXD5 Glycine max GLYMA_17G230700
I1K8B5 Glycine max GLYMA_06G050700
11JTV2 Glycine max GLYMA_04G049900
Q5QL0o7 Glycine max GLYMA_14G092800 VPE2
AOAOB2RIV7 Glycine soja DOY65_013779
AOA1J7FPR2 Lupinus angustifolius TanjilG_00365
AOA1J7GSL9 Lupinus angustifolius TanjilG_12001
B7Fl64 Medicago truncatula MTR_1g016780
G7J7K1 Medicago truncatula MTR_3g104120
AOAOLOUHDY | Phaseolus angularis LR48 Vigan04g237600
V7AW15 Phaseolus vulgaris PHAVU_009G076100g
024325 Phaseolus vulgaris PHAVU_001G033500g VPE1, LLP
AOA2K3NJ45 Trifolium pratense L195_g026370
P49044 Vicia sativa Proteinase B
AOAOS3RPMS5 | Vigna angularis Vigan.03G256300
AOAOS3RB86 Vigna angularis Vigan.02G058100
Q9XFZ5 Vigna mungo VmPE1la
QOXFz4 Vigna mungo VmPE1
Q9AUDY Vigna radiata LOC106764744 VrPE1
AOA1S3U5Z5 Vigna radiata LOC106762174
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Table 6: Homolog sequences of 3-type VPE used for primer design.

UniProt ID Species Gene aliases Common name
AOA151SKW2 | Cajanus cajan KK1 001604
P49046 Canavalia ensiformis AEP, Legumain
AOA1S27637 Cicer arietinum LOC101491855
AOAOPOQM?28 | Clitoria ternatea Butelase-2
I1KOK8 Glycine max GLYMA_05G055700
QILLQS Glycine max GLYMA_05G055700 PM40
P49045 Glycine max GLYMA_17G137800 VPE1
AOAOB2P9P8 | Glycine soja DOY65_011377
AOA1J7HBA7 Lupinus angustifolius TanjilG_20543
G7JK51 Medicago truncatula MTR_4g101730
AOAOL9TQC1 Phaseolus angularis LR48 Vigan01g216800
024326 Phaseolus vulgaris PHAVU_003G217500g VPE2, PVWPE
024539 Vicia narbonensis VNPB2
082102 Vicia sativa CP
AOA1S3UW21 | Vigna radiata LOC106769123

3.3.2 Polymerase chain reaction and gel electrophoresis

Polymerase chain reaction (PCR) was conducted with QIAGEN Taq PCR Core Kit

(Qiagen, Hilden, Germany) according to the manufacturer's instruction manual, with

primers produced by biomers.net GmbH. PCR was carried out on Biometra

thermocyclers T-Gradient and T-Professional (Biomedizinische Analytik GmbH,

Gottingen, Germany) under thermal conditions listed in Table 7. PCR products were

separated by size using gel electrophoresis and then visualized by ethidium bromide

staining. PCR amplicons with the correct band sizes were processed with a QIAGEN

PCR Purification kit (Qiagen, Hilden, Germany) and sent to Eurofins MWG Operon for

Sanger sequencing. The resulting data were imported to Geneious Prime for sequence

identification and other downstream processes.

Table 7: PCR thermal cycle condition.

Step Temp:erature Time
(°C)

Initial denaturation 94°C 4 min

Denaturation 94°C 30 sec
Annealing 50-65°C 1 min X35

cycles
Elongation 72°C 1 min
Final extension 72°C 7 min
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3.4 Sequences analysis

Sequence identification was achieved via Basic Local Alignment Search Tool (BLAST);
DNA sequences were searched against the general nucleotide collection and the non-
human expressed sequence tag database (dbEST). cDNA sequences were translated
into protein for BLASTp; alignments were generated in the software Geneious,
sequence logos were generated with HMMER (Finn et al., 2011), and phylogenetic
trees were built via the neighbor-joining method of the Jukes-Cantor model within the
same software. In addition to homologous reference protein sequences identified from
BLASTp results, supplementary data from DePamphilis et al. (2013), Fortin & Lam
(2018), Yamada et al., (2019), and Du et al. (2020) were used for selecting relevant

data for annotation.

3.5 Gene expression studies

The gene expression of candidate genes was analyzed by quantitative reverse
transcription PCR (qPCR) or real-time quantitative PCR. qPCR reactions were
performed using the thermal cycler (Stratagene MX3005P, Agilent Technologies) and
gPCR reagent kit (Quantinova qPCR Mix, SYBR Green, low ROX, QIAGEN) according
to the manufacturer's manual. The reference gene 18S has been previously reported
to show stable expression for HWF studies. Hence it was used for the normalization of
threshold cycles (Cq) in the current project. The number of samples exceeded the
capacity of the 96-well plates for the qPCR runs. Calibrator samples in three 10-fold

serial dilutions are included on each plate for inter-run calibration.

3.5.1 Primer validation

gPCR Primers were designed based on the obtained sequences of candidate genes from
R. pseudoacaia. They were then ordered from the manufacturer biomers.net GmbH.
These primers were tested with gradient PCR in a range of temperatures, and their
amplicon was validated by gel electrophoresis and Sanger sequencing. A final step of
disassociation curve analysis of the amplicons on the qPCR instrument was followed

to validate the primers' specificity.
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3.5.2 Running conditions for the gPCR instrument

The thermal profile was set up according to the manufacturer's manual of the qPCR
reagent kit (Quantinova gPCR Mix, SYBR Green, low ROX, QIAGEN). The temperature
for combined annealing and extension was adjusted for each primer pair according to

the results of primer validation (Figure 19).

Ramp Additional
Step Time  Temperature rate comments
PCR initial 2 min ?5°C Maximal/ QuantiNova DNA
activation step fast mode  Polymerase is
activated by this
heating step
2-step cycling
Denaturation 5s 95°C Maximal/
fast mode
Combined 10 s* 60°C Maximal/ Perform
anneahng/ fast mode fluorescence data
extension collection
Number of cycles 35-40! The number of
cycles depends on
the amount of
template DNA
Melting curve
analysis®

* If your cycler does not accept this short fime for dala acquisition, use the shorfest acceptable

time.
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Figure 19: Thermal profile and cycling conditions for a qPCR run. (Top) Instructions on the Real-time
cycler conditions from the manufacturers' manual of the qPCR reagent kit (Quantinova qPCR Mix, SYBR
Green, low ROX, QIAGEN). (Bottom) Thermal profile on the qPCR instrument as shown in the Mx Pro
software. Segment 2 in light grey highlights the replication cycles, with the fixed temperature at 95°C for
the denaturing step. The combined annealing and extension temperature (shown as 64°C in this figure) is
adjusted for each primer pair according to the results of primer validation (60°C - 65°C).
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4. RESULTS

4.1 Species identification at the ITS region

All six trees for sampling were verified to be the target species, Robinia pseudoacacia.
Figure 20 presents the sequence alignment of the PCR products from each Robinia tree
in alignment with the Rp18S reference sequences from GeneBank (Accession numbers

EF494737.1 and AF174637.1).
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Identity
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Identity
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Figure 20: DNA sequence alignment of the ITS region from Robinia pseudoacacia. Sequences served
as references are named with GeneBank accession numbers and annotated with the genes and ITS regions
they encode in red bars. Tree 1 to 6 represents the individual specimen identified for the project. PCR

primers in green bars are positioned at their binding regions.
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4.2 DNA sequences of candidate genes in R. pseudoacacia

4.2.1 RpMC-II DNA sequences

With the degenerate primers that were designed based on the homologs of AtMC9 in

Fabales species, the initial result from PCR was an RpMC9 sequence that contains four

heterogeneous sites (Figure 21). Gene-specific primers were then designed based on

these sites, resulting in two RpMC9 sequences that cover the same region of the gene

and differ by two of these heterogenic positions; information on the primers is listed

in Table 8. These heterogeneous bases do not indicate any change in the amino acid

sequence; an example is shown in

Figure 22. Therefore, they are unlikely to present two distinct MC9 genes; for the

current presentation, they are noted as RpMC9a and RpMC9b.

Table 8: List of primers used for obtaining the RpMC9 sequences.

Primer name Direction Sequence (5' - 3') AA Motif | Degeneracy | Melting Tm (°C)
Degenerate
MC9 dF1 F TGCRTGGYTGCATAAAYGATGT RGCINDV 8 57.3-63.7
MC9 dR1 R GTGATRAGATTGAARTCACARGG | PCDFENLIT 8 53.8-59.1
MC9 dR6 R ACTRCAATARAGRCAAGGATG HPCLYCS 8 50.9-58.1
Gene specific
RpMC9 gsF1-c F TGCGTGGTTGCATAAACGATGT 0 61.7
RpMC9 gsF2 F TGAAGCGTTTTGGGTTTGAT 0 56.4
RpMC9 gsF3 F AACATTGAGCTCCTCACTGA 0 56.5
RpMC9 256R-A R ATCTCCTGCTTCAGCTTGAC 0 57.6
RpMC9 256R-G R ATCCCCTGCTTCAGCTTGAC 0 60.0
RpMC9 gsF6 F TTCCGCCATGAGGAAG 0 52.8
RpMC9 gsR9-T R TGGGTTCATGTCTGCAGAGG 0 59.7
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1 200 400 600 800 1,000 1,200 1,400 1,506
MC9 dF1 MC9 dR1 MC9 dR6
[N A M

Fup 1, MC9 Consensus ]
1 2
FUb 2. Abrus precatorius ... HHEH it
Fp 3, Arachis duranensis...  — -
Fip 4, Arachis hypogaea ...
Fib 5. Arachis hypogaea ...

Filr 6. Arachis ipaensis MC9

Fur 7. Cajanus cajan MC9 1
Fup 8. Cicer arietinum MC9 1
Fiz 9. Glycine max MC9 HH
Fur 10. Lupinus angustifol... -
Fur 11, Medicago truncat... -
Flr 12, Prosopis alba MC9... -
Fip 13, Prosopis alba MC9... - HEH
Fip 14, Vigna angularis M... === - HERHH
Fir 15, Vigna radiata var. ... = - HEHH
FID 16. Vigna unguiculata ... - - I

MC9 dF1
REV17. RpMC9 dF-dR1 R |lls HEH |
MC9 dR1
M
Fue 18. RpMC9 dF1-dR1 F HEHH |
RpMC9 gsF6
REV19. RpMC9 gsF6-dR6 R ! HHH -I_ HEH I HH HEEH
MC9 dR6
Fip 20. RpMC9 gsF6-dR6 F HHH H "I'" H | HF A
MC9 gsF1t ~ MC9 265R-A MC9 gR9-A
B M P
Fup 21, RpMC9 Partial CDS |-i 7IMC9 gSF1C7MC9IgSR9-TT_‘ RpMC9 gsF2
MC9 gsFic
[N
REV22. RpMC9 dF1C-265R... | HElHH
MC9 265R-A
M
Fip 23. RpMC9 dF1C-265R... HE-H |
RpMC9 gsF2
REV 24, RpMC9 gsF2-qR9 R - | HitHH HHHHH
MC9 gsR9-T
Fup 25, RoMC9 gsF2-qR9 F HH I HHHH HHHHHH iﬂ
Fip 26. RpMC9a HEH -
| | |
MILC9 gsFic
REV27. RoMC9 dF1C-265R... | HEH
I\|/|C9 265R-G
Filr 28. RpMC9 dF1C-265R... HEHH
MC9 gsF3 MC9 gsR9-T
REV 29, RpMC9 gsF3-gsR9I R ! H H --I- HHE
MC9 gsR9-T
Fup 30. RPMC9 gsF3-gsR9 F it
Fip 31. RpMC9b ;T HHH HHHH
Colour code for annotation
[ | ‘ Degenerate primer / heterogeneous sites
Gene specific primer for Robinia pseudoacacia
P Forward primer B D with Aat heterogeneous site
d Reverse primer B b withcat heterogeneous site
|} Indication on heterogeneous sites with G at heterogeneous site

B D with T at heterogeneous site

Figure 21: Overview of the sequencing Alignment of RpMC9 and homologs listed in Table 4 . Primer information is listed in Table 8, and the full sequence
alignment is in the appendix.
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I EEEEE DEERNEENEENEEE — N
ATGATTGBTCAAGCTGAAGCAGGGGAT
J I G
MC9 265R-A

MC9 265R-G
ATGATTGGTCAAGCTGAAGCAGGRGAT
A G

Fabales MC9 Consensus

RpMC9 dF-dR1

. ,'\,i

ATGATTGGTCAAGCTGAAGCAGGAGAT

N‘\. Mﬂ. Al f”. f\(\ ZQ‘ N

ATGATTGGTCAAGCTGAAGCAGGGGAN
G [

RpMC9 dF1C-265RA

RpMC9 dF1C-265RG

Figure 22: Heterogeneous sites in the two RpMC9 DNA sequences encoding for the same amino acid
residue.

With the degenerate primers that were designed on AtMC4 homologs in legumes, three
distinct sequences containing 17 heterogeneous sites were isolated (Figure 23).
BLASTn and sequence alignment results showed that their identities are
undistinguishably close to both MC4 and MC5. Figure 24 shows an overview of the
final sequencing results, where the obtained sequences are aligned with the homologs
of both genes; all primers used to obtain these sequences are listed in Table 9. Despite
the ambiguous identity, there is no dispute that they are members of type-II MCs. For
the current presentation, the sequences are noted as RpMC-Ila, RpMC-IIb, and
RpMC-IIc. Out of the 17 heterogeneous sites, 11 of them are associated with changes
in amino acid, as shown in Figure 25. To determine whether or not these RpMC-II
sequences are individual members of the MC gene family, further analysis based on
their translated amino acid sequence is detailed in the next section, along with their

gene phylogeny.
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Table 9: List of primers used for obtaining the RpMC-II sequences.

Degene

Primer name Direction Sequence (5' - 3') AA Motif racy Melting Tm (°C)
RoMC-lIc

MC4 dF2 F GATTCTTGCCAYAGTGGTG DSCHSG 53.4-56.5

MC4 dR2 R CRAARAGKGTAGGTCTCAG LRPTLF 8 50.7-56.0
RoMC-lla

MC4 dF5 F AACGACGTGWGGAGRATGCA NR?\X((S;\C/;;) 4 59.7-62.1

RpMC4 gsR1 R TGCTCTCTCCTATCTGCTCCT - 59.5

RpMC4 287Fa F CAATACCCCTAGAGGTGTTAGGATC -- 63.0

RpMC4 gR1 R ATAGCCATAGTTCCCATGTGG - 0 57.9
RpMC-lib

RpMC4 14 F F TGGTCGAACGATACGGGTTC - 0 59.3

RpMC4 417R R ACCAGAGCTAGAATGTTTCTCTTCTT -- 0 60.1

RpMC4 287Fb F CGATGTCCCTAGAGGTGTTAGG -- 0 59.4

RpMC4 gR1 R ATAGCCATAGTTCCCATGTGG - 0 57.9
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RESULTS
1 200 400 600 800 1,000 1,200 1,282
MC4 dF5 MC4 dF2 MC4d R2
Consensus ! ! I
e 1. ApMC4-like H H
Fup 2. CaMC4-like H H
Flp 3. GmMC4 H H H H
Flb 4, GsMC4-like H H H HH
Flb 5. GsMC4-like H H H H
MC4 dF2
[N
REV 6. MC4 dF2+dR2 R Inm =
MC4 dR2
M
Fup 7, MC4 dF2+dR2 F | 1y
MC4 dF2 MC4 dR2
[N |
Fue 8, RpMC-llc [ [ | =1
MC4 dF5
[N
FEV9. MC4 dF5+ gsR1 R 101 [ ]
R]pMCAl gsR1
Fur 10, MC4 dF5+gsR1 F2 101 ] ]
R‘pMCél 287a
REV11. RpMC4 287A-gR1T R [ ] n - H
R‘pMC4 gR1
Fe 12, RpMC4 287A-qR1 F iE 1y
M]I‘C4 dF5 R‘pMCA 287a R‘pMCA gR1
Fup 13, RpMC-lla ALl ] [ 1S =1
1
R‘pMCél 14 F
R 14, RpMC4 14F-417 R I '
R‘pMC4 417R
Fup 15, RpMC4 14F-417R F I | nm
R‘pMC4 287b
REV16. RpMC4 287B-qR1 R | [ ¢
R‘pMCA gR1
Fup 17, RpMC4 287B-qR1 F [ | HH
RpMC4 14 F RpMC4 287b RpMC4 gR1
Fp 18, RpMC-Ilb I | nm HH
Lane Sequence label Sequence description Accession
1 ApMC4-like PREDICTED: Abrus precatorius metacaspase-4-like (LOC113864938), transcript variant X1, mRNA XM_027499192.1
2 CaMC4-like PREDICTED: Cicer arietinum metacaspase-4-like (LOC101509880), mRNA XM_004509944.3
3 GmMC4 PREDICTED: Glycine max metacaspase-4 (LOC100802658), mRNA XM_003546612.5
4 GsMC4-like PREDICTED: Glycine soja metacaspase-4-like (LOC114387810), mRNA XM_028348014
5 GsMC4-like PREDICTED: Glycine soja metacaspase-4-like (LOC114422611), mRNA XM_028389058
6-7 MC4 dF2+dR2 F Amplicons from PCR with primers MC4 dF2 and MC4 dR2 -
8 RpMC-lic Consensus sequence of lanes 6 and 7 --

9-10 MC4 dF5-gsR1 F &R

Amplicons from PCR with primers MC4 dF5 and MC4 gsR1

11-12 | RpMC4 287A-gqR1F &R

Amplicons from PCR with primers RopMC4 287Fa and RpMC4 gR1

13 RpMC-lla

Consensus sequence of lanes 9 to 12

14-15 | RpMC4 14F-417 F &R

Amplicons from PCR with primers RopMC4 14F and RpMC4 417R

16-17 | RpMC4 287B-gR1 F & R

Amplicons from PCR with primers RoMC4 287Fb and RpMC4 gR1

18 RpMC-IIb

Consensus sequence of lanes 14 to 17

-- Indicates not applicable

Figure 23: DNA sequence alignment overview illustrates the sequencing results of RpMC-IIs. Grey triangles indicate the degenerate primers, and the blue ones
correspond to gene specific primers listed in Table 9.
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RESULTS
200 400 600 800 1,000 1,200  1,31]
Consensus Exon 1 D Exon 2 D]
1. Abrus precatorius MC4-like HEH H H | | H [
2. Cicer arietinum MC4-like [ | HEH HHHEH HH | [ HEl
3. Glycine max MC4 H HEH H-E- - H
4. Glycine max MC4 HE - | H H
5. Glycine soja MC4-like H HH HHEH H- H
6. RpMC-lla 111 10 -]
7. RpMC-lIb I -
8. RpMC-lIc 10 m- e B
9. Abrus precatorius MC5-like HEll H HHHIE-E I L -1 1
10. Arachis hypogaea MC5 H HEH HEH H H
11. Arachis ipaensis MC5 H I -1 HHEH HEH H H
12. Cajanus cajan MC5 H Il 1 | - HHHEH H L A H Il
13. Cajanus cajan MC5 H (i | - HHEH H H | I-
14. Cicer arietinum MC5-like (N | (| HIHI——HH 0 ) I R | | b |
15. Glycine max putative MC | - - | H I ni [
16. Lupinus angustifolius MC5-like 11 (| Il | B HEHEEHE en -0 - (I I B B
17. Medicago truncatula MC5 I Il HE-IN HHEHIE HH H - I
18. Medicago truncatula MC5 [N -1 H— - [ |t ol B Ly |
19. Prosopis alba MC5-like | e IHHH [ T |/ B [ A |
20. Vigna angularis MC5-like | H HEHEH H H | H
21. Vigna angularis MC5-like | HH HHHEH HEl| H
22.Vigna radiata var. radiata MC5 | HH HHHEH H H
23. Vigna radiata var. radiata MC5 I I HH HEHEH H H H
24. Vigna unguiculata MC5-like | | H HEHEH HH H | | H
25. Vigna unguiculata MC5-like | HH HHHEH H I-
Lane Sequence label Sequence description Accession
1 Abrus precatorius MC4-like PREDICTED: Abrus precatorius metacaspase-4-like (LOC113864938), transcript variant X1, mRNA XM_027499192.1
2 Cicer arietinum MC4-like PREDICTED: Cicer arietinum metacaspase-4-like (LOC101509880), mRNA XM_004509944.3
3 Glycine max MC4 PREDICTED: Glycine max metacaspase-4 (LOC100795043), mRNA XM_003531762.5
4 Glycine max MC4 PREDICTED: Glycine max metacaspase-4 (LOC100802658), mRNA XM_003546612.5
5 Glycine soja MC4-like PREDICTED: Glycine soja metacaspase-4-like (LOC114422611), mRNA XM_028389058.1
6 RpMC-lla Robinia pseudoacacia Type-Il matecaspase RpMC-Ila --
7 RpMC-lIb Robinia pseudoacacia Type-Il matecaspase RpMC-llb --
8 RpMC-lic Robinia pseudoacacia Type-Il matecaspaseRpMC-Ilic --
9 Arachis hypogaea MC5 PREDICTED: Arachis hypogaea metacaspase-5 (LOC112707436), mRNA XM_025759180.2
10 Arachis ipaensis MC5 PREDICTED: Arachis ipaensis metacaspase-5 (LOC107635285), mRNA XM_016338719.2
11 | Abrus precatorius MC5-like PREDICTED: Abrus precatorius metacaspase-5-like (LOC113865563), transcript variant X1, mRNA XM_027500219.1
12 Cajanus cajan MC5 PREDICTED: Cajanus cajan metacaspase-5 (LOC109789350), mRNA XM_020348274.2
13 Cajanus cajan MC5 PREDICTED: Cajanus cajan metacaspase-5 (LOC109789349), transcript variant X1, mRNA XM_020348272.2
14 Cicer arietinum MC5-like PREDICTED: Cicer arietinum metacaspase-5-like (LOC101509553), mRNA XM_004488501.3
15 Glycine max putative MC Glycine max putative metacaspase (LOC100527809), mRNA NM_001250818.2
16 Lupinus angustifolius MC5-like PREDICTED: Lupinus angustifolius metacaspase-5-like (LOC109352001), mRNA XM_019593760.1
17 Medicago truncatula MC5 PREDICTED: Medicago truncatula metacaspase-5 (LOC25502442), mRNA XM_013589850.3
18 Medicago truncatula MC5 PREDICTED: Medicago truncatula metacaspase-5 (LOC11419585), mRNA XM_003595881.4
19 Prosopis alba MC5-like PREDICTED: Prosopis alba metacaspase-5-like (LOC114754970), mRNA XM_028943832.1
20 Vigna angularis MC5-like PREDICTED: Vigna angularis metacaspase-5-like (LOC108338807), mRNA XM_017575836.1
21 Vigna angularis MC5-like PREDICTED: Vigna angularis metacaspase-5-like (LOC108340250), mRNA XM_017577495.1
22 Vigna radiata var. radiata MC5 PREDICTED: Vigna radiata var. radiata metacaspase-5 (LOC106752949), mRNA XM_014634726.2
23 | Vigna radiata var. radiata MC5 PREDICTED: Vigna radiata var. radiata metacaspase-5 (LOC106752959), mRNA XM_014634744.2
24 Vigna unguiculata MC5-like PREDICTED: Vigna unguiculata metacaspase-5-like (LOC114169553), mRNA XM_028054754.1
25 Vigna unguiculata MC5-like PREDICTED: Vigna unguiculata metacaspase-5-like (LOC114170591), mRNA XM_028056101.1
-- Indicates not applicable ‘

Figure 24: DNA sequence alignment overview for the homologs of AtMC4 and AtMCS5 in Fabales. Black lines in the sequences correspond to disagreement with
the majority. Information on the sequences used in the alignment is listed in the table under the alignment; BLASTn result of each RpMC-II and the full sequence

alignment is in the appendix.
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6. RpMC-lic GATMCTTGCCAYAGTGGTGGCCTAMTMGEARAMGHITAAGGAG
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2. CaMCA-ike g KGR O - - - - - - - - - S WEN S WS
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3.CmMC4 S’ s ™ T me———— - - - - - SS s G

MR

» GAGAGCACAAA.GG.GG.GA---G.A—G.TCTGG.TCTGG.
4.RpMC-lla 222275 kg C G mE--m S

ANNN ;
AAAG.GIG-G AIG A AAAEATDED

5.RpMC-lIb A A - ANATEE

FN\/\A/\/\A/\/\/\MNMW

e GAGAGCACAAAG.G.G-GA-GAG-A_G.TCTGG.TCTGG-
6. RpMC-lic K _R WENSNERSNEW K “Hu S S
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Lane | Sequence label Sequence description Accession
1 ApMC4-like Homolog, MC4-like in Abrus precatorius XM_027499192
2 CaMC4-like Homolog, MC4-like in Cicer arietinum XM_004509944
3 GmMC4 Homolog, MC4 in Glycine max XM_003546612
4 RpMC-Ila Amplicon of RpMC-Ila obtained via PCR --
5 RpMC-I1b Amplicon of RpMC-IIb obtained via PCR --
6 RpMC-lic Amplicon of RpMC-lic obtained via PCR -
-- Indicates not applicable

Figure 25: DNA and amino acid alignment of MC4 homologs and RpMC-II. With the difference in DNA
at base 695, 700, and 701, the corresponding base of amino acids also differ. Within bases, 730 to 755, and
3 extra amino acid bases are inserted into all the RpMC-II sequences compared to the homologs in other
species.
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4.2.2 RpVPEs DNA sequence

The first set of obtained sequences using degenerate primers was identified as two

different types of VPE. BLASTn and sequence alignment with their homologs

confirmed that one of them is 3-type and the other is y-type, and they were named -

RpVPE and y-RpVPE accordingly. y-RpVPE is identical to an expressed sequence tag

(EST) that was registered in NCBI with the gene expression profiling studies Yang et

al. (2003; 2004). The EST was then included in the design of gene-specific primers,

as shown in the sequencing result overview of y-RpVPE in Figure 27. Figure 26 shows

the alignment overview of B-RpVPE DNA sequences and the coverage over its

homologs, the information on the sequences used in the alignment is detailed in Table

12. The primers used for obtaining the 3-RpVPE and y-RpVPE sequences are listed in

Table 10Table 11 respectively.

Table 10: List of primers used for obtaining the -RpVPE sequences

Primer name Direction Sequence (5'-3') AA Motif D(:f(ce;e Mel'(clrg m
Degenerate
VPE d731FG F GATGTGTGCCATGCDTAYCA DVCHYQ 6 56.2-61.0
VPE d468F F TAARGTDAARGGWGGAAGTGGCAA K(V/L)KGGSGK 24 58.3-64.1
VPE d1212R R CAAATCCCCHAGGCAAGTGATGT YITCLGDL 3 60.6 - 63.3
VPE d1781R R CGCATRTGYTTCATNCCATA YGMKHMR 16 50.8-59.3
Gene specific
B-RpVPE 1221F F TGCATCCAATGCACAAGAGAG - 58.9
B-RpVPE 1124R R CCAGATGCATGTTTCTTCTT - 53.9
Table 11: List of primers used for obtaining the y-RpVPE sequences.
Primer name Direction Sequence (5'-3') AA Motif D;gz:;e Mel'zlrg m
Degenerate
VPE d731FW F GATGTWTGYCATGCATACCA DVCHYQ 52.8-56.7
VPE d1339R CTTCCATCCAAGMAACRCT SVAWME 52.4-58.4
Gene specific
V-RpVPE 948F F TGGCAGTGGGAAGGTTGTGG - 0 61.4
y-RpVPE 1235R R ACTAGGGTACTCCCCAGGGC - 0 63.4
v-RpVPE 1024F F GTGCTTGGGATGCCTGTTG - 0 59.4
v-RpVPE YR1 R TGGTCCTTTATCGCTTCTTATGT - 0 57.6
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RESULTS
1 250 500 750 1,000 1,250 1,500 1,750 2,000 2,250 2,540
Fup 1. Gylcine max VPE GmVPE1 exon 1 2 3 4 i 5 / 7 8 9
6
Fue 2. Abrus precatorius H 1 - D H
Fb 3, Glycine max 1 HHHH - HH
FIb 4. Lupinus angustifolius HiHHEH - HHEHEHEHH] Hit
Filb 5. Glycine max 2 GmPM40 exon 2 3 4 5 J 7 8
6
FIp 6. Glycine max 4 - 1 H
Fup 7, Cajanus cajan H HHI H
Fup 8. Vigna unguiculata HHEHEH H H
Fup 9. Phaseolus vulgaris 2 H- - i 1
Fue 10, Vigna radiata HHHHEH HEHIN H
Fup 11. Phaseolus vulgaris HHEHH] H
Fup 12. Vigna angularis HElH - H
Fup 13, Cicer arietinum Hi HHEHIN H
Filb 14, Canavalia ensiformis - H
Fup 15. Medicago truncatula HEH I H
Fue 16. Clitoria ternatea 1 HIlH HHI H
Fup 17, Clitoria ternatea 2 H HEHIN H
Fup 18. Arachis duranensis H HHEHEHEHIN H
Fup 19, Arachis hypogaea H IO H
Fup 20. Vicia sativa HHEHHH H
Fup 21, Trifolium pratense 1 HEHH 1
Fe 22, Trifolium pratense 2 HEHH - H
Fup 23, Vicia narbonensis HHEHENEHH H H—HHHH—-HEHEHH
Flb 24, Prosopis alba 1 HEHE-HEHI H —EHEHHHEHH
Fup 25, Prosopis alba 2 HHEHEHEHH H —HHHHHEHHH
VPE d468 F
Filb 26. VPEd 468F-1212R F L
VPEd1212R
REV27. VPEd 468F-1212R R i i
VPE d731G F
REv28. VPE 731G-1124 R L
B-RpVPE 1124R
FIp 29, VPEd 731G-1124 F HH
VPE d1871R
Fu 30. VPEd 1221F-1781R F H 4
Fub 31, Robinia pseudoacacia B-VPE [} HEHIN H
. - Query Pairwise ]
Lane Sequence label Accession Description . Bit-Score
coverage Identity
1 Glycine max VPE NM_001249749.2 | Glycine max vacuolar-processing enzyme (VPE), mRNA 100.00% 89.6% 1421.19
2 Abrus precatorius XM_027479555.1 | PREDICTED: Abrus precatorius legumain (LOC113849561), mRNA 100.00% 89.5% 1410.11
3 Glycine max 1 D28876.1 Glycine max mRNA for cysteine proteinase, complete cds 100.00% 89.5% 1410.11
4 Lupinus angustifolius XM_019591087.1 | PREDICTED: Lupinus angustifolius legumain (LOC109349992), mRNA 100.00% 89.3% 1399.03
5 Glycine max 2 NM_001349197.1 | Glycine max seed maturation protein PM40 (PM40), mRNA 100.00% 89.1% 1387.95
6 Cajanus cajan XM_020370788.2 | PREDICTED: Cajanus cajan vacuolar-processing enzyme (LOC109808005), mRNA 100.00% 88.0% 1321.47
7 Vigna unguiculata XM_028063059.1 inRRE,\‘DLCTED: Vigna unguiculata vacuolar-processing enzyme (LOC114177634), 100.00% 88.0% 1319.63
) . PREDICTED: Vigna radiata var. radiata vacuolar-processing enzyme o o
8 Vigna radiata XM_014654608.2 (LOC106769123), mRNA 100.00% 87.8% 1308.55
9 Phaseolus vulgaris 2 XM_007155562.1 Sgrarf;fe"tfc\gga”s hypothetical protein (PHAVU_003G217500g) mRNA, 100.00% | 87.8% 1304.85
10 Phaseolus vulgaris 799957 1 (sziioggsl\slgams Moldavian encoding legumain-like proteinase precursor 100.00% 37.8% 1304.85
EDICTED: Vi i -| i LOC1 22532
11 | Vigna angularis XM_017554660.1 ;RRNACT Vigna angularis vacuolar-processing enzyme (LOC108322532), 100.00% | 87.3% 1277.16
12 Cicer arietinum XM_004515685.3 | PREDICTED: Cicer arietinum legumain (LOC101491855), mRNA 100.00% 87.0% 1260.54
13 Canavalia ensiformis D31787.1 Canavalia ensiformis mRNA for asparaginyl endopeptidase, complete cds 100.00% 87.0% 1255.0
14 Medicago truncatula XM_003608718.4 | PREDICTED: Medicago truncatula legumain (LOC11405547), mRNA 100.00% 86.8% 1243.92
15 | Clitoria ternatea 1 MT468738.1 f(')'::;litf:;ztea clone ctr29014_c2_g1_i2 asparaginyl endopeptidase 2mRNA, | ;0 jo0, | g 5o 1243.92
16 | Clitoria ternatea 2 KR912009.1 f!:;'lztt::itea clone Ct_flwr_1565_g1_i1 asparaginyl endopeptidase mRNA, | 10 o0 | g6 79 1238.38
17 Arachis hypogaea XM_025846712.2 | PREDICTED: Arachis hypogaea legumain (LOC112803196), mRNA 100.00% 85.6% 1170.05
18 Arachis duranensis XM_016107728.2 | PREDICTED: Arachis duranensis legumain (LOC107487130), mRNA 100.00% 85.6% 1170.05
19 Vicia sativa AJO07743.1 Vicia sativa mRNA for cysteine proteinase precursor 100.00% 85.2% 1142.35
20 Trifolium pratense 2 XM_045932441.1 ;RFSE,LCTED: Trifolium pratense legumain (LOC123883594), transcript variant X1, 100.00% 34.8% 1122.04
21 Trifolium pratense 1 XM_045932442.1 ;R;,\[‘)/LCTED: Trifolium pratense legumain (LOC123883594), transcript variant X2, 100.00% 34.8% 1122.04
22 Vicia narbonensis 799174.1 Vicia narbonensis mRNA for cysteine proteinase precursor 100.00% 84.7% 1116.5
23 Prosopis alba 2 XM_028906873.1 | PREDICTED: Prosopis alba legumain-like (LOC114721067), mRNA 100.00% 84.1% 1077.72
24 Prosopis alba 1 XM_028931650.1 | PREDICTED: Prosopis alba legumain-like (LOC114743439), mRNA 100.00% 84.1% 1077.72
25-26 | VPEd 468F-1212RF & R - Amplicons from PCR with primers VPE d468F and VPE d1212R - - -
27-28 | VPEd 731G-1124F &R - Amplicons from PCR with primers VPE d731FG and B-RpVPE 1124R - - -
29 VPEd 1221-1781 F - Amplicons from PCR with primers B-RpVPE 1221F and VPE d1781R - - -
30 ;?\%?a pseudoacacia - Consensus sequence from the PCR amplicons in lanes 25 to 29 - - -

Figure 26: Alignment overview of B-RpVPE sequencing results. Information on the sequences is listed in the table herein, details of the primers are listed in Table

10, and the full sequence alignment is in the appendix.
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Figure 27: BLASTn results of y-RpVPE in sequence alignment overview. Homologous sequences are sorted in descending order of pairwise identity percentage
to y-RpVPE. Grey elements present the annotations as exons provided in the NCBI database. Details on the primers are listed in Table 11, and information on the

sequences is listed in Table 12 on the next page
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RESULTS
Table 12: Sequence information for the alignment in Figure 27.
. - Query Pairwise Bit-
L label A D
ane Sequence labe ccession escription coverage Identity Score
. PREDICTED: Abrus precatorius vacuolar-processing enzyme-like o o
1 Abrus precatorius XM_027513192.1 (LOC113874911), transcript variant X1, mRNA 92.05% 90.6% 1716.66
2 Glycine max (VPE2) NM_001249635.2 | Glycine max vacuolar processing enzyme 2 (VPE2), mRNA 96.05% 90.5% 1703.67
3 Cajanus cajan 1 XM_020366661.2 ;RRE,\[‘)/LCTED: Cajanus cajan vacuolar-processing enzyme (LOC109804800), 92.05% 89.0% 1598.47
4 Glycine max 3 XM_003550235.5 | PREDICTED: Glycine max vacuolar-processing enzyme (LOC100784318), mRNA 97.16% 88.8% 1659.41
5 x:ngna umbellata XM_047306939.1 ;RRE,\[‘)/LCTED: Vigna umbellata vacuolar-processing enzyme (LOC124832678), 91.77% 28.1% 1526.45
6 Vigna angularis VPE | XM _017574898.1 PREDICTED: \/l|gna angularis vacuolar-processing enzyme (LOC108338162), 91.77% 88.1% 1526.45
transcript variant X1, mRNA
7 | Phaseolus vulgaris 2 | XM_007160923.1 Ezfnss\zltfc\ggam hypothetical protein (PHAVU_001G033500g) mRNA, 91.70% 87.8% | 1506.14
3 Cicer arietinum 2 XM_027333646.1 PREDICTED: C.ICEI’ arietinum vacuolar-processing enzyme-like (LOC101514688), 97.05% 37.8% 1511.68
transcript variant X1, mRNA
9 Glycine max 2 XM_003525931.5 | PREDICTED: Glycine max vacuolar-processing enzyme (LOC100791675), mRNA 88.79% 87.8% 1459.97
10 x:ngna unguiculata XM_028084964.1 :qRRE,\?,LCTED: Vigna unguiculata vacuolar-processing enzyme (LOC114194621), 91.77% 37.6% 1491.37
Lupinus PREDICTED: Lupinus angustifolius vacuolar-processing enzyme-like
. . ~ . 0, 0,
11 ﬁCSUStIfOIIuS VPE XM_019573985.1 (LOC109337103), mRNA 84.74% 87.1% 1345.48
EDICTED: Glyci - i LOC1 701
12 | Glycine max 4 XM_014774474.3 | PREDICTED: Glycine max vacuolar-processing enzyme (LOC100807010), 88.79% 87.0% | 1406.42
transcript variant X1, mRNA
13 $|;1‘Eo\|um pratense XM_045968705.1 ;RRE,\[‘)/LCTED: Trifolium pratense vacuolar-processing enzyme (LOC123917080), 38.86% 36.8% 1387.95
14 Medicago XM_013610451.3 PREDICTED: Medicago truncatula vacuolar-processing enzyme (LOC25482000), 91.34% 26.8% 14175
truncatula VPE mMRNA
Vigna mungo X . .
15 (VmPE-1A) D89972.1 Vigna mungo mRNA for asparaginyl endopeptidase (VmPE-1A), complete cds 91.77% 86.7% 1426.73
Lupinus PREDICTED: Lupinus angustifolius vacuolar-processing enzyme-like
. . ~ . 0, 0,
16 ECSUStIfOIIUS VPE XM_019561080.1 (LOC109327911), mRNA 89.99% 86.5% 1389.8
17 Prosopis alba VPE XM_028940230.1 :qRRE,\?,LCTED: Prosopis alba vacuolar-processing enzyme (LOC114751576), 87.01% 36.5% 134179
PREDICTED: Caj j lar-| i LOC1
18 Cajanus cajan 2 XM_020368305.2 mRNAC Cajanus cajan vacuolar-processing enzyme (LOC109805986), 28.22% 26.1% 1336.25
19 Cicer arietinum 1 XM_004501420.3 :qRRE,\?,LCTED: Cicer arietinum vacuolar-processing enzyme-like (LOC101515346), 23.72% 35.7% 1308.55
Lupinus PREDICTED: Lupinus angustifolius vacuolar-processing enzyme-like o o
20 angustifolius 3 XM_019582316.1 (LOC109343833), mRNA 89.07% 85.7% 1315.93
Vigna umbellata PREDICTED: Vigna umbellata vacuolar-processing enzyme-like
21 16214.1 729 6% 1310.
VPE-like *M_047316 (LOC124840200), mRNA 88.72% 85.6% 31039
2 ?i/ina angularis VPE- XM_017566611.1 ;RRE,\I‘D/LCTED: Vigna angularis vacuolar-processing enzyme-like (LOC108331721), 33.72% 35.6% 1304.85
Vigna radiata var. PREDICTED: Vigna radiata var. radiata vacuolar-processing enzyme o o
23 radiata XM_014645928.2 (LOC106762174), mRNA 88.72% 85.5% 1299.31
24 | Phaseolus vulgaris 1 | XM_007136747.1 Sgiss‘zltiscvdus‘ga”s hypothetical protein (PHAVU_009G076100g) mRNA, 88.72% 85.4% | 1293.78
Vigna unguiculata PREDICTED: Vigna unguiculata vacuolar-processing enzyme-like o o
25 VPE-like XM_028047286.1 (LOC114163155), mRNA 88.72% 85.2% 1279.0
2% Arachis ipaensis XM_016308381.2 ;R'f'\I‘D/LCTED: Arachis ipaensis vacuolar-processing enzyme (LOC107606332), 90.70% 85.2% 1304.85
27 Arachis hypogaea2 | XM_025810236.2 :qRRE,\[‘)/LCTED: Arachis hypogaea vacuolar-processing enzyme (LOC112764565), 90.70% 359% 1304.85
Medicago PREDICTED: Medicago truncatula vacuolar-processing enzyme gamma- o o
28 truncatula 1 *M_003603073.4 isozyme (LOC11432331), mRNA 87.51% 84.8% 1234.68
29 Arachis hypogaea 1 | XM_025757656.2 ;:]RRE,\?/LCTED: Arachis hypogaea vacuolar-processing enzyme (LOC112706381), 90.70% 24.7% 127162
Trifolium pratense PREDICTED: Trifolium pratense vacuolar-processing enzyme-like o o
30 VPE-like XM_045944193.1 (LOC123894249), mRNA 90.70% 84.7% 1271.62
Vigna mungo X . .
31 (VmPE-1) D89971.1 Vigna mungo mRNA for asparaginyl endopeptidase (VmPE-1), complete cds 88.29% 84.6% 1232.84
VPE d731FW- . . .
32-33 d1339R F & R - Amplicons from PCR with primers VPE d731FW and VPE d1339R - - -
31 V-RpVPE Partial 1 B ansensus sequence from the amplicons in lanes 32 and 33 with gene-specific - - -
primer
35 V-RpVPE EST BI677606 EST of y-RpVPE in reference to (Yang et al., 2004) - - -
36-37 X-RRlpl\IleRmMF B - Amplicons from PCR with primers y-RpVPE 1024F and y-RpVPE YR1 -- -- --
38 y-RpVPE - Consensus sequence from the PCR amplicons in lanes 32 to 33 and 36 to 37
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RESULTS

4.3 Protein sequence analysis

4.3.1 Type-II Metacaspases protein sequences

Since the two RpMC9 encode for no difference in amino acid sequence, they were
combined in length and labeled as RpMC9 for protein sequence analysis, alignments,
and construction of the gene trees. Taking RpMC9 as the query, BLASTp results within
the Fabales are listed in Table 13, and the result without limitation to taxa is listed in
Table 14. Figure 28 shows the phylogeny of MC9 homologs from legumes; sequences
with curated annotation in the database or association with empirical research are
included for comparison (Table 15). There are four conserved aspartates (D) residues
in the sequence that are predicted to contribute to calcium binding; in legumes, one

of them is substituted by a Glutamic acid (E) in legume, including R. pseudoacacia.

The gene name in Norway spruce and hybrid aspen differ from the norm, hence
clarified here. PaMC5 in Norway spruce, as introduced in the earlier section, is an
AtMC9 homolog with strongly up-regulated gene expression associated with
earlywood formation (Jokipii-Lukkari et al, 2018). PttMC13 and PttMC14 from
Populous tremula x tremuloides are AtMC9 homologs with proposed xylem-specific

function in Bollhoner et al. (2018).

82



The intended size for this page is A3. The full-sized page is available in the supplement material.

RESULTS
Table 13: BLASTp results of RpMC9 limited to leguminous species.
Query Bit-Score Query Paiwise Organism Description Accession
coverage Identity
461.84 98.86% 85.4% Abrus precatorius Metacaspase-9 [Abrus precatorius] XP_027351119
452595 98.86% 83.9% | Lupinus albus [PL“J;EZ‘Z ngﬁs"]se’"ke domain-containing protein KAE9599704
450.669 98.86% 83.9% Lupinus angustifolius PREDICTED: metacaspase-9 [Lupinus angustifolius] XP_019457161
445.662 98.86% 84.5% Cicer arietinum Metacaspase-9 [Cicer arietinum] XP_004493282
431.409 99.24% 80.7% Medicago truncatula Metacaspase-9 [Medicago truncatula] XP_013449529
428.713 99.24% 80.3% Medicago truncatula Unknown [Medicago truncatula] AFK49292
428.328 98.86% 80.6% Trifolium pratense Metacaspase-9-like protein [Trifolium pratense] PNY07712
426.787 98.86% 80.6% Mucuna pruriens Metacaspase-9 [Mucuna pruriens] RDY12566
426.017 98.86% 80.2% Trifolium pratense Metacaspase-9 [Trifolium pratense] XP_045796026
RpMC9a 419.083 98.86% 79.5% Glycine max Hypothetical protein JHK86_053251 [Glycine max] KAG4912818
418.313 98.86% 79.1% Glycine max Metacaspase-9 [Glycine max] XP_003554078
417.927 98.86% 79.1% Glycine soja Metacaspase-9 [Glycine soja] XP_028217188
417.542 98.86% 79.1% Glycine max Hypothetical protein JHK85_054186 [Glycine max] KAG4927700
416.387 99.24% 75.7% Prosopis alba Metacaspase-9-like [Prosopis alba] XP_028766727
415.616 99.24% 75.3% Prosopis alba Metacaspase-9-like [Prosopis alba] XP_028772742
412.149 98.86% 77.9% Arachis hypogaea Hypothetical protein Ahy_B06g083752 [Arachis hypogaea] RYR04163
411.764 98.86% 77.9% Arachis ipaensis Metacaspase-9 [Arachis ipaensis] XP_016161870
409.838 98.86% 77.5% Arachis duranensis Metacaspase-9 [Arachis duranensis] XP_015970740
409.453 98.86% 77.5% Arachis hypogaea Metacaspase-9 [Arachis hypogaea] XP_025605483
405.216 98.86% 76.4% Cajanus cajan Metacaspase-9 [Cajanus cajan] XP_020219841
392.119 99.55% 85.9% Abrus precatorius Metacaspase-9 [Abrus precatorius] XP_027351119
381.719 99.55% 84.1% | Lupinus albus FL“Jsltr:VLJi 2?;5:159’"‘(9 domain-containing protein KAE9599704
379.793 99.55% 85.5% Cicer arietinum Metacaspase-9 [Cicer arietinum] XP_004493282
376.326 99.55% 83.6% Lupinus angustifolius PREDICTED: metacaspase-9 [Lupinus angustifolius] XP_019457161
362.844 100.00% 81.2% Medicago truncatula Metacaspase-9 [Medicago truncatula] XP_013449529
362.073 99.55% 81.4% Glycine max Metacaspase-9 [Glycine max] XP_003554078
362.073 99.55% 81.4% Glycine max Hypothetical protein JHK86_053251 [Glycine max] KAG4912818
362.073 99.55% 81.4% Glycine max Hypothetical protein JHK85_054186 [Glycine max] KAG4927700
361.688 99.55% 81.4% Glycine soja Metacaspase-9 [Glycine soja] XP_028217188
RpMCSb 360.918 99.55% 82.0% Mucuna pruriens Metacaspase-9 [Mucuna pruriens] RDY12566
360.147 100.00% 80.7% Medicago truncatula Unknown [Medicago truncatula] AFK49292
359.377 99.55% 80.6% Trifolium pratense Metacaspase-9-like protein [Trifolium pratense] PNY07712
357.066 99.55% 80.2% Trifolium pratense Metacaspase-9 [Trifolium pratense] XP_045796026
351.673 99.55% 78.4% Cajanus cajan Metacaspase-9 [Cajanus cajan] XP_020219841
350.132 100.00% 75.7% Prosopis alba Metacaspase-9-like [Prosopis alba] XP_028766727
348.977 100.00% 75.2% Prosopis alba Metacaspase-9-like [Prosopis alba] XP_028772742
348.977 99.55% 78.7% Arachis hypogaea Hypothetical protein Ahy_B06g083752 [Arachis hypogaea] RYR04163
348.206 99.55% 78.7% Arachis ipaensis Metacaspase-9 [Arachis ipaensis] XP_016161870
348.206 99.55% 78.7% Arachis hypogaea Metacaspase-9 [Arachis hypogaea] XP_025605483
348.206 99.55% 78.7% Arachis duranensis Metacaspase-9 [Arachis duranensis] XP_015970740
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RESULTS
Table 14: BLASTp results of RpMC9, results not limited by taxa.
Query Bit-Score Query Painlvise Organism Description Accession
coverage Identity
405601 98.86% 75.5% Populus alba metacaspase-9-like [Populus alba] XP_034919959
404.831 98.86% 75.5% Populus tomentosa hypothetical protein POTOM_022449 [Populus tomentosa] KAG6771103
403.675 98.86% 75.1% Populus trichocarpa LOW QUALITY PROTEIN: metacaspase-9 [Populus trichocarpal XP_002307934
403.675 98.86% 74.7% Populus deltoides hypothetical protein HOE87_027381 [Populus deltoides] KAH8485917
403.29 98.86% 75.1% Populus tomentosa hypothetical protein POTOM_024633 [Populus tomentosa] KAG6769018
402.905 98.86% 74.7% Populus deltoides hypothetical protein HOE87_013570 [Populus deltoides] KAH8506819
402.519 98.86% 75.5% Populus euphratica PREDICTED: metacaspase-9-like [Populus euphratica] XP_011040678
401.749 98.86% 75.5% Corchorus capsularis Peptidase C14, caspase catalytic [Corchorus capsularis] OM053857
401749 | 98.86% 75.1% | Xanthoceras sorbifolium F)Z:’:’tt:jct:rzlsirg’rt;g‘Jizz?USOZGOBHOO KAH7575845
RpMC9a 400.208 98.86% 74.3% Populus trichocarpa metacaspase-9 [Populus trichocarpa] XP_002322580
399.823 98.86% 75.1% Corchorus olitorius Peptidase C14, caspase catalytic [Corchorus olitorius] OMP08879
399.823 98.86% 74.7% Salix brachista hypothetical protein DKX38_008939 [Salix brachista] KAB5551628
399.438 98.86% 74.3% Populus euphratica PREDICTED: metacaspase-9-like [Populus euphratica] XP_011041315
397.897 98.86% 73.2% Populus tomentosa hypothetical protein POTOM_052314 [Populus tomentosa] KAG6743615
397.512 98.86% 73.6% Populus alba metacaspase-9-like [Populus alba] XP_034893917
397.512 98.86% 73.6% Populus tomentosa hypothetical protein POTOM_051245 [Populus tomentosa] KAG6744609
397.512 98.86% 73.9% Salix dunnii hypothetical protein SADUNF_Sadunf06G0018100 [Salix dunnii] KAF9679468
396.356 98.86% 73.6% Populus alba latex-abundant family protein [Populus alba] TKR97962
395.971 98.86% 72.6% Manihot esculenta metacaspase-9 [Manihot esculenta] XP_021595595
394.045 98.86% 74.8% Gossypium davidsonii hypothetical protein [Gossypium davidsonii] MBA0638256
343.584 99.55% 75.5% Populus deltoides hypothetical protein HOE87_013570 [Populus deltoides] KAH8506819
341.658 99.55% 75.5% Populus alba metacaspase-9-like [Populus alba] XP_034919959
341.273 99.55% 74.5% Populus deltoides hypothetical protein HOE87_027381 [Populus deltoides] KAH8485917
340.502 99.55% 75.0% Corchorus capsularis Peptidase C14, caspase catalytic [Corchorus capsularis] OM053857
340.502 99.55% 75.5% Populus tomentosa hypothetical protein POTOM_022449 [Populus tomentosa] KAG6771103
340.117 99.55% 74.5% Populus trichocarpa metacaspase-9 [Populus trichocarpa] XP_002322580
340.117 99.55% 75.0% Populus trichocarpa LOW QUALITY PROTEIN: metacaspase-9 [Populus trichocarpal XP_002307934
340117 | 99.55% 75.0% | Xanthoceras sorbifolium F;;r:’tt::;izlspsf:;;’;‘Jizgﬁg—xsozeon 1200 KAH7575845
339.732 99.55% 75.0% Populus tomentosa hypothetical protein POTOM_024633 [Populus tomentosa] KAG6769018
RpMC9b 339.347 99.55% 75.5% Populus euphratica PREDICTED: metacaspase-9-like [Populus euphratica] XP_011040678
338.576 99.55% 72.8% Manihot esculenta metacaspase-9 [Manihot esculenta] XP_021595595
338.576 99.55% 74.5% Populus euphratica PREDICTED: metacaspase-9-like [Populus euphratica] XP_011041315
338.576 99.55% 74.5% Corchorus olitorius Peptidase C14, caspase catalytic [Corchorus olitorius] OMP08879
338.191 99.55% 73.6% Populus alba metacaspase-9-like [Populus alba] XP_034893917
338.191 99.55% 73.6% Populus tomentosa hypothetical protein POTOM_051245 [Populus tomentosa] KAG6744609
338.191 99.55% 75.5% Salix brachista hypothetical protein DKX38_008939 [Salix brachista] KAB5551628
337.806 99.55% 76.2% Nyssa sinensis hypothetical protein F0562_016927 [Nyssa sinensis] KAAB516567
337.035 99.55% 73.6% Populus alba latex-abundant family protein [Populus alba] TKR97962
336.265 99.55% 73.2% Populus tomentosa hypothetical protein POTOM_052314 [Populus tomentosa] KAG6743615
333.569 99.55% 73.6% Salix dunnii hypothetical protein SADUNF_Sadunf06G0018100 [Salix dunnii] KAF9679468
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RESULTS
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Figure 28: Phylogenetic relationship of MC9 homologs. Green nodes present the species in Fabaceae,
with Robinia in bold. Reference sequences included for comparison: MC5 of P. abies as the representative
for gymnosperm, A. trichopoda for basal angiosperm, A. thaliana as the model in dicots, and PttMC13 and
PttMC14 in hybrid aspen (P. tremula x tremuloides, abbreviated as Populous t x t above) as an example of
an angiosperm tree. Information in the sequences used in the gene tree construction is listed in Table 15.

As the protein alignment of the MC9 homolog shown in Figure 29, the catalytic triad
of cysteine protease and the residue at the P1 position for the autocatalytic cleavage
in RpMC9 are in consensus with the others. Among the 13 signature residues
conserved among MC9 homologs reported in Fortin and Lam (2018), RpMC9 covers
and matches 11 of them. Regarding the conserved aspartates predicted to contribute
to calcium binding in the substrates, one of these residues is occupied by a glutamic

acid instead in all surveyed legumes, as with RpMC9.



RESULTS

Table 15: Information on the sequences used in MC9 protein alignment in Figure 29 and for the

construction of the gene tree in Figure 28.

Sequence label Description from database [species] Tissue Accession
1 | Picea abies MC5 MC5 [Picea abies] AJP06423.1
Amborella
2 trichopoda MC9 metacaspase-9 leaf XP_006832890.1
Arabidopsis metacaspase-9 (AT5G04200, AtMC9,
3 tha“anapMC9 AtMCP2f, F21E1.120, F21E1_120, NP_196040.1
MCP2f, metacaspase 2f)
Populus tx t AtMC9-like :
4 Potri.006G026500.1
PttMC13 [Populous tremula x tremuloides] ot
Populus tx t AtMC9-like )
5 Potri.016G024500.1
PttMC14 [Populous tremula x tremuloides] ot
6 | Senna tora MC9 metacaspase-9 [Senna tora] leaf KAF7819196.1
Prosopis alba ) .
7 MCO-like 1 metacaspase-9-like [Prosopis alba] leaf XP_028766727.1
Prosopis alba ) .
8 MCO-like 2 metacaspase-9-like [Prosopis alba] leaf XP_028772742.1
9 ﬁ/lrggms Pagnsis metacaspase-9 [Arachis ipaensis] XP_016161870.1
Arachis d i
10 Mrg; IS duranensis metacaspase-9 [Arachis duranensis] whole plant XP_015970740.2
Arachis hypogaea . etiolated
11 MC9 metacaspase-9 [Arachis hypogaea] seedling XP_025605483.1
12 ﬁ/lbcr;s precatorius metacaspase-9 [Abrus precatorius] young leaves XP_027351119.1
13 Lupinus a!bus putatl.vg Caspasg—llke dgmaln— leaves KAE9599704 1
Caspase-like containing protein [Lupinus albus]
14 | LuPinus PREDICTED: metacaspase-9 whole plant XP_019457161.1
angustifolius MC9 [Lupinus angustifolius]
Robinia
1 |
> pseudoacacia MC9 xylem
16 Cicer arietinum metacaspase-9 [Cicer arietinum] etlola.ted XP_004493282.1
MC9 seedlings
17 Medicago metacaspase-9 [Medicago truncatula] leaves XP_013449529.1
truncatula MC9
Trifolium pratense | metacaspase-9-like protein
18 1 \co-like [Trifolium pratense] young leaves PNY07712.1
19 | Cajanus cajan MC9 | Metacaspase-9 [Cajanus cajan] KYP64030.1
v -
20 Mg;una pruriens Metacaspase-9 [Mucuna pruriens] seed RDY12566.1
h hetical in JHK 251
21 | Glycine max hyp. ypothetical protein JHK86_05325 leaf KAG4912818.1
[Glycine max]
22 | Glycine max MC9 metacaspase-9 [Glycine max] callus XP_003554078.1
) hypothetical protein
23 | Phaseolusvulgaris | o/y11 60161014008 XP_007161829.1
hyp. .
[Phaseolus vulgaris]
24 | Vigna radiata Mcg | Metacaspase-9 _ leaf XP_014491146.1
[Vigna radiata var. radiata]
25 \’\/Aliga unguiculata metacaspase-9 [Vigna unguiculata] first leaves XP_027917272.1
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RESULTS

The three RpMC-II sequences cover parts of the p20 domain and the linker but not
the p10 subunit (Figure 30). BLASTp results limited to legume species are listed in
Table 16, and Table 17 shows the results unlimited to taxa. Each RpMC-II shares a
similar pairwise identity with both MC4 and MC5 homologs; Figure 31 shows the

phylogeny of these two genes within Fabaceae.

In the protein alignment shown in Figure 32 at base 149, the conserved D is
substituted by a glutamic acid (E) in the majority of legumes, and RpMC-IIc allows
the trend. In RpMC-Ila, it is substituted by alanine. One of the heterogeneous sites of
RpMC-IIb resulted in a change of amino acid residue (Figure 25 in page 77) at this

base, which is neither an E nor an A.

1 50 100 159

Consensus Tlll 0 DN B O 1O - II|I>I

p20
i l

ReMC-lib
RpMC-lla
RpMC-lic

160 200 250 300 350

| | mun ot mun 1l
Consensus | | D
linker

I I I
RpMC-llb S
RpMC-lla
RpMC-lic

Figure 30: Overview of the amino acid sequence alignment of MC4 and MC5 homologs, showing the
coverage of the positions of key sites and coverage of RpMC-Ila (brown line), RoMC-IIb (orange line), and
RpMC-Iic (beige line). Light blue elements correspond to the p20 catalytic domain, and grey elements to the
linker region. Annotations: (purple) signature residues among MC4 homologs (Fortin & Lam, 2018);
(vellow) conserved catalytic residues of cysteine protease; (green) sites for autocatalytic cleavage
(Vercammen et al, 2004); (red) the conserved aspartates predicted to contribute to calcium binding,
(magenta) negatively charged residues for calcium ions dependent activation.
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RESULTS
Table 16: Top hits from BLASTp taking the three RpMC-II as queries. The search was limited to the pea family.
Query Bit-Score Query Pairwfse Organism Description Accession
coverage Identity
316235 100.00% 82.4% Vigna radiata Metacaspase-5 [Vigna radiata var. radiata] XP_014490230
314.694 99.46% 83.3% Spatholobus suberectus Metacaspase-4 protein [Spatholobus suberectus] TKY68542
310.457 100.00% 79.0% Cicer arietinum Metacaspase-4-like [Cicer arietinum] XP_004510001
302.753 100.00% 79.0% Spatholobus suberectus Metacaspase-5 protein [Spatholobus suberectus] TKY68543
298.901 100.00% 78.5% Vigna umbellata Metacaspase-5-like [Vigna umbellata] XP_047168269
297.745 100.00% 77.4% Phaseolus vulgaris Hypothetical protein PHAVU_011G180200g [Phaseolus vulgaris] XP_007133456
297.745 100.00% 80.6% Mucuna pruriens Metacaspase-4 [Mucuna pruriens) RDX65940
295.819 97.85% 78.6% Medicago truncatula Metacaspase-5 [Medicago truncatula) XP_013445304
295.434 100.00% 77.4% Vigna angularis PREDICTED: metacaspase-5-like [Vigna angularis] XP_017432984
RPMC.lla 294.664 97.85% 79.1% Trifolium pratense Metacaspase-5-like [Trifolium pratense] XP_045800411
294.664 97.85% 79.1% Trifolium pratense Metacaspase type ii [Trifolium pratense] PNY03882
294.664 100.00% 76.9% Vigna angularis Metacaspase-5 protein [Vigna angularis] KAG2396873
293.123 100.00% 76.9% Vigna unguiculata Metacaspase-5-like [Vigna unguiculata] XP_027911902
292.738 100.00% 76.9% Vigna radiata Metacaspase-5 [Vigna radiata var. radiata] XP_014490212
291.967 100.00% 76.9% Cajanus cajan Metacaspase-5 [Cajanus cajan] XP_020203863
289.271 100.00% 80.7% Abrus precatorius Metacaspase-5-like isoform X1 [Abrus precatorius] XP_027354993
288.886 100.00% 82.0% Vigna angularis PREDICTED: metacaspase-5-like [Vigna angularis] XP_017431325
287.345 100.00% 81.8% Phaseolus vulgaris Hypothetical protein PHAVU_011G180300g [Phaseolus vulgaris] XP_007133458
284.263 98.92% 82.3% Glycine max Metacaspase-4 [Glycine max] XP_003546660
283.878 100.00% 80.9% Cajanus cajan Metacaspase-4 [Cajanus cajan] KYP38529
257299 100.00% 79.9% Senna tora Metacaspase-4 subunit p10 like [Senna tora] KAF7822468
252.677 100.00% 79.3% Vigna angularis Metacaspase-5 protein [Vigna angularis] KAG2396873
243.817 86.36% 88.0% Glycine soja Hypothetical protein JHK87_043149 [Glycine soja] KAG4947142
249.595 100.00% 79.3% Trifolium pratense Metacaspase type ii [Trifolium pratense] PNY03882
261.922 100.00% 83.8% Spatholobus suberectus Metacaspase-4 protein [Spatholobus suberectus] TKY68542
262.692 100.00% 83.1% Spatholobus suberectus Metacaspase-5 protein [Spatholobus suberectus] TKY68543
246.514 86.36% 88.8% Glycine max Metacaspase-4 [Glycine max] XP_003546660
254.218 100.00% 79.9% Cicer arietinum Metacaspase-4-like [Cicer arietinum] XP_004510001
254.988 100.00% 80.5% Phaseolus vulgaris Hypothetical protein PHAVU_011G180200g [Phaseolus vulgaris] XP_007133456
REMCIIb 259.61 100.00% 82.5% Phaseolus vulgaris Hypothetical protein PHAVU_011G180300g [Phaseolus vulgaris] XP_007133458
254.603 100.00% 80.5% Medicago truncatula Metacaspase-5 [Medicago truncatula] XP_013445304
252.292 100.00% 79.3% Vigna radiata Metacaspase-5 [Vigna radiata var. radiata] XP_014490212
263.077 100.00% 83.1% Vigna radiata Metacaspase-5 [Vigna radiata var. radiata] XP_014490230
253.832 100.00% 79.9% Vigna angularis PREDICTED: metacaspase-5-like [Vigna angularis] XP_017432984
243.432 100.00% 78.6% Cajanus cajan Metacaspase-5 [Cajanus cajan] XP_020203863
261.151 100.00% 83.8% Abrus precatorius Metacaspase-5-like isoform X1 [Abrus precatorius] XP_027354993
252.677 100.00% 79.9% Vigna unguiculata Metacaspase-5-like [Vigna unguiculata] XP_027911902
241.121 100.00% 77.3% Prosopis alba Metacaspase-5-like [Prosopis alba] XP_028799665
249.595 100.00% 79.3% Trifolium pratense Metacaspase-5-like [Trifolium pratense] XP_045800411
254.218 100.00% 80.5% Vigna umbellata Metacaspase-5-like [Vigna umbellata] XP_047168269
170629 98.31% 73.3% Vigna angularis Metacaspase-5 protein [Vigna angularis] KAG2396873
171.4 100.00% 76.3% Trifolium medium Metacaspase-4-like [Trifolium medium] MCH94412
171.4 100.00% 76.3% Trifolium pratense Metacaspase type ii [Trifolium pratense] PNY03882
170.629 98.31% 74.1% Mucuna pruriens Metacaspase-4 [Mucuna pruriens] RDX65940
167.933 100.00% 77.3% Mucuna pruriens Metacaspase-4 [Mucuna pruriens] RDX65940
185.267 100.00% 79.0% Spatholobus suberectus Metacaspase-4 protein [Spatholobus suberectus] TKY68542
170.244 100.00% 72.9% Spatholobus suberectus Metacaspase-5 protein [Spatholobus suberectus] TKY68543
190.66 100.00% 78.0% Cicer arietinum Metacaspase-4-like [Cicer arietinum] XP_004510001
165.622 98.31% 71.6% Phaseolus vulgaris Hypothetical protein PHAVU_011G180200g [Phaseolus vulgaris] XP_007133456
REMC-llc 168.318 100.00% 80.7% Phaseolus vulgaris Hypothetical protein PHAVU_011G180300g [Phaseolus vulgaris] XP_007133458
167.162 100.00% 74.6% Medicago truncatula Metacaspase-5 [Medicago truncatula] XP_013445304
166.392 98.31% 71.6% Vigna radiata Metacaspase-5 [Vigna radiata var. radiata] XP_014490212
192.971 100.00% 82.4% Vigna radiata Metacaspase-5 [Vigna radiata var. radiata] XP_014490230
163.696 100.00% 75.0% Vigna angularis PREDICTED: metacaspase-5-like [Vigna angularis] XP_017431325
170.629 98.31% 73.3% Vigna angularis PREDICTED: metacaspase-5-like [Vigna angularis] XP_017432984
171.785 100.00% 72.9% Cajanus cajan Metacaspase-5 [Cajanus cajan] XP_020203863
168.703 98.31% 72.4% Vigna unguiculata Metacaspase-5-like [Vigna unguiculata] XP_027911902
171.4 100.00% 76.3% Trifolium pratense Metacaspase-5-like [Trifolium pratense] XP_045800411
164.081 100.00% 75.0% Vigna umbellata Metacaspase-5-like [Vigna umbellata] XP_047168265
170.629 98.31% 73.3% Vigna umbellata Metacaspase-5-like [Vigna umbellata] XP_047168269
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RESULTS
Table 17: Top hits from BLASTp taking the three RpMC-II as queries. The search was not limited by taxa.
Query Bit-Score Query Painuise Organism Description Accession
coverage Identity
280796 100.00% 74.2% Rhodamnia argentea Metacaspase-4-like [Rhodamnia argentea] XP_030524088
276.174 100.00% 71.1% Hevea brasiliensis Type |l metacaspase [Hevea brasiliensis] ADM52185
275.404 99.46% 73.1% Theobroma cacao PREDICTED: metacaspase-4 [Theobroma cacao] XP_007022751
274633 | 10000% | 71.0% | Xanthoceras sorbifolium &‘g‘;‘i:;teii‘szgortbeig‘?52?9150860024700 KAH7565842
274.248 100.00% 70.6% Hevea brasiliensis Metacaspase-4-like [Hevea brasiliensis] XP_021692568
273.092 99.46% 72.6% Herrania umbratica Metacaspase-5 [Herrania umbratica] XP_021299552
271.166 100.00% 71.5% Citrus unshiu Hypothetical protein CUMW_067430 [Citrus unshiu] GAY42508
270.396 100.00% 71.5% Citrus sinensis Metacaspase-4 [Citrus sinensis] XP_006493737
269.24 100.00% 70.1% Hevea brasiliensis Hypothetical protein GH714_007130 [Hevea brasiliensis] KAF2302770
RMCla 268.855 100.00% 70.4% Tripterygium wilfordii MC2 [Tripterygium wilfordii] KAF5733555
268.47 100.00% 71.0% Citrus clementina LOW QUALITY PROTEIN: metacaspase-4 [Citrus clementina)] XP_024036599
268.47 89.78% 75.4% Nyssa sinensis Hypothetical protein FO562_009810 [Nyssa sinensis] KAA8523386
266.929 100.00% 70.4% Juglans microcarpa Metacaspase-4 [Juglans microcarpa x Juglans regia] XP_040997649
266.544 100.00% 74.2% Carpinus fangiana Hypothetical protein FH972_017766 [Carpinus fangiana] KAE8099813
266.159 97.85% 69.2% Cucumis sativus Metacaspase-5 [Cucumis sativus] XP_004139955
265.003 87.10% 78.4% Eucalyptus grandis Metacaspase-4 [Eucalyptus grandis] XP_010064092
265.003 99.46% 70.2% Vaccinium darrowii Hypothetical protein Vadar_003635 [Vaccinium darrowii] KAH7842288
262.692 100.00% 71.0% Psidium guajava Uncharacterized protein J3R85_015726 [Psidium guajava] KAI3414923
261.922 86.56% 76.4% | Corymbia citriodora Fgg‘;:?:g‘tﬁgs;’; ?Jgj;cvﬁfg st KAF8036613
261.922 100.00% 70.4% Camellia sinensis Hypothetical protein HYC85_014979 [Camellia sinensis] KAF5949022
262307 99.35% 80.4% Rhodamnia argentea Metacaspase-4-like [Rhodamnia argentea] XP_030524088
261.536 99.35% 81.1% Nelumbo nucifera PREDICTED: metacaspase-4 [Nelumbo nucifera] XP_010260805
258.07 100.00% 81.8% Carpinus fangiana Hypothetical protein FH972_017766 [Carpinus fangiana] KAE8099813
257.299 99.35% 79.8% Eucalyptus grandis Metacaspase-4 [Eucalyptus grandis] XP_010064092
256.529 99.35% 78.5% | Corymbia citriodora Fg’x::::l‘tigsg ?Jgj;cvzjfgata] KAF8036613
255.758 100.00% 78.6% Hevea brasiliensis Type |l metacaspase [Hevea brasiliensis] ADM52185
254.603 99.35% 77.8% Psidium guajava Uncharacterized protein J3R85_015726 [Psidium guajava] KAI3414923
254603 | 9870% | 78.3% | Xanthoceras sorbifolium &Vaﬁ:;eczcrg‘sZ:’r:gdﬁg?g—xsogGOOZMOO KAH7565842
254.218 100.00% 79.3% Theobroma cacao PREDICTED: metacaspase-4 [Theobroma cacao] XP_007022751
RpMC-Ilb 253.832 100.00% 79.9% | Telopea speciosissima Metacaspase-4-like [Telopea speciosissimal XP_043688938
253.447 100.00% 78.0% Hevea brasiliensis Metacaspase-4-like [Hevea brasiliensis] XP_021692568
251.521 100.00% 78.6% Herrania umbratica Metacaspase-5 [Herrania umbratica] XP_021299552
251.521 100.00% 75.4% Asparagus officinalis Metacaspase-4-like [Asparagus officinalis] XP_020256681
251.136 100.00% 76.7% Macadamia integrifolia Metacaspase-4 [Macadamia integrifolia] XP_042520914
251.136 100.00% 78.0% Hevea brasiliensis Hypothetical protein GH714_007130 [Hevea brasiliensis] KAF2302770
250.366 98.70% 78.3% Juglans microcarpa Metacaspase-4 [Juglans microcarpa x Juglans regia] XP_040997649
249.595 100.00% 74.7% Macleaya cordata Peptidase C14 [Macleaya cordata] OVA03142
249.595 100.00% 78.6% Aristolochia fimbriata Hypothetical protein H6P81_019466 [Aristolochia fimbriata] KAG9439301
248.825 100.00% 76.8% Vaccinium darrowii Hypothetical protein Vadar_003635 [Vaccinium darrowii] KAH7842288
247.669 100.00% 76.7% Nyssa sinensis Hypothetical protein FO562_009810 [Nyssa sinensis] KAA8523386
164851 100.00% 70.3% Tripterygium wilfordii Metacaspase-4-like [Tripterygium wilfordii] XP_038690069
164.851 100.00% 70.3% Tripterygium wilfordii Metacaspase-4-like [Tripterygium wilfordii] XP_038689229
159.844 100.00% 67.2% Hevea brasiliensis Metacaspase-4-like [Hevea brasiliensis] XP_021692568
159.844 100.00% 67.2% Hevea brasiliensis Type |l metacaspase [Hevea brasiliensis] ADM52185
159.458 100.00% 69.5% Rhodamnia argentea Metacaspase-4-like [Rhodamnia argentea] XP_030524088
157.147 100.00% 67.2% Theobroma cacao PREDICTED: metacaspase-4 [Theobroma cacao] XP_007022751
155.992 100.00% 66.4% Hevea brasiliensis Hypothetical protein GH714_007130 [Hevea brasiliensis] KAF2302770
155.606 100.00% 66.4% Herrania umbratica Metacaspase-5 [Herrania umbratica] XP_021299552
155.606 100.00% 66.9% Tripterygium wilfordii MC2 [Tripterygium wilfordii] KAF5733555
154.451 100.00% 66.4% Durio zibethinus Metacaspase-4-like [Durio zibethinus] XP_022734348
ROMCAC | 1s4451 | 10000% | 64.4% | Xanthoceras sorbifolium &éﬁithf"cicrl2;‘?:;2‘?EETQJSOSGOOZMOO KAH7565842
152.91 100.00% 64.4% Citrus sinensis Metacaspase-4 [Citrus sinensis] XP_006493737
152.14 100.00% 66.1% Cephalotus follicularis Peptidase_C14 domain-containing protein [Cephalotus follicularis] GAV64892
150.599 100.00% 65.4% Impatiens glandulifera Metacaspase-4-like [Impatiens glandulifera] XP_047317572
150.599 100.00% 63.6% Citrus clementina LOW QUALITY PROTEIN: metacaspase-4 [Citrus clementina] XP_024036599
150.214 100.00% 63.6% Citrus unshiu Hypothetical protein CUMW_067430 [Citrus unshiu] GAY42508
148.673 100.00% 64.2% Mangifera indica Metacaspase-5-like [Mangifera indica] XP_044468509
148.288 100.00% 67.8% Psidium guajava Uncharacterized protein J3R85_015726 [Psidium guajava] KAI3414923
147.902 100.00% 62.2% Momordica charantia Metacaspase-4-like [Momordica charantia] XP_022147831
147.902 100.00% 68.6% Prunus persica Metacaspase-4 [Prunus persica] XP_007211951
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Abrus precatorius MC5-like 1
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Trifolium pratense MC5-like 1

Lupinus angustifolius MC5-like 1

— Prosopis alba MC4-like
R Prosopis alba MC5-like 2
Prosopis alba MC5-like 1
_ Senna tora MC4
Abrus precatorius MC5-like 3
Cajanus cajan MC5 3
Spatholobus suberectus MC5 2
Glycine max putative MC
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Vigna angularis MC5
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I: Robinia pseudoacacia RpMC-IIa
\_ Robinia pseudoacacia RpMC-IIc
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Phaseolus vulgaris hyp. 2
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Glycine max MC4 1
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Medicago truncatula MC5
Medicago truncatula MC5 2
Trifolium medium MC4-like
U Trifolium pratense MC5-like 2
[{ Arachis duranensis MC4-like
Arachis ipaensis MC5
_{ | Arachis hypogaea MC5
— Lupinus albus caspase-like
— Lupinus angustifolius MC5-like 2

et

0.05

Figure 31: Phylogenic tree of metacaspase 4 and 5 (MC4 and MC5) homologs in Fabacae species.
Sequences from R. pseudoacacia are bolded.
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RESULTS

4.3.2 VPEs protein sequences

With the two translated sequences as queries, the BLASTp results are listed in Table
18 for those within the legumes family and species outside of the family in Table 19.
The selection of protein sequences for the alignment was based on BLASTp results
with RpVPEs and the supplementary data from Yamada et al. (2019), Du et al. (2020),
and DePamphilis et al (2013). Figure 35 demonstrates their phylogenetic
relationship. Contrary to the phylogeny of type II MCs, the two distinct types of VPEs

are closely related to their homologs in other species.

Specific regions in the protein sequences of VPEs have been identified as the
determinant for their enzymatic property as ligase or protease (Du et al., 2020), such
as the ligase-activity determinant (LAD) gatekeepers, poly-proline loop (PPL), and
marker of ligase activity (MLA). As shown in the amino acid sequence alignments
(Figure 33 for BVPE and Figure 34 for yVPE), the residues in these determinant

regions in 3-RpVPE and y-RpVPE are identical to the signatures of proteases.
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RESULTS
Table 18: Top results from BLASTp in legumes, taking the two RpVPE as query.
Query Bit-Score Query Pairw?se Organism Description Accession
coverage Identity

743.806 99.76% 83.5% Arachis diogoi Vacuolar processing enzyme [Arachis diogoi] AEOQ79971
743.806 99.76% 83.0% Lupinus albus Putative legumain protein [Lupinus albus] KAE9609334
775.393 99.76% 89.3% Glycine soja Hypothetical protein JHK87_048261 [Glycine soja] KAG4934259
776.548 99.76% 89.6% Glycine soja Hypothetical protein JHK87_039258 [Glycine soja] KAG4953664
776.548 99.76% 89.6% Glycine max Hypothetical protein JHK86_039459 [Glycine max] KAG4962591
776.933 99.76% 89.6% Glycine soja Vacuolar-processing enzyme [Glycine soja] KHN37015
775.778 99.76% 89.6% Glycine max Vacuolar processing enzyme 2 precursor [Glycine max] NP_001236564
761.911 99.76% 86.7% | Mucuna pruriens m‘:‘zmzt':ir‘l’gzm CR513_60678, partial RDX61115
782.326 99.76% 90.3% Spatholobus suberectus | Vacuolar-processing enzyme [Spatholobus suberectus] TKY57951
742.265 99.76% 84.2% Glycine max Vacuolar-processing enzyme [Glycine max] XP_003525979

V-RpVPE 773.467 99.76% 89.3% Glycine max Vacuolar-processing enzyme [Glycine max] XP_003550283
744.962 99.76% 83.3% Cicer arietinum Vacuolar-processing enzyme-like [Cicer arietinum] XP_004501477
744.577 99.76% 83.5% Arachis duranensis Vacuolar-processing enzyme [Arachis duranensis] XP_015972214
742.265 99.76% 83.3% Arachis ipaensis Vacuolar-processing enzyme isoform X1 [Arachis ipaensis] XP_016162949
745347 99.76% 83.0% | Lupinus angustifolius FLiEp?;EZEa?g‘ii;‘;:iaJ;frOCESSi”g enzyme-like XP_019416625
766.533 99.76% 87.0% Cajanus cajan Vacuolar-processing enzyme [Cajanus cajan] XP_020222250
774.622 99.76% 89.1% | Abrus precatorius }fgr“ﬂi)’rgcr:f:;j:]g enzyme-like isoform X1 XP_027368993
742,651 95.64% 88.9% | Abrus precatorius [V:;‘;Slagrzzgsfz:f enzyme-like isoform X2 XP_027368995
744.191 99.76% 84.5% Vigna unguiculata Vacuolar-processing enzyme [Vigna unguiculata] XP_027940765
750.74 99.76% 84.7% Prosopis alba [Lg\é\gi?SAaL‘ng]PROTEIN: vacuolar-processing enzyme XP_028796063
683.715 100.00% 86.9% Canavalia ensiformis Chain A, Legumain [Canavalia ensiformis] 6XT5_A
700.664 100.00% 88.2% Glycine max Seed maturation protein PM40 [Glycine max] AAF89646
704.901 100.00% 88.5% Lupinus albus Legumain [Lupinus albus] KAE9614175
711.449 100.00% 89.3% Glycine max Hypothetical protein JHK85_012219 [Glycine max] KAG5039743
690.263 100.00% 83.9% Glycine max Hypothetical protein JHK82_047448 [Glycine max] KAG5097594
701.049 100.00% 88.2% Glycine max Vacuolar-processing enzyme precursor [Glycine max] NP_001236678
709.909 100.00% 89.3% Glycine max Seed maturation protein PM40 precursor [Glycine max] NP_001336126
699.893 100.00% 87.9% | Glycine max Egcg':a?r:cﬁl:sl;v[les;ﬁr:xc]essmg enzyme; Short=VPE; P49045
686.411 100.00% 87.1% | Canavalia ensiformis S:Z'z;zpetl dFaule:;L;i;:?ii:écﬁlrtxn[gnFauvI:gSssgiiTnilis] P49046

B-RpVPE 721.465 100.00% 91.4% Spatholobus suberectus | Vacuolar-processing enzyme [Spatholobus suberectus] TKY55414
691.419 100.00% 86.1% Medicago truncatula Legumain [Medicago truncatula] XP_003608766
695.656 100.00% 87.4% Cicer arietinum Legumain [Cicer arietinum] XP_004515742
693.345 100.00% 86.9% Vigna radiata Vacuolar-processing enzyme [Vigna radiata var. radiata] XP_014510094
677.937 100.00% 86.1% Arachis duranensis Legumain [Arachis duranensis] XP_015963214
680.633 100.00% 86.6% Arachis ipaensis Legumain [Arachis ipaensis] XP_016188950
711.835 100.00% 90.6% Lupinus angustifolius PREDICTED: legumain [Lupinus angustifolius] XP_019446632
702.975 100.00% 88.5% Cajanus cajan Vacuolar-processing enzyme [Cajanus cajan] XP_020226377
715.301 100.00% 89.8% Abrus precatorius Legumain [Abrus precatorius] XP_027335356
706.442 100.00% 88.2% Vigna unguiculata Vacuolar-processing enzyme [Vigna unguiculata] XP_027918860
701.049 100.00% 88.2% Glycine soja Vacuolar-processing enzyme [Glycine soja] XP_028211613
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RESULTS
Table 19: Top hit from BLASTp outside of the Fabales family, taking the two RpVPE as queries.
Query Bit-Score Query Pairwfse Organism Description Accession
coverage Identity
645.58 100.00% 81.8% Prunus persica Hypothetical protein PRUPE_5G076300 [Prunus persica] ONI06720
644.81 100.00% 81.2% | Manihot esculenta m;‘:l’gt ZZZETS?E enzyme isoform X2 XP_043812118
659062 100.00% 83.1% Prunus armeniaca Hypothetical protein GBA52_015747 [Prunus armeniaca] KAH0973848
658292 100.00% 81.5% Quercus lobata Legumain isoform X1 [Quercus lobata] XP_030945422
657522 100.00% 81.5% Quercus lobata Legumain isoform X2 [Quercus lobata] XP_030945423
654825 99.73% 82.8% Prunus armeniaca Unnamed protein product [Prunus armeniaca) CAB4310086
652514 100.00% 82.6% Prunus dulcis Legumain [Prunus dulcis] XP_034216686
651358 100.00% 82.6% Prunus dulcis PREDICTED: vacuolar-processing enzyme [Prunus dulcis] VVA31981
650973 100.00% 81.2% Quercus suber Legumain [Quercus suber] XP_023911206
650588 100.00% 82.3% Prunus armeniaca Unnamed protein product [Prunus armeniaca] CAB4279623
V-RpVPE 648662 100.00% 83.1% Prunus avium Legumain isoform X1 [Prunus avium] XP_021810342
647892 100.00% 80.7% Morus notabilis Legumain [Morus notabilis] XP_010093667
647506 100.00% 80.6% Carpinus fangiana Hypothetical protein FH972_012780 [Carpinus fangiana] KAE8055977
646736 100.00% 81.8% Prunus persica Legumain [Prunus persica] XP_007209951
646351 100.00% 79.6% Hevea brasiliensis Vacuolar-processing enzyme [Hevea brasiliensis] XP_021641659
645966 100.00% 79.6% Hevea brasiliensis Hypothetical protein GH714_029724 [Hevea brasiliensis] KAF2299009
645195 100.00% 79.9% Ricinus communis Vacuolar-processing enzyme precursor [Ricinus communis] NP_001310660
643654 100.00% 81.2% | Manihot esculenta Vacuolar-processing enzyme isoform X1 [Manihot XP_021609203
esculenta]
643269 100.00% 79.9% Jatropha curcas Hypothetical protein JCGZ_20778 [Jatropha curcas] KDP25622
642884 100.00% 79.1% | Populus euphratica ZEEEEEE] vacuolar-processing enzyme [Populus XP 011018251
645.58 100.00% 81.8% Prunus persica Hypothetical protein PRUPE_5G076300 [Prunus persica] ONI06720
644.81 100.00% 81.2% | Manihot esculenta Vacuolar-processing enzyme isoform X2 [Manihot XP_043812118
esculenta]
659.062 100.00% 83.1% Prunus armeniaca Hypothetical protein GBA52_015747 [Prunus armeniaca] KAH0973848
658.292 100.00% 81.5% Quercus lobata Legumain isoform X1 [Quercus lobata] XP_030945422
657.522 100.00% 81.5% Quercus lobata Legumain isoform X2 [Quercus lobata] XP_030945423
654.825 99.73% 82.8% Prunus armeniaca Unnamed protein product [Prunus armeniaca) CAB4310086
652.514 100.00% 82.6% Prunus dulcis Legumain [Prunus dulcis] XP_034216686
651.358 100.00% 82.6% Prunus dulcis PREDICTED: vacuolar-processing enzyme [Prunus dulcis] VVA31981
650.973 100.00% 81.2% Quercus suber Legumain [Quercus suber] XP_023911206
650.588 100.00% 82.3% Prunus armeniaca Unnamed protein product [Prunus armeniaca] CAB4279623
B-RpVPE 648.662 100.00% 83.1% Prunus avium Legumain isoform X1 [Prunus avium] XP_021810342
647.892 100.00% 80.7% Morus notabilis Legumain [Morus notabilis] XP_010093667
647.506 100.00% 80.6% Carpinus fangiana Hypothetical protein FH972_012780 [Carpinus fangiana] KAE8055977
646.736 100.00% 81.8% Prunus persica Legumain [Prunus persica] XP_007209951
646.351 100.00% 79.6% Hevea brasiliensis Vacuolar-processing enzyme [Hevea brasiliensis] XP_021641659
645.966 100.00% 79.6% Hevea brasiliensis Hypothetical protein GH714_029724 [Hevea brasiliensis] KAF2299009
645.195 100.00% 79.9% Ricinus communis Vacuolar-processing enzyme precursor [Ricinus communis] NP_001310660
643.654 100.00% 81.2% | Manihot esculenta Vacuolar-processing enzyme isoform X1 [Manihot XP_021609203
esculenta]
643.269 100.00% 79.9% Jatropha curcas Hypothetical protein JCGZ_20778 [Jatropha curcas] KDP25622
642.884 100.00% 79.1% | Populus euphratica PREDICTED: vacuolar-processing enzyme [Populus XP_011018251

euphratica)
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Abrus precatorius Legumain (B)
Canavalia ensiformis AEP (B)
Canavalia ensiformis Legumain (B)
Cajanus cajan B-VPE
Spatholobus suberectus -VPE
Glycine max PM40

Glycine max VPE1 (B)

Clitoria ternatea Butelase-2
Phaseolus vulgaris VPE2 (B)
Vigna angularis B-VPE

Vigna radiata B-VPE

Cicer arietinum Legumain (B)

Medicago truncatula Legumain (B)
] -[_—|: Vicia narbonensis VNPB2 (B)
Vicia sativa CP (B)
—
L

Lupinus albus Legumain (B)

_L Lupinus angustifolius Legumain (B)
Robinia pseudoacacia 3-VPE
E Arachis duranensis Legumain (B)
Arachis ipaensis Legumain (B)
Clitoria ternatea Butelase 1 (y)
Cajanus cajan y-VPE 1
Glycine max VPE (y) 1
Glycine max VPE (y) 3
Phaseolus vulgaris y-VPE
Vigna angularis y-VPE 2
Vigna mungo VmPEL (y)
Vigna radiata y-VPE
£ Cicer arietinum y-VPE 1
Medicago truncatula Legumain (y)
Cajanus cajan y-VPE 2
I Phaseolus vulgaris VPE1
Vigna angularis y-VPE 1
. Vigna mungo VmPE1la (y)
Vigna radiata VrPE1 (y)

_L Clitoria ternatea AEP (y)
Clitoria ternatea ligase (y)
— Clitoria ternatea CtAEP6 (y)
Glycine max VPE2 (y)
Glycine max VPE (y) 2
L] Robinia pseudoacacia y-VPE
Cicer arietinum y-VPE 2
_g Medicago truncatula VPE (y)
Trifolium pratense y-VPE

—_— Vicia sativa Proteinase B (y)
Lupinus angustifolius y-VPE 1
Lupinus angustifolius y-VPE 2

0.08

Figure 35: Phylogenetic tree constructed for vacuolar processing enzymes (VPEs) in legumes. The obtained sequences from Robinia are in bold.
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RESULTS

4.4 Validation for gene expression analysis

4.4.1 qPCR on reference gene

The gene Rp18S and its qPCR primer pair have been previously validated as a stable
reference for gene expression study in HWF (Lange, 2009). All samples in the set were
collected in equal parts to set a standardized pooled sample. A 5-fold serial dilution
was made and used for generating the standard curve by qPCR. The results from both
the standard curve and disassociation analysis indicate that the primer pair perform

adequately (Figure 38).

Amplification Plots Dissociation Curve

Fhuoresoencs (dRn)
Fhuorescence (R (1))
8

g

A , v
P P i e T R

0 » » © © © % %8 0 6 e 6 6 M 72 M W W ® 82 M M 8 0 w2 WM

Cycles Temperature (°C)

Figure 38: Amplification plots and disassociation analysis on the primer pair for reference gene
Rp18sS.

gPCR results with the reference genes offered an indication of the sample quality.
Samples from Region 1 to 5 from all months passed the criteria for quality control in
the dissociation curve and cycle threshold (Ct) value. With the samples from Region
6, however, sub-optimal Ct values and double peaks in the dissociation curve were
observed. Samples that did not pass the quality control were omitted in further

presentation.
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RESULTS

4.4.2 Primer validation

A list of qPCR primers was designed for each candidate gene. They were tested with
gradient PCR and gel electrophoresis to determine primer specificity and optimal

annealing temperature. Examples of gel photos is shown and described in Figure 39.

B-VPE 1063F +1249R 185 M
172 bp

54 |36.6] 755

58.5 | 59.4 | 6o.g4| 62

sl Taeeals

IR0 1 )

e | - - i
il | 1 | 0 | 2 |

RpMC-11b 181FG — 294Rb
M
151 bp

50.8 | 51.9 | 53.5 | 55.3 | 57.1 | 58.9| 60.7 | 62.4 | 64.1 | 65.1

Figure 39: Photos after gradient PCR and gel electrophoresis. In the first row above the gel photo:
Marker (M) shows the DNA ladder, name of the primer pair, and the amplicon size. The primer pair 18S
was used as the positive (+) and negative (-) control indicated in the second row under 18S. The no template
control testing primer pair is indicated by “-“ within the corresponding columns. Numbers above the gel
photo are the annealing temperature (°C). Two example primer pairs are shown here: §-RpVPE with the
standard annealing temperature at 60°C and RpMC-1Ib having the highest at 65°C

For each primer pair that resulted in a single band in the gel, its PCR amplicon was

then validated by sanger sequencing (Figure 40 - Figure 47).
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RESULTS

1 200 400 600 800 1,000 1,102
1. Glycine max MC9 I i HIH H

( Exon 1 X 2
2. RpMC9a B e H
3. RpMC9b HE— HHHH HEH

l |
N A

4.RpMC9 HE— HH H H

Figure 40: DNA sequence alignment overview showing the locations of RpMC9 qPCR primers and amplicon. Grey element corresponds to the exons of MC9 in
Glycine max. Colored markings under the sequences of RpMC9 are annotations on the heterogeneous sites. Blue triangles indicate the primers used in the qPCR
experiment, and the lines between them represent the amplicons, which lie on exon 1.

140 150 160 170 180 190
‘I_GchinemaxMCg GUUUGAUCCCUCUAACAUUGAGCUUCUCACUGAUGCACCUCAC---UCUUCUAAUAAA--UUGCCC
Exon 1 8
[ RpMC9 gsF3 b
I RpMCQa GTTTGATCCCACCAACATTGAGCTCCTCACTGATGAACCTGGOGTGGCTCTTC--ATCAGCTATGCCC
| RpMC9 gsF3 B
3. RpMCgb GTTTGATCCCACCAACATTGAGCTCCTCACTGATGAACCTGGTGGCTCTTC--ATCAGCTATGCCC
%ﬂ ralAAAAN
RpMC9 gsF3
. RpMC9g5F3—208RR AACATTGAGCTCCTCACTGATGAACCTGGTGGCTCTTC--ATCAGCTATGCCC
PR S
5. RpMC9 gsF3-208R F
200 210 220 230 240 250 260
‘|,G|y[ine max MC9 ACUGGUGCUAAUAUUAAGGAGGCACUGGCUAACAUGGUUGAUGGAGCUGAAGCUGGGGAUGUGCUC
Exon 1
2. RpMCQa ACTGGTGCCAATATTAAGGAAGCATTGGCTCGCATGATTGGTCAAGCTGAAGCAGGAGATGTGCTA
3. RpMCgb ACTGGTGCCAATATTAAGGAAGCATTGGCTCGCATGATTGGTCAAGCTGAAGCAGGGGATGTGCTA

4. RpMCS gsF3-208R R ACTGGTGCCAATATTAAGGAAGCATTGGCTCGCATGATTGGTCAAGCTGAAGCAGGRGATGTGC

5. RpMC9 gsF3-208R F AGGAAGCATTGGCTCGCATGATTGGTCAAGCTGAAGCAGGRGATGTGCTA
270 280 290 300 310 320 330
‘I_GlycinemaxMCg UAUUUUCACUAUAGUGGACAUGGAACAAGGAUCCCUUCCAAGAAACAUGGCCACCCCUUCCGCCAU
Exon 1 }
p RpMC3 208R |
2. RpMCB9a TATTTTCACTATAGTGGACATGGAACAAGGATCCCTTCCACGAAACATTACCATCCTTTCCGCCAT
y RpMC3 208R |
3. RpMCQb TATTTTCACTATAGTGGACATGGAACAAGGATCCCTTCCACGAAACATTACCATCCTTTCCGCCAT

4. RpMC9 gsF3-208R R

5. RpMC9 gsF3-208R F TATTTTCACTATAGTGGACATGGAACAAGGATCCCTTCCACGAAACATTACCATCCTTTCCGCCAA

Figure 41: RpMC9 qPCR primer validation with aligned chromatogram from sanger sequencing. Grey element corresponds to the exons of MC9 in genes in
Glycine max, the red and yellow annotations under the sequences indicate the heterogeneous sites. The primers used in the qPCR experiment are indicated by blue
elements, and the lines between them correspond to the amplicons.
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RESULTS
1 200 400 600 800 1,000 1,200 1,340
1. Fabales MC4 Consensus HEH HIHIE - HEHHHEHH H
[ Exon 1 > 2
2. Fabales MC5 Consensus | HEH HEEHIE - H § H
Exon 1 A 2
[N A
3. RpMC-lla Il | || H H
111 P I0E |
5N Al
4. RpMC-llb -1 [l H
I 11 Iirnm
"N A
5. RpMC-lIc [ H N
(I | I

Figure 42: Locations of qPCR primers and amplicons for the three RpMC-II in DNA sequence alignment overview. Grey element corresponds to the exon in
the consensus sequences of MC4, and MC5 homologs, the marks under sequences of RpMC-IIs are annotations on the heterogeneous sites. The primers used in the
qPCR experiment are indicated by blue triangles, and the lines between them represent the amplicons. In both RpMC-Ila and RpMC-Ilc, the qPCR amplicons locate on
exon 2, whereas in RpMC-I1b, it spans across Exon 1 and 2.

200 210 220 230 240 250 260
Fur 1. GmMC4 GUCAGCGUUGACCAGGCU-GGUCCGAUCGGCGAAGCCAGGGGACAUUCUGUUCGUCCAUUACAGCG
Exon 1
FIIJDZ_RpMC-IIa ACGTGCGTTG-GCTGGATTGGTCCGATCGGCTGAGCCAGGAGATGTTCTGTTCGTCCATTACAGTG
\ MC4b 187F (EU F1)
FIIJD3,RpMC-||b ACGTGCGTTG-GCTGGATTGGTCCGATCGGCTGAGCCAGGAGATGTGCTGTTCGTCCATTACAGTG
REV 4, RoMC-lIb 181FG-294... AGATGTGCTGTTCGTCCATTACAGTG
FID 5. RpMC-lIb 181FG-294...
270 280 290 300 310 320 330
Fr 1, GmMC4 GACACGGCACGCGCCUCCCCGCGGAAACCGGAGAGGAUGAUGACACUGGCUUUGAUGAAUGCAUUG
Exon 1
FII.IDZ,RpMC-IIa GACATGGGACCCGCCTTCCCGCCGAAACCGGAGAGGAAGATGATACTGGATATGATGAATGTATTG
Fw3j@MCMb GACATGGAACCCGCCTTCCCGCSGAAACCGGAGAGGAAGATGATACTGGATATGATGAATGTATTG
hin
o n N A fiia
A/ A AL 7
I s A A A T A A T T AT e
FiEU4_RpMC-IIb18‘]FG-294__, GACATGGAACCCGCCTTCCCGCGGAAACCGGAGAGGAAGATGATACTGGATATGATGAATGTATT
Drevnd¥s b asnimenioferilenii
.""A\‘A'A‘J.A‘ ) .'L‘Y.L"‘A'A‘Jl~;“'A‘,.‘,_ ‘s.v
Fb 5. RpMC-llb 181FG-294... GATACTGGATATGATGAATGTATTG
340 350 360 370 380 390
Fu: 1, GmMC4 UUCCGUCUGACAUGAACCUCAUCACUGAUGAUGAUUUCAGGGAAUUUGUUGAUGGGGUGCCUAGAG
Exon 1 V4l 2
| MC4 287a
FIIJDZ_RpMC-lla TTCCTTCTGATATGAATCTCATCACTGATGATGATTTCAGGGAATTTGTAGACAATACCCCTAGAG
MC4 294Rb \
FW3J¢MCMb TTCCTTCTGATATGAATCTCATCACTGATGATGATTTCAGGGAATTTGTAGACGATGTCCCTAGAG
"2V 4. RpMC-lIb 181FG-294... $

MC4 294Rb |

TTCCTTCTGATATGAATCTCATCACTGATGATGATTTCAGGGAATTTGTAGACGATGT

Fup 5. RpMC-IIb 181FG-294...

Figure 43: RpMC9 qPCR primer validation with aligned chromatogram from sanger sequencing. Grey element corresponds to the exons of MC9 in genes in
Glycine max, the red and yellow annotations under the sequences indicate the differing sites between the three RpMC-II sequences. The primers used in the qPCR
experiment are indicated by blue elements, and the lines between them correspond to the amplicons.
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RESULTS
390 400 410 420 430 440
Fup 1, Glycine max MC4 UUUGUUGAUGGGGUGCCUAGAGGUUGCACGAUCACAAUUGUGUCUGAUUCUUGCCACAGUGGUG
g 2
MC4 294Rb
FuD 2. RpMC-llb TTTGTAGACGATGTCCCTAGAGGTGTTAGGATCACAATTGTGGCAGATGCTTGCCACAGTGGTG
MC4 287a
Fup 3, RpMC-lla TTTGTAGACAATACCCCTAGAGGTGTTAGGATCACAATTGTGGCAGATGCTTGCCACAGTGGTG
A
MC4 287a b
rev 4, RpMC-lla 287Fa-qR2 R ACCCCTAGAGGTGTTAGGATCACAATTGTGGCAGATGCTTGCCACAGTGGTG
N\ [
[ \. A\’ (\
Fup 5. RpMC-lla 287Fa-qR2 F b GTGGTG
Fup 6. RpMC-llc $FGTGGCAGATTCTTGCCACAGTGGTG
REV7. 367F-AGT-qR2 R2
FD 8. 367F-AGT-qR2 F
450 460 470 480 490 500 510
Fup 1, Glycine max MC4 ‘GCCUACUUGAAGAAGCUAAGGAGCAGAUAGGAGAGAGCACAAAGGGA---GAGGAGGAACA———{
s 2
Fup 2, RpMC-I1b GCCTAATAGMAAATGCTAAGGAGCAGATAGGAGAGAGCACAAAGAGAGAAGAAGAGAAACATTC
Fup 3, RpMC-lla GCCTAATAGCAAATTCTAAGGAGCAGATAGGAGAGAGCACAAAAGGAGGAGA=---GAAACATTC
ReV4, RpMC-lla 287Fa-gR2 R
Fup 5, RpMC-lla 287Fa-QR2F GCCTAATAGCAAATKCTAAGGAGCAGATAGGAGAGAGCACAAAARGAGRAGA---GAAACATTC
RpMC-lic 367F N
Fup 6, RpMC-llc GCCTAATAGAAAATGTTAAGGAGCAGATAGGAGAGAGCACAAAGAGAGAAGAAGAGAAACATTC
RpMC-lic 367F N
REV7. 367F-AGT-qR2 R2 GAAAATGTTAAGGAGCAGATAGGAGAGAGCACAAAGAGAGAAGAAGAGAAACATTC
FuD 8, 367F-AGT-qR2 F

Figure 44 (first half, continue on the next page): RpC-II a and RpMC-IIc qPCR primer validation with aligned chromatogram from sanger sequencing. Grey
element corresponds to the exons of MC4 in Glycine max, the annotations under the sequences indicate the differing sites between the three RpMC-II sequences. The
primers used in the qPCR experiment are indicated by blue elements, and the lines between them correspond to the amplicons. The two pairs of primers lie in
overlapping positions on the alignment, both on the second exon of their corresponding genes.
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Fub 1. Glycine max MC4 -A--UCUGGCUCUGGCUUUGGAUUUUCAAGUUUUCUACACCGGACCGUGGAAGAUGCCAUCGAG
2
FuD 2. RpMC-11b TAGCTCTGGTTCTGGTTTTGGATTCTCAAGCTTTCTACGTGAGACTGTGGAAGATACTAS
Fib 3. RpMC-lla TAGCTCTGGTTCTGGTTTTGGATTCTCAAGCTTTCTACGTGAGACTGTGGAAGATACTATTGAG

REV 4, RpMC-lla 287Fa-gR2ZR TAGCTCTGGTTCTGGTTTTGGATTCTCAAGCTTTCTACGNGAGACTGTGGAAGATACTAT-GAG

Fup 5, RpMC-lla 287Fa-qR2 F TANCTCTGGTTCTGGTTTTGGATTCTCAAGCTTTCTACGTGAGACTGTGGAAGATACTATTGAG

Fup 6. RpMC-llc TAGCTCTGGTTCTGGTTTTGGATTCTCAAGCTTTCTACGTGAGACTGTGGAAGATACTATTGAG

REV7. 367F-AGT-qR2 R2 TAGCTCTGGTTCTGGTTTTGGATTCTC $

VY,

FuD 8. 367F-AGT-qR2 F § GGATTCTCAAGCTTTCTACGTGAGACTGTGGAAGATACTATTGAG
580 590 600 610 620 630 640
Fub 1. Glycine max MC4 UCUCGCGGAUUCCAUAUCCCUUCAGCAUUGCGCCACAACAGAGGCAGGGAUGAUGAUGUUGAUG
2
Fb 2. RpMC-l1b
RpMC4 qR2 |
Fup 3, RpMC-lla TCTCGTGGATTTCATATCCCTTCAGCATTGCGCCATCATGGACGCAGGGATGATGATGA- -~~~

REV4, RpMC-lla 287Fa-gR2R TCTCG

FIJJDS.RpMC-||3287Fa-qR2F TCTCGTGGATTTCATATCCCTTCAGCATTGCGCCATCATGGACGCAGGGATGATGA f
RpMC4 qR2 |
FID 6. RpMC—llC TCTCGTGGATTTCATATCCCTTCAGCATTGCGCCATCATGGACGCAGGGATGATGATGA-----

REV7. 367F-AGT-qR2 R2
[]

i RpMC4 qR2 |
FwDS,367F-AGT-qR2F TCTCGTGGATTTCATATCCCTTCAGCATTGCGCCATCATGGACGCAGGGATGATGATG

Figure 44: (second half, continue from the last page): RpC-II a and RpMC-IIc qPCR primer validation with aligned chromatogram from sanger sequencing.
Blue elements indicate the primers used in the qPCR experiment, and the lines between them correspond to the amplicons; the two genes have the same reverse
primers. The differing sites are shown in the first half of this figure on the last page.
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3. B-RpVPE 411F-513RR an
4. B-RpVPE 411F-513R F !
5. B-RpVPE 1221F-323R R e
6. B-RpVPE 1221F-323R F v
7. B-RpVPE 1063F-1249R R NCIRT
8. B-RpVPE 1063F-1249R F o
Lane | Sequence label Sequence description Accession
1 GmVPE] B-type VPE in Glycine max NM_001249749.2
2 B-RpVPE B-RpVPE sequence obtained by PCR -
3-4 6-RpVPE 411F and 513R F and R Amplicon from PCR with the primer pair 8-RpVPE 411F and 513R --
5-6 B-RpVPE 1221F and 323R F and R Amplicon from PCR with the primer pair 8-RpVPE 1221F and 323R -
7-8 B-RpVPE 1063F and 1249R F and R Amplicon from PCR with the primer pair 8-RpVPE 1063F and 1249R -
-- Indicates not applicable
1,180 1,190 1,200 1,210 1,220 1,230 1,240

1. B-RpVPE Exon 2 to 9

2. B-RpVPE 1063F-1249R R

3. B-RpVPE 1063F-1249R F

1. B-RpVPE Exon 2 to 9

2. B-RpVPE 1063F-1249R R

3. B-RpVPE 1063F-1249R F
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Figure 45: B-RpVPE qPCR primer validation with sanger sequencing. (Top) DNA sequence alignment overview with sequence details is listed in the table
underneath. Blue triangles indicate the qPCR primers. The grey element corresponds to the exon regions of GmVPE1 and the orange element for f-RpVPE. (Bottom)
Chromatogram of the amplicon from PCR with the primer pair f-RpVPE 1036F and 1249R, the pair used in the qPCR experiment.

105



The intended size for this page is A3. The full-sized page is available in the supplement material.

RESULTS
1 200 400 600 800 1,000 1,200 1,400 1,600 1,805
1.vaPE2 rlIl I-Illl'-l 1 lllll(ﬁlrl mainn rL[I\lll-lllllll LAR BN IR LIRS R
I TR 7 I B T, 7 H B (= 7 A B - T B =
2. y.RpVPE Exon 2 to 3'UTR " Il:\.l tme ‘r’f f‘(- (R} v LTI R IR R IR l-\‘g- wooimm g/fi L e R R T T
3. y-RpVPE EST 2E @I eI gI oD
e ) EST from Yang et al. 2003

4. y-RpVPE 707-964 R Lo

5. y-RpVPE 707-964 F woa

6. y-RpVPE 2bF-3R R BRI
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9. y-RpVPE 1024F-425R F - A

10. y-RpVPE 407F-569R F iyl

11. y-RpVPE 407F+569R R2 Low

12. y-RpVPE 808F-1004R R biw ma

13. y-RpVPE 808F-1004R F v/
Lane | Sequence label Sequence description Accession
1 GmVPE2 y-type VPE in Glycine max NM_001249635.2
2 y-RpVPE y-RpVPE sequence obtained by PCR -
3 y-RpVPE EST EST of y-RpVPE in reference to (Yang et al., 2004) BI677606
4-5 y-RpVPE 707F - 964R F and R Amplicon from PCR with the primer pair y-RpVPE 707F and 964R -
6-7 y-RpVPE 2bF -3R F and R Amplicon from PCR with the primer pair y-RpVPE 2bF and 3R --
8-9 y-RpVPE 1024F and 425R F and R Amplicon from PCR with the primer pair y-RpVPE 1024F and 425R --
10-11 | y-RpVPE 407F - 569R F and R Amplicon from PCR with the primer pair y-RpVPE 407F and 569R -
12-13 | y-RpVPE 808F - 1004R F and R Amplicon from PCR with the primer pair y-RpVPE 808F and 1004R --

-- Indicates not applicable
1,040 1,050 1,060 1,070 1,080 1,090 1,100
' y-RpVPE 808 F D

1. y-RpVPE Exon 2 to 3'UTR

EST from Yang et al. 2003
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3. y-RpVPE 808F-1004R R

4. y-RpVPE 808F-1004R F
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EST from Yang et al. 2003
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4. y-RpVPE 808F-1004R F
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EST from Yang et al. 2003
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4.y-RpVPE 808F-1004R F

Figure 46: y-RpVPE qPCR primer validation with sanger sequencing. (Top) DNA sequence alignment overview with sequence details listed in the table below.
The qPCR primers are indicated by blue triangles. The Grey element corresponds to the exon regions of GmVPEZ2 and the orange element for y-RpVPE, yellow element
shows the EST of y-RpVPE. (Bottom) Chromatogram of the amplicon from PCR with the primer pair y-RpVPE 808F and 1004R, which is the pair used in the qPCR
experiment.
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1. GmVPE1

2.B-RpVPEExon2to 9
3. GmVPE2

4, y-RpVPE Exon 2 to 3'UTR
5. y-RpVPE EST
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T2 23 {5 D07 {8 503
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Tz {3 @5 D07 8 9 > -

EST from Yang et al. 2003

Lane | Sequence label Sequence description Accession
1 GmVPE1 B-type VPE in Glycine max NM_001249749.2
2 B-RpVPE B-RpVPE sequence obtained by PCR --
3 GmVPE2 y-type VPE in Glycine max NM_001249635.2
4 v-RpVPE y-RpVPE sequence obtained by PCR --
5 v-RpVPE EST EST of y-RpVPE in reference to (Yang et al., 2004) BI677606
-- Indicates not applicable

Figure 47: Locations of qPCR primers and amplicons for the two RpVPE in DNA sequence alignment
overview. The Grey element corresponds to the exon regions of VPE genes in Glycine max and the orange
element for RpVPE. The yellow element shows the EST of y-RpVPE in reference to Yang et al. (2003). The
primers used in the qPCR experiment are indicated by blue triangles, and the lines between them represent
the amplicons. In both RpVPESs, the amplicon span across exon 7 to 8.
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A final step to validate the qPCR primers was the testing for their efficiency and
specificity. Each primer pair validated by sanger sequencing were subjected to stand
curve and disassociation curve analysis on the qPCR instrument, as the results
described in Figure 48, and the qPCR primers that passed the quality control are listed
in Table 20.

Amplification plot Dissociation urve
X-axis: Cycles; X-axis: Temperature;
Y-axis: Flurouresence (-RR' (T))

Y-axis: Flurouresence (dRn)

Primer pair

yVPE
1024F + 425R

yVPE
808F + 1004R

Figure 48 qPCR primer validation with amplification plots and dissociation curve, with 2 of the
Y-RpVPE candidate primer pairs as examples. The primer pair y-RpVPE 1024F-425R form primer
dimers that resulted in peaks at a lower temperature when the concentration of cDNA is lower than the
third sample in serial dilution, as shown in the DC on top. With the primer pair y-RpVPE 808F-1004R,
primer dimer only occurred in the lowest concentration and no template control.
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Table 20: List of qPCR primers used in the experiment.

gPCR Primers Amplicon

Gene T T Si T

m a ize m

name Direction Sequence (5' to 3') R R Efficienc R

i €9 | 9 Y| o) | (0
F GCTTTTAGGACTCCGCTGG 58.8

Rp18S 60 2.02 155 83.3
R GGTAAGTTTCCCCGTGTTGA 57.7
F GGAATGCCTTGGGGAGTG 57.7

RpPAL1 60 2.04 147 78.6
R CGACGCTGTATTGATTTGCC 57.9
F ACCACAGGTGAAGGACTCG 59.0

RpCHS3 60 2.03 127 80.6
R GATAAAATCCAGGTCCAAAGC 54.9
F AACATTGAGCTCCTCACTGA 56.5

RpMC9 62 1.96 182 82.2
R TGGCGGAAAGGATGGTAATG 57.9
F CAATACCCCTAGAGGTGTTAGGATC 59.8

RpMC-lla 64 1.94 236 82.1
R CATCATCCCTGCGTCCATGA 59.9
F AGATGTGCTGTTCGTCCATTACA 60.3

RpMC-llb 65 1.91 151 80.8
R GACATCGTCTACAAATTCCCTGAAAT 59.7
F GAAAATGTTAAGGAGCAGATAGGAGAG | 59.6

RpMC-lic 64 2.07 175 80.8
R CATCATCCCTGCGTCCATGA 59.9
F ATCCTGCCACCGTGAACTTT 59.9

B-RpVPE 60 1.96 172 | 80.7
R CTGTGCTTCACTGTCTCCGT 60.0
F AAGCAGTCAACCAACGGGAT 59.9

y-RpVPE 60 1.94 197 | 80.1
R GTTGAGCACTTCTGGACCCT 59.6

F = forward; R = reverse; Ta = annealing temperature; Tm = melting temperature

For the quality control on qPCR data, dissociation curve analyses were conducted at

the end of every qPCR run. With the sample assay that generated a Ct value without

a peak at the designated temperature in the dissociation curve, they are either

considered as no value or omitted, as detailed in Figure 49.
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Amplification plot Dissociation urve

X-axis: Cycles; X-axis: Temperature;

Y-axis: Flurouresence (dRn) Y-axis: Flurouresence (-RR" (T))

| 185

: - calibrator 1
S B calibrator2
—A- Calibrator 3

6 'B ﬁVP E —@- NoTemplate control

- sample 19053
@~ NoTemplate control

Figure 49: Example of qPCR result in amplification plot (AP) on the left and dissociation curve (DC)
on the right for the demonstration of quality control criteria. (Top) AP and DC of calibrator samples in
three 10-fold serial dilutions conducted with reference gene 18S. Middle: AP and DC of the same calibrator
samples conducted with the candidate gene -RpVPE. (Bottom) Also, AP and DC from all samples of Region-
3 ran with B-RpVPE primer pair; all samples except 1905-3 resulted in the correct peak at the temperature
between 80.1-80.6°C. The data from sample 1905-3 that peaked at 77.4°C matched with one for the no-
template-control and therefore counted as no value.
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4.5 Gene expression of the marker genes

Based on previous findings in (Lange, 2009), two key enzymes in the flavonoid
biosynthetic pathway, PAL and CHS, were selected as the marker genes for HWF.
From relative gene expression (RE) patterns of RpPAL1 in the current results, a sharp
increase is observed in Region 2 in June 2019 and gradually decreases over the
summer months. A strong and abrupt rise in RE occurred in September in the
innermost sapwood (ISW), then a mild and gradual increase in RE occurred in the TZ

from July to November (Figure 50).

The RE of RpCHS3 showed little observable increase in the outer wood regions.
However, distinct elevation exceeding the expression level of 18S by 3-fold was
detected in the ISW and TZ in the autumn months. The strongest expression of
RpCHS3 in the ISW coincides with that of RpPALI in September, whereas the peak

level of expression in the TZ appeared in the later months.
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Figure 50: Relative gene expression (RE) of two heartwood formation marker genes, Phenylalanine ammonia-lyase 1 (PAL1) and Chalcone synthase 3
(CHS3), to the reference gene 18S in Robinia pseudoacacia. (Left) A sharp increase in RE of PAL1 occurred in Region 2 (differentiating xylem) in June and gradually
declined during the summer months, with an abrupt rise to nearly 80% in September in the innermost sapwood (ISW). (Right) the RE of CHS showed little observable
increase in the outer wood regions, but substantial increases are detected in both the ISW and transition zone in the autumn months.
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4.6 Gene expression of the candidate genes

4.6.1 Gene expression of each candidate

The RE of y-RpVPE showed a mild fluctuation in all regions and time points, with the
maximum elevated expression at around 20% relative to 18S. Nevertheless, elevation
patterns are visible in the outer wood regions during summer and the inner regions
during autumn in 2019 (Figure 51). In the same figure, an upsurge of 3-RpVPE RE
occurred in Region 2 in June; in November, an observable upregulation was detected
in Regions 4 and 5. In February and March, discernible upregulation is seen in the

phloem, middle and innermost sapwood.

Compared to RpVPEs, the RE of RpMCs have a more conspicuous level of fluctuation
and are seen earlier in the year (Figure 52 and Figure 53). The three MC4-like
RpMC-IIs have similar patterns of RE in the outer wood regions, and they all showed
a rise in the phloem in June at varying levels. In the differentiating xylem, RE of the
three RpMC-II and RpMC9 are intensely up-regulated in spring starting in April,
followed by gradual declines except for RpMC-IIc, which ceased abruptly. Their RE
patterns differ in the inner wood regions. Little noticeable RE was detected for RpMC-
ITa and RpMC-IIb in Region 3, whereas a gradual rise in RpMC-IIc from July to October
was observed. In the ISW, RpMC-IIb showed a distinct elevated RE in September and
October. Finally, in the TZ, up-regulated RE of RpMC-Ila and -b are clear in

November.
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Figure 51: Relative gene expression (RE) of vacuolar processing enzymes (VPEs) to the reference gene 18S in R. pseudoacacia. (Left) The RE of y-RpVPE
showed a mild fluctuation in all regions and time points, as indicated in the Y-axes, with the maximum being only 30%. Nevertheless, elevation patterns are observable
in the outer wood regions during spring and the inner regions during autumn. (Right) The RE of SVPE has a stronger level of fluctuation in comparison. In Region 2
(differentiating xylem), an abrupt increase in expression occurred in June. It also showed an observable rise in Region 3 (middle sapwood) in November and Region 4
in February and March.
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Figure 52: Gene expression (RE) of two type-II metacaspases, RpMC-Ila on the left and RpMC-IIb on the right, relative to the reference gene 18S in Robinia
pseudoacacia. The Y- axes in each graph are individually adjusted to show the expression pattern within each sample group of the region. The patterns of RE are
highly similar between the two genes, except for Region 4 (innermost sapwood). Both genes show an abruptly elevated expression in the phloem, with RpMC-1Ib
reaching a 3-fold increase. In Region 2 (differentiating xylem), both genes are strongly up-regulated in early spring, followed by gradual declines. The RE patterns of
the two genes differ in Region 4; RpMC-Ila showed no observable changes, while RpMC-IIb had an apparent elevation in September and October. Both genes show an

elevation in November, with RpMC-Ila at a higher level.
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Figure 53: Gene expression (RE) of two type-II Metacaspases relative to the reference gene 18S in Robinia pseudoacacia. The Y-axes in each graph were
adjusted to show the expression pattern within each sample group (Left) RE of RpMCII-c. A sharp peak RE in the phloem is seen in June; in Region 2 (differentiating
xylem), the RE is up-regulated over 5-folds in spring. A gradually increasing RE pattern started in July and peaked in October in Region 3 (middle sapwood). No
significant change is observed in Regions 4 and 5 (innermost sapwood and transition zone). (Left) RE of RpMC9. No RE was detected in Regions 1 and 5. However, a
substantial peak is observed in Region 2 in spring; another peak appears in July in Regions 3 to 4.
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4.6.2 Gene expression patterns overviews

Weather data from the period relevant to the present study is included for an overview
along with the gene expression pattern (Figure 54). In the first half of 2019, the
sunshine duration fluctuated greatly; sharp increases were recorded between March
and April and from May to June, and the latter coincided with a substantial rise in
average temperature. Throughout the year's second half, sunshine duration and the
average temperature gradually decline at an even pace. The rainfall fluctuation was

somewhat even throughout the harvesting period, except for the drop in April 2019.

Figure 55 shows the gene expression patterns of the two HWF marker genes and the
two RpVPEs, across the season and wood regions. In June 2019, there was a sharp
elevation of RE with PALI and B-type in Region 2, with the former followed by a
gradual decline until October. y-RpVPE also showed elevated RE in the outer regions,
and they were observed in May in both the phloem and the differentiating xylem. On
the other hand, expression of CHS3 was not detectable in the outer and middle wood
regions throughout the year. Intriguingly, a noticeable elevated RE of -RpVPE was
detected in the phloem, middle and inner sapwood in February and March; in 2020,
these months were in the late winter. In Region 3 (middle sapwood), up-regulated RE
of y-RpVPE was seen from August to October and peaked in September. Up-regulated
RE of y-RpVPE occurred at a higher level and abruptly in September, and this abrupt
elevation coincided with those of PAL1 and CHS3. In the same region, CHS3 and y-
RpVPE showed a synchronic elevation between September to November that peaked
in October. In 2019, these months observed an even decline in average temperature
and sunshine duration. Interestingly, this elevation pattern in Region 5 occurred a

month later than that observed in Region 4.

The RE patterns of RpMCs are primarily observed in the outer wood regions, and are
particularly conspicuous in the differentiating xylem in spring (Figure 56). In Region
2, the RE upsurges are at their highest in April, which preceded the elevation of PAL1
and RpVPEs. While the elevated RE of RpMC-IIb and -c lasted until June at a low level

in the same region, RpMC-Ila and RpMC9 have ceased their expression by then. In
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other words, the upregulated expression of RpMC-IIs occurred before the rise of
v-RpVPE, and the PAL1 and B-RpVPE arrived as the upsurge of RoMC-IIs subsided. With
the noticeable expression of RpMC-IIs in the phloem in early summer, RpMC-IIb
showed the most substantial rise; it is also the only examined RpMC-II with distinct
RE in Region 4 in Fall, matching that of the CHS3. RE of RpMC9 appeared in a sharp
level of contrast. There was no detectable gene expression in the phloem and the TZ,
and the elevation level in the differentiating xylem reached nearly 25-fold of the

reference gene.
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Figure 54: Weather data relevant to the harvesting period of the present study, from March 2019 to Mar 2020. Data sourced from German Meteorological
Service, Deutscher Wetterdienst (DWD), station 1975 Hamburg-Fuhlsbiittel, with a temporal resolution of 10 minutes sampling interval. Scale bars indicate air
temperature at 2 meters in height; data above the mean value are shown in yellow and those below are in light blue. Precipitation height and sunshine duration are
shown as the monthly sum in dark blue lines and orange dots, respectively.
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Figure 55: Relative gene expression (RE) of two heartwood formation marker-genes and vacuolar processing enzymes (VPEs) to the reference gene 18S in
Robinia pseudoacacia. (Top Left) RE of Phenylalanine ammonia-lyase 1 (PAL1). A sharp increase occurred in Region 2 (differentiating xylem) in June, followed by a
gradual decline through the summer months, an abrupt rise in September in Region 4 (innermost sapwood) and a gradual increase in Region 5 (transition zone) from
June to November. (Top right) RE of Chalcone synthase 3 (CHS3). CHS3 showed little observable expression in the outer wood regions, but sharp upregulations are
observed in Regions 4 and 5 in the autumn months. ..(Bottom left) RE of .y-RpVPE. Upregulation of the gene is observed in May in Regions 1 to 3. In Region 2, the
upregulation is a month ahead of the elevated expression of PALI. Its upregulation in Regions 4 and 5 occurred from September to November, and followed a similar
pattern to that of CHS3. (Bottom right) RE of f-RpVPE. Its elevated expression in Region 2 occurred in June, coinciding with that of PALI.
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Figure 56: (Top) Weather data relevant to the harvesting period of the present study. Data sourced from German Meteorological Service, Deutscher
Wetterdienst (DWD), station 1975 Hamburg-Fuhlsbiittel. Scale bars indicate air temperature at 2 meters in height; data above the mean value are shown in yellow
and those below are in light blue. Precipitation height and sunshine duration are shown as the monthly sum in dark blue lines and orange dots, respectively. (Bottom)
Relative gene expression (RE) of four type-II metacaspases to the reference gene 18S in different wood regions.
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5. DISCUSSION

5.1 Limitations to the current experiment

Limited by the availability of samples and processing capacity within the timeframe
of this project, only one biological replicate was harvested each month for the present
study. Nonetheless, the results unprecedentedly offer an impression of the PCD marker
genes expression profile across the living regions in heartwood forming stems with a
monthly survey over an annual cycle. Repeating the experiment on a larger scale
would be necessary for a solid conclusion. Besides biological replicates, increasing the
number of technical replicates is also important for backing the reliability of the data
set. In the current qPCR experiment, the sample amount in the set exceeds the well-
plate capacity and must be separated onto multiple plates for individual runs. This
incurs possible variations and errors between the reaction assays, such as variations
between technical replicas and individually prepared qPCR reaction mixes. Although
the variation has been accounted for via inter-plate calibration to a certain extent, the
technical variations incurred by multiple plate runs should be considered for results
interpretation. If the laboratory settings for follow-up experiments permit, using the
384-well plates instead of the 96-well ones could accommodate the complete samples
set onto the same plate or minimize the number of separate runs, thus avoiding or

lessening the issue.

Regarding the qPCR assay design, the probe-based method would be a better option
in a follow-up experiment as it generates data with both the reference and multiple
candidate genes in identical runs, which offer a direct comparison between the gene
expression level, omitting the variation between the reaction master mixes in different
runs and differences in the technical replicas. From the list of standard reference genes
for gene-expression studies, 18S has been previously validated as the most suitable
candidate, specifically regarding HWF (Lange, 2009). However, in the calculation for
relative gene expression, a minuscule difference in the number of average Ct in the
reference gene may result in magnified differences in the number for the percentage

of relative expression in the candidate gene. Therefore, determining and including
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more reference genes would greatly enhance the result reliability, as is scaling up the

number of repeat runs.

The obtained genetic sequences do not cover the entire length of the genes in question,
and their complete sequences are of great interest for follow-up studies. In addition to
the more accurate phylogenic analysis, having their complete sequences with their
promoter regions would allow the identification of their CREs and possible
transcription factors, thereby gaining insight into their transcriptional regulation.
Their 3'UTR of mRNAs is also of interest, as this region often contains regulatory
sequences that influence gene expression post-transcriptionally (Ogorodnikov et al.,
2016). In addition to sequencing the remaining sequences for the candidate genes, the
rest of the gene family members are excellent candidates for comparative
investigation. MCs and VPEs are topics of priority in the expanding field of plant PCD,
especially on how the gene family members have differentially expressed in specific

cell types for development.

5.2 Results interpretation

5.2.1 Sequence analysis

With the protein sequences of MC4 and MC5 homologs retrieved from the database,
phylogenetic analysis showed that these genes tend to share higher homology with
each other in closely related species than they are with their own respective homologs.
The signature amino acid residues that have been identified for MC4 in the literature
also apply to MC5, rendering the exact identification of the three RpMC-II sequences
a challenge. Despite that, their translated sequences cover the majority of key sites of
the enzymes and allowed a decent comparison with their reference homologs, which
have been investigated via experimental research. On the contrary, homologs of MC9
are distinctive in sequence identity among type-II MCs. The protein sequence
alignment of RpMC9 with its homologs showed no remarkable difference; all the
conserved residues matched the others, suggesting similar activation requirements
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and enzymatic properties. However, analysis of the three RpMC-II sequences revealed
an unexpected change of key residue in their protein peptide. One of the conserved
aspartate residues predicted to contribute to calcium binding is substituted by
glutamic acid in most legume species, and RpMC-IIc follows the trend. It is an alanine
at this base with RpMC-IIa; a heterogeneous site in the DNA sequence of RpMC-IIb
makes it either an alanine or a glutamic acid. The heterogeneous site may indicate
two genes that were not separatable by the primers used, which warrants further

investigation.

The two VPE types share less sequence similarity in comparison to MCs, and their
identification presented no ambiguity. VPEs have been identified with different
cellular functions, including the maturation of storage protein in the PSV, activation
of lytic hydrolases that execute proteolytic cascade in PCD, formation of cyclotides
through ligation, and regulation in gene expression as transcription factors (Dall &
Brandstetter, 2016; Hara-Nishimura, 2013; Matarasso et al., 2005). Protein sequence
analysis indicates that both RpVPEs isolated in the present studies have the proteases-
specific motif identified in Du et al. (2020) and other conserved residues matched with
their respective homologs. Hence, the exclusion of their role as ligase can be assumed
until proven otherwise, such as the presence of ligase activity. We do not have the

available data to consider their possible role as a TF.

5.2.2 Gene expression analysis

PAL1 and CHS3 are the pre-existing marker genes for HWF, and their expression
patterns in the present results generally align with the extant literature. PAL is
involved in the biosynthesis of lignin and a plethora of HWS that continue after the
general phenylpropanoid pathway. As previous studies have shown, its increased
activities occur during both vigorous lignifications in differentiating xylem and HWS
biosynthesis at the TZ (Magel et al., 1991). In the present results, we observed its
elevated gene expression in the outermost xylem ring corresponding to the season of
active xylogenesis and the inner regions during the heartwood forming season. On the

other hand, CHS, the first structural enzyme in the flavonoid biosynthetic pathway,

123



DISCUSSION

shows no detectable gene expression except in the inner regions between August to
November. Based on the weather data for the harvesting period, their up-regulation
in the differentiating xylem coincides with the increase of both average temperature
and sunshine duration, while the RE surge in the inner regions corresponds to the co-

decline of these conditions.

At the sample preparation stage of the current study, we assumed Region 4 to be the
inner sapwood and Region 5 the TZ based on the presence of fluorescence. However,
the results of the reference marker genes strongly suggest that the ISW immediately
adjacent to the florescent region was already in transition as the production of HWS
on the molecular level has started. As the entire region transforming from sapwood to
heartwood is the TZ by definition, it would be more appropriate to consider Regions

4 and 5 in the present experiment as outer TZ and inner TZ, respectively.

The RE patterns of PAL1, CHS3, and yVPE are particularly interesting when viewed in
combination. The elevated expression of PALI in early summer provides an indicating
reference for vigorous lignin production during xylogenesis, and the result showed the
co-expression with the VPEs. Although the rise of yVPE expression during TEs and
fiber dPCD has been described in multiple studies (Cheng et al., 2019; Courtois-
Moreau et al., 2009; Kinoshita et al.,, 1999; Turner et al, 2007), recording its
upregulation preceding that of PAL1 was out of our expectations. Furthermore, the
co-elevation of B-RpVPE and PAL1 was also not foreseeable, as the main function of
BVPE is believed to lie in the PSV for protein maturation; its functions in the
differentiating xylem await further investigation. The synchronized increased RE of
PAL1 and CHS3 in the TZ in autumn points to HWS biosynthesis; the associated rise
of YVPE RE observed in our results has also been reported in Taiwania (Yeh et al.,
2020) and Robinia (Yang et al., 2003). While y-RpVPE showed elevated RE before PAL1
in the differentiating xylem, the same pattern is not observed in the TZ. As this could
be an indication of how y-RpVPE differentially behaves in specific xylem cell types,

repeating the experiment for confirmation is warranted.

The elevated RE of B-RpVPE in the phloem, middle and inner sapwood in the late

winter is intriguing; one possible explanation is its participation in the remobilizing
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of cellular resources for the bud burst in spring. This notion also awaits further

evidence for the proof of concept.

The co-expression of PAL1, CHS3, and y-RpVPE in the outer TZ appeared one month
ahead of time compared to that in the inner TZ. One way to interpret this result is that
the transition spans more than one annual cycle, where a majority of XP cells convert
into heartwood in the outer TZ starting after mid-summer, and the remaining XP cells
transform in the year after and begin later in autumn. Previously demonstrated in
gene expression profiling with Robinia (Yang et al., 2003), over half of the DEGs in
the TZ are signal transduction-related, suggesting that the cells located in the
innermost part of the trunk are affected by external environmental conditions.
Therefore, another interpretation is that the signals for XP cells to initiate
transformation are triggered in the outer stem and slowly diffused to inner regions,

hence such expression patterns within the transitioning region in the same year.

All surveyed type RpMC-IIs showed conspicuous RE in the differentiating xylem in
early spring, preceding those of PALI and VPEs; their elevated expressions generally
agree with the extant literature that type-II MCs are involved in xylogenesis. MCs are
known to act upstream of Asp-specific proteases in the activation cascade of autolysis
(Minina et al., 2013; Tsiatsiani et al., 2011), while VPEs are known to execute the
caspase-like activities (Hatsugai & Hara-Nishimura, 2018). Our results showed that
the transcription of RpMC-IIs, thus the production of their zymogens, occurs ahead of
time of the VPEs; such a pattern is not expected. For the proteolytic cascade to
properly occur, all necessary components must be present in the form of zymogens in
their respective subcellular location and ready for activation upon the arrival of the
cell death triggering signals. Therefore, the timing difference in their elevated RE is

curious.

Upregulated RE of RpMC9 in Region 3 and 4 are nearly identical, which occurred in
July 2019. This left doubt on the originating cell type of the data; it can indicate its
role in secondary cell wall development in fibers, which would align with previous
findings. Based on the assumption that this upregulated expression belongs to fibers,

the results suggest that RpMC9 has no role in HWF; the deposition of HWS and their
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copolymerization into the cell wall is facilitated by other means. Furthermore, its lack
of involvement in the terminal differentiation of XP cells implies that the activities of
MC9 do not apply to all lineage of xylem cell types. Instead, it seems highly specific
to water-conducting xylem cells (tracheids in gymnosperm and TEs in angiosperms)
and the sibling cell type that is ontologically close (fibers in angiosperms). However,
the specimens were dissected by wood regions in the present experiment, thus we
cannot be certain about the cell type the gathered data represent. For confirmation in
follow-up studies, separating cell types with techniques such as laser micro-dissection

would clarify the matter.

RpMC-IIa and -b also showed elevated RE in the inner regions, and distinctively in the
TZ. Similar to that of PAL1, CHS3, and y-RpVPE, elevated RE of RpMC-IIb occurred in
the outer TZ before the rise in the inner TZ. In contrast to the pattern observed in the
differentiating xylem, elevated RE of RpMC-IIa and -b appeared later in the year in the
TZ compared to the other up-regulated genes. The results calls for experimental repeat
for confirmations. Moreover, the three MC4-like RpMC-IIs showed a high co-
expression in the phloem in June 2019, suggesting their possible involvement in the

differentiation of phloem cells.
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6. CONCLUSIONS

Although these findings need to be substantiated at the phenotypic level before
concrete conclusions can be drawn, the present study offers a preliminary view of the
expression patterns of the marker genes that define the two essential aspects of HWF,
HWS biosynthesis and dPCD, over an annual cycle. It appears not redundant to
emphasize that gene expression studies at the transcription level do not tell the story
of the activated final gene products. Each candidate gene investigated is a PCD
regulatory protease synthesized as inactive zymogens, and they may be accumulated
and stored in cellular compartments until their activation, which is post-
translationally regulated. The timing and level of up-regulated gene expression reflect
the relatively higher amount of transcripts present in the cell, which indicates that the
use of such gene products is likely to be imminent. The candidate genes had not been
investigated in the context of HWF or in xylem parenchyma cells until now; hence,

further investigations are needed to clarify their roles in the process.

With the overview of PCD regulatory protease expression patterns across the seasons
and regions, one follow-up question is about their transcriptional regulation and
initiation triggering signals. Gene expression profiling on HWF in gymnosperm trees
reported the upregulation of MYB-like and NAC domain TFs (Lim et al., 2016; Yeh et
al., 2020). Identifying the CREs and TFs that mediate the transcription of PCD
regulatory proteases in angiosperms would present useful connecting dots.
Furthermore, previous works proposed the possible involvement of ethylene signaling;
the mechanism has remained a knowledge gap, which makes the mediation of VPE on

ethylene production as a TF particularly intriguing.

The mechanism behind HWF has remained largely unknown, and a consensus on the
definition of the TZ at the cellular and molecular level is also in dispute (Nakada &
Fukatsu, 2012). With advancing technology and commercially available laboratory
aids, methods in molecular biology are reliable for unveiling highly complex cellular
processes. As high-throughput methods, such as next-generation sequencing and
multi-omics studies, become more readily available, setting a reference point on the

timeline for the various cellular processes of HWF would greatly assist our further
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understanding. HWF is defined as converting and depositing reserve materials into
bioactive substances and the cessation of containing living cells. However, pinpointing
the exact timing for the biosynthesis of HWS appears to be a confusing pursuit; there
are remarkable variations in HWS depending on species and between individual trees
within a species (Taylor et al. 2002, Nakada 2007, Bito et al. 2011, Bush et al. 2011).
Moreover, among the composition of HWS in each species, there is no consensus on
the method or criteria for assigning the signatures molecules. Regarding the deposition
of HWS, there is even less understanding of its mechanism and the diversity of
quantification methods renders comparisons irrelevant. On the contrary, dPCD in
plants has a defined timeline, with vacuolar collapse marking the moment of cell
death. Furthermore, it has been well-established in the extant literature that yVPE
play a protagonist role in tonoplast rupture. Despite the limited data available in the
present study, the results showed the co-expression patterns of yVPE with PAL1 and
CHS3 that fit into the HWF timeline and regions, reflecting the two essential aspects
that define the process. Hence, we propose the elevated expression of yVPE as an
additional molecular marker to set a reference point on the timeline of HWF for

comparing the various cellular events during the differentiation process.

Terminal differentiation is an intricate yet dramatic event for the cell; multiple major
biochemical processes and structural changes are at play simultaneously. Its
regulation occurs on multiple levels, and transcriptional expression of regulatory
proteases is among the many. Similar to xylogenesis, HWF involves the orchestrated
activation of over a thousand genes and various molecular signaling pathways. While
it is generally agreed upon that weather conditions contribute to the seasonal
initiation of HWF, the exact correlation is still a conundrum, as data on the
phenological effects has remained scarce. Therefore, the accompanying weather data
in future studies will be highly beneficial for identifying their correlation patterns.
The mechanism behind HWF implies enormous values beyond durable timers. Under
the influence of global climate change, there is an increasing urgency to understand
how forests adapt to environmental stress, and HWF is a sophisticated defense strategy

in higher plants that enhances tree performance and sustains longevity.
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Appendix

8. Appendix

1 200 400 600 800 1,000 1,200 1,400 1,600 1,768
1. Robinia pseudoacacia MC9a R HEH
2. Robinia pseudoacacia MC9b | LL H
3. Abrus precatorius MC9 Exon 1
4. Lupinus angustifolius MC9 HHHHE—H—H- - -
5. Cicer arietinum MC9 H Il HHH HHE-
6. Medicago truncatula MC9 - H HEHH H-EHE
7. Trifolium pratense MC9 H HHH H - H
8. Glycine soja MC9 HHH HE R HH N H
9. Glycine max MC9 H— 4 - HHH -
10. Cajanus cajan MC9 HHH— - -
11. Arachis hypogaea MC9 - HHHH -
12. Arachis ipaensis MC9 HHHHH H HHHH - H
13. Prosopis alba MC9-like H H - H
14. Prosopis alba MC9-like - T ——
15. Vigna radiata var. radiata MC9 HHH HHEHH
16. Quercus lobata MC9 H HHH H
17. Quercus suber MC9 LUR - H
18. Phaseolus vulgaris - et
19. Quercus robur MC9 H HHH - H
20. Vigna angularis MC9 HHHH H— -
21. Vigna umbellata MC9 HEHH H— -G
22.Vigna unguiculata MC9 HHHH o
23. Rosa chinensis MC9 LIk H-E-
24, Juglans microcarpa x regia MC9 HHH -
25. Carya illinoinensis MC9 HHE-HH - H -
Query % Pairwise Bit-
Lane Accession Description coverage Identity Score
1 -- Robinia pseudoacacia MC9a -- -- -
2 -- Robinia pseudoacacia MC9b -- -- -
3 XM_027495318.1 PREDICTED: Abrus precatorius metacaspase-9 (LOC113862209), mRNA 99.00% 86.0% 924.611
4 XM_019601616.1 PREDICTED: Lupinus angustifolius metacaspase-9 (LOC109357640), mRNA 99.00% 84.1% 856.083
5 XM_004493225.3 PREDICTED: Cicer arietinum metacaspase-9 (LOC101488845), mRNA 98.75% 82.5% 806.49
6 XM_013594075.3 PREDICTED: Medicago truncatula metacaspase-9 (LOC25498997), mRNA 98.87% 81.4% 762.308
7 XM_045940070.1 PREDICTED: Trifolium pratense metacaspase-9 (LOC123890464), mRNA 98.37% 81.4% 757.8
8 XM_028361387.1 PREDICTED: Glycine soja metacaspase-9 (LOC114399243), mRNA 99.00% 81.0% 738.864
9 XM_003554030.5 PREDICTED: Glycine max metacaspase-9 (LOC100781510), mRNA 99.00% 81.0% 738.864
10 XM_020364252.2 PREDICTED: Cajanus cajan metacaspase-9 (LOC109802849), mRNA 99.00% 79.7% 691.075
11 XM_025749698.2 PREDICTED: Arachis hypogaea metacaspase-9 (LOC112696814), mRNA 97.62% 75.9% 554.019
12 XM_016306384.2 PREDICTED: Arachis ipaensis metacaspase-9 (LOC107604728), mRNA 97.62% 75.7% 549.51
13 XM_028916909.1 PREDICTED: Prosopis alba metacaspase-9-like (LOC114729879), mRNA 99.00% 75.1% 526.968
14 XM_028910894.1 PREDICTED: Prosopis alba metacaspase-9-like (LOC114724535), mRNA 99.00% 75.1% 526.968
15 XM_014635660.2 PREDICTED: Vigna radiata var. radiata metacaspase-9 (LOC106753803), mRNA 99.00% 74.9% 526.067
16 XM_031068375.1 PREDICTED: Quercus lobata metacaspase-9 (LOC115951191), mRNA 99.25% 74.6% 513.443
17 XM_024073957.1 PREDICTED: Quercus suber metacaspase-9-like (LOC112041046), mRNA 99.25% 74.4% 506.23
18 XM_007161767.1 Phaseolus vulgaris hypothetical protein (PHAVU_001G101400g) mRNA, complete cds 99.00% 74.2% 497.213
19 XM_050389100.1 PREDICTED: Quercus robur metacaspase-9 (LOC126693194), mRNA 99.25% 74.2% 499.918
20 XM_017562410.1 PREDICTED: Vigna angularis metacaspase-9 (LOC108328531), mRNA 99.00% 74.0% 492.704
21 XM_047291339.1 PREDICTED: Vigna umbellata metacaspase-9 (LOC124819764), mRNA 99.00% 73.8% 488.196
22 XM_028061471.1 PREDICTED: Vigna unguiculata metacaspase-9 (LOC114176425), mRNA 99.00% 73.7% 477.376
23 XM_024303475.2 PREDICTED: Rosa chinensis metacaspase-9 (LOC112166596), mRNA 96.99% 72.7% 441.308
21 XM 041169463 1 PREDICTED: Juglans microcarpa x Juglj]r;{s’\lr:gla metacaspase-9 (LOC121265797), 98.49% 72.0% 410,651
25 XM_043087374.1 PREDICTED: Carya illinoinensis metacaspase-9 (LOC122277404), mRNA 98.49% 71.5% 397.126

Figure 1: RpM(C9 and homologs DNA sequence alignment overview and sequence information table on

BLASTn result with RpM(C9 as query.
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1. Robinia pseudoacacia MC9a

2. Robinia pseudoacacia MC9b
3. Abrus precatorius MC9

4. Lupinus angustifolius MC9
5. Cicer arietinum MC9

6. Medicago truncatula MC9
7. Trifolium pratense MC9

8. Glycine soja MC9

9. Glycine max MC9

10. Cajanus cajan MC9

11. Arachis hypogaea MC9
12. Arachis ipaensis MC9

13. Prosopis alba MC9-like
14. Prosopis alba MC9-like
15. Vigna radiata var. radiata MC9
16. Quercus lobata MC9

17. Quercus suber MC9

18. Phaseolus vulgaris

19. Quercus robur MC9

20. Vigna angularis MC9

21. Vigna umbellata MC9
22.Vigna unguiculata MC9
23. Rosa chinensis MC9

24. Juglans microcarpa x regia MC9
25. Carya illinoinensis MC9
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TTGCG
GAGGCUUGCAGUUUUGGUGGGGUGCAACUAUCCCAACACU-GCCAAUGAAUUGCAUGG

Exon 1

GAGGCUAGCAGUUUUGGUAGGCUGCAAUUACCCCAACACU-CCCAAUGAAUUGCAUGG
GAGGCUAGCGGUUUUAGUAGGGUGCAAUUACCCUAACACC-CCCAAUGAACUGCAUGG
GAGGCUUGCAGUUUUGGUAGGGUGCAAUUAUCCAAACACU-CCCAAUGAAUUGCGUGG
AAGGCUAGCAGUUUUGGUAGGGUGCAAUUACCCUAACACU-UCUAAUGAACUUCAUGG
GAGGGUGGCUGUUUUGGUGGGUUGCAAUUACCCCAACACU-AGCAAUGAAUUGCAUGG
GAGGGUGGCUGUUUUGGUGGGUUGCAAUUACCCCAACACU-AGCAAUGAAUUGCAUGG
GAGGGUGGCAGUUUUGGUGGGGUGCAAUUACCCCAACACA-AGCAACGAAUUGCAUGG
GAGGCAAGCUGUUUUGGUGGGGUGCAAUUACUAUAACACC-CCUAACGAGUUGCAUGG
GAGGCAAGCUGUUUUGGUGGGGUGCAAUUACUAUAACACC-CCUAACGAGUUGCAUGG
GAGGUUGGCUGUAUUGGUCGGGUGCAACUACCCCAACACU-ACAAAUGAACUGCGUGG
GAGGUUGGCUGUAUUGGUCGGGUGCAACUACCCCAACACU-CCAAAUGAACUGCGUGG
GAGGGUGGCUGUUUUGGUGGGUUGCAAUUACCCCAACACCG-CAAAUGAGCUGCAUGG
GAGGCUAGCUGUUUUGGUUGGUUGCAAUUACCCCAACACC-CCACAUGAGUUAAAUGG
GAGGCUAGCUGUUUUGGUUGGUUGCAAUUACCCCAACACC-CCACAUGAGUUAAAUGG
GAGGUUGGCUGUUUUGGUGGGGUGCAAUUACCCCAACACUGGCA-AUGAGCUGCAUGG
GAGGCUAGCUGUUUUGGUUGGUUGCAAUUACCCCAACACC-CCACAUGAGUUAAAUGG
GAGGGUGGCAGUUUUGGUGGGUUGCAACUACCCCAACACC-GCAAAUGAGCUGCAUGG
GAGGGUGGCAGUUUUGGUGGGUUGCAACUACCCCAACACC-GCAAAUGAGCUGCAUGG
CAGGGUGGCUGUUUUGGUGGGGUGCAAUUACCCAAACACC-GGAAAUGAACUGCAUGG
GAGGUUGGCUGUUUUGGUGGGCUGCAAUUACCCGAACACC-CGAAACGAGCUCCAUGG
GAGGCUGGCUGUUUUGGUUGGGUGCAACUAUGCAAACACC-CCACAUGAGUUGUUUGG
AAGGCUGGCUGUUUUGGUUGGGUGCAACUACGCUAACACC-CCACAUGAAUUGUUUGG
410 420 430 440 450 460

TGGTTGCATAAACGATGTGTTGGCCATGAAAGACATGCTGGTGAAGCGTTTTGGGTTT

TGGTTGCATAAACGATGTGTTGGCCATGAAAGACATGCTGGTGAAGCGTTTTGGGTTT
UUGCAUAAAUGAUGUAUUGGCAAUGAAGGACAUGUUGGUGAAGCGCUUUAAAUUUGAU
Exon 1
CUGCAUAAAUGAUGUGUUGACGAUGAGGGACGUGCUAGUGAAGCGCUUCGGCUUCGAU
UUGCAUAAAUGAUGUGUUGGCUAUGAAGGACAUGUUGGUAAAACGUUUUGGUUUUGAU
UUGCAUAAAUGAUGUCUUGGCCAUGAAGGACACAUUGGUGAAGCGUUUUGGGUUUGAU
UUGCAUAAAUGAUGUGUUGGCUAUGAAGGAAACAUUGGUGAAGAGUUUUGGUUUUGAU
UUGCAUAAACGAUGUGUUGGCAAUGAAGGACACGCUGGAGAAGCGCUUUGGGUUUGAU
UUGCAUAAACGAUGUGUUGGCAAUGAAGGACACGCUGGAGAAGCGCUUUGGGUUUGAU
UUGCAUAAACGAUGUGUUGGCAAUGAAGGAGACACUGGUGAAGCGUUUUGGGUUUGAU
CUGCAUAAACGAUGUGCUGGCUAUGAGGGACACACUAGUGAAGCGCUUUGAGUUUGAA
CUGCAUAAACGAUGUGCUGGCUAUGAGGGACACACUAGUGAAGCGCUUUGAGUUUGAA
CUGCAUAAACGAUGUGUUAGCCAUGCGAGACACUCUGAUCAAGAGAUUUGGGUUCGAU

CUGCAUAAACGAUGUGUUGGCCAUGCGAGACACUCUGAUCAAGAGAUUUGGGUUCGCU
UUGCAUAAACGAUGUGUUGGCAAUGAAGGAGACUCUGGUGAAGCGAUUUGGGUUUGAU
AUGCAUAAACGAUGUUUUGGCCAUGAGAGACGUGCUUGUUAAACGGUUUGGGUUCGAU
AUGCAUAAACGAUGUUUUGGCCAUGAGAGACGUGCUUGUUAAUCGGUUUGGGUUCGAU
UUGCAUAAACGAUGUGUUGGCCAUGAAGGAGACUUUGGUGAAGCGAUUUGGGUUUGAU
AUGCAUAAACGAUGUUUUGGCCAUGAGAGACGUGCUUGUUAAAUGGUUUGGGUUCGAU
UUGCAUAAACGAUGUGUUGGCCAUAAAGGAGACUCUGGUGAAGCGAUUUGGGUUUGAU
UUGCAUAAACGAUGUGUUGGCCAUAAAGGAGACUCUGGUGAAGCGAUUUGGGUUUGAU
UUGCAUAAACGAUGUGUUAACCAUGAAGGAGACUCUGGUGAAGCGAUUUGGAUUUGAU
UUGCAUAAAUGAUGUACUCACCAUGCGCGACACGCUGGUGAAUCGGUUUGGGUUCGAU
AUGCAUCAACGAUGUAUUGGCCAUGCGAGACGUACUUGUUGAGCGGUUCGGGUUCAAU
AUGCAUCAACGAUGUAUUGGCCAUGCGAGAUGUGCUUGUUGAGAGGUUCGGGUUCGAU

470 480 490 500 510 520
[ RpMC9 gsF3
GATCCCA--CCAACATTGAGCTCCTCACTGATGA---ACCTGGTGGCTCTTC------
[ RpMC9 gsF3
GATCCCA--CCAACATTGAGCTCCTCACTGATGA---ACCTGGTGGCTCTTC-----~-
CCCA--CAAAUAUUGAGCUUCUCAC---UGAUGCACC---UGGCUCUUCUGCU---UU
Exon 1

UCGA--CCAACAUCGAGCUCCUAAC---AGAUGCACC---UGGCUCUUCUUCA---UC
CAUG--AAAAUAUUGAGCUUCUAAU---UGAUGAACC---UAACACUUCUUCA---UC
CAUG--CCAAUAUUCAGCUUCUCACUGAUGAUGAUCC---UAAAAACUCUUCA---UC
CAUU--CCAAUAUUAAGCUUCUCAC---CGAUGAACC---UAAAAACUCUUCA---UC
CCCU--CUAACAUUGAGCUUCUCAC---UGAUGCACC---UCACUCUUCUAAUAAAU -
CCCU--CUAACAUUGAGCUUCUCAC---UGAUGCACC---UCACUCUUCUAAUAAAU -
CCCA--ACAACAUUGAGCUUCUCAC---UGAUGCACC---UGACUCUUGU
CCUG--CGAACAUUGAGGUCCUAAC---CGAUGCACC---CGGCUCAUCU-~---
CCUG--CGAACAUUGAGGUCCUAAC---CGAUGCACC---CGGCUCAUCU
CCCU--CCAAUAUUGAGUUACUCAC---UGAUGACGU---UGAUGCUCCUUCAGGUUC
CCCU--CCAAUAUUGAGUUACUCAC---UGAUGAAGU---UAAUGCUCCUUCAGGUUC
GACA--GUAACAUUGAGGUGCUAACU---GAUGCACCAA---ACUCUUGUAAAU----
CACA--GCCAUAUUGAGCUCUUGACU---GAUGCACCUGGU-UCAUUAGUCA=-~--~-~--
CACA--GCCAUAUUGAGCUCUUGAC---UGAUGCACC---UGGUUCA=-=--=------ uu
GACAAUG--ACAUUGAGGUGCUCACU---GAUGCACCAA---ACUCUUGUAAAC----
CACA--GCCAUAUUGAACUCUUGAC---UGAUGCACC---UGGUUCA--------- uu
GACA--GUAACAUUGAGGUGCUCAC---UGAUGCACC---AAACUCUUGUAAA---U-
GACA--GUAACAUUGAGGUGCUCAC---UGAUGCACC---AAACUCUUGUAAA---U-
GAAA--GAAACAUUGAGGUGCUCAC---CGAUGCACC---AAACUCUUCCAAA---A-
CCGA--ACCGCAUUGAGCUAUUGACUGAUGAUGGAUC---UGCA---------- -uc
CAAG--GGCAUAUAGAGCUCCUUAC---UGAUGCAGC---UGGUUCG-------~-- uu
--CAAGGGCAUAUAGAGCUCCUUACU---GAUGCAGCUGGU-UCGUUAGUCAUU----

Figure 2: DNA sequence alignment with RpMC9 and homologs (page 1).
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1. Robinia pseudoacacia MC9a

2. Robinia pseudoacacia MC9b
3. Abrus precatorius MC9

4. Lupinus angustifolius MC9
5. Cicer arietinum MC9

6. Medicago truncatula MC9
7. Trifolium pratense MC9
8. Glycine soja MC9

9. Glycine max MC9
Cajanus cajan MC9
Arachis hypogaea MC9
Arachis ipaensis MC9
Prosopis alba MC9-like
Prosopis alba MC9-like

Quercus lobata MC9
Quercus suber MC9
Phaseolus vulgaris
Quercus robur MC9

. Vigna angularis MC9

. Vigna umbellata MC9

. Vigna unguiculata MC9
23. Rosa chinensis MC9
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25. Carya illinoinensis MC9

1. Robinia pseudoacacia MC9a

2. Robinia pseudoacacia MC9b
3. Abrus precatorius MC9

4. Lupinus angustifolius MC9
5. Cicer arietinum MC9

6. Medicago truncatula MC9
7. Trifolium pratense MC9
8. Glycine soja MC9

9. Glycine max MC9

10. Cajanus cajan MC9

11. Arachis hypogaea MC9
12. Arachis ipaensis MC9
13. Prosopis alba MC9-like
14. Prosopis alba MC9-like

15. Vigna radiata var. radiata MC9

16. Quercus lobata MC9
17. Quercus suber MC9
18. Phaseolus vulgaris

19. Quercus robur MC9
20. Vigna angularis MC9
21. Vigna umbellata MC9
22.Vigna unguiculata MC9
23. Rosa chinensis MC9

24. Juglans microcarpa x regia MC9

25. Carya illinoinensis MC9

530 540 550 560 570 580

Vigna radiata var. radiata MC9

AGUCAUGCCAACCGGUGCCAACAUUAAGCUGGCACUAGCUCGCAUGAUUGAUCGAGCU
AACUAUGCCAACUGGUGCUAACAUUAAGAAAGCAUUAGGUAGCAUGAUUGAUCGAGCU
AACUAUGCCAACUGGUGCUAACAUUAAACAAGCAUUAUCAAGCAUGGUUGAUAAAGCU
AACUAUGCCAACUGGAGCUAACAUUAAGCAAGCAUUAGCUGAAAUGAUUGAUCAAGCU
————— UGCCCACUGGUGCUAAUAUUAAGGAGGCACUGGCUAACAUGGUUGAUGGAGCU
————— UGCCCACUGGUGCUAAUAUUAAGGAGGCACUGGCUAACAUGGUUGAUGGAGCU
UUCGUUGCCCACUGGUGCUAACAUCAAGCAGGCACUGACUAACAUGGUUGAUGGAGCU
GCCUUUGCCCACCGGUGCCAACAUCAAGCUGGCGCUGGCUCGCAUGGUGGAUGCAGCC
GCCUUUGCCCACCGGUGCCAACAUCAAGCUGGCGCUGGCUCGCAUGGUGGAUGCAGCC
AACCAUGCCCACUGGAGCUAACAUCAAGCAGGCUCUUUCUCGCAUGGUUGAUCAAGCU
AACCAUGCCCACUGGAGCUAACAUCAAGCAGGCUCUUUCUCGCAUGGUUGAUCAAGCU
————— UGCCCACUGGUGCUAACAUCAAGCAGGCACUGGCUAAGAUGGUUGAUGGAGCU
————— UGCCCACUGGUGCUAACAUUAAGAAGGCACUUGAUCAGAUGCUCAAGAAGGCU
AGUCAUGCCCACUGGUGCUAACAUUAAGAAGGCACUUGAUCAGAUGCUCAAGAAGGCU
————— UGCCCACUGGUGCUAACAUCAAGCAGGCACUGGCUAAGUUGGUUGAUGGAUCU
AGUCAUGCCCACUGGUGCUAACAUUAAGAAGGCACUUGAUCAGAUGCUCAAGAAGGCU
————— UGCCCACUGGUGCUAACAUCAAGCAGGCACUGGCUAAGAUGGUUGAUGGAGCU
————— UGCCCACCGGUGCUAACAUCAAGCAGGCACUGGCUAAGAUGGUUGAUGGAGCU
————— UGCCCACUGGUGCUAACAUCAAGCAGGCACUGGCUAAGAUGGUUGAUGGAGCA
AGUGUUGCCCACAGGCGCAAACAUUAAGAAGGCACUUGAUGCAAUGGUUGACCAGGCU
AGUCAUGCCCACGGGUGCUAACAUUAAGAAGGCAUUGGAUCGGAUGGUUAAUCAAGCU
------- CCCACGGGUGCUAACAUUAAGAAGGCAUUGGAUCGGAUGGUCAAUCAAGCU
590 600 610 620 630

GCTGAAGCAGGAGATGTGCTATATTTTCACTATAGTGGACATGGAACAAGGATCCCTT

Vigna radiata var. radiata MC9

CAGGCUGGGGAUGUGCUCUAUUUUCACUAUAGUGGACAUGGAACCAGGAUCCCUUCAA
GAAGCAGGGGAUGUGCUUUAUUUUCAUUAUAGUGGGCAUGGAACUAGGAUUCCUUCCA
GAAGCAGGGGAUGUGCUUUAUUUUCAUUAUAGUGGACAUGGAACUAGGAUUCCUUCCA
GAAGAAGGGGAUGUGCUUUAUUUUCAUUAUAGCGGACAUGGAACUAGGAUUCCUUCGA
GAAGCUGGGGAUGUGCUCUAUUUUCACUAUAGUGGACAUGGAACAAGGAUCCCUUCCA
GAAGCUGGGGAUGUGCUCUAUUUUCACUAUAGUGGACAUGGAACAAGGAUCCCUUCCA
GAAGCAGGGGAUGUCCUCUUUUUUCACUAUAGUGGACAUGGAACCAGGAUCCCUUCCA
AAAGCUGGGGAUGUUCUGUACUUUCACUACAGUGGACAUGGAACCAGGAUCCCUUCAA
AAAGCUGGGGAUGUUCUGUACUUUCACUACAGUGGACAUGGAACCAGGAUCCCUUCAA
CAACCAGGGGAUGUCCUCUACUUUCACUAUAGUGGACACGGAACCAGAAUCCCCUCCA
CAACCAGGGGAUGUCCUCUACUUUCACUAUAGUGGACACGGAACCAGAAUCCCCUCCA
AAAGCAGGGGAUGUGCUAUAUUUUCACUACAGUGGACAUGGAACCAGAAUCCCUUCCA
GAACCUGGAGAUGUCCUAUUCUUUCAGUAUAGUGGACAUGGAACAAGGAUUCCAUCAG
GAACCUGGAGAUGUCCUAUUCUUUCAGUAUAGUGGACAUGGAACAAGGAUUCCAUCAG
GAAGCAGGAGAUGUGCUAUAUUUUCACUACAGUGGACAUGGAACUAGAAUCCCUUCCA
GAACCUGGAGAUGUCCUAUUCUUUCAGUAUAGUGGACAUGGAACAAGGAUUCCAUCAG
AAAGAAGGGGAUGUGCUAUAUUUUCAUUACAGUGGACAUGGAACCAGAAUCCCUUCCA
AAAGAAGGGGAUGUGCUAUAUUUUCAUUACAGUGGACAUGGAACCAGAAUCCCUUCCA
AAAACAGGGGAUGUGCUAUAUUUUCACUACAGUGGACAUGGAACCAGAAUCCCUUCCA
GAACCAGGGGAUGUGCUCUACUUUCACUACAGUGGGCAUGGAACAAGGAUUCCAUCAU
GAAUCGGGAGAUGUUCUGUUCUUUCACUAUAGUGGACAUGGAACAAGGAUCCCAUCAA
GAAUCGGGAGAUGUUCUGUUCUUUCACUAUAGUGGACAUGGAACAAGGAUCCCAUCAA

640 650 660 670 680 690
RpMC9 208R
CCACGAAACATTACCATCCTTTCCGCCATGAGGAAGCAATTGTGCCTTGTGACTTCAA
RpMC9 208R |
CCACGAAACATTACCATCCTTTCCGCCATGAGGAAGCAATTGTGCCTTGTGACTTCAA
UGAAACAUGCCCACCCUUUUCGCCAAGAGGAAGCAAUUGUGCCUUGUGACUUCAAUCU

Exon 1

AGAAAAAAGGCCACCCUUUUGGCCAAGAGGAAGCAAUUGUGCCUUGUGACUUCAAUCU
UGAAAUAUGGACAUCCUUUUCGACAUGAAGAAGCUAUUGUGCCUUGUGACUUCAAUCU
AGAUACAUGGACAUCCUUUUCGACAUGAAGAAGCUAUUGUGCCUUGUGACUUCAAUCU
AGAAAAAUGGACAUCCUUUUCGACAGGAAGAAGCUAUUGUGCCUUGUGACUUCAAUCU
AGAAACAUGGCCACCCCUUCCGCCAUGAGGAAGCCAUUGUGCCUUGUGACUUCAAUCU
AGAAACAUGGCCACCCCUUCCGCCAUGAGGAAGCCAUUGUGCCUUGUGACUUCAAUCU
AGAAACGUGCCCACCCCUUUCGCCAUGAGGAAGCAAUUGUGCCUUGUGACUUCAAUCU
AGAAACGUGGCCAUCCAUUCCGCCAAGAGGAAGCAAUUGUGCCUUGUGACUUCAAUCU
AGAAACGUGGCCAUCCAUUCCGCCAAGAGGAAGCAAUUGUGCCUUGUGACUUCAAUCU
UGAAACCUGCCUUCCCCUUUCGCCACGAAGAAGCCAUCAUCCCCUGUGAUUUCAAUCU
UGAAACCUGCCUUCCCCUUUCGCCACGAAGAAGCCAUCAUCCCCUGUGAUUUCAAUCU
AGAAACAUGGCCACACCUUCCACCAUGAGGAGGCUAUUGUGCCUUGUGACUUCAAUCU
CCAAACCUGGGCAUCCCUUUAGGCAAGAUGAAGCAAUUGUGCCUUGUGAUUUCAAUCU
CCAAACCUGGGCAUCCCUUUAGGCAGGAUGAAGCAAUUGUGCCUUGUGAUUUCAAUCU
AGAAACAUGGCCACCACUUCCACCAUGAGGAGGCUAUUGUGCCUUGUGACUUCAAUCU
CCAAACCUGGGCAUCCCUUUAGGCAAGAUGAAGCAAUUGUGCCUUGUGAUUUCAAUCU
AGAAACAUGGCCACACCGUCCACCAUGAGGAGGCUAUUGUGCCUUGUGACUUCAAUCU
AGAAACAUGGCCACACCGUCCACCAUGAGGAGGCUAUUGUGCCUUGUGACUUCAAUCU
AGAAACAUGGCCACCCCUUCCACCAUGAGGAGGCUAUUGUGCCUUGUGACUUCAAUCU
UGAAACCAGGCAGACCCUUCAGGCAGGAUGAGGCAAUUGUGCCUUGUGAUUUCAAUCU
CCAGGCCAGGCCAUCCCUUUAGGCAGGAUGAAGCAAUCGUACCUUGUGAUUUCAAUCU
CCAGACCAGGCCAUCCCUUUAGGAAGGAUGAAGCAAUCGUACCUUCUGAUUUCAAUCU

Figure 2: DNA sequence alignment with RpMC9 and homologs (page 2).
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Appendix

1. Robinia pseudoacacia MC9a

2. Robinia pseudoacacia MC9b
3. Abrus precatorius MC9

4. Lupinus angustifolius MC9
5. Cicer arietinum MC9

6. Medicago truncatula MC9
7. Trifolium pratense MC9
8. Glycine soja MC9

9. Glycine max MC9
Cajanus cajan MC9
Arachis hypogaea MC9
Arachis ipaensis MC9
Prosopis alba MC9-like
Prosopis alba MC9-like

Quercus lobata MC9
Quercus suber MC9
Phaseolus vulgaris
Quercus robur MC9

. Vigna angularis MC9

. Vigna umbellata MC9

. Vigna unguiculata MC9
23. Rosa chinensis MC9
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24. Juglans microcarpa x regia MC9

25. Carya illinoinensis MC9
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5. Cicer arietinum MC9

6. Medicago truncatula MC9
7. Trifolium pratense MC9
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9. Glycine max MC9

10. Cajanus cajan MC9

11. Arachis hypogaea MC9
12. Arachis ipaensis MC9
13. Prosopis alba MC9-like
14. Prosopis alba MC9-like

15. Vigna radiata var. radiata MC9

16. Quercus lobata MC9
17. Quercus suber MC9
18. Phaseolus vulgaris

19. Quercus robur MC9
20. Vigna angularis MC9
21. Vigna umbellata MC9
22. Vigna unguiculata MC9
23. Rosa chinensis MC9

24. Juglans microcarpa x regia MC9

25. Carya illinoinensis MC9

1. Robinia pseudoacacia MC9a

2. Robinia pseudoacacia MC9b
3. Abrus precatorius MC9

4. Lupinus angustifolius MC9
5. Cicer arietinum MC9

6. Medicago truncatula MC9
7. Trifolium pratense MC9
8. Glycine soja MC9

9. Glycine max MC9

10. Cajanus cajan MC9

11. Arachis hypogaea MC9
12. Arachis ipaensis MC9
13. Prosopis alba MC9-like
14. Prosopis alba MC9-like

15. Vigna radiata var. radiata MC9

16. Quercus lobata MC9
17. Quercus suber MC9
18. Phaseolus vulgaris

19. Quercus robur MC9
20. Vigna angularis MC9
21. Vigna umbellata MC9
22. Vigna unguiculata MC9
23. Rosa chinensis MC9

24. Juglans microcarpa x regia MC9

25. Carya illinoinensis MC9

700 710 720 730 740 750

Vigna radiata var. radiata MC9

CAUCACUGAUUUGGACUUCAGGCAACUAGUGAAUCAUCUUCCAAAGGGAGCAACUCUA
UAUCACUGAUUUGGACUUUCGGCAACUAGUGAAUCGGCUUCCAAAGGGAACAAGCCUA
UAUCACUGAUUUGGACUUCAGACAACUAGUAAAUCGGAUUCCAAAAGGAGCAAGCUUA
UAUCACUGAUUUGGACUUCCGGCAACUAGUGAAUCGGAUUCCAAAAGGAGCAAGCUUA
CAUCACUGAUUUGGACUUGCGGCAACUAGUGAACCGGGUGCCAAAGGGUGCAAGCCUC
CAUCACUGAUUUGGACUUGCGGCAACUAGUGAACCGGGUGCCAAAGGGUGCAAGCCUC
CAUCACUGAUUUGGACUUGAGGGAACUAGUGAACAAGCUGCCAAAGGGUGCAAGUCUG
UAUCACAGAUUUGGAUUUUCGGCAACUGGUGAACCGGCUGCCUAGUGGCGCGAGCCUG
UAUCACAGAUUUGGAUUUUCGGCAACUGGUGAACCGGCUGCCUAGUGGCGCGAGCCUG
CAUCACUGAUUUGGACUUGAGGCAAUUCGUGAACCGGGUGCCCAAAGGAGCGAGUCUG
CAUCACUGAUUUGGACUUGAGGCAAUUGGUGAACCGGGUGCCCAAAGGAGCGAGUCUG
CAUCACUGAUUUGGACUUCCGGCAACUGGUAAACAGGCUAGCAAAGGGAGCAAGCUUG
AAUCACUGAUGUGGACUUCCGGCAAUUAGUGAAUUGCCUGCCAAAGGGAGCAAGCUUC
AAUCACUGAUGUGGACUUCCGGCAAUUAGUGAAUUGCCUGCCAAAGGGAGCAAGCUUC
CAUCACUGAUUUGGACUUCCGGCAACUAGUAAACAGGUUAGCAAAGGGUGCAAGCCUG
AAUCACUGAUGUGGACUUCCGGCAAUUAGUGAAUUGCCUGCCAAAGGGAGCAAGCUUC
CAUCACUGAUUUGGACUUCCGGCAACUGGUAAACAGGCUAGCAAAGGGUGCAAGCUUG
CAUCACUGAUUUGGACUUCCGGCAACUAGUAAACAGGCUAGCAAAGGGUGCAAGCUUG
CAUCACUGAUUUGGAUUUCCGGCAACUAGUAAACAGGCUAGCAAAAGGUGCAAGCUUG
CAUCACUGAUGUGGAUUUCAGACAAUUAGUAAACCGCUUACCAAAGGGAGCAAGCUUU
CAUCACAGAUGUGGACUUUCGGCAUAUAGUAAAUCGCCUGCCAAAGGAAGCUAGCUUC
CAUCACAGAUGUGGACUUUCGGCAUAUAGUAAAUCGCCUGGCAAAGGAAGCUAGCUUC
760 770 780 790 800 810

TTCACAATTCTCTCAGACTCATGTCATAGTGGTGGCCTCATTGACAAAGAGAAGGAAC

ACAAUUCUUUCAGAUUCAUGCCAUAGUGGUGGCCUAAUUGACAAAGAGAAGGAACAAA
ACAAUUCUGUCAGACUCAUGCCAUAGUGGUGGCCUAAUUGACAAAGAAAAGGAACAAA
ACAAUUCUCUCGGAUUCAUGUCAUAGUGGUGGCUUAAUUGACAAAGAAAAAGAACAAA
ACAAUUCUCUCAGAUUCAUGUCAUAGUGGUGGCUUAAUUGACAAAGAAAAAGAACAAA
ACAAUCCUCUCAGACUCAUGCCACAGUGGAGGCCUAAUAGACAAAGAGAAAGAACAAA
ACAAUCCUCUCAGACUCAUGCCACAGUGGAGGCCUAAUAGACAAAGAGAAAGAACAAA
ACAAUAUUCUCAGACUCAUGCCACAGUGGAGGCCUAAUAGACAAGGAGAAAGAACAAA
ACAAUCCUGUCAGACUCAUGCCACAGCGGCGGCCUAAUCGACAAAGAGAAGGAACAAA
ACAAUCCUGUCAGACUCAUGCCACAGCGGCGGCCUAAUCGACAAAGAGAAGGAACAAA
ACGAUUCUGUCGGACUCGUGCCAUAGUGGAGGGCUGAUUGACAAAGAGAAGGAACAAA
ACGAUUCUGUCGGACUCGUGCCAUAGUGGAGGGCUGAUUGACAAAGAGAAGGAACAAA
ACAAUCCUCUCAGACUCAUGCCACAGUGGAGGACUCAUCGACAAAGAGAAAGAGCAAA
ACAAUUCUCUCAGACUCAUGCCACAGUGGAGGCCUAAUUGACAAAGAGAAAGAGCAAA
ACAAUUCUCUCAGACUCAUGCCACAGUGGAGGCCUAAUUGACAAAGAGAAAGAGCAAA
ACAAUCCUCUCAGACUCGUGCCACAGUGGAGGCCUCAUCGACAAAGAGAAAGAGCAAG
ACAAUUCUCUCAGACUCAUGCCACAGUGGAGGCCUAAUUGACAAAGAGAAAGAGCAAA
ACAAUCCUCUCAGACUCGUGCCACAGUGGAGGACUCAUCGACAAAGAGAAAGAGCAAA
ACAAUCCUCUCAGACUCGUGCCACAGUGGAGGACUCAUCGACAAAGAGAAAGAGCAAA
ACAAUCCUCUCAGACUCGUGCCACAGUGGAGGCCUCAUCGACAAAGAGAAAGAGCAAA
ACAAUUCUGUCGGACUCAUGCCACAGUGGAGGUCUCAUUGACAGAGAGAAAGAGCAGA
ACGAUUCUUUCGGAUUCGUGCCAUAGCGGAGGCCUGAUUCACAAAGAGAAAGAGCAAA
ACGAUUCUUUCAGAUUCGUGCCAUAGCGGAGGCCUGAUUCACAACGAGAGAGAGCAAA

820 830 840 850 860 870
AGATTGGACCATCGTCATT---AGTTGACAAAAATG---CCACATTGGA--- ACTTA
AGATTGGACCATCGTCATT---AGTTGACAAAAATG---CCACATTGGA--- ACTTA
UUGGACCAUCCUCAAUG---GUUAACAAAAAUG---GCGCACU-GAAACUC- -AGCU

Exon 2
UUGGACCAUCUUCUAUG---GUUGAAAAAAAUG---CCACAUU-AGAAAUC- -AGUU
UUGGACCAAACUCAUUG---GAAGACAAAAAUG---CUACAUU-GAAACAA- -AUUC
UUGGACCAUCCUCAUUU---GAUGACAAAAAUG---CAACAUU-GAAACUA- -AGUG
UUGGACCAUCCAAAUUGGAAGAAGAAAAAAAUG---GCACAUU-GAAACAA- -AGUG
UAGGACCAUCCUCAUCA---ACUGAAAAAGAUU---CCACAUC-AAAACCA- -AGUU
UAGGACCAUCCUCAUCA---ACUGAAAAAGAUU---CCACAUC-AAAACCA- -AGUU
UUGGACCAUCCUCAAUG---GUUCACCAAAACA---CCACCUU-GAGAGGC- -UCUG
UCGGGCCAUCAUCAGUA---AUCUCCAAAAGUG---AAGCACC-GAAA---- -AAUU
UCGGGCCAUCAUCAGUA---AUCUCCAAAAGUG---AAGCACC-GAAA---- -AAUU
UAGGGCCAUCUUCAGCU---GUCCAAAACGAGA---CCACAAU-GAACCUU- -AACU
UAGGGCCAUCUUCAGCU---GUCCAAAACGAGA---CCACAAU-GAACCUU- -AACU
UAGGUCCAUCUUCAUCG---GUUC---AGAAAGGUUCCACAUCGAAAACCU- --GUU
UUGGACCCUCUUCUG=--=---- UC---ACCAACGAUGGCACAUUGCAGC----------
UUGGGCCCUCUUCU=-=-~-~-~-~- GUCACCAACGAUG---GCACAUU-GCAGCAA- -UCAU
UAGGUCCAUCUUCAUCG---CUU--CAAAAA-GGUCCCAUAUCGAAAACCAC ---UA
UUGGACCCUCUUCU------ GUCACCAGCGAUG---GCACAUU-GCAGCAA- -UCAU
UAGGUCCAUCUUCAUCG---GUUCAGAAAGGUU---CCACAUC-GAAAACC- -AGUU
UAGGUCCAUCUUCAUCG---GUUCAGAAUGGUU---CCACAUC-GAAAACC- -AGUU
UAGGUCCAUCUUCAUC=------ UCAAAAAGGUC---UCACAUC-GAAAACC- -GGUU
UUGGACCUUCUCAUGUCACAACUGAAAUUAGUG---GCACAUU-AUCCGUU- -UCCU
UUGGACCUUCUUCC------ AUCGCUAAUAACA---CCAUAUU-GCAA------UCCU
UUGGAUCUUCUUCC------ GU---CGCUAAUAACACCAUAUUGCAA----- --==U

Figure 2: DNA sequence alignment with RpMC9 and homologs (page 3).
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Appendix

1. Robinia pseudoacacia MC9a

2. Robinia pseudoacacia MC9b
3. Abrus precatorius MC9

4. Lupinus angustifolius MC9
5. Cicer arietinum MC9

6. Medicago truncatula MC9
7. Trifolium pratense MC9

8. Glycine soja MC9

9. Glycine max MC9

10. Cajanus cajan MC9

11. Arachis hypogaea MC9
12. Arachis ipaensis MC9

13. Prosopis alba MC9-like
14. Prosopis alba MC9-like
15. Vigna radiata var. radiata MC9
16. Quercus lobata MC9

17. Quercus suber MC9

18. Phaseolus vulgaris

19. Quercus robur MC9

20. Vigna angularis MC9

21. Vigna umbellata MC9
22.Vigna unguiculata MC9
23. Rosa chinensis MC9

24. Juglans microcarpa x regia MC9
25. Carya illinoinensis MC9

1. Robinia pseudoacacia MC9a

2. Robinia pseudoacacia MC9b
3. Abrus precatorius MC9

4. Lupinus angustifolius MC9
5. Cicer arietinum MC9

6. Medicago truncatula MC9
7. Trifolium pratense MC9

8. Glycine soja MC9

9. Glycine max MC9

Cajanus cajan MC9
Arachis hypogaea MC9
Arachis ipaensis MC9
Prosopis alba MC9-like
Prosopis alba MC9-like
Vigna radiata var. radiata MC9
Quercus lobata MC9
Quercus suber MC9
Phaseolus vulgaris
Quercus robur MC9

20. Vigna angularis MC9

21. Vigna umbellata MC9
22.Vigna unguiculata MC9
23. Rosa chinensis MC9

24. Juglans microcarpa x regia MC9
25. Carya illinoinensis MC9
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Cajanus cajan MC9
Arachis hypogaea MC9
Arachis ipaensis MC9
Prosopis alba MC9-like
Prosopis alba MC9-like
Vigna radiata var. radiata MC9
Quercus lobata MC9
Quercus suber MC9
Phaseolus vulgaris
Quercus robur MC9
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. Vigna umbellata MC9
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880 890 900 910 920
GTTA-=-==-====== TAGCCCTAAGACAATCCCCTTTGAGTCAATACTTCAACACCTCT
GTTA==== s ==cms TAGCCCTAAGACAATCCCCTTTGAGTCAATACTTCAACACCTCT
------- AUAC---CCCAAAAACAAUCCCUUUUGAGUCCAUAUUGCAACACCUCUCAU

Exon 2

——————— AUAG---CCCUAAGUCAAUUCCUUUUGAGUCCAUACUGCAACACCUCUCAU
AUA----UUAC---ACCAAAGACUAUUCCUUAUGAGUCAAUACUUCAACACCUCUCAU
AUC----AUAA---ACCAAAGACUAUUCCCUAUGAGUCAAUAUUUCAACACGUCUCUU
AUA----AUAA---ACCAAAAUCUAUUCCUUACGAGUCAAUACUUCAACACCUCUCAU
GCA----GCAC---CCCAAAGGCAAUCCCAUUUGAGUCCAUAAUGCAGCAACUCUCAU
GCA----GCAC---CCCAAAGGCAAUCCCAUUUGAGUCCAUAAUGCAGCAACUCUCAU
ACA----UCAC---CCCAAAGACGAUCCCCUACGACUCCAUACUCCACCACCUCUCAU
ACACUU-ACAC---CCCAAAGACAAUUCCCUUUGAGUCCAUAUUGCAGCACCUUUCAU
ACACUU-ACAC---CCCAAAGACAAUUCCCUUUGAGUCCAUAUUGCAGCACCUUUCAU
——————— CCAA---ACCUAAGACCAUCCCCUUCUCCGACGUAUUACAACAACUCGCGU
------- CCAA---ACCUAAGACCAUCCCCUUCUCCGACGUAUUACAACAACUCGCGU
ACACCCU----UACCCACAAGACAAUCCCUUAUGAUUCCAUACAGCAACACCUCUCUU
AAUCAUG----UAGCCCCAAGACCAUUCCCUUUGAAUCAAUUCUACAACAUCUAACAU
——————— GUAG---CCCCAAGACCAUUCCCUUUGAAUCAAUUCUACAACAUCUAACAU
ACACCCU----UACCCACAAGACUAUCCCUUAUGACUCCAUACUACACCACCUCUCUU
------- GUAG---CCCCAAGACCAUUCCCUUUGAAUCAAUUCUACAACAUCUAACAU
ACACCC-UUAC---CCACAAGACAAUCCCUUAUGAUUUCAUACAGCAACACCUAUCUU
ACACCC-UUAC---CCACAAGACAAUCCCUUAUGAUUUCAUACAGCAACACCUAUCUU
ACACCC-UUAC---CAAGAAGGCAAUCCCUUAUGACUCCAUACUGGAACACCUCUCUU
AUA----GCAA---GACCAAGGCAAUUCCUUUUGAGUCCAUAUUGGAGCACCUCACCU
——————— GUAA---CCCCAGGACAAUCCCCUUUGAAUCCAUUCUACAGCACUUUGCAU
AUUCCUG----UAACCCCAAGACAAUCCCUUUUGAAUCCAUUCUACAGCACUUUGCAU
930 940 950 960 970 980

CATCATTAACACATATAAACACCACAGACATAGGAACTCATCTACTAGAGTTCTTTGG

CAUUAACAAAAAUAAACACAUCAGAUAUUGGAACACAUCUGCUAGAGUACUUUGGCUC
CAUUAACAAACAUAAACACAACAGACAUUGGAACUCAUUUGCUUGAGUUCUUUGGCUC
CGUUAACAAACAUAAACACAACAGACAUUGGAACUCAUCUCCUUGAGUUUUUCGGCUC
CAUUAACAAACAUAAAUACAACAGACAUUGGAACUCAUCUGCUUGAGUUCUUCGGCUC
GGCUAACAAAAGUGAACACAACAGACAUUGGCACCCAUCUGCUGGAGCUCUUUGGCUC
GGCUAACAAAAGUGAACACAACAGACAUUGGCACCCAUCUGCUGGAGCUCUUUGGCUC
CACUGUCAAAAGUGAACACCACAGACAUGGGAAGCCACCUGGUAGAGCUGUUCGGCUC
CGCUAACAAAAAUAAACACCACUGACAUUGGAACACACUUGUUAGAAUCCUUCGGUGA
CGCUAACAAAAAUAAACACCACUGACAUUGGAACACACUUGUUAGAAUCCUUCGGUGA
CCUUAACAAACAUAAGCAGCUCCGACGUGGGAACCCACUUGUUGGAGUUCUUCGGAUC
CCUUAACAAACAUAAGCAGCUCCGACGUGGGAACCCACUUGUUGGAGUUCUUCGGAUC
CCCUAACAAAAGCCACCACCACGGACAUCGGCACCCAUAUGCUAGAACUCUUCGGCUC
CACAGACAAACAUAAACACAUCUGAUAUUGGCACUCAUUUGUUAGAAUUAUUUGGAGC
CACAGACAAGCAUAAACAUAUCUGAUAUUGGCACUCAUUUGUUAGAAUUAUUUGGACC
CCCAAACCAAAGCCACCACCACAGACAUUGGAACCCACAUGCUGGAACUCUUCGGAUC
CACAGACAAACAUAAACACAUCUGAUAUUGGCACUCAUUUGUUAGAAUUAUUUGGAGC
CCCUAACAAAAGCCACCGCCACGGACAUCGGCACCCAUAUGCUAGAACUCUUCGGCUC
CCCUAACAAAAGCCACCGCCACGGACAUCGGCACCCAUAUGCUAGAACUCUUCGGCUC
CCCUAUCAAAAGCGACCGCCACGGACAUCGGCACUUACAUGCUAGAACUCUUUGGCUC
CAUUAACUGGCAUAAGCACAUCUGAUAUUGCAACCCACUUGUUAGAGUUGUUUGCAGC
CACUAACAGGCAUAAACACAUCUGAUAUUGGCAGCCACUUGCUGGAAUCCUUUGGAGC
CAGUAACAGGCAUAAACACAUCUGAUAUUGGCACCCACUUGCUGGAAUCCUUUGGAGC

990 1,000 1,010 1,020 1,030 1,040
CTCTGAA-GCCAGTTTG------ CGGTT----TCGGCTGC----- CATTGCCGGAT--
CTCTGAA-GCCAGTTTG------ CGGTT----TCGGCTKC----- CATTGCCGGAT--
AGAA-GCCAGUUUGA------ GGUU----UCGGUUACCUUUACUU=----- GAU---CA

Exon 2

UGAA-GCCAGUUUGA=------ AGUU----CCGACUGCCCUUUUUC-~-~-~-- GAU---GG
UGAA-GCUAGCUUGC=-~-~-~-~-~- GGUU----UCGGCUACCGUUACUU=-=--~-~- GAU---CU
GGAU-GCAAGUUUGA=-~----- GGUU----UCGGCUUACGUCACGC=-~--~-~- GAU---CU
CGAU-GCGAGUUUGA---~--- GGUU----UCGACUUCCGGUACUU=-=---- GAU---CG
AGAG-GCCAGCCUGA------ GGUU----CCGGAUUCCGGCGCCG=-~--~-- GAC---CU
AGAG-GCCAGCCUGA------ GGUU----CCGGAUUCCGGCGCCG----- GAC---CU
AGAA-GCCAGUUUGA---~-~-- GGUU----UCGGCUGCCACUGGUU=-=-~-~-~- GAC---CU
GGAA-GCCAGCCUGA------ GGUU----CCGGCUUCCCCUGCCG-~-~-~-~- GAU---CC
GGAA-GCCAGCCUGA------ GGUU----CCcGGCUUCCCCUGCCG----- GAU---CC
CGAA-GCCAGUUUGA------ GGUU----CAGGGCGCCAUUUCUG=---~-- GAG---CG
CGAA-GCCAGUUUGA------ GGUU----CAGGGCGCCAUUUCUG=----- GAG---CG
C-AACGCAAGUUUGA------ GGUUCCAG--------=---------- ACGGCGUCGCA
CG-AUGCAAGCCAUAAGUUUCAUUUACAU-----=-=-=-=-----——=-- CCAAAUGAGCU
CGAU-GCGAGCCAUA---~-~-- AGUU----UCAUUUACAUCCGCAU-~-~--~- GAG---CU
CG-ACGCCAGUUUGA---~--- GGUUUCA-=------------ A-=---- ACUGUGUCGCA
CGAU-GCAAGCCAUA---~--- AGUU----UCAUUUACAUCCAAAU-~-~--- GAG---CU
CAAC-GCAAGUUUGA------ GGUU----CCAAACGGCGUCGCAU
CAAC-GCAAGUUUGA------ GGUU----CCAAACGGCGUCGCAU
CGAC-GCGAGUUUGA------ GGUU----UCAAACGGCGUCGCAU
CGAC-GCCAGCCUCA---~-~-- AGUU----UCGCUUACCUCUACUC
CGAC-GCAAGUCUUA---~--- AGUU----UAGUUCACAUCCAGUU
CG-AUGCAAGUCUUAAGUUUAGUUCACA=-=--U----=-----------

Figure 2: DNA sequence alignment with RpMC9 and homologs (page 4).
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2. Robinia pseudoacacia MC9b
3. Abrus precatorius MC9

4. Lupinus angustifolius MC9
5. Cicer arietinum MC9

6. Medicago truncatula MC9
7. Trifolium pratense MC9

8. Glycine soja MC9

9. Glycine max MC9

Cajanus cajan MC9
Arachis hypogaea MC9
Arachis ipaensis MC9
Prosopis alba MC9-like
Prosopis alba MC9-like
Vigna radiata var. radiata MC9
Quercus lobata MC9
Quercus suber MC9
Phaseolus vulgaris
Quercus robur MC9

. Vigna angularis MC9

. Vigna umbellata MC9

. Vigna unguiculata MC9
23. Rosa chinensis MC9

24. Juglans microcarpa x regia MC9
25. Carya illinoinensis MC9
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7. Trifolium pratense MC9

8. Glycine soja MC9

9. Glycine max MC9

10. Cajanus cajan MC9

11. Arachis hypogaea MC9
12. Arachis ipaensis MC9

13. Prosopis alba MC9-like
14. Prosopis alba MC9-like
15. Vigna radiata var. radiata MC9
16. Quercus lobata MC9

17. Quercus suber MC9

18. Phaseolus vulgaris

19. Quercus robur MC9

20. Vigna angularis MC9

21. Vigna umbellata MC9
22.Vigna unguiculata MC9
23. Rosa chinensis MC9

24. Juglans microcarpa x regia MC9
25. Carya illinoinensis MC9

1. Robinia pseudoacacia MC9a

2. Robinia pseudoacacia MC9b
3. Abrus precatorius MC9

4. Lupinus angustifolius MC9
5. Cicer arietinum MC9

6. Medicago truncatula MC9
7. Trifolium pratense MC9

8. Glycine soja MC9

9. Glycine max MC9

10. Cajanus cajan MC9

11. Arachis hypogaea MC9
12. Arachis ipaensis MC9
13. Prosopis alba MC9-like
14. Prosopis alba MC9-like
15. Vigna radiata var. radiata MC9
16. Quercus lobata MC9

17. Quercus suber MC9

18. Phaseolus vulgaris

19. Quercus robur MC9

20. Vigna angularis MC9

21. Vigna umbellata MC9
22.Vigna unguiculata MC9
23. Rosa chinensis MC9

24. Juglans microcarpa x regia MC9
25. Carya illinoinensis MC9

1,050 1,060 1,070 1,080 1,090 1,100
~CTTGA--TTTGTTCGAACAT----TTGGGGCC---TGATGAGGGGATTCTATTGAGT
~-CTTGA--TTTGTTCGAACAT----TTGGGGCC---TGATGAGGGGATTCTATTGAGT
UGA--UUUUUUGGAAC---C-AUUGAGGCC---UGAUGAGGGGAUUCUGUUGAGUGGU

Exon 2
CGA--UUUGUCCGAAC---C-AUUGAGGGC---UGAUGAGGGGGUUCUGUUGAGUGGU
UGA--UUUGUUCCAAC---C-AUUGAAACA---UGAUGAAGGGAUUCUUUUGAGUGGU
UGA--AGAAGGAGUUC---U-GUUGAAACC---GGAUGAAGGGAUUCUGUUGAGUGGU
UGA--GUUGUCCCAAC---C-GUUGAAGUC---GGAUGAAGGGAUUCUGUUGAGUGGU
CGA--UCUGCUGGAGC---C-ACUGAGGCC---UGAUGAGGGGAUUCUGCUGAGUGGC
CGA--UCUGCUGGAGC---C-ACUGAGGCC---UGAUGAGGGGAUUCUGCUGAGUGGC
UGA--CUUGUUGGAACAAGU-GAUGAGGCC---UGACGAGGGGAUUCUGCUGAGUGGC
UGA--AUUGUCCACAC---C-GCUUCGGGC---GGACAACGGCGUUCUGCUGAGUGGC
UGA--AUUGUCCACAC---C-GCUUCGGGC---GGACAACGGCGUUCUGCUGAGUGGC
UGA--UUUGUUCCCGC---C-UUUGAAGCC---CGACGAGGGGAUUCUGCUCAGUGGG
UGA--UUUGUUCCCGC---C-UUUGAAGCC---CGACGAGGGGAUUCUGCUCAGUGGG
UGC--UCUGUUGGA----GGCGCU-AGGACCC--GACGAGGGGAUCCUGCUGAGCGGG
GGA-C-UUGUCUGA----GUCAUUGAAGACA---GACGAAGGAAUUCUUCUUAGUGGG
GGA--CUUGUCUGAGU---C-AUUGAAGAC---AGACGAAGGAAUUCUUCUUAGUGGG
UGC--UCUGUUGGA----GGCGCUGG-GACCC--GACGAGGGGAUCCUGCUGAGCGGG
GGA--CUUGUCUGAGU---C-AUUGAAGAC---AGACGAAGGAAUUCUUCUUAGUGGG
-GC--UCUGUUGGAGG---C-GCUAGGACC---CGACGAGGGGAUCCUGCUGAGCGGG
-GC--UCUGUUGGAGG---C-GCUAGGACC---CGACGAGGGGAUCCUGCUGAGCGGG
-GC--UCUGUUGGGGG---C-GAUAGGACC---CGACGAGGGGAUCCUGCUGAGCGGG
CAA--CUUCUUUGAGU---C-GUUGAAGCCGGAUGAUGAGGGAAUUCUUCUGAGUGGG
GAA--UUUGUUUGAAU---U-GGGGAAGCA---GGAUGAAGGGAUUCUGCUUAGCGGA
UGAA-UUUGUUUGA------- GUUGGGGAAACAGGAUGAAGGGAUUCUUCUUAGCGGA

1,110 1,120 1,130 1,140 1,150 1,160
GGTTGCCAAGCTGATGAGACCTCTGCAGACATGA--ACCCAAATA----TGGCTGGT-
GGTTGCCAAGCTGATGAGACCTCTG
UGCCAAGCUGAUGAAACUUCUGCAGACAUGA--ACCCA----AAUGUGC--~--- Gr=-
Exon 2

UGCCAAGCUGAUGAGACCUCUGCUGAUAUGA--ACCCAAAU-AAGGCA-----=-=----
UGUCAAGCUGAUGAGACUUCUGCUGAUAUGA--GACCAAAU-AAUAUGAAU--GG

UGUCAAUCUGAUGAGACAUCUGCAGAUAUGA--GUCCA----AAUAUGA----- G---
UGUCAAUCUGAUGAGACUUCGGCAGAUAUGA--GUCCG----AAUAUGA----- G---
UGCCAGGCUGAUGAGACCUCUGCUGACAUGA--ACCCC----AAUGUGGCC--UG-~--
UGCCAGGCUGAUGAGACCUCUGCUGACAUGA--ACCCC----AAUGUGGCC--UG-~--
UGCCAAGCAGAUGAAACCUCAGCAGACAUGA--ACG------ AGGGUG=ssi=sess s =

UGCCAGCCUGACGAGACAUCUGCCGACAUGA--GGCCGAAC-GAAGUG--=-=-=-=-=-=-~--
UGCCAGCCUGACGAGACAUCUGCCGACAUGA--GGCCGAAC-GAAGUG-----

UGCCAGGCAGACGAAACCUCUGCCGACAUGG--ACCCC----GCCGUCA
UGCCAGGCAGACGAAACCUCUGCCGACAUGG--ACCCC----GCCGUCA
UGCCAGGCGGACGAGACGUCGGCGGACAUGA=-=ACC=-=-=-===-=-===-~=--
UGUCAAGCCAAUGAGACUUCUGCAGACAUGA=--ACCCAAUGAU----GACUGG- -
UGUCAAGCCAAUGAGACUUCUGCAGACAUGA--ACCCA----AUGAUGA
UGCCAGGCGGACGAGACCUCGGCGGACAUGA--ACC-~-~-~-~-~-=-----
UGUCAAGCCAAUGAGACUUCUGCAGACAUGA--ACCCA----AUGAUGA
UGCCAGGCGGACGAGACGUCGGCGGACAUGA--ACCCU----GGCGUCG
UGCCAGGCGGACGAGACGUCGGCGGACAUGA--ACCCU----GGCGUCG~- =~~~
UGCCAGGCGGACGAGACGUCGGCGGACAUGA=--ACCCU----GGCGU=-~-~~-~-~~-~-~
UGUCAAGCCGAUGAGACAUCGGCUGACAUGAUGACCCC-~-~~~~ GGUUAUU--AC-
UGCCAAGAAAAUGAGACUUCUGCAGAUAUGA--ACCCA----AUGAUGA
UGCCAAGAAAAUGAGAAUUCUGCAGAUAUGA--ACCCAAUGA----UGACUGG---~--
1,170 1,180 1,190 1,200 1,210

—————————— GGAAAAGCATATGGAGCATTTAGCAATGCAGTTCAAATGGTGTTAAAG

UG---GUGGAAAGGCCUAUGGAGCAUUCAGCAAUGCCAUUCAGAUGGUGUUAAAGGAG
Exon 2
-G---GUGGAAAGGCUUAUGGAGCAUUCAGCAAUGCAGUUCAGAUUGUAUUGAAGGAU
UGCAAAUGGAAAAGCUUAUGGUGCAUUUAGCAAUGCUGUUGAGAUGGUGUUGAAGGAU
UA---AUGGAAAAGCUUAUGGUGCAUUUAGCAAUGCUGUUCAGAUUGUGUUGAAGGAA
UA---AUGGAAAGGCUUAUGGAGCAUUUAGCAAUGCAGUUCAGAUUGUGUUGAAGGAU
CG---GCCAGAAGGCGUAUGGAGCCUUCAGCAAUGCGGUUGAGAUGGUGCUGAGGGAG
CG---GCCAGAAGGCGUAUGGAGCCUUCAGCAAUGCGGUUGAGAUGGUGCUGAGGGAG
————— GUGGAAGGGCUUAUGGGGCGUUCAGCAAUGCGGUUCAGAGGGUGUUGGAGGAG
-A---GUGCAAAGGCUUAUGGUGCAUUCAGCAAUGCCGUUCAGAUGGUUUUGAAGGAG
-A---GUGCAAAGGCUUAUGGUGCAUUCAGCAAUGCCGUUCAGAUGGUUUUGAAGGAG
CG---GCGGAAAGGCCUACGGAGCAUUCAGCAACGCCGUUCAGAUGGUGCUCAAGGAU
CG---GCGGAAAGGCCUACGGAGCAUUCAGCAACGCCGUUCAGAUGGUGCUCAAGGAU

CGUCGCCGGGAAAGCCUAUGGGGCGUUCAGCAACGCGGUGGAGAUGGUGGUGAGGGAG
------ AGGAAAGGCGUAUGGAGCAUUCAGUAAUGCUGUCCAGAUGGUAUUGAAGGAU

CG---GAGGAAAGGCGUAUGGAGCAUUCAGUAAUGCUGUCCAGAUGGUAUUGAAGGAU
CGGCGGCGGGAAGGCUUAUGGGGCGUUCAGCAACGCGGUGGAGAUGGUGCUGAGGGAG
UG---GAGGAAAGGCGUAUGGAGCAUUCAGUAAUGCUGUCCAGAUGGUAUUGAAGGAU

----- CCGGGAAAGCCUACGGGGCAUUCAGCAACGCGGUGGAGAUGGUGGUGAGGGAG
""" CCGGGAAAGCCUACGGGGCAUUCAGCAACGCGGUGGAGAUGGUGGUGAGGGAG

CG---CCGGAAAAGCCUACGGGGCGUUCAGCAACGCGGUGGAGACGGUGGUGAGGG*- -
CG---GUGGAAAGGCAUGUGGAGCAUUCAGCAAUGCUAUUGAAAUGGUUUUAAAGAAG
UG---GAGGGAAGAUGUAUGGAGCAUUCAGUAAUGCGGUCCAGACAGUUUUGAAGNAU

—————— AGGAAAGGUGUAUGGAGCAUUCAGUAAUGCGGUCCAGACAGUUUUGAAGGAU

Figure 2: DNA sequence alignment with RpMC9 and homologs (page 5).
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Appendix

1. Robinia pseudoacacia MC9a

2. Robinia pseudoacacia MC9b
3. Abrus precatorius MC9

4. Lupinus angustifolius MC9
5. Cicer arietinum MC9

6. Medicago truncatula MC9
7. Trifolium pratense MC9

8. Glycine soja MC9

9. Glycine max MC9

10. Cajanus cajan MC9

11. Arachis hypogaea MC9
12. Arachis ipaensis MC9

13. Prosopis alba MC9-like
14. Prosopis alba MC9-like
15. Vigna radiata var. radiata MC9
16. Quercus lobata MC9

17. Quercus suber MC9

18. Phaseolus vulgaris

19. Quercus robur MC9

20. Vigna angularis MC9

21. Vigna umbellata MC9
22.Vigna unguiculata MC9
23. Rosa chinensis MC9

24. Juglans microcarpa x regia MC9
25. Carya illinoinensis MC9

1. Robinia pseudoacacia MC9a

2. Robinia pseudoacacia MC9b
3. Abrus precatorius MC9

4. Lupinus angustifolius MC9
5. Cicer arietinum MC9

6. Medicago truncatula MC9
7. Trifolium pratense MC9

8. Glycine soja MC9

9. Glycine max MC9

10. Cajanus cajan MC9

11. Arachis hypogaea MC9
12. Arachis ipaensis MC9

13. Prosopis alba MC9-like
14. Prosopis alba MC9-like
15. Vigna radiata var. radiata MC9
16. Quercus lobata MC9

17. Quercus suber MC9

18. Phaseolus vulgaris

19. Quercus robur MC9

20. Vigna angularis MC9
21.Vigna umbellata MC9
22.Vigna unguiculata MC9
23. Rosa chinensis MC9

24. Juglans microcarpa x regia MC9
25. Carya illinoinensis MC9

1. Robinia pseudoacacia MC9a

2. Robinia pseudoacacia MC9b
3. Abrus precatorius MC9

4. Lupinus angustifolius MC9
5. Cicer arietinum MC9

6. Medicago truncatula MC9
7. Trifolium pratense MC9

8. Glycine soja MC9

9. Glycine max MC9

10. Cajanus cajan MC9

11. Arachis hypogaea MC9
12. Arachis ipaensis MC9

13. Prosopis alba MC9-like
14. Prosopis alba MC9-like
15. Vigna radiata var. radiata MC9
16. Quercus lobata MC9

17. Quercus suber MC9

18. Phaseolus vulgaris

19. Quercus robur MC9

20. Vigna angularis MC9

21. Vigna umbellata MC9

22. Vigna unguiculata MC9
23. Rosa chinensis MC9

24. Juglans microcarpa x regia MC9
25. Carya illinoinensis MC9

1,220 1,230 1,240 1,250 1,260 1,270

GATAACCC---GGGTCAGCTAAGCAATAAAGAGGTTGTGATGAAGGCCAGGATATCTT

AAUCU---GUGUCAGCUAAGCAACAAAGAGGUUGUUAUGAUGGCGAGGA-AG--AUCC

Exon 2

AACCC---GGGUCGGCUAAGCAAUAAAGAUGUUGUGGUUGAGGCUAGGA-AG--AUCC
AAUAU---UGGUCAAUUGAGUAAUAGAGAGGUUGUGAUGAAGGCUAGAG-AU--GUUU
AAUAA---GGGGAAAUUAAGUAAUAGAGAGGUUGUGGUGAAGGCUAGGG-AU--GUUC
AAUAA---GGAGAAAUUAAGUAAUAGAGAGGUUGUGAUGAAGGCUAGGG-AU--GUGU
AAUUC---GCCUCUGCUAAGCAAUAGAGACCUUGUCAUAAGGGCAAGGA-AG--AAGU
AAUUC---GCCUCUGCUAAGCAAUAGAGACCUUGUCAUAAGGGCAAGGA-AG--AAGU
AACCC---CGGAAGGGUGAGUAAUGCUGAGCUUGUGAUCAUGGCUAGGA-AG--AUGC
AAUCC---UGGUAUGAUAAGUAACAGAGAAGUUGUGAUUUUAGCUAGGA-AG--UUGC
AAUCC---UGGUAUGAUAAGUAACAGAGAAGUUGUGAUUUUAGCUAGGA-AG--UUGC
GAUCC---AGCUCCGUUGAGUAAUAGGGAGGUUGUUGUAAGGGCGAGGA-AG--AUCC
GAUCC---AGCUCCGUUGAGUAAUAGGGAGGUUGUUGUAAGGGCGAGGA-AG--AUCC
AA---GGAGGGUGAGUUGAGCAACAGAGAGGUGGUGGUGAGGGCGAGGA-AG--GUGC
CAUU--UAGGUUCA-CUCAGCAACAAAGAAGUUGUGCUGCUAGCUAGGA-A---GUCU
AAUUU---AGGUUCACUCAGCAACAAAGAAGUUGUGCUGCUAGCUAGGA-AG--UCUU
AA---GGAGGGUGGGUUGAGCAACAGAGAGGUGGUGGUGAGGGCCAGGA-AG--GUGC
CAUUU---AGGUUCACUCAGCAACAAAGAAGUUGUGCUGCUAGCUAGGA-AG--UCUU
AAGGA---GGGUGGGUUGAGCAACAGAGAGGUGGUGGUGAGGGCGAGGA-AG--GUGC
AAGGA---GGGUGGGUUGAGCAACAGAGAGGUGGUGGUGAGGGCGAGGA-AG--GUGC
-AGGA---GGGUGGGUUGAGCAACAGAGAGGUGGUGGUGAGGGCGAGGA-AG--GUGC
CACGA---GUCUCCGCUAAGCAAUAGAGAGGUCGUGACGCUGGCUAGAG-UA--GUUC
CAUUU---GGGCCCGUUAAGCAAUAGACAAGUUGUGGUUAUGAGCAGGA-AA--GUUU
CAU---AUGGGCCCGUUAAGCAAUAGACAAGUUGUGGUUAUGAGCAGGA-AG--GUUU
1,280 1,290 1,300 1,310 1,320 1,330

UACAAA-CACA--AGGCUUUGAA---CAACAUCCUUGCCUCUAUUGCAGUGACGAGAA

Exon 2

UAAAGA-CUCA--AAGAUUUGUG---CAACAUCCUUGCCUCUAUUGUAGUGAUGAAAA
UACAAG-GACA--AGGAUUUGUGCAACAACAUCCUUGUCUUUAUUGUAGUGAUGAGAA
UAAAAG-GACA--AGGAUUUGUG---CAACAUCCUUGUCUUUAUUGUAGUGAUGAGAA
UACAAA-GACA--AGGAUUUGUU---CAACAUCCUUGUCUUUAUUGUAGUGAUGAGAA
UGGAGA-CUCA--AGGGUUUCAG---CAGCAUCCUUGCCUCUAUUGCAGUGAUGAGAA
UGGAGA-CUCA--AGGGUUUCAG---CAGCAUCCUUGCCUCUAUUGCAGUGAUGAGAA
UGCAGA-GUGG--AGGGUUUGAG---CAGCAUCCUUGCCUCUAUUGCAGUGAUGACAA
UUCAAU-CACA--GGGGUUUCAG---CAGCAUCCUUGUCUCUAUUGCAGUGAUGAGAA
UUCAAU-CACA--GGGGUUUCAG---CAGCAUCCUUGUCUCUAUUGCAGUGAUGAGAA
UUCGGU-CCAG--AGGCUUCGUG---CAACAUCCUUGUCUCUAUUGCAGCGACGAGAA
UUCGGU-CCAG--AGGCUUCGUG---CAACAUCCUUGUCUCUAUUGCAGCGACGAGAA
UGCAAGG-UCAG--GGGUUUG---AUCAGCAUCCUUGCCUCUAUUGCAGUGAUGAGAA
UUAGAGG--CAGGAGGCUUUG---CUCAACACCCUUGCCUCUACUGCACUGAUGAAAA
UAGAGG-UAGG--AGGCUUUGCU---CAACACCCUUGCCUCUACUGCAGUGAUGAAAA
UGCAAGG-UCAG--GGGUUUG---AACAGCAUCCUUGCCUCUACUGCAGUGAUGAGAA
UAGAGG-CAGG--AGGCUUUGCU---CAACACCCUUGCCUCUACUGCAGUGAUGAAAA
UGCAAG-GUCA--GGGGUUUGAU---CAGCAUCCUUGCCUCUAUUGCAGUGAUGAGAA
UGCAAG-GUCA--GGGGUUUAAU---CAGCAUCCUUGCCUCUAUUGCAGUGAUGAGAA
UGCAAG-GUCA--GGGAUUUGAU---CAGCAUCCUUGCCUCUAUUGCAGUGAUGAGAA
UUAAAG-AACA--AGGCAUUGAG---CAGCAUCCUUGUCUCUAUUGCAAUGAUGAGAA
UACAGG-CUGC--AGGCUUUGUU---CAACACCCUUGCCUCUAUUGCAGCGAUGACAA
UAC-AGG--CUGCAGGCUUUGU---UCAACACCCUUGCCUCUACUGCAGCGAAGACAA
1,340 1,350 1,360 1,370 1,380 1,390

UGCUAAUGCUA—~CCUUCUUGUGGCAAC == = = = =imumim = = = = —i=imii= = = = = =i~ AUCAG- -

Exon 2

UGEUAAUGEUA=SEUUUCUUGUHGCCAAG-EEEEssmteses st e =8 GUGAAUU
UGCUGAUGCUA-UCUUCUUGUUGCAAU-----
UGCUGAUGAUG-UCUUUUUGUUGCAAAU-~--~-
UGCUGAUGAUA-UCUUCUUGUUGCAAA
U6 CUAAUGEUA~G UUUCUUGUG= == mimemsn in = = mcamecss = & = mimssicss = = = simamsens @ = = o
UGCUAAUGCUA-GUUUCUUGUG---------~-

UGCUCGUGCUG-CAUUCUUGUGCCA------~-

UGCAAAUGCUA-CUUUCUUGUGGCAAA
UGCAAAUGCUA-CUUUCUUGUGGCAAA
UGCUGAUGCUA-GUUUCCUGAGCCAAC
UGCUGAUGCUA-GUUUCCUGAGCCAAC
CGCUGAUGCUACCUUCC-UGGGACAUCCUCAGAAAACAGAACACUGA-UAUCUGAGAU
UGCUGAUGCU-CCUUUCUUAUGGCAGCCUCAGGGCUCAGAUUUAUGAGGCAUUGAG-U

UGCUGAUGCUC~CUUUCUUAUGGCAALC i~~~ =~ ~imkoie = = = o siebimim o o ool CUCAG--
UGCUGAUGCUACCUUC-UUGUGCCAACCUCAGAAAACAGAACAAUGA-UCUGUGAGAU
UGCUGAUGCUE~CUUUCUUAUGGECAGE == = = = = mumsman = = = mimsmamus = = & 7w CUCAG- -
CGCUGAUGCUA-CCUUCCUGGGACAUC-=----~-~-==-==-=----=-=-=-=-=-=----+ CUCAG- -
EGEUGAUGEUA=ECUUECUGGEGEACAUCE-= - Saa -t s E oo timaE =& 2 oo CUCAG--
AGCUUAUGCUA~CCUUCCUUGOACAUC == = ~ = mimimis = m = momsmimies = m m e mie CUCAG--
UGCCAACGCUA-CUUUCUUGUGUCAACU---- -AG----CUG----- CUCGG- -

UGEUGAUACUC=CUUUCUUGUAGCAAC =SB S8 aininis s & 8 sl = 2 & 25 CUCAA--
UGCUGAUACU-CCUUUCUUGUGGCAACCUCAAACUUCAGGUUCAUGAGUCAUUGA-AU

Figure 2: DNA sequence alignment with RpMC9 and homologs (page 6).
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Abrus precatorius MC4-like
Cicer arietinum MC4-like

Glycine max MC4

Glycine max MC4
Glycine soja MC4-like

Robinia pseudoacacia MC-lla
Robinia pseudoacacia MC-llb

Robinia pseudoacacia MC-lic
Abrus precatorius MC5-like

10. Arachis hypogaea MC5

11. Arachis ipaensis MC5

12. Cajanus cajan MC5

13. Cajanus cajan MC5

14. Cicer arietinum MC5-like

15. Glycine max putative MC

16. Lupinus angustifolius MC5-like
17. Medicago truncatula MC5

18. Medicago truncatula MC5

19. Prosopis alba MC5-like

20. Vigna angularis MC5-like

21. Vigna angularis MC5-like

22. Vigna radiata var. radiata MC5
23. Vigna radiata var. radiata MC5
24. Vigna unguiculata MC5-like
25. Vigna unguiculata MC5-like

Lo N U~ WN=

|
o

1,200 1,31]

-- Indicates not applicable

Figure 3: RpMC-II and homologs DNA sequence alignment overview and sequence information table.

Lane Sequence label Description Accession

1 Abrus precatorius MC4-like IanRF;E’\‘D'LCTED: Abrus precatorius metacaspase-4-like (LOC113864938), transcript variant X1, XM_027499192.1
2 Cicer arietinum MC4-like PREDICTED: Cicer arietinum metacaspase-4-like (LOC101509880), mRNA XM_004509944.3
3 Glycine max MC4 PREDICTED: Glycine max metacaspase-4 (LOC100795043), mRNA XM_003531762.5
4 Glycine max MC4 PREDICTED: Glycine max metacaspase-4 (LOC100802658), mRNA XM_003546612.5
5 Glycine soja MC4-like PREDICTED: Glycine soja metacaspase-4-like (LOC114422611), mRNA XM_028389058.1
6 Robinia pseudoacacia MC-lla Robinia pseudoacacia Type-Il matecaspase RpMC-lla

7 Robinia pseudoacacia MC-Ilb Robinia pseudoacacia Type-Il matecaspase RpMC-Ilb

8 Robinia pseudoacacia MC-lic Robinia pseudoacacia Type-Il matecaspaseRpMC-lic

9 Arachis hypogaea MC5 PREDICTED: Arachis hypogaea metacaspase-5 (LOC112707436), mRNA XM_025759180.2
10 Arachis ipaensis MC5 PREDICTED: Arachis ipaensis metacaspase-5 (LOC107635285), mRNA XM_016338719.2
1 Abrus precatorius MCS-like I:nRF:E’\?/LCTED: Abrus precatorius metacaspase-5-like (LOC113865563), transcript variant X1, XM_027500219.1
12 Cajanus cajan MC5 PREDICTED: Cajanus cajan metacaspase-5 (LOC109789350), mRNA XM_020348274.2
13 Cajanus cajan MC5 PREDICTED: Cajanus cajan metacaspase-5 (LOC109789349), transcript variant X1, mRNA XM_020348272.2
14 Cicer arietinum MC5-like PREDICTED: Cicer arietinum metacaspase-5-like (LOC101509553), mRNA XM_004488501.3
15 Glycine max putative MC Glycine max putative metacaspase (LOC100527809), mRNA NM_001250818.2
16 Lupinus angustifolius MC5-like PREDICTED: Lupinus angustifolius metacaspase-5-like (LOC109352001), mRNA XM_019593760.1
17 Medicago truncatula MC5 PREDICTED: Medicago truncatula metacaspase-5 (LOC25502442), mRNA XM_013589850.3
18 Medicago truncatula MC5 PREDICTED: Medicago truncatula metacaspase-5 (LOC11419585), mRNA XM_003595881.4
19 Prosopis alba MC5-like PREDICTED: Prosopis alba metacaspase-5-like (LOC114754970), mRNA XM_028943832.1
20 Vigna angularis MC5-like PREDICTED: Vigna angularis metacaspase-5-like (LOC108338807), mRNA XM_017575836.1
21 Vigna angularis MC5-like PREDICTED: Vigna angularis metacaspase-5-like (LOC108340250), mRNA XM_017577495.1
22 Vigna radiata var. radiata MC5 PREDICTED: Vigna radiata var. radiata metacaspase-5 (LOC106752949), mRNA XM_014634726.2
23 Vigna radiata var. radiata MC5 PREDICTED: Vigna radiata var. radiata metacaspase-5 (LOC106752959), mRNA XM_014634744.2
24 Vigna unguiculata MC5-like PREDICTED: Vigna unguiculata metacaspase-5-like (LOC114169553), mRNA XM_028054754.1
25 Vigna unguiculata MC5-like PREDICTED: Vigna unguiculata metacaspase-5-like (LOC114170591), mRNA XM_028056101.1
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Table 1: BLASTn result with RpMC-Ila as query.

Accession Description Query % Pairv.vise Bit-
coverage Identity Score
NM_001250818 Glycine max putative metacaspase (LOC100527809), mRNA 99.46% 80.0% 409.23
XM_028389055 PREDICTED: Glycine soja metacaspase-5-like (LOC114422609), mRNA 99.46% 80.0% 409.23
XM_020348272 PREDICTED: Cajanus cajan metacaspase-5 (LOC109789349), transcript variant X1, mRNA 100.00% 80.3% 409.23
XM_020348273 PREDICTED: Cajanus cajan metacaspase-5 (LOC109789349), transcript variant X2, mRNA 100.00% 80.3% 409.23
XM_014634726 PREDICTED: Vigna radiata var. radiata metacaspase-5 (LOC106752949), mRNA 99.11% 80.3% 411.07
XM_019593760 PREDICTED: Lupinus angustifolius metacaspase-5-like (LOC109352001), mRNA 96.43% 80.5% 409.23
XM_020348274 PREDICTED: Cajanus cajan metacaspase-5 (LOC109789350), mRNA 100.00% 80.7% 431.39
XM_017577495 PREDICTED: Vigna angularis metacaspase-5-like (LOC108340250), mRNA 99.11% 80.8% 427.69
XM_047312313 PREDICTED: Vigna umbellata metacaspase-5-like (LOC124837030), mRNA 99.11% 80.8% 427.69
XM_007133394 Phaseolus vulgaris hypothetical protein (PHAVU_011G180200g) mRNA, complete cds 99.11% 81.0% 433.23
XM_045944455 PREDICTED: Trifolium pratense metacaspase-5-like (LOC123894447), mRNA 97.86% 81.2% 431.39
XM_004509944 PREDICTED: Cicer arietinum metacaspase-4-like (LOC101509880), mRNA 100.00% 81.4% 448.01
XM_027500219 PREDICTED: Abrus precatorius metacaspase-5-like (LOC113865563), transcript variant X1, mRNA 90.54% 81.6% 416.61
XM_003531762 PREDICTED: Glycine max metacaspase-4 (LOC100795043), mRNA 98.57% 81.7% 455.39
XM_028389058 PREDICTED: Glycine soja metacaspase-4-like (LOC114422611), mRNA 98.57% 81.7% 455.39
XM_003546612 PREDICTED: Glycine max metacaspase-4 (LOC100802658), mRNA 99.11% 82.0% 466.47
XM_028348014 PREDICTED: Glycine soja metacaspase-4-like (LOC114387810), mRNA 99.11% 82.0% 466.47
XM_007133396 Phaseolus vulgaris hypothetical protein (PHAVU_011G180300g) mRNA, complete cds 99.64% 82.6% 484.94
XM_027499192 PREDICTED: Abrus precatorius metacaspase-4-like (LOC113864938), transcript variant X1, mRNA 97.50% 83.8% 512.64
Table 2: BLASTn result with RpMC-IIb as query.
. - Quel % Pairwise Bit-
Accession Description coverzriée dentity Score
XM_007133394 Phaseolus vulgaris hypothetical protein (PHAVU_011G180200g) mRNA, complete cds 99.14% 81.1% 355.677
XM_027500219 PREDICTED: Abrus precatorius metacaspase-5-like (LOC113865563), transcript variant X1, mRNA 99.14% 81.5% 372.297
XM_020348272 PREDICTED: Cajanus cajan metacaspase-5 (LOC109789349), transcript variant X1, mRNA 96.98% 81.8% 370.45
XM_020348273 PREDICTED: Cajanus cajan metacaspase-5 (LOC109789349), transcript variant X2, mRNA 96.98% 81.8% 370.45
NM_001250818 Glycine max putative metacaspase (LOC100527809), mRNA 93.09% 82.0% 363.064
XM_028389055 PREDICTED: Glycine soja metacaspase-5-like (LOC114422609), mRNA 93.09% 82.0% 363.064
XM_047312313 PREDICTED: Vigna umbellata metacaspase-5-like (LOC124837030), mRNA 90.71% 82.0% 350.137
XM_045944455 PREDICTED: Trifolium pratense metacaspase-5-like (LOC123894447), mRNA 90.50% 82.1% 351.984
XM_027500220 PREDICTED: Abrus precatorius metacaspase-5-like (LOC113865563), transcript variant X2, mRNA 90.28% 82.1% 351.984
XM_019593760 PREDICTED: Lupinus angustifolius metacaspase-5-like (LOC109352001), mRNA 91.58% 82.2% 359.37
XM_004509944 PREDICTED: Cicer arietinum metacaspase-4-like (LOC101509880), mRNA 95.03% 82.7% 379.683
XM_028389058 PREDICTED: Glycine soja metacaspase-4-like (LOC114422611), mRNA 96.33% 82.7% 387.07
XM_003531762 PREDICTED: Glycine max metacaspase-4 (LOC100795043), mRNA 96.33% 83.0% 392.61
XM_003546612 PREDICTED: Glycine max metacaspase-4 (LOC100802658), mRNA 97.84% 83.0% 399.997
XM_028348014 PREDICTED: Glycine soja metacaspase-4-like (LOC114387810), mRNA 97.84% 83.0% 399.997
XM_007133396 Phaseolus vulgaris hypothetical protein (PHAVU_011G180300g) mRNA, complete cds 91.36% 83.1% 379.683
XM_027499192 PREDICTED: Abrus precatorius metacaspase-4-like (LOC113864938), transcript variant X1, mRNA 99.14% 83.4% 416.616
XM_027499193 PREDICTED: Abrus precatorius metacaspase-4-like (LOC113864938), transcript variant X2, mRNA 84.67% 84.4% 385.223
Table 3: BLASTn result with RpMC-Ilc as query.
. . Que % Pairwise Bit-
Accession Description coverz?ée dentity Score
XM_013589850 PREDICTED: Medicago truncatula metacaspase-5 (LOC25502442), mRNA 97.20% 79.3% 222.718
XM_027500219 PREDICTED: Abrus precatorius metacaspase-5-like (LOC113865563), transcript variant X1, mRNA 96.64% 80.9% 267.038
NM_001250818 Glycine max putative metacaspase (LOC100527809), mRNA 96.64% 81.1% 274.424
XM_028389055 PREDICTED: Glycine soja metacaspase-5-like (LOC114422609), mRNA 96.64% 81.1% 274.424
XM_003531762 PREDICTED: Glycine max metacaspase-4 (LOC100795043), mRNA 99.16% 82.2% 291.044
XM_028389058 PREDICTED: Glycine soja metacaspase-4-like (LOC114422611), mRNA 99.16% 82.2% 291.044
XM_004509944 PREDICTED: Cicer arietinum metacaspase-4-like (LOC101509880), mRNA 97.76% 83.2% 309.511
XM_003546612 PREDICTED: Glycine max metacaspase-4 (LOC100802658), mRNA 100.00% 84.3% 335.364
XM_028348014 PREDICTED: Glycine soja metacaspase-4-like (LOC114387810), mRNA 100.00% 84.3% 335.364
XM_014634744 PREDICTED: Vigna radiata var. radiata metacaspase-5 (LOC106752959), mRNA 99.16% 84.6% 350.137
XM_017575836 PREDICTED: Vigna angularis metacaspase-5-like (LOC108338807), mRNA 99.16% 84.7% 355.677
XM_047312309 PREDICTED: Vigna umbellata metacaspase-5-like (LOC124837025), mRNA 99.16% 84.7% 355.677
XM_027499192 PREDICTED: Abrus precatorius metacaspase-4-like (LOC113864938), transcript variant X1, mRNA 99.16% 84.9% 350.137
XM_027500220 PREDICTED: Abrus precatorius metacaspase-5-like (LOC113865563), transcript variant X2, mRNA 27.17% 87.6% 113.766
XM_027499193 PREDICTED: Abrus precatorius metacaspase-4-like (LOC113864938), transcript variant X2, mRNA 21.85% 88.5% 952.994
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AAAGCGGAGCUACGAGGGUGCAUAAACGACGUGUGGAAGAUGCACAAGUGCCUCGUCGA

AAAGCAGAGUUAAGAGGAUGUGUAAACGACGUGUGGAGGAUGCACAAAUGUUUGAUCGA

?AGGCGGAGCUGAAAGGAUGCAUAAACGACGUGAGGAGGAUGCAACGCUGCCUCAUCGA
Exon 1

AAGGCGGAGCUGAGAGGAUGCAUAAACGACGUGUGGAGAAUGCAUCGCUGCCUGAUCGA
AAGGCGGAGCUGAAAGGAUGCAUAAACGACGUGAGGAGGAUGCAACGCUGCCUCAUCGA

TGGTCGA

CACAGATGCTTGGTCGA

AAGGCGGAGCUGAGAGGGUGCAUAAACGACGUGUGGAGGAUGCACAGGUGUCUGAUCCA
AAGGCUGAGCUCAAAGGAUGCAUCAACGACGUUUGGCGGAUGCACAAAUGCCUCGUCGA
AAGGCUGAGCUCAAAGGAUGCAUCAACGACGUCUGGCGGAUGCACAAAUGCCUCGUCGA
AAGGCGGAGCUGAGAGGGUGCGUAAACGACGUGUGGAGGAUGCAGCGGUGUCUGGUGGA
AAGGCGGAGCUGAGAGGGUGCGUAAACGACGUGUGGAGAAUGCAGAGGUGUCUGGUGGA
AAGGCUGAGCUAAAUGGUUGCAUUAAUGAUGUGUGGAGGAUGCAUACAUGUCUCAUUCA
AAGGCGGAGCUGAAAGGAUGCAUAAACGACGUGUGGAGGAUGCACCGCUGCCUCAUCGA
AAGGCUGAGUUGAGAGGAUGCAUAAACGACGUUUGGAAAAUGCACAGCUCUCUCAUCAA
AAAGCAGAGCUACGAGGAUGCGUAAACGACGUAUGGAGGAUGCACAAAUGCUUGAUCGA
AAGGCUGAGCUAAAAGGGUGCAUUAACGAUGUGUGGAGGAUGCACAAAUGCCUCAUUCA
AAGGCGGAGCUCAGAGGUUGCAUCAACGAUGUAUGGAGGAUGCACAAGUGCCUGAUCCA
AAGGCGGAGCUGAAAGGUUGCAUAAACGAUGUGCAGCGGAUGCAGCAGUGCCUCGUCGA
AAGGCGGAGCUGAAAGGUUGCAUAAACGACGUGUGGCGGAUGCACCAGUGCCUCGUCGA
AAGGCGGAGCUGAAAGGUUGCAUAAACGACGUGUGGCGGAUGCACCAGUGCCUCGUCGA
AAGGCGGAGCUGAAAGGUUGCAUAAACGACGUGUGGCGGAUGCACCAGUGCCUCGUCGA
AAGGCGGAGCUCAAAGGUUGCAUAAACGACGUGUGGCGGAUGCAGCAGUGCCUCGUCGA
AAGGCGGAGCUGAGAGGCUGCAUAAACGACGUGUGGCGGAUGCACCGGUGCCUCGUCAA
120 130 140 150 160 170

ACGAUACGGCUUUUCCGAAGAUGACAUCACCGUUUUGAUCGACACGGACAGCUCUUACA
UCGUUACGGUUUUUCCGAAGACGACAUCACCGUUUUGAUCGACACCGAUGAAUCGUACA
UCGAUACGGUUUCUCCGAAGACGACAUCACCGUUUUGAUCGACACGGACGAGUCCUACA

Exon 1

GCGAUACGGUUUCUCCGAAGACGACAUCACCGUUUUGAUCGACACGGACGAGUCCUACA
UCGAUACGGUUUCUCCGAAGACGACAUCACCGUUUUGAUCGACACGGACGAGUCCUACA

ACGATACGGGTTCTCTGAAGACGACATCACCGTTTTGATCGACACGGATAAGTCGTATA

ACGATACGGGTTCTCTGAAGACGACATCACCGTTTTGATCGACACGGATAAGTCGTATA

UCGAUACGGCUUCUCGGAAAACGACAUCACCGUUUUGAUUGACACGGACAAGUCCCACA
CCGUUACGGUUUCUCGGAGGAUGACAUCACCGUCCUCAUCGACACCGACGACUCCUACA
CCGUUACGGUUUCUCGGAGGAUGACAUCACCGUCCUCAUCGACACCGACGACUCCUACA
GCGAUACGGGUUCUCGGAAAACGACAUAACCGUUUUGAUCGACACGGACAAGGCGUAUA
GCGAUACGGGUUCUCCGAAGACGACAUCACCGUUUUGAUCGACACGGACAGGUCGUACA
CAAAUAUGGUUUCUUAGAGAAUGAUAUCACUGUUCUCAUUGACACAGAUCAUUCUUACA
UCGAUACGGUUUCUCCGAAGACGACAUCACCGUUUUGAUCGACACGGACGAAUCCUACA
CAGAUUCGGUUUUUCUGAAGACGACAUCGUCGUUUUGAUCGACACCGACGACUCUUAUA
ACGUUACGGUUUUUCGGAAGAUGACAUCACUAUUUUGAUCGACACGGAUUCGUCGUACA
CAAAUAUGGUUUCUCAGAUAAGGAUAUCACUGUUCUUAUUGACACAGACCAUUCUUACA
GCGAUACGGUUUCUCCGAGAACGACAUCACCGUCUUGAUCGACACCGAUGACUCUUUCA
GCGUUACGGUUUCUCCGAAGACAACAUCACCGUGUUGAUCGACACGGACAAAUCGUACA
GCGUUACGGCUUCUCCGAAGACAACAUCACCGUGUUGAUCGACACGGAGAAAUCGUACA
GCGUUACGGCUUCUCCGAAGACAACAUCACCGUGUUGAUCGACACGGACAAAUCGUACA
GCGUUACGGCUUCUCCGAAGACAACAUCACCGUGUUGAUCGACACGGACAAAUCGUACA
GCGUUACGGCUUCUCCGAAGACAACAUCACCGUGUUGAUCGACACGGACAAAUCGUACA
GCGUUACGGCUUCUCCGAAGAUGACAUCACCGUCUUGAUCGACACUGACAAAUCGUACA
180 190 200 210 220 230

CGGAGCCAACUGGCAAGAACAUUCGGUCAGCGUUGAGUAGGUUGGUGCGAUCGGCGGAG
CAGAGCCGACAGGGAAGAACAUACGGCGGGUGUUGGGGGAGCUGGUCCGAUCGGCGGAG
CGGAGCCCACGGGGAAGAACAUCCGGUCAGCGUUGACCAGGCUGGUCCGAUCGGCGAAG

3 Exon 1

CGGAGCCCACCGGGAAGAACAUCCGGUCAGCGCUGACCAGGCUGGUCCGAUCGGCGGAG
CGGAGCCCACGGGGAAGAACAUCCGGUCAGCGUUGACCAGGCUGGUCCGAUCGGCGAAG

CGGAGCCAACAGGGAAGAATATACGACGTGCGTTGGCTGGATTGGTCCGATCGGCTGAG

CGGAGCCAACAGGGAAGAATATACGACGTGCGTTGGCTGGATTGGTCCGATCGGCTGAG

CGGAGCCUACGGGGAAGAACAUUCGGUCAGCGUUGACCAGGUUGAUACGAUCGGCGAAA
CUCAGCCAACCGGCAAGAACAUACGCUCCGCCCUCUCCCGCCUCGUCCGAUCUGCCCGU
CUCAGCCAACCGGCAAGAACAUACGCUCCGCCCUCUCCCGCCUCGUCCGAUCUGCCCGU
GGGAGCCAACGGGGAAGAACAUUCGGUCAGCGUUGACAAGGCUGAUAGGGACGGCGAGA
AGGAGCCAACGGGAAAGAACAUUCGCACGGCGCUCACCGCGCUCGUCCGAUCGGCGCAG
CUCAGCCUACUGGCAAGAACAUACGAUCUGCCAUGUCUAGGUUGGUUCGAUCGGCUCGA
CGGAGCCCACGGGGAAAAACAUUCGGUCAGCGCUGACCAGACUCAUACGAUCGGCGAGG
CUCAGCCUACGGGGAAGAACAUUCGUUCAGCGUUGCAAAACCUGAUCCGAUCUUCGGAG
CGGAGCCGACAGGAAAGAACAUAAGACGUGUUCUGUCGGAGCUGGUGAGAUCGUCGGAG
CCCAACCUACUGGCAAGAACAUUCGAUCUGCCAUGUCUAGGUUGGUUCGAUCGGCUCAA
CCCAGCCCACCGGAAAGAACAUCCGAUCGGCUCUCACGAGGCUCGUGCGCUCCGCUGAG
CGGAGCCGACGGGGAAGAACAUCCGGUCGGCGUUGACCUCGCUGGUCCGAUCGGCGGAG
CGGAGCCGACGGGGAAGAACAUCCGGUCGGCGUUGACCUCGCUGGUCCGAUCGGCGGAG
CAGAGCCGACGGGGAAGAACAUCCGGUCGGCGUUGACCUCACUGGUCCGAUCGGCGGAG
CGCAGCCGACGGGGAAGAACAUCCGGUCCGCGUUGACCUCGCUGGUCCGAUCGGCGAAG
CGGAGCCCACGGGGAAGAACAUCCGGUCGGCGUUGACCUCGCUGGUCCGAUCGGCGGAG
GGGAGCCGACGGGGAAGAACAUCCGAUCGGCGUUGACUUCACUGAUCCGAUCAGCGAAG

Figure 4: DNA sequence alignment with RpMC-II, and homologs of MC4 and MC5 in Fabales (page 1).
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GCAGGUGACGUGCUGUUCGUUCAUUACAGUGGUCACGGUACUCGCCUUCCCGCGGAAAC
GAAGGAGAUGUGUUGUUUGUUCAUUACAGUGGACAUGGUACACGUCUUCCUGCUGAAAC
CCAGGGGACAUUCUGUUCGUCCAUUACAGCGGACACGGCACGCGCCUCCCCGCGGAAAC

Exon 1

CCCGGGGACGUUCUGUUUGUGCACUACAGCGGACACGGCACGCGCCUCCCCGCGGAAAC
CCAGGGGACAUUCUGUUCGUCCAUUACAGCGGACACGGCACGCGCCUCCCCGCGGAAAC

CCAGGAGATGTTCTGTTCGTCCATTACAGTGGACATGGGACCCGCCTTCCCGCCGAAAC

\ MC4b 181F (EU F1)
CCAGGAGATGTGCTGTTCGTCCATTACAGTGGACATGGAACCCGCCTTCCCGCSGAAAC

CCAGGGGACGUGUUGUUCGUUCAUUACAGUGGACACGGUACUCGCCUCCCUGCGGAAAC
CCUGGCGACGUCUUGUUCGUCCACUACAGCGGCCACGGCACCCGCCUCCCCGCCGAGAC
CCUGGCGACGUCUUGUUCGUCCACUACAGCGGCCACGGCACCCGCCUCCCCGCCGAGAC
GGAGGGGACGUUCUGUUCGUGCAUUACAGCGGACACGGCACUCGCCUCCCUGCGGAAAC
CCUGGUGACGUGCUGUUCGUGCACUACAGCGGCCACGGCACGCGCCUCCCCGCCGAGAC
CCUGGUGAUGUGCUCUUUGUCCACUACAGCGGCCAUGGCACCCGUCUCCCUGCAGAGAC
CCGGGGGACGUGCUGUUCGUGCAUUACAGCGGACAUGGCACGCGCCUCCCCGCGGAAAC
GAAGGUGACGUGCUUUUCGUUCAUUACAGCGGACACGGCACGCGCCUCCCUGCGGAAAC
GAUGGUGAUGUUCUGUUUGUUCAUUAUAGUGGACAUGGUACUCGUCUUCCUGCUGAAAC
CCUGGUGACGUGUUCUUUGUCCACUAUAGUGGUCAUGGCACCCGUCUCCCUGCUGAGAC
CCAGGAGACGUCCUGUUCGUGCACUACAGCGGUCACGGUACGCGCCUCCCCGCCGAGAC
CCCGGAGACGUGCUCUUUGUGCACUACAGCGGACACGGUACGCGUCUUCCUGCGGAAAC
CCCGGAGACGUGUUCUUCGUGCACUACAGCGGACACGGAACGCGUCUUCCUGCGGAAAC
CCCGGAGACGUGCUCUUCGUACACUACAGCGGACACGGAACGCGUCUUCCUGCGGAAAC
CCCGGAGACGUGCUCUUUGUGCACUACAGCGGACACGGAACGCGUCUUCCUGCGGAAAC
CCUGGAGACGUGCUGUUCGUGCACUACAGCGGACACGGAACGCGCCUUCCUGCGGAAAC
GCGGGAGACGUGUUGUUCGUGCACUACAGCGGACACGGAACGCGCCUUCCUGCGGAAAC
300 310 320 330 340 350

AGAGGAUGACGACACUGGUUACGAUGAAUGCAUUGUUCCUUCUGAUAUGAACCUCA
AGAGGACGAUGAUACUGGUUUUGAUGAAUGCAUCGUUCCUUCUGAUAUGAACCUCA
AGAGGAUGAUGACACUGGCUUUGAUGAAUGCAUUGUUCCGUCUGACAUGAACCUCA

Exon 1

CGGAGAGGACGAUGACACUGGUUAUGAUGAAUGCAUUGUUCCUUCUGACAUGAACCUUA
CGGAGAGGAUGAUGACACUGGCUUUGAUGAAUGCAUUGUUCCGUCUGACAUGAACCUCA

CGG
UGG
CGG

v

CGGAGAGGAAGATGATACTGGATATGATGAATGTATTGTTCCTTCTGATATGAATCTCA

CGGAGAGGAAGATGATACTGGATATGATGAATGTATTGTTCCTTCTGATATGAATCTCA

UGGAGAGGAUGAUGACACUGGCUACGAUGAAUGCAUUGUUCCUUCCGAUAUGAACCUCA
CGGCGAGGACGAUGACACUGGCUAUGACGAGUGCAUUGUUCCUUGCGAUAUGAACCUCA
CGGCGAGGACGAUGACACUGGCUAUGACGAGUGCAUUGUUCCUUGCGAUAUGAACCUCA
GGGAGAGGAGGAUGACACUGGAUAUGAUGAAUGCAUUGUUCCUUCCGAUAUGAACCUCA
CGGGGAGGACGACGACACUGGCUACGACGAAUGCAUUGUUCCCUCUGAUAUGAAUCUCA
UGGGGAGGAUGAUGAUACUGGCUAUGAUGAGUGCAUUGUUCCCACAGAUAUGAAUCUCA
CGGAGAGGAUGAUGACACUGGCUUUGAUGAAUGCAUUGUUCCUUCUGAUAUGAACCUCA
CGGCGAGGAUGAUGAUACUGGUUAUGAUGAAUGCAUUGUUCCUUCUGAUAUGAAUCUCA
UGGAGAGGAUGAUGAUACUGGUUUUGAUGAAUGUAUUGUUCCUUCUGAUAUGAAUCUCA
CGGGGAGGACGAUGAUACUGGCUAUGAUGAGUGCAUUGUUCCCACAGAUAUGAAUCUCA
CGGCGAGGACGACGACACUGGCUACGACGAGUGCAUUGUUCCGUGCGACAUGAAUCUGA
GGGAGAGGAUGAUGACACUGGAUUUGAUGAAUGCAUUGUUCCUUCUGAUAUGAACCUCA
GGGAGAGGAUGAUGACACUGGAUUUGAUGAAUGCAUUGUUCCUUCUGAUAUGAACCUCA
GGGAGAGGAUGAUGACACUGGAUUUGAUGAAUGCAUUGUUCCUUGUGAUAUGAAUCUCA
GGGAGAGGAUGACGACACUGGAUAUGAUGAAUGCAUCGUUCCUUGUGAUAUGAACCUCA
GGGAGAAGAUGAUGACACUGGAUAUGAUGAAUGCAUUGUUCCUUCUGAUAUGAACCUCA
GGGAGAGGAUGAUGACACUGGAUAUGAUGAAUGCAUUGUUCCUUCUGAUAUGAACCUCA
360 370 380 390 400 410

UCACUGAUGAUGAUUUCAGGGAAUUUGUAGAUGGGAUCCCUAGAGGUUGCAGACUCACA
UCACUGAUGAUGAUUUCAAGGAAUUUGUGGAUGGGGUUCCUAAAGGAUGUAGGCUGACA
UCACUGAUGAUGAUUUCAGGGAAUUUGUUGAUGGGGUGCCUAGAGGUUGCACGAUCACA

Exee Exon 2

UCACCGAUGAUGAUUUCAGAGAAUUUGUUGAUGGGGUCCCUAGAGGUUGCAGGAUCACA

UCACUGAUGAUGAUUUCAGGGAAUUUGUUGAUGGGUUGCCUAGAGGUUGCACGAUCACA
MC4 287a

TCACTGATGATGATTTCAGGGAATTTGTAGACAATACCCCTAGAGGTGTTAGGATCACA

MC4 294Rb
TCACTGATGATGATTTCAGGGAATTTGTAGACGATGTCCCTAGAGGTGTTAGGATCACA

UCACUGAUGAUGAUUUCAGGGAAUUUGUAGACGGGGUACCUAGAGACUGUAAGCUCACA
UCACUGAUGAUGAUUUCAGGGAAUUUGUAGACGGGAUCCCAAGAGGUUGUAAGCUCACA
UCACUGAUGAUGAUUUCAGGGAAUUUGUAGACGGGAUCCCAAGAGGUUGUAAGCUCACA
UCACUGAUGAUGAUUUCAGGGAAUUUGUAGAAGGGGUGCCUAGAGAUUGCAAGCUCACA
UCACUGACGAUGAUUUCAGGGACUUUGUUGAUGGGGUCCCUAGAGGAUGCAGGAUCACA
UCACAGAUGAAGACUUCAGGGAGUUUGUAGAAAAGUUACCUAAGGGUUGUAGAAUCACA
UCACUGAUGAUGACUUCAGAGAAUUUGUAGAUGGGGUCCCUAGAGAAUGUAAGCUCACA
UCACUGAUGAUGAUUUCAAGGAAUUUGUAGAUGGGAUCCCUAGAGGUGUUAGGAUAACA
UCACUGAUGAUGAUUUCAAGGAAUUUGUGGAUGGGGUUCCUAGAGGAUGUAGGCUGACC
UUACUGAUGAAGAUUUCAGGGAUUUUGUAGAAAAAGUACCUAAAAGUUGUAGGAUCACA
UCACUGAUGAUGAUUUCAAGGAAUUUGUGGACAAGGUGCCUAGAGGCUGUAAGCUCACA
UCACUGAUGAUGAUUUCAGGGAGUUUGUGGAUGGAAUCCCCAGAGGUUGCAGGAUCACA
UCACUGAUGAUGAUUUCAGGGAAUUUGUUGAGGGGGUCCCUAGUGAUUGUAAGCUCACA
UCACUGAUGAUGAUUUCAGAGAAUUUGUUGAGGGGAUCCCUAGUGAUUGUAAGCUCACA
UCACUGAUGAUGAUUUUAGGGAGUUUGUGGAUGGAAUCCCCAGAGAUUGUAGGAUCACA
UCACUGAUGAUGAUUUCAGGGAGUUUGUGGAUGGGAUUCCCAGAGGGGUCAGGAUCACA
UCACCGAUGAUGAUUUCAGGGAAUUUGUUGAGGGGGUCCCUAGAGAUUGUAAGCUCACA

Figure 4: DNA sequence alignment with RpMC-II, and homologs of MC4 and MC5 in Fabales (page 2).
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Cajanus cajan MC5

Cajanus cajan MC5
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1

420 430 440 450 460 470
AUUGUGUCAGAUUCUUGCCACAGUGGUGGCCUAAUUGAAGAAGCUAAGGAGCAGAUAGG
AUUGUAUCAGAUUCUUGCCAUAGUGGUGGCUUGAUUGAAGAAGCUAAGGAGCAGAUAGG
AUUGUGUCUGAUUCUUGCCACAGUGGUGGCCUACUUGAAGAAGCUAAGGAGCAGAUAGG

Exon 2

AUUGUGUCUGAUUCUUGCCACAGUGGUGGCCUACUUGAAGAAGCUAAGGAGCAGAUAGG
AUUGUGUCUGAUUCUUGCCACAGUGGUGGCCUACUUGAAGAAGCUAAGGAGCAGAUAGG

ATTGTGGCAGATGCTTGCCACAGTGGTGGCCTAATAGCAAATTCTAAGGAGCAGATAGG

ATTGTGGCAGATGCTTGCCACAGTGGTGGCCTAATAGMAAATGCTAAGGAGCAGATAGG

\ RpMC-lic 367F

STGTGGCAGATTCTTGCCACAGTGGTGGCCTAATAGAAAATGYTAAGGAGCAGATAGG
AUUGUAUCAGAUUCUUGCCACAGUGGUGGUUUAAUUGACGGAGCUAAGGAGCAGAUAGG
AUUAUCUCAGAUUCUUGUCACAGUGGUGGCCUAGUUGAAGAAGCUAAGGAGCAGAUAGG
AUUAUCUCAGAUUCUUGUCACAGUGGUGGCCUAGUUGAAGAAGCUAAGGAGCAGAUAGG
AUAGUAUCAGACUCUUGCCAUAGUGGUGGCCUAAUUGACGGGGCUAAGGAGCAGAUAGG
AUUGUGUCUGAUUCUUGCCACAGUGGUGGCCUACUUGAAGAAGCUAAGGAACAGAUAGG
AUGGUAUCAGAUUCUUGUCACAGUGGUGGAUUGAUUGAAGCAGCAAAGGAGCAAAUAGG
AUAGUAUCAGAUUCUUGCCAUAGUGGUGGCCUAAUUGAUGGAGCUAAGGAGCAGAUAGG
AUUGUAUCAGAUUCUUGUCACAGUGGUGGUUUAAUUGAAGAAGCUAAGGAACAGAUUGG
AUUGUAUCUGAUUCAUGCCAUAGUGGUGGUUUGAUUGAAGAAGCUAAGGAGCAGAUAGG
AUCGUAUCAGAUUCCUGCCACAGCGGUGGAUUGAUUGAAUCAGCAAAAGAGCAAAUAGG
AUUGUAUCAGAUUCUUGCCACAGUGGUGGCCUCAUUGAAGAAACCAAGGAACAGAUAGG
AUUGUGUCUGAUUCUUGCCACAGUGGUGGCCUACUUGAAGAAGCUAAGGAGCAGAUAGG
AUAGUAUCAGAUUCUUGCCAUAGUGGUGGCCUAAUUGACGGAGCUAAGGAGCAGAUAGG
AUAGUAUCAGAUUCUUGCCAUAGUGGUGGCCUAAUUGACGGAGCUAAGGAGCAGAUAGG
AUUGUGUCUGAUUCUUGCCACAGUGGUGGCCUACUUGAAGAAGCUAAGGAGCAGAUAGG
AUUGUGUCUGAUUCUUGCCACAGUGGUGGCCUACUUGAAGAAGCUAAGGAGCAGAUAGG
AUAGUAUCAGAUUCCUGUCACAGUGGUGGCCUAAUUGACGGAGCUAAGGAGCAGAUAGG

480 490 500 510 520 530
GGAGAGUACAAAG---GGGGAAGAGCAUCA CUCUGGCUUUG
AGAGAGCACGAAG---GGAGAAGAGCAAGA AUCUGGCUUUG
AGAGAGCACAAAG---GGAGAGGAGGAACA CUCUGGCUUUG

Exon 2
AGAGAGCACAAAG---GGAGAGGAGGAACA------------ AUCUAGCUCUGGCUUUG
AGAGAGCACAAAG---GGAGAGGAGGAACA------------ AUCUGGCUCUGGCUUUG
AGAGAGCACAAAAGGAGGAGA---GAAACAT------ TCTAGCTCTGGTTCTGGTTTTG
AGAGAGCACAAAGAGAGAAGAAGAGAAACAT------ TCTAGCTCTGGTTCTGGTTTTG
AGAGAGCACAAAGAGAGAAGAAGAGAAACAT------ TCTAGCTCTGGTTCTGGTTTTG
AGAGAGUACAAAG---GGAGAAGGGCACCAUUCUGGCUCUGGUUCUGGCUCUGGCUUUG

GCAUAGCACAAAG-
GCAUAGCACAAAG- -

GAGGAAGAUGCUGGCUCUGGCUCCGGCUCAGGGUUUG
GAGGAAGAUGCUGGCUCUGGCUCUGGCUCCGGCUCAGGGUUUG

AAAUAGUACAAAA---GGAGAAGGGCACCA------------ UUCUGGUUCUGGGUUUG
AGAGAGCACAAAG---GGAGAGGAUGAACAUUCUGGCUCUGGCUCUGGCUCUGGCUUUG
AGAGAGCACAAAG---GAAGGAAGCCAACU-=-=-=-=-=-=-=-=---~+ UUCAUCCUCAGGAUUUA
AACUAGCACAAAG---GGAGAAGGGCAACAACAU---UCUGGUUCUGGUUCUGGCUUUG
AGAGAGUACAAAG---GGAGAAGACCAAGAU------ UCUGGCUCUGGUUCUGGCUUUG
AGAGAGCACAAAG---GGAGAAGAGGAACA UUCUGGAUCCGGCUUUG
AGAUAGCACAAAA---GAAGGAGGACAAAA ---UUCAUCUCCAGGC----
AGAAAGCACAGGAGGGGGAGAAGGUGAGCA--------~- UGAUUCAGGCUCAGGUUUUG
AGAGAGUACAAAG---GGAGAGGAGGAAGAGUCUAAGUCUGGCUCUGGCUCUGGCUUUG
AAAUAGUACGAAGA---GAGAUGAGCAACA------------ UUCUGGUUCUGGCUUUG
AAAUAGUACGAAGA---GAGAUGGGCAACA------------ UUCUGGUUCUGGCUUUG
AGAGAGUACAAAG---GGAGAGGAGGAAGAG------ UCUAAGUCUGGCUCUGGCUUUG
AGAGAGUACAAAG---GGAGAGGAGGAAGAGUCUCAGUCUGGCUCUGGCUCUGGCUUUG
AAAUAGUACGAAGA---GAGAUGGGCAACA-----=-=-----~- UUCUGGUUCUGGCUUUG

540 550 560 570 580 590
GAUUGUCAAGCUUUCUACAUAGGACUGUGGAAGAUGCCAUUGAGUCUCGUGGAUUUCAU
GAUUAUCAAACUUUCUGCACAGGAAAGUGGAGGAUGCAAUUGAGUCUAGGGGAUUUCAU
5AUUUUCAAGUUUUCUACACCGGACCGUGGAAGAUGCCAUCGAGUCUCGCGGAUUCCAU

Exon 2

GAUUUUCAAGUUUUCUACAUCGGACUGUGGAAGAUGCCAUUGAGUCUCGCGGAUUCCAU
GAUUUUCAAGUUUUCUACACCGGACCGUGGAAGAUGCCAUCGAGUCUCGCGGAUUCCAU

GATTCTCAAGCTTTCTACGTGAGACTGTGGAAGATACTATTGAGTCTCGTGGATTTCAT

GATTCTCAAGCTTTCTACGTGAGACTGTGGAAGATACTA

GATTCTCAAGCTTTCTACGTGAGACTGTGGAAGATACTATTGAGTCTCGTGGATTTCAT
GAUUGUCAAGCUUCCUUCGUCAUACUGUGGAAGAUGCCAUCGAGUCUCGUGGAAUUCAU
GAUUAUCAAGCUUCCUACACCGGAAGGUGGAAGAUGCCAUCGAGUCUCGUGGGAUUCAU
GAUUAUCAAGCUUCCUACACCGGAAGGUGGAAGAUGCCAUCGAGUCUCGUGGGAUUCAU
GAUUGUCCAGUUUUCUUCGUCGUACUGUGGAAGAUGCCAUCGAGUCUCGUGGAAUUCAU
GAUUUUCUAGCUUUCUACAUCGGAAGGUGGAAGAUGCCAUCGAGUCUCGCGGAUUCCAU
UAUUCCAAAACUUCCUUCACAGAACUGUCGAUGAUACCAUCAAGAAU----GA------
GAUUAUCCAGUUUUCUUCGUCGCUCCGUUGAGGACGCCAUCGAAUCUCGUGGAGUUCAU
GAUUGUCAAACUUUCUGCAUCGAAAAGUGGAGGAUGCUUUUGAGUCUCGUGGUAUUCAU
GAUUGUCAGGCUUUCUGCAUAGGAAAGUUGAGGAUGCCAUUGAGUCCAGGGGAUUUCAU
--UUCAAAAACUUCCUUCCCAGGGCUGUG---GAUAC----- AG------------- AA
GGUUCAGAAGCUUUGUUAAACAAAAAGUGGAAGAUGCCAUUGAGUCUCGUGGCAUUCAC
GAUUUUCAAAUUUUCUCCAUCGGACUGUGGAAGAUGCCAUUGAGUCUCGCGGAUUCCAU
GUUUGUCCAGUUUUCUACGUCGUACUGCGGAGGAUGCCAUUGAGUCUCGUGGAAUUCAU
GUUUGUCCAGUUUUCUACGUCGUACUGCCGAGGAUGCCAUUGAGUCUCGAGGAAUUCAU
GAUUUUCAAAUUUUCUCCAUCGGACUGUGGAAGAUGCCAUUGAGUCUCGCGGAUUCCAU
GAUUUUCAAAUUUUCUCCAUCGGAAGGUGGAAGAUGCCAUUGAGUCUCGCGGAUUCCAU
GUUUGUCCAGUUUUCUACGUCGUACUGCGGAGGAUGCCAUUGAGUCUCGUGGAAUUCAU

Figure 4: DNA sequence alignment with RpMC-II, and homologs of MC4 and MC5 in Fabales (page 3).
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600 610 620 630 640
UGCCUUCAGCAUUGCACCAUCAUAGA---AGCCGGGACGGUGAUGAUGGAGCUGG- - -
UCCCGUCAGGAUUGCGCCAUCACGGU---CGUAAGGAUGA---UGAAGAAGCCGA---
UCCCUUCAGCAUUGCGCCACAACAGA---GGCAGGGAUGA---UGAUGUUGAUGAAGC
Exon 2
AUCCCUUCAGCGUUGCGCCACAACAGA---GGCAGGGAUGA---UGAUGGUGAUGAAGC
AUCCCUUCAGCAUUGCGCCACAACAGA---GGCAGGGAUGA---UGAUGUUGAUGAAGC
RpMC4 gR2 |
ATCCCTTCAGCATTGCGCCATCATGGA---CGCAGGGATGA---TGATGAAGTTGA---

>N e

RpMC4 gR2
ATCCCTTCAGCATTGCGCCATCATGGA---CGCAGGGATGA---TGATGAAGTTGA- -~
AUCCCCUCAGCAUUGCGCCGUCGUGGA---CACAACAAUGA---UGAUGAAACCGA=-~--
AUCCCCUCAUCAUUGAAGCAUCAUGGUAGACACAGGGAUGACGA=-------~-- UGAAGC
AUCCCCUCAUCAUUGAAGCAUCAUGGUAGACACAGGGAUGA---CGAUGAAGCUGA=-~--
AUCCCUUCAGUAUUGCGCCAUCAUGGA---CACAAGAAUGAC---GUUGAAGCUGAU- -
GUCCCUUCAGCAUUACGCCACCAUGG=-==-=-=-=-=-=-====------ UGAUGAAAAUGA- -~
---------- CAUUG----------GA--------GAAUA----CGAUGAAACUCA---
AUCCCUUCAGCAUUGCGCCAUCAUAGA---CACAAGCAUGAACAUGAAGCUGAUGA- -~
GUCCCUUCGGCAUUGCGGCACCACGG------~-~-~- GCAUGGGAAUGAUGAAGCUGA- -~
GUCCCUUCAGGAUUGCGCAGUCAUACU---CGCAGGGAUGA---AGAAACAAAUGA- -~
AUUCCAUCAGAAUUGUGCCAUCAAU=-~-~-~--~- ACAAGAGUG - GUAUUGGA=- -~
AUCCCUUCAGCACUACGGCACCAC---~--- CUCAGGAACGG---AGAUGAUGAGGA- -~
AUCCCUUCAGGUUUGCGCCACCACAGA---GGCAGGGAUGAUGGUGAUGAGGUUGA---
AUUCCUUCAGCAUUGCGCCAUCAUAGA---CACAAGCAUGA---UGAUGAAACUGA- -~
AUUCCUUCAGCAUUGCGCCAUCAUAGA---CACAAGCAUGA---UGAUGAAACUGA-~-~-
AUCCCUUCAGGUUUGCGCCACCACAGA---GGCAGGGAUGAUGGUGAUGAGGUUGA- -~
AUCCCUUCAGGUUUGCGCCAUCACAGA---GACAGGGAUGAUGGUGAUGAGGCUGA=-~-~-
AUUCCUUCAGCAUUGCGACAUCAUAGA---CACAAGCAUGA---UGAUGAAGCUGA-~--
650 660 670 680 690 700
---AGAUAGGGAUAUUGAACUUCCACAUGGGC---AUCAUUGCUAUGUAAAGAAUAGGU
---AGAUAGGGAAAUUCAACUCCCACAUGGGA---ACUAUGGCUAUGUAAAGAAUAGAU
UCAAGAUAGGGAAAUUGAACUUCCAAAUGGG----=---~-- GGCUAUGUAAAGAAUAGGU

Exon 2

UCAAAAUAGGGAUAUUGAACUUCCGGAUGGG-------~-- GGCUAUGUAAAGAACAGGU
UCAAGAUAGGGAAAUUGAACUUCCAAAUGGG-------~-- GGCUAUGUAAAGAAUAGGU

---AAATAGGGATATTGAACTTCCACATGGGA---ACTATGGCTATS

---AAATAGGGATATTGAACTCCCACATGGGA---ACTATGGCTATGTAAAGAGCAGGT
---AGCUAGAAACAUUGAACCUUCACAAC---~-~-~- AACACGGCUAUGUAAAAAAUAGGU
UGAAGACAGGGAUCUUGAACUUCCGC---GUGGUGAAUAUGGCUAUGUAAAGAACAGGU
---AGACAGGGAUUUUGAACUUCCGCGUGGUG---AAUAUGGCUAUGUAAAGAACAGGU
----GAUAGGGACAUUGAACUUCCACAUGAGC---ACUAUGGCUAUGUAAAGAAUAGAU
---AGAUAGGGACAUUGCACUUCCACAUGGGG---ACUAUGGCUAUGUAAAGAAUAGGU
---UAAUCAGGA-AU--------~- ACA-=---=---=------- GCUAUGUGAAGAAUAGGU
---UGAUAGGGACAUUGAGCUUCCACAUGUGG---ACCAUGGCUAUGUAAAGAAUAGGU
---UGAUAGGGAUGUUGAACUCCCGCAUGAGC---GAUACGGCUAUGUAAAGAACAAAU
---AGAUAGGGAUAUUGAACUCCCCCAUGG-=-=--==-=-==-=-=--=-- AGUGAAGAAUAGGU
----GAAAAAGAUGUUGAACUUCAUCAUGUGA---ACCACCGCUAUGUCAAGAAUAGGU
---AGAAAGAGAUUUUGUAGUUUCACGUGAGAGUGAUUAUGGCUACGUGAAGAGUAGGU
---AGAUAGGGAUAUUGAUCUUCCACAUGGGG---ACUAUGGCUAUGUAAAGAAUAGAU
---UGAUAGGGACAUUGAACUUCCACAUGAGC---AGUAUGGCCAUGUAAAAAAUAGGU
---UGAUAGGGAGAUUGAACUUCCACAUGAGC---AGUAUGGCCAUGUAAAAAAUAGGU
---AGAUAGGGAUAUUGAUCUUCCACAUGGGG---ACUAUGGCUAUGUAAAGAAUAGAU
---CGAUAGGGAUAUCGAUCUUCCACAUGGGG---ACUAUGGCUAUGUAAAGAAUAGAU
---UGAUAGGGACAUUGAACUUCCACAUGAGC---AGUAUGGCCAUGUGAAGAAUAGGU
710 720 730 740 750 760
CAUUGCCACUUACUACCCUCAUUGAUAUACUGAAGCAGAAAACUGGGAAAGAUGAUAUA
CUCUGCCACUAUCAACUCUCAUUGAUAUACUUAAGCAAAAAACUGGGAAAGAAGAUAUA
§UUUGCCCCUUUCAACCCUGAUUGAUAUACUCAAGCAGAAAACUGGAAAAGAUGAUAUA
Exon 2

CUUUGCCCCUUUCAACCCUCAUUGAUAUACUCAAGCAGAAAACUGGGAAAGAUGAUAUA
CUUUGCCCCUUUCAACCCUGAUUGAUAUACUCAAGCAGAAAACUGGAAAAGAUGAUAUA

CTCTGCCAATTTCAACCCTCATTGATATACTCAAGCAGAAAACTGGGAAAGAGGATATA
CAUUGCCACUUUCUACCGUCAUCGAUAUACUCAAGCAGAAAACUGGGAAAGAUGAUAUA
CUCUGCCACUUUCAACUCUCAUUGAUAUACUCAAGCAAAAAACUGGUAAAGAUGAUAUA
CUCUGCCACUUUCAACUCUCAUUGAUAUACUCAAGCAAAAAACUGGUAAAGAUGAUAUA
CAUUGCCACUUUCUACCAUCAUAGACAUACUGAAGCAGAAAACUGGGAAAAAUGAUAUA
CUUUGCCCCUUUCAACUCUGAUUGAUAUACUGAAGCAGAAAACGGGGAAAGAUGACAUU
CUUUGCCUCUUCCAACUCUUAUAGACAUGCUAAAGGUGAAAACUGGGCAAGAUGAUAUA
CAUUGCCACUUUCUACCAUCAUAGACAUACUCAAGCAGAAAACUGGGAAAAAUGAUAUA
CUCUGCCACUUUCAACCCUGAUUGAUAUUCUCAAGCAGAAAACUGGGAAAGAUGAUAUA
CUCUGCCACUUUCAACCCUCAUUGAUAUACUUAAGCAGAAAACUGGGAAAGAAGAUAUA
CUUUGUCUCUUUCAACUCUUAUUGACAUACUAAAGCAGAAAACAGGGAAAGACGAUAUA
CUCUCCCUCUCUCAACUCUCGUUGACAUCCUGAAGCAGAAAACUGGGAAAGAUGAUAUA
CUCUGCCCCUUUCAACCCUCAUUGAUAUACUCAAGCAGAAAACUGGGAAAGAAGACAUU
CAUUGCCACUUUCUACUGUCAUAGAGAUACUGAAGCAGAAAACUGGAAAAAGUGAUAUC
CAUUGCCACUUUCUACUGUCAUAGAGAUACUGAAGCAGAAAACUGGAAAAAGUGAUAUC
CUCUGCCCCUUUCAACCCUCAUUGAUAUACUCAAGCAGAAAACUGGUAAAGAAGACAUU
CUCUGCCCCUUUCAACCCUCAUUGAUAUACUAAAGCAGAAAACUGGGAAAGAUGACAUU
CAUUGCCACUUUCUACUGUCAUAGAGAUACUGAAGCAGAAAACUGGAAAAAGUGAUAUC

Figure 4: DNA sequence alignment with RpMC-II, and homologs of MC4 and MC5 in Fabales (page 4).
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Medicago truncatula MC5
Prosopis alba MC5-like

. Vigna angularis MC5-like

. Vigna angularis MC5-like

. Vigna radiata var. radiata MC5
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25. Vigna unguiculata MC5-like

770 780 790 800 810 820
GAUGUUGGGAAACUGAGACCUACACUCUUUGAUGUUUUUGGGGAAGAUGCUAGUCCUAA
GAUGUUGGUCAACUGAGACCUACACUUUUCGAUGUUUUUGGGGAAGAUGCUAGUCCUAA
GAUGUUGGGAAACUGAGACCUACACUCUUUGAUGUUUUUGGAGAAGAUGCUAGUCCUAA

Exon 2 <
GAUGUUGGGAAACUGAGACCUACCCUUUUCGAUGUUUUUGGGGAAGAUGCUAGUCCUAA
GAUGUUGGGAAACUGAGACCUACACUCUUUGAUGUUUUUGGAGAAGAUGCUAGUCCUAA

GATGTTGGCAAACTGAGACCTACCCTS

GAUGUUGGGAAAUUGAGACUUUCGCUUUAUGAUAUUUUUGGGGAAGAUGCUAGCCCAAA
GAUGUUGGGAAGCUGAGACCUACACUCUUUGAUGUUUUUGGGGAAGACUCUAGCCCUAA
GAUGUUGGGAAGCUGAGACCUACACUCUUUGAUGUUUUUGGGGAAGACUCUAGCCCUAA
GACAUCGGGAAACUGAGACUUACACUUUAUGAUAUUUUUGGGGAAGAUGCUAGCCCUAA
GAUGUUGGGAAACUGAGACCAACCCUCUUUGAUGUGUUUGGGGAAGAUGCUAGUCCUAA
GAUAUUGGAAAACUAAGAUCUACACUUUUUUAUAUCUUCCGAGAAGACGCUAGUCCUAA
GAUGUUGGGAAAUUGAGACUCUCGCUUUAUGACAUAUUUGGGGAAGAUGCUAGCCCUAA
GAUGUUGGGAAGCUGAGGCCUACGCUUUUCGAUGUUUUUGGAGAUGAUGCUAGCCCUAA
GAUGUUGGUCAACUGAGGCCUACACUUUUUGAUGUUUUUGGGGAAGAUGCUAGUCCUAA
GAAAUUGGGAAACUAAGACCUACACUAUUUGAUAUCUUCGGGGAAGAUGCUAGUCCUAA
GCUGUGGGGAAGCUGAGACCUGCUCUGUUCGAUGCGUUUGGGGAAGAUGCUAGCCCGAA
GAUGUUGGGAAACUCAGACCUACUCUUUUCGAUGUCUUUGGGGAAGAUUCUAGUCCCAA
GAUGUUGGGAAAUUGAGACUUUCACUUUACGAUAUUUUUGGGGAAGAUGCUAGCCCUAA
GAUGUUGGGAAAUUGAGACUUUCACUUUACGAUAUUUUUGGGGAAGAUGCUAGCCCUAA
GAUGUUGGGAAACUCAGACCUACUCUUUUCGAUGUCUUUGGGGAAGAUUCUAGUCCCAA
GAUGUUGGGAAACUCAGACCUACCCUUUUCGAUGUCUUUGGGGAAGAUUCUAGUCCUAA
GAUGUUGGGAAAUUGAGACUUUCACUUUACGAUAUUUUUGGGGAAGAUGCUAGCCCUAA

Figure 4: DNA sequence alignment with RpMC-II, and homologs of MC4 and MC5 in Fabales (page 5).
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Figure 5: y-RpVPE and homologs DNA sequence alignment overview, sequence information table on
BLASTn results is listed in Table 4
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Table 4: Information on the sequences in Figure 5

Lane Sequence label Accession Description Query % Palrv.wse Bit-
coverage Identity Score
1 Robinia pseudoacacia - Robinia pseudoacacia y-VPE - - -

. PREDICTED: Abrus precatorius vacuolar-processing o o

2 Abrus precatorius XM_027513192.1 enzyme-like (LOC113874911), transcript variant X1, mRNA 92.05% 90.6% 1716.66

3 Glycine max VPE2 NM_001249635. | Glycine max vacuolar processing enzyme 2 (VPE2), mRNA 96.05% 90.5% 1703.67
. . PREDICTED: Cajanus cajan vacuolar-processing enzyme o o

4 Cajanus cajan 1 XM_020366661.2 (LOC109804800), mRNA 92.05% 89.0% 1598.47
) PREDICTED: Glycine max vacuolar-processing enzyme o o

5 Glycine max 3 XM_003550235.5 (LOC100784318), mRNA 97.16% 88.8% 1659.41
) ) PREDICTED: Vigna angularis vacuolar-processing enzyme o o

6 Vigna angularis VPE XM_017574898.1 (LOC108338162), transcript variant X1, mRNA 91.77% 88.1% 1526.45
’ PREDICTED: Vigna umbellata vacuolar-processing enzyme o o

7 Vigna umbellata VPE XM_047306939.1 (LOC124832678), mRNA 91.77% 88.1% 1526.45
: Phaseolus vulgaris hypothetical protein o o

8 Phaseolus vulgaris 2 XM_007160923.1 (PHAVU_001G033500g) mRNA, complete cds 91.70% 87.8% 1506.14
. - PREDICTED: Cicer arietinum vacuolar-processing enzyme- o o

9 Cicer arietinum 2 XM_027333646.1 like (LOC101514688), transcript variant X1, mRNA 92.05% 87.8% 1511.68
. PREDICTED: Glycine max vacuolar-processing enzyme o o

10 Glycine max 2 XM_003525931.5 (LOC100791675), mRNA 88.79% 87.8% 1459.97
’ ) PREDICTED: Vigna unguiculata vacuolar-processing o o

11 Vigna unguiculata VPE XM_028084964.1 enzyme (LOC114194621), mRNA 91.77% 87.6% 1491.37
Lupinus angustifolius PREDICTED: Lupinus angustifolius vacuolar-processing o o

12 VPE-like XM_019573585.1 enzyme-like (LOC109337103), mRNA 84.74% 87.1% 1345.48
) PREDICTED: Glycine max vacuolar-processing enzyme o o

13 Glycine max 4 XM_014774474.3 (LOC100807010), transcript variant X1, mRNA 88.79% 87.0% 1406.42
e PREDICTED: Trifolium pratense vacuolar-processing o o

14 Trifolium pratense VPE XM_045968705.1 enzyme (LOC123917080), mRNA 88.86% 86.8% 1387.95
Medicago truncatula PREDICTED: Medicago truncatula vacuolar-processing o o

15 VPE XM_013610451.3 enzyme (LOC25482000), MRNA 91.34% 86.8% 1417.5

16 | Vigna mungo VmPE-1A D89972.1 Vigna mungo mRNA for asparaginyl endopeptidase 91.77% 86.7% 1426.73

(VmPE-1A), complete cds

Lupinus angustifolius PREDICTED: Lupinus angustifolius vacuolar-processing o o

v VPE-like XM_019561080.1 enzyme-like (LOC109327911), mRNA 89.99% 86.5% 1383.8
) PREDICTED: Prosopis alba vacuolar-processing enzyme o o

18 Prosopis alba VPE XM_028940230.1 (LOC114751576), mRNA 87.01% 86.5% 1341.79
. . PREDICTED: Cajanus cajan vacuolar-processing enzyme o o

19 Cajanus cajan 2 XM_020368305.2 (LOC109805986), MRNA 88.22% 86.1% 1336.25
) - PREDICTED: Cicer arietinum vacuolar-processing enzyme- o o

20 Cicer arietinum 1 XM_004501420.3 like (LOC101515346), mRNA 88.72% 85.7% 1308.55
) e PREDICTED: Lupinus angustifolius vacuolar-processing o o

21 Lupinus angustifolius 3 XM_019582316.1 enzyme-like (LOC109343833), mRNA 89.07% 85.7% 1315.93
Vigna umbellata VPE- PREDICTED: Vigna umbellata vacuolar-processing enzyme- o o

22 like XM_047316214.1 like (LOC124840200), mRNA 88.72% 85.6% 1310.39
Vigna angularis VPE- PREDICTED: Vigna angularis vacuolar-processing enzyme- o o

23 like XM_017566611.1 like (LOC108331721), mRNA 88.72% 85.6% 1304.85
Vigna radiata var. PREDICTED: Vigna radiata var. radiata vacuolar-processing o o

24 radiata XM_014645928.2 enzyme (LOC106762174), mRNA 88.72% 85.5% 1299.31

25 Phaseolus vulgaris 1 | XM_007136747.1 | Fhaseolus vulgaris hypothetical protein 88.72% 85.4% | 1293.78

s - : (PHAVU_009G076100g) mRNA, complete cds en e :

Vigna unguiculata VPE- PREDICTED: Vigna unguiculata vacuolar-processing o o

% like XM_028047286.1 enzyme-like (LOC114163155), mRNA 88.72% 85.2% 1279.0
o . PREDICTED: Arachis ipaensis vacuolar-processing enzyme o o

27 Arachis ipaensis XM_016308381.2 (LOC107606332), mRNA 90.70% 85.2% 1304.85
) PREDICTED: Medicago truncatula vacuolar-processing o o

28 Medicago truncatula 1 XM_003603073.4 enzyme gamma-isozyme (LOC11432331), mRNA 87.51% 84.8% 1234.68
) PREDICTED: Arachis hypogaea vacuolar-processing o o

29 Arachis hypogaea 1 XM_025757656.2 enzyme (LOC112706381), mRNA 90.70% 84.7% 1271.62
Trifolium pratense PREDICTED: Trifolium pratense vacuolar-processing o o

30 VPE-like XM_045944193.1 enzyme-like (LOC123894249), mRNA 90.70% 84.7% 1271.62

31 Vigna mungo VmPE-1 D89971.1 Vigna mungo mRNA for asparaginyl endopeptidase 88.29% 84.6% 1232.84

(VmPE-1), complete cds
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1. Robinia pseudoacacia y-VPE
2. Abrus precatorius
3. Glycine max VPE2

4. Cajanus cajan 1
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8. Phaseolus vulgaris 2
9. Cicer arietinum 2
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770 780 790 800 810 820

ATACCAAATACTGAGGAAAGGTGGCCTGAAAGAAGAAAATATTATTGTT

GUAUCAAAUACUGAGGAAAGGUGGCCUGAAAGAUGAAAAUAUUAUUGUU

CUAUCAAAUAUUGAGGAAAGGUGGUCUGAAAGAAGAAAAUAUUAUUGUU
GmVPE2 Exon 2

GCCAUGCCUAUCAAAUACUGAGGAAAGGUGGCCUGAAAGAAGAAAACAUUAUUG
UCACGCCUAUCAAAUACUAAGGAAAGGUGGCCUGAAAGAAGAAAAUAUUAUUG
UCAUGCCUAUCAAAUACUGAGGAAAGGUGGCCUGAAAGAAGAAAAUAUCAUUG
UCAUGCCUAUCAAAUACUGAGGAAAGGUGGCCUGAAAGAAGAAAAUAUCAUUG
G
G
G
G

c
UUUGCCAUGC
UUUGUCACGC

UCAUGCCUAUCAAUUACUGAGGAAAGGUGGCCUGAAAGAUGAAAAUAUCAUU
UCAUGCGUAUCAAAUACUAAGGAAAGGUGGCUUGAAAGAAGAAAACAUUAUU
CCAUGCAUAUCAACUACUGAGGAAAGGUGGUGUGAAAGAGGAAAAUAUUGUU
UCAUGCCUAUCAAAUACUGAGGAAAGGUGGCCUGAAAGAAGAAAAUAUCAUU
UCACGCCUAUCAAAUACUAAGGAAAGGUGGAGUGAAAGAAGAAAAUAUCAUUG
CCAUGCGUAUCAACUACUGAGGAAAGGUGGUCUCAAAGAAGAAAAUAUUGUUG
CCAUGCAUAUCAAAUAUUGAAGAAAGGUGGCUUAAAAGAUGAAAACAUUAUUG
UCAUGCGUAUCAAUUGUUGAGGAAAGGUGGCUUGAAAGAAGAAAACAUUAUUGU
UCAUGCCUAUCAAAUACUGAGGAAAGGUGGCCUGAAAGAAGAAAAUAUCAUUGUU
UCAUGCGUAUCAACUACUGAGGAAAGGUGGCCUGAAAGAAGAAAAUAUUGUUGUU
UCAUGCGUAUCAACUUCUGNAGAAAGGUGGCCUGAAAGAAGAAAAUAUUGUUGUG
CCAUGCAUAUCAACUACUGAGGAAAGGUGGUCUGAAAGAGGAAAAUAUUGUUGUA
GUCACGCAUAUCAAGUACUGAGGAAAGGUGGUCUGAAAGAAGAGAACAUUGUUGUU
GUCAUGCGCAUCAAAUACUGAGAAAAGGUGGCCUGAAAGAAGAAAAUAUAAUUGUU
GCCAUGCGUAUCAACUGCUGACGAAAGGUGGUCUGAAAGAAGAAAAUAUUGUGGUA
GCCAUGCGUAUCAACUGCUGACGAAAGGUGGUCUGAAAGAAGAAAAUAUUGUGGUA
GCCAUGCGUAUCAACUGCUGAGGAAAGGUGGUCUGAAAGAAGAAAAUAUUGUGGUA
GCCAUGCGUAUCAACUGCUGAGAAAAGGUGGUCUGAAAGAAGAAAAUAUUGUGGUA
GCCAUGCGUAUCAACUGCUGAGGAAAGGUGGUCUGAAAGAAGAAAAUAUUGUGGUA
GUCAUGCGUAUCAAUUACUGAGAAAAGGUGGUCUCAAAGAAGAAAACAUCAUUGUG
GUCACGCGUAUCAAGUGUUGAGGAAAGGUGGUUUGAAAGAGGAGAACAUUAUUGUG
GUCAUGCGUAUCAAUUACUGAGGAAAGGUGGUCUCAAAGAAGAAAACAUCAUUGUG
GUCACGCAUAUCAAGUGCUAAGGAAAGGUGGUCUGAAAGAGGAGAACAUUGUUGUU
GCCAUGCGUAUCAACUGCUGACGAAAGGUGGUCUGAAAGAAGAAAAUAUUGUGGUA
830 840 850 860 870 880
ATGTTTGATGACATTGCTTTCGATGAAGAGAACCCAAGGCCTGGAATCATCATTAA
AUGUAUGAUGACAUUGCUUUCAAUGAGGAGAACCCAAGGCCUGGAGUCAUCAUUAA
AUGUAUGAUGACAUUGCAUUCAAUGGGGAAAACCCAAGGCCUGGAGUCAUCAUUAA
GmVPE2 Exon 2

AUGUAUGAUGACAUUGCAUACAAUGAGGAAAACCCAAGGCAAGGAGUCAUCAUUAA
AUGUAUGAUGACAUUGCAUUCAAUGGGGAAAACCCAAGGCCUGGAGUCAUCAUUAA
AUGUAUGAUGACAUUGCAUUCAAUUGGGACAAUCCAAGGCCUGGAGUCAUCAUUAA
AUGUAUGAUGACAUUGCAUUCAAUUGGGACAAUCCAAGGCCUGGAGUCAUCAUUAA
AUGUAUGAUGACAUUGCAUUCAAUUCGGAAAAUCCAAGGCGUGGAGUCAUCAUUAA
AUGUAUGAUGACAUUGCUUUUGAUAUAGAGAAUCCAAGGCCUGGGGUCAUAAUUAA
AUGUAUGAUGACAUUGCUUUCAAUGAAGAGAACCCACGGCCUGGAGUCAUUAUUAA
AUGUACGAUGACAUUGCCUUCAAUUGGGACAACCCAAGGCCAGGAGUCAUCAUUAA
AUGUUUGAUGACAUUGCUUUCAAUGAAGAGAAUCCAAGGCCAGGAGUAAUCAUUAA
AUGUAUGAUGACAUUGCUUUCAACGAAGAGAACCCGCGACCUGGAGUCAUUAUUAA
AUGUAUGAUGACAUUGCUUCCAAUUACGAGAAUCCAAGGCCUGGUGUCAUAAUUAA
AUGUAUGAUGAUAUUGCUUCCAAUGUAGAGAAUCCAAGGCCUGGAGUCAUAAUUAA
AUGUAUGAUGACAUUGCAUUCAAUUGGGACAAUCCAAGGCCUGGAGUCAUCAUUAA
AUGUAUGACGACAUUGCUUUCAGUGAAGAGAAUCCACGGCCUGGAGUCAUCAUUAA
AUGUACGAUGAUAUUGCUUUCAACGAAGAGAACCCAAGGCCUGGAAUUAUCAUUAA
AUGUAUGAUGACAUUGCUUUCAAUGAAGAGAAUCCACGUCCUGGAGUUAUUAUUAA
AUGUAUGAUGACAUUGCUUUCAACGAAGAGAAUCCAAGACCUGGAGUCAUCAUUAA
AUGUAUGAUGACAUUGCUUUCGAUGAAGAGAACCCCCGGCCUGGAGUGAUCAUUAA
AUGUAUGAUGACAUUGCUUUCAAUGAAGAGAACCCACGGCCUGGAGUCAUUAUUAA
AUGUAUGAUGACAUUGCUUUCAAUGAAGAGAACCCACGGCCUGGAGUCAUUAUUAA
AUGUAUGAUGACAUUGCUUUCAAUGAAGAGAACCCACGGCCUGGAGUCAUUAUUAA
AUGUAUGAUGACAUUGCUUUCAAUGAAGAGAACCCACGGCCUGGAGUCAUUAUUAA
AUGUAUGAUGACAUUGCUUUCAAUGAAGAGAACCCACGGCCUGGAGUCAUUAUUAA
AUGUAUGAUGACAUUGCUUUCAAUGAAGAGAACCCAAGGCCCGGAGUCAUCAUUAA
AUGUAUGAUGACAUUGCAGACAACCAAGAGAAUCCACGCCCCGGAGUCAUCAUUAA
AUGUAUGAUGACAUUGCUUUCAAUGAAGAGAACCCACGGCCCGGAGUCAUCAUUAA
AUGUAUGAUGACAUUGCUUUCAACGAAGAGAAUCCACGCCCUGGAGUUAUCAUUAA
AUGUAUGAUGACAUUGCUUUCAAUGAAGAGAACCCACGGCCUGGAGUCAUUAUUAA
890 900 910 920 930 940
CAAACCAGATGGGGATGATGTTTATGAAGGAGTTCCAAAGGATTATACTGGCAGTGATG
CAAACCAGAUGGGGAUGAUGUUUAUGAAGGAGUUCCUAAGGAUUACACUGGCGAAGAUG
CAAACCAGAUGGAGGUGAUGUUUAUAAAGGAGUUCCAAAGGAUUACACCGGCGAAGAUG
GmVPE2 Exon 2 GmVPE2 Exon 3

CAAACCAGAUGGAGAUGAUGUUUAUGAAGGAGUUCCAAAGGAUUACACCGGUGAAGAUG
CAAACCAGAUGGAGGUGAUGUUUAUGAAGGAGUUCCAAAGGAUUACACCGGCGAAGAUG
CAAACCAGAUGGGGGUGAUGUUUAUGAAGGAGUUCCAAAGGAUUACACUGGCGAAGAUG
CAAACCAGAUGGGGGUGAUGUUUAUGAAGGAGUUCCAAAGGAUUACACUGGCGAAGAUG
CAGUCCAAAUGGAGAUGAUGUUUAUAAAGGAGUUCCAAAGGAUUACACUGGUGAAGAUG
CAAACCAGAUGGAGGUGAUGUUUAUGCAGGAGUUCCAAAGGAUUACACUGGUGAUGAUG
CAGUCCACACGGAAAUGAUGUUUACAAGGGAGUUCCUAAGGAUUACGUUGGUGAAGAUG
CAAACCAGAUGGGGAUGAUGUUUAUGAAGGAGUUCCAAAGGAUUACACUGGCGAAGAUG
CAAACCUGAUGGGGGUGAUGUUUAUGAAGGAGUUCCAAAGGAUUACACUGGCUCAGAUG
CAGUCCACAUGGAAAUGAUGUUUACAAGGGAGUCCCUAAGGAUUACAUUGGUGAAGAUG
CAAGCCAGAUGGUGGUGAUGUUUAUGAAGGAGUUCCAAAGGAUUACACUGGUGCAGAAG
CAAACCUGAUGGUGGUGAUGUUUAUGAAGGAGUUCCAAAGGAUUACACUGGUGCAGAGG
CAAACCAGACGGGGAUGAUGUUUAUGAAGGAGUUCCAAAGGAUUACACUGGCGAAGAUG
CAGCCCGCAUGGAGAUGAUGUUUACAAAGGAGUUCCAAAGGAUUACACUGGGGAAGAUG
CAGUCCAGAUGGGGAUGAUGUUUAUAAAGGGGUUCCGAAGGAUUACACUGGUGAAGAUG
UAGUCCAGAUGGCAAUAAUGUUUACCAAGGUGUACCUAAGGAUUAUGUUGGUGAAGAUG
CAGUCCACAUGGAGAUGAUGUUUACAAGGGAGUCCCUAAGGAUUAUACUGGUGAAGAUG
UAGCCCUCAUGGAGAUGAUGUUUACAAAGGAGUUUCAAAGGAUUACACUGGCGAAGAUG
CAGCCCUCAUGGAAAUGAUGUUUACAAGGGAGUCCCGAAGGAUUACGUUGGUGAAGAUG
CAGCCCUCAUGGAAAUGAUGUUUACAAGGGAGUCCCGAAGGAUUACGUUGGUGAAGAUG
CAGCCCUCAUGGAAAUGAUGUUUACAAGGGAGUCCCAAAGGAUUACGUUGGUGAAGAUG
CAGCCCUCAUGGAAAUGAUGUUUACAAGGGAGUCCCUAAGGAUUACGUUGGUGAAGAUG
CAGCCCUCACGGAAAUGAUGUUUACAAGGGAGUCCCGAAGGAUUACGUAGGUGAAGAUG
CAGUCCACAUGGAGAUGAUGUUUACAAAGGAGUUCCAAAGGAUUAUGUUGGUGGAGAUG
CAGUCCACAUGGAGAUGAUGUUUACAAGGGAGUCCCUAAGGAUUAUACCGGUGAUGAUG
CAGUCCACAUGGAGAUGAUGUUUACAAAGGAGUCCCAAAGGAUUAUGUUGGUGGAGAUG
CAGUCCACAUGGAAAUAAUGUUUACAAGGGAGUCCCUAAGGAUUAUACUGGUGAAGAUG
CAGCCCUCAUGGAAAUGAUGUUUACAAGGGAGUCCCGAAGGAUUACGUUGGUGAAGAUG
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Figure 6: DNA sequence alignment with y-RpVPE and homologs (page 1).
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3. Glycine max VPE2

4. Cajanus cajan 1
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7.Vigna umbellata VPE

8. Phaseolus vulgaris 2
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Vigna unguiculata VPE
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Trifolium pratense VPE
Medicago truncatula VPE
Vigna mungo (VmPE-1A)
Lupinus angustifolius VPE-like
Prosopis alba VPE

. Cajanus cajan 2

. Cicer arietinum 1

. Lupinus angustifolius 3

. Vigna umbellata VPE-like
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950 960 970 980 990 1,000
TTACTGCTGCAAACTTTTTTGCTGCTTTACTTGGAAATAAGTCAGCTCTTACTGGTGGC
UUACUGCUGAUAACUUUUAUGCGGUUUUACUUGGAAAUAAGUCAGCACUUACAGGUGGC
UUACUGUUGAUAACUUUUUUGCUGCUUUACUUGGAAAUAAGUCAGCACUGACUGGUGGC

GmVPE2 Exon 3

UUACUGCUAAUAACUUCUAUGCUGCUUUACUUGGAAAUAAGUCAGCACUUACUGGUGGC
UUACUGUUGGUAACUUUUUUGCUGCUUUACUUGGAAACAAGUCGGCACUUACUGGUGGC
CUACUGCUCAUAACUUUUAUGCUGCUUUACUUGGAGAUAAGUCGGCGCUUACCGGUGGC
CUACUGCUCAUAACUUUUAUGCUGCUUUACUUGGAGAUAAGUCGGCGCUUACCGGUGGC
UUACUGCUCAUAACUUUUAUGCUGCUUUACUUGGAGAUAAGUCGAAACUUACUGGUGGC
UUAAUGUUGACAACUUUUAUGCUGCUUUACUUGGAAAUAAAUCAGCUCUUACUGGUGGG
UUACUGUUGACAACUUUUUUGCUGCUAUACUUGGAAAUAAGUCAGCUCUUACUGGUGGC
CUACUGCUCAUAACUUUUAUGCUGCUUUACUUGGAGAUAAGUCGGCGCUUAAAGGUGGC
UUACUGCUCAGAACUUCUAUGCUGCUUUACUUGGAAACAAAUCAGCUCUCACAGGUGGC
UAACUGUUGGCAACUUUUUUGCUGCUAUACUUGGAAAUAAGUCAGCUCUUACUGGUGGC
UACAUGCUGACAAUUUCUAUGCUGCUUUACUUGGAAAUAAAUCAGCUCUUACAGGUGGG
UACAUGCUGACAAUUUCUAUGCUGCUUUACUUGGAAAUAAAUCAGCUCUUACAGGUGGG
CUACUGCUCAUAACUUUUACUCUGCUUUACUUGGAGAUAAGUCGGCGCUUACCGGUGGC
UUACUGUUAACAACUUCUUUGCUGCUUUACUUGGGAACAAGUCAGCUCUGACAGGUGGC
UUAAUGUUGAUAACUUUUUCGCUGUUAUACUUGGAAAUAAGACAGCUCUUAAAGGUGGC
UUAAUGUCAACAAUUUUUUUGCUGCUAUACUUGGAAAUAAGUCGGCUCUUACCGGUGGU
UUAAUGUUGACAACUUCUUUGCUGCUUUACUUGGAAAUAAGUCAGCUCUUACAGGUGGC
UUACUGUCAACAACUUCUUUGCUGCUUUACUUGGAAACAAGUCAGCUCUGACAGGUGGC
UCACUGUUAACAAUUUUUUUGCUGCUAUACUUGGAAAUAAAUCAGCUCUUACCGGUGGU
UCACUGUUAACAAUUUUUUUGCUGCUAUACUUGGAAAUAAAUCAGCUCUUACCGGUGGU
UCACUGUUAACAAUUUUUUUGCUGCUAUACUUGGAAAUAAAUCAGCUCUUACCGGUGGU
UCACUGUUAACAACUUUUUUGCUGCUAUACUUGGAAAUAAAUCAGCUCUUACCGGUGGC
UCACUGUUAACAAUUUUUUUGCUGCUAUACUUGGAAAUAAAUCAGCUCUUACCGGUGGC
UUACUGUAAACAACUUUUUUGCUGCUAUACUUGGAAAUAAGUCCGCUCUUACAGGUGGC
UUAAUGUUAACAACUUCUUUGCUGCUUUACUUGGAAAUAAGUCAGCUCUUACUGGUGGC
UUACUGUAAACAACUUUUUUGCUGCUAUACUUGGAAAUAAGUCAGCUCUUACAGGUGGC
UUACUGUUAACAACUUCUUUGCUGCUUUACUUGGAAAUAAGUCGGCUCUUACAGGUGGC
UCACUGUUAACAAUUUUUUUGCUGCUAUACUUGGAAAUAAAUCAGCUCUUACCGGUGGU
1,010 1,020 1,030 1,040 1,050 1,060
AGTGGGAAGGTTGTGGATAGTGGCCCTGATGATCATATATTTATATACTACACTGATCA
AGUGGGAAGGUUGUGGAAAGUGGUCCAGAUGAUCAUAUAUUUGUUUACUACACUGAUCA
AGUGGGAAGGUUGUGGACAGUGGUCCUGAUGAUCAUAUAUUUGUAUACUAUACUGACCA

GmVPE2 Exon 3

AGUGGAAAGGUUGUGGACAGUGGCCCUGAUGAUCAUAUAUUUGUAUACUAUACUGAUCA
AGUGGGAAGGUUGUGGACAGUGGACCUGAUGAUCAUAUAUUUGUAUACUAUACUGACCA
AGUGGGAAGGUUGUGAACAGUGGGCCCGAUGAUCGCAUAUUUAUAUUCUACUCUGAUCA
AGUGGGAAGGUUGUGAACAGUGGGCCCGAUGAUCGCAUAUUUAUAUUCUACUCUGAUCA
AGUGGGAAAGUUGUGAAUAGUGGGCCCAAUGAUCACAUAUUUAUAUUCUACUCUGAUCA
AGUGGGAAGGUUGUUGAUAGUGGUCCCAAUGAUCAUAUAUUUGUAUAUUAUACUGAUCA
AGUGGGAAGGUUGUGGAUAGUGGCCCCAAUGAUCAUAUAUUUAUAUACUACUCUGAUCA
AGUGGGAAGGUUGUGAACAGUGGGCCCGAUGAUCGCAUAUUUAUAUUCUACUCCGAUCA
AGUGGAAAGGUUGUGAAUAGUGGACCCAAUGAUCAUAUAUUUAUAUACUAUACUGAUCA
AGUGGGAAGGUUGUGGAUAGUGGUCCCAAUGAUCAUAUAUUUAUAUAUUACUCUGAUCA
AGUGGGAAAGUUGUGGAUAGUGGCCCCAAUGAUCAUAUUUUUGUAUACUACACUGAUCA
AGUGGGAAAGUUGUGGAUAGUGGUCCCAAUGAUCAUAUUUUUGUAUACUACACUGAUCA
AGUGGGAAGGUUGUGAGCAGUGGGCCCGAUGAUCGCAUAUUUAUAUUCUACUCUGAUCA
ACAGGGAAGGUUGUGGAUAGUGGUCCCAAUGAUCAUAUAUUUAUAUAUUACAGUGAUCA
AGUGGGAAGGUUGUGGAUAGUGGUCCCAAUGACCAUAUAUUUAUAUACUACACUGAUCA
AGUGGGAAGGUUGUGGAUAGUGGUCCCAAUGAUCAUAUAUUUAUAUACUACUCUGAUCA
AGUGGGAAGGUUGUUGACAGCGGUCCCAAUGAUCAUAUAUUUAUAUACUACAGUGAUCA
AGUGGGAAGGUUGUGGAUAGUGGUCCCAAUGAUCAUAUAUUCAUUUAUUACAGUGAUCA
AGCGGGAAGGUUGUCAAUAGUGGUCCCAAUGAUCAUAUAUUUAUAUACUAUUCUGAUCA
AGCGGGAAGGUUGUCAAUAGUGGUCCCAAUGAUCAUAUAUUUAUAUACUAUUCUGAUCA
AGCGGGAAGGUUGUCGAUAGUGGUCCCAAUGAUCAUAUAUUUAUAUACUAUUCUGAUCA
AGUGGGAAGGUUAUCGAUAGUGGUCCCAAUGAUCAUAUAUUUAUAUACUAUUCUGAUCA
AGCGGGAAGGUUGUCGAUAGUGGUCCCAAUGAUCAUAUAUUUAUAUACUAUUCUGAUCA
AGUGGGAAGGUUGUGGAUAGUGGUCCCAAUGAUCAUAUAUUUAUAUACUAUAGUGAUCA
AGUGGAAAGGUUGUGGAUAGUGGUCCUAAUGAUCACAUAUUUAUAUACUAUAGUGAUCA
AGUGGGAAGGUUGUAGAUAGUGGUCCCAAUGAUCAUAUAUUUAUAUACUAUAGUGAUCA
AGUGGGAAGGUUGUGGACAGUGGCCCCAAUGAUCAUAUAUUUGUAUACUACAGUGAUCA
AGCGGGAAGGUUGUUAAUAGUGGUCCCAAUGAUCAUAUAUUUAUAUACUAUUCUGAUCA

1,070 1,080 1,090 1,100 1,110 1,120
TGGAGGTCCAGGAGTGCTTGGGATGCCTGTTGGTCCTTACATATATGCATCTGATCTGA
UGGAGGUCCAGGGGUGCUCGGGAUGCCUGCUGGUCCUUACUUGUAUGCAUCUGAUCUGA
UGGAGGUCCUGGGGUGCUCGGGAUGCCUGCUGGUCCUUACUUAUACGCGGAUGAUCUGA

GmVPE2 Exon 3 GmVPE2 Exon 4

UGGAGGUCCAGGGGUGCUCGGGAUGCCUGCUGGUCCUUACAUAUAUGCAUCUGAUCUGA
UGGAGGUCCAGGGGUGCUCGGGAUGCCUGCUGGUCCUUACUUAUAUGCGGAUGAUCUGA
UGGUGGUCCAGGGGUUCUCGGGACGCCUGCUGGUCCUUACAUAUAUGCAUCUGAUUUGG
UGGUGGUCCAGGGGUUCUCGGGACGCCUGCUGGUCCUUACAUAUAUGCAUCUGAUUUGG
UGGUGGUCCAGGGGUGCUCGGGUCGCCUGCUGGUCCUUACAUUUAUGCAUCUGAUCUGA
UGGAGGUCCUGGGGUUCUUGGGAUGCCCGUUGGUCCUUACUUGUAUGCAUCUGAUCUGA
UGGCGGUCCGGGAGUGCUAGGGAUGCCUACUAAUCCAUACAUGUAUGCAUCCGAUCUGA
UGGUGGUCCAGGGGUUCUCGGGACGCCUGCUGGUCCUUACUUAUAUGCAUCUGAUCUAG
UGGUGGUCCAGGGAUCCUAGGUACUCCUGUUGGUCCUUACAUAUAUGCAGAUGAACUGA
UGGCGGUCCUGGAGUGCUAGGGAUGCCUACUAAUCCAUACAUGUAUGCAUCUGAUCUGA
UGGAGGUCCUGGUGUUCUUGGUAUGCCUGUUGGUCCUUACCUGUAUGCAUCUGAUCUGA
UGGAGGUCCAGGGGUUCUUGGUAUGCCCGUUGGUCCUUACUUGUAUGCAUCUGAUCUGA
UGGUGGUCCAGGGGUUCUCGGGACGCCUGCUGGUCCUUACAUAUAUGCAUCUGAUUUGG
UGGGGGUCCAGGGAUGCUUGGGAUGCCUACUAAUCCUUACUUAUAUGCAUCUGACCUGA
UGGUGGUCCGGGAGUUCUCGGGAUGCCUACUAGUCCUUACCUAUAUGCGAAUGAUCUCA
UGGGGGUCCAGGAGUGCUAGGGAUGCCUACUAGUCCAUACUUGUAUGCAUCGGAUUUGA
UGGGGGUCCUGGAGUGCUUGGGAUGCCUACAAGUCCGUACAUGUAUGCAUCUGAUCUUA
UGGGGGUCCAGGGAUGCUUGGGAUGCCUACUAAUCCUUACUUAUAUGCAAUUGAUCUGA
UGGCGGUCCAGGAGUGUUAGGGAUGCCUACUAGUCCAUACAUGUAUGCCUCCGAUCUGA
UGGCGGUCCAGGAGUGUUAGGGAUGCCUACUAGUCCAUACAUGUAUGCCUCCGAUCUGA
UGGCGGUCCAGGAGUGUUAGGGAUGCCUACUAAUCCAUACAUGUAUGCCUCCGAUUUGA
UGGAGGUCCAGGAGUGUUAGGGAUGCCUACUAGUCCAUACAUGUAUGCGUCCGAUCUGA
UGGCGGUCCAGGAGUGUUAGGGAUGCCUACUAGUCCAUACAUGUAUGCGUCCGAUCUGA
UGGGGGUCCUGGGGUGCUUGGGAUGCCUACUAGUCCUUACUUAUAUGCAUCUGAUCUGA
CGGCGGUCCUGGAGUGCUGGGGAUGCCUACUGGUCCAUUUAUGUACGCGACUGAUCUAA
UGGGGGUCCUGGGGUGCUUGGGAUGCCUACUAGUCCUUACUUAUAUGCAUCUGAUCUGA
UGGGGGUCCUGGAGUGCUUGGGAUGCCUACUAGUCCGUACAUGUACGCAUCUGAUCUAA
UGGCGGUCCAGGAGUGUUAGGGAUGCCAACUAGUCCAUACAUGUAUGCCUCCGAUCUGA

Figure 6: DNA sequence alignment with y-RpVPE and homologs (page 2).
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Appendix

1. Robinia pseudoacacia y-VPE
2. Abrus precatorius
3. Glycine max VPE2

4. Cajanus cajan 1

5. Glycine max 3

6. Vigna angularis VPE

7.Vigna umbellata VPE

8. Phaseolus vulgaris 2

9. Cicer arietinum 2

Glycine max 2

Vigna unguiculata VPE
Lupinus angustifolius VPE-like
Glycine max 4

Trifolium pratense VPE
Medicago truncatula VPE
Vigna mungo (VmPE-1A)

. Lupinus angustifolius VPE-like
. Prosopis alba VPE

. Cajanus cajan 2

. Cicer arietinum 1

. Lupinus angustifolius 3

. Vigna umbellata VPE-like

. Vigna angularis VPE-like

. Vigna radiata var. radiata

. Phaseolus vulgaris 1

. Vigna unguiculata VPE-like
. Arachis ipaensis

. Medicago truncatula 1

. Arachis hypogaea 1

. Trifolium pratense VPE-like
. Vigna mungo (VmPE-1)
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9. Cicer arietinum 2
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. Lupinus angustifolius VPE-like
. Prosopis alba VPE

. Cajanus cajan 2
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. Lupinus angustifolius 3

. Vigna umbellata VPE-like

. Vigna angularis VPE-like
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. Phaseolus vulgaris 1
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1,130 1,140 1,150 1,160 1,170 1,180
TTGAWGTCTTGAAGAAAAAGCATGCTTCTGGAACGTATAAAAACCTAGTATTTTATCTG
AUGAAGUCUUGAAGAAAAAACAUGCUUCUGGAACGUAUAAAAGCCUUGUAUUUUAUCUA
UUGAAGUCUUGAAGAAAAAGCAUGCUUCUGGAACAUAUAAAAACCUAGUAUUUUAUCUG

GmVPE2 Exon 4 {GmVPE2 Exon 5

UCGAAGUCUUGAAGAAAAAGUUUGAUGCUGGAACGUAUAAAAACCUAGUAUUUUAUCUG
UUGAAGUCUUGAAGAAAAAACAUGCUUCUGGAACGUAUAAAAACCUAGUAUUUUAUCUG
UUGAAGUAUUGAAGAAAAAGCAUGCUUCUGGAACGUAUAAAAACCUAGUAUUUUAUUUG
UUGAAGUAUUGAAGAAAAAGCAUGCUUCUGGAACGUAUAAAAACCUAGUAUUUUAUUUG
AUGAAGUAUUGAAGAAAAAACAUGCUUCUGGAACGUAUAAAAACCUAGUAUUUUAUUUG
AUGAAGUCUUGAAGAAAAAGCAUGCUUCUGGAUCAUAUAAGAGCCUAGUAUUUUAUCUG
UUGAAGUCUUGAAGAAGAAGCAUGCUUCUGGAACUUAUAAAAGCCUAGUAUUUUAUCUA
UUGAAACAUUGAAGAAAAAGCAUGCUUCUGGAACGUACAAAAACCUAGUAUUUUAUUUG
AUGAAGUUUUGAAGAAGAAGCAUGCUUCAGGAACAUAUGAAAGCCUGGUAUUUUAUCUG
UUGAAGUCUUGAAGAAGAAGCAUGCUUCUGGAAGUUAUAAAAGCCUAGUAUUUUAUCUA
AUGAAGUCUUAAAGAAAAAGCAUGCUUCUGGAGGAUAUAAGAGCCUAGUAUUUUAUCUU
AUGAAGUCUUGAAGAAAAAACAUGCUUCUGGAUCAUAUAAGAGCCUAGUAUUUUAUCUG
UUGAAGUACUGAAGAAAAAGCAUGCUUCUGGAACGUAUAAAAACCUAGUAUUUUAUUUG
UCGAGAUUUUAAAGAAGAAACAUGCUUCUGGGACGUAUAAAAGCCUUGUAUUUUAUCUA
UUGAAGUUCUGAAAAAGAAGCAUGCUUCUGGAACGUAUAAAAGCCUAGUAUUUUACCUU
UCGAAGUCUUGAAGAAGAAGCAUGCUUCUGGAACUUAUGAAAGCCUAGUAUUUUAUCUA
UUGAAGUCUUGAAGAAGAAGCAUGCUUCUGGAACAUAUAAAAGCCUAGUAUUUUAUCUA
UUGAGGUCUUGAAGAAGAAGCAUGCUUCUGGGACGUAUAAAAGCCUUGUAUUUUAUCUU
UUGAAGUCUUAAAGAAAAAACAUGCUUCUGGAACGUAUAAAAGCCUAGUAUUUUAUCUA
UUGAAGUCUUAAAGAAAAAACAUGCUUCUGGAACGUAUAAAAGCCUAGUAUUUUAUCUA
UUGAAGUCUUAAAGAAAAAACAUGCUUCUGGAACGUAUAAAAGCCUAGUAUUUUAUCUA
UUGAAGUCUUAAAGAAAAAGCAUGCUUCUGAAACUUAUAAAAGCCUAGUAUUUUAUCUA
UCGAAGUCUUAAAGAAAAAACAUGCUUCUGGAACUUAUAAAAGCCUAGUAUUUUAUCUA
UCGAAGUCUUGAAGAAGAAGCAUGCUUCUGGAACAUAUAAAAGCAUGGUAUUUUAUCUC
UUGAAGUCUUGAAGAAGAAGCAUGCUUCUGAAACUUAUAAAAGCCUAGUAUUUUAUCUA
UCGAAGUCUUGAAGAAGAAGCAUGCUUCUGGAACAUAUAAAAGCAUGGUAUUUUAUCUU
UUGAAGUCUUGAAAAAGAAGCAUGCUGCUGGAACUUAUAAAAGCCUAGUAUUUUAUCUA
UUGAAGUCUUAAAGAAAAAACAUGCUUCUGGAACGUAUAAAAGCCUAGCAUUUUAUCUA
1,190 1,200 1,210 1,220 1,230
AGGCATGTGAATCTGGGAGTATCTTTGAAGGTCTTCTTCCTGAAGATATCAATATCTA
AGGCAUGUGAAUCUGGUAGUAUCUUUGAAGGUCUUCUUCCUGAAAAUAUCAAUAUUUA
AGGCAUGUGAAUCUGGGAGUAUCUUUGAAGGUCUUCUUCCUGAAGAUAUCAAUAUUUA
GmVPE2 Exon 5

UGAAGGUCUUCUUCCUGAAGAUAUCAAUAUUUA
UGAAGGUCUUCUUCCCGAAGAUAUCAAUAUUUA
UGAAGGUCUUCUUCCUGAAGAUAUCAAUAUUUA
UGAAGGUCUUCUUCCUGAAGAUAUCAAUAUUUA
UGAAGGUCUUCUUCCUGAAGAUAUCAAUGUUUA
UGAAGGUCUUCUUCCAGAAAAUAUCAAUAUCUA
GAGGCAUGUGAAUCUGGGAGUAU UGAAGGUCUUCUUCCAGAAGGUCUGAAUAUCUA
GAGGCAUGUGAAGCUGGAAGUAU UGAAGGUCUUCUUCCUGAAGAUAUCAAUAUUUA
GAGGCAUGUGAAUCUGGGAGUAUCUUUGAAGGUCUUCUUCCAGAAGGUUUGAAUAUCUA
GAGGCAUGUGAAUCUGGGAGUAUCUUUGAAGGUCUUCUUCCUGAAGGUCUGAAUAUCUA
GAGGCAUGUGAAUCUGGGAGUAUCUUUGAAGGUCUUCUACCGGAAGAUAUCAAUAUCUA
GAGGCAUGUGAAUCUGGCAGUAUAUUUGAAGGACUUCUUCCAGAAGAUAUCAAUAUCUA
GAGGCAUGUGAAGCUGGAAGUAUCUUCGAAGGUCUUCUUCCUGAAGAUAUCAAUAUUUA
GAGGCAUGCGAAUCUGGUAGUAUCUUUGAAGGUCUGCUUCCUGAAGGUCUAAAUAUCUA
GAGGCUUGUGAAUCUGGGAGCAUCUUUGAAGGUCUUCUUCCUGAAGGUUUGAAUAUUUA
GAGGCAUGUGAAUCUGGGAGUAUCUUUGAAGGUCUUCUUCCUGAAGGUCUAAAUAUCUA
GAGGCAUGCGAAUCUGGGAGUAUCUUUGAGGGUCUUCUUCCUGAAGGUCUGAAUAUAUA
GAGGCAUGUGAGUCUGGGAGUAUUUUUGAAGGUCUUCUUCCCGAAGGUCUAAAUAUAUA

uucu

uucu

uc

[aa¥a]

GAGGCAUGUGAAUCUGGAAGUAUC
GAGGCAUGUGAAUCUGGGAGUAUC
GAGGCAUGUGAAGCUGGAAGUAUU
GAGGCAUGUGAAGCUGGAAGUAUU
GAGGCAUGUGAAUCUGGAAGUAUC
C
C
u

uu
uu
uu
uu
uu
GAGGCAUGUGAAUCCGGGAGUAUCUU
uu
uu

GAGGCAUGUGAAUCUGGGAGUAUCUUUGAAGGUC UCCUGAAGGUCUGAAUAUCUA
GAGGCAUGUGAAUCUGGGAGUAUCUUUGAAGGUC UCCUGAAGGUCUGAAUAUCUA
GAGGCAUGUGAAUCUGGGAGUAUCUUUGAAGGUCU UUCCUGAAGGGCUGAAUAUCUA
GAGGCAUGUGAAUCUGGGAGUAUCUUUGAAGGUCUUCUUCCUGAAGGUAUGAAUAUCUA
GAGGCAUGUGAAUCUGGGAGUAUCUUUGAAGGUCUUCUUCCUGAAGGUCUAAAUAUCUA
GAGGCAUGUGAAUCUGGAAGUAUCUUUGAAGGCCUUCUUCCAGAAGGUCUGAAUAUCUA
GAGGCAUGCGAAUCUGGGAGUAUCUUUGAGGGUCUUCUUCCUGAAGGUCUGAAUAUCUA
GAGGCAUGUGAAUCUGGAAGUAUCUUUGAAGGCCUUCUUCCAGAAGGUCUGAAUAUCUA
GAAGCAUGCGAAUCUGGGAGUAUCUUUGAGGGUCUUCUUCCUGAAGGUCUAAAUAUCUA
GAGGGAUGUGAAUCUGGGAGUAUCUUUGGAGGUCUUCUUCCCGAAGGGCUGAAUAUCUA
1,240 1,250 1,260 1,270 1,280 1,290

TGCAACAACAGCTTCAAATGCAGAAGAAAGCAGTTGGGGAACATATTGCCCTGGGGAGT
UGCAACAACAGCUUCAAAUGCAGAAGAAAGCAGUUGGGGAACAUAUUGCCCGGGGGAGU
UGCAACCACUGCUUCCAAUGCAGAAGAAAGUAGUUGGGGAACAUAUUGCCCCGGGGAGU

GmVPE2 Exon 5

UGCAACAACAGCUUCAAAUGCAGAAGAAAGUAGUUGGGGAACAUAUUGCCCCGGGGAGU
UGCAACCACAGCUUCCAAUGCAGAAGAAAGUAGUUGGGGAACAUAUUGCCCUGGGGAGU
UGCAACAACGGCUUCGAAUGCCGAAGAAAGUAGUUGGGGAACAUAUUGUCCUGGGGAGU
UGCAACAACGGCUUCGAAUGCCGAAGAAAGUAGUUGGGGAACAUAUUGUCCUGGGGAGU
UGCAACAACAGCUUCGAAUGCCGAUGAAAGUAGUUGGGGAACAUAUUGUCCUGGGGAGG
CGCGACAACAGCUUCAAAUGCAGAUGAAAGCAGUUGGGGAACAUAUUGCCCUGGGGAGU
UGCAACAACAGCUUCAAAUGCUGAAGAAAGCAGUUGGGGAACAUAUUGUCCUGGGGAGU
UGCAACAACGGCUUCGAAUGCCGAAGAAAGUAGUUGGGGAACAUAUUGUCCUGGGGAGU
UGCAACAACAGCUUCAAAUGCAGAAGAAAGUAGUUGGGGUACAUAUUGCCCUGGAGAGU
UGCAACAACAGCUUCAAAUGCAGAAGAAAGCAGUUGGGGAACAUAUUGUCCUGGGGAGU
CGCGACAACAGCUUCGAAUGCAGAAGAAAGCAGUUGGGGAACAUAUUGCCCUGGCGAGU
UGCGACAACGGCUUCAAAUGCAGUAGAAAGCAGUUGGGGAACAUAUUGCCCUGGGGAGU
UGCAACAACGGCUUCGAAUGCCGAAGAAAGUAGUUGGGGAACAUAUUGUCCUGGGGAGU
UGCAACAACGGCUGCAAAUGCCGAAGAAAGCAGUUGGGGAACAUAUUGCCCUGGGGAGU
UGCUACAACAGCUUCCAAUGCAGACGAAAGCAGUUGGGGAACUUAUUGCCCUGGGGAGU
UGCAACAACAGCUGCAAAUGCAGCAGAAAGCAGUUGGGGAACGUACUGUCCUGGGGAUU
CGCAACAACAGCUGCAAAUGCAGACGAAAGCAGUUGGGGAACAUAUUGUCCUGGGGAGU
UGCAACAACAGCUUCAAAUGCAGAAGAAAGCAGUUGGGGAACAUAUUGCCCUGGGGACA
UGCAACAACAGCAGCUAAUGCAGAAGAAAGCAGUUGGGGAACAUAUUGUCCCGGGGAGU
UGCAACAACAGCAGCUAAUGCAGAAGAAAGCAGUUGGGGAACAUAUUGUCCCGGGGAGU
UGCAACAACAGCAGCUAAUGCAGAAGAAAGCAGUUGGGGAACAUAUUGUCCCGGGGAAU
UGCAACGACAGCAGCAAAUGCAGAAGAAAGCAGUUGGGGAACGUAUUGUCCCGGGGAGU
UGCAACAACAGCAGCAAAUGCAGAAGAAAGCAGUUGGGGAACAUAUUGUCCCGGGGAGA
UGCAACAACAGCCGCAAACGCAGAAGAAAGCAGUUGGGGAACAUAUUGCCCUGGGGAGA
UGCAACAACAGCCGCAAAUGCAGAAGAAAGCAGUUGGGGAACAUAUUGUCCUGGGGAGA
UGCAACAACAGCCGCAAACGCAGAAGAAAGCAGUUGGGGAACAUAUUGCCCUGGGGAGA
UGCAACUACUGCUGCAAAUGCAGAAGAAAGCAGUUGGGGAACAUAUUGUCCUGGCGAGA
UGCAACAACAGCAGCUAAUGCAGAAGAAAGCAGUUGGGGAACAUAUUGUCCCGGGGAUA

Figure 6: DNA sequence alignment with y-RpVPE and homologs (page 3).
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1. Robinia pseudoacacia y-VPE
2. Abrus precatorius
3. Glycine max VPE2

4. Cajanus cajan 1

5. Glycine max 3

6. Vigna angularis VPE

7.Vigna umbellata VPE

8. Phaseolus vulgaris 2

9. Cicer arietinum 2

Glycine max 2

Vigna unguiculata VPE
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. Prosopis alba VPE
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. Cicer arietinum 1
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1,300 1,310 1,320 1,330 1,340 1,350
ACCCTAGTCCTCCTCCAGAATATACAACCTGCTTGGGTGACTTGTACAGTGTTGCTTGG
ACCGUAGUCCUCCCCCAGAAUAUACAACUUGCUUGGGUGACCUGUACAGUGUUGCUUGG
AUCCUAGUCCUCCCCCAGAAUAUACAACCUGUUUGGGUGACUUGUACAGUGUUGCUUGG

GmVPE2 Exon 5

AUCCUAGUCCUCCCCCAGAAUAUACAACCUGCUUGGGUGACCUGUACAGUGUUGCUUGG
AUCCUAGUCCUCCCCCAGAAUAUUCAACCUGCUUGGGUGAUCUGUACAGUGUUGCUUGG
AUCCUAGUCCUCCCCCAGAAUAUUCAACCUGCUUGGGUGACCUGUACAGUGUUGCUUGG
AUCCUAGUCCUCCCCCAGAAUAUUCAACCUGCUUGGGUGACCUGUACAGUGUUGCUUGG
AUCCUAGUCCUCCCCCAGAAUAUUCAACCUGCUUGGGUGACCUGUACAGUGUUGCUUGG
ACCCUCCCCCUCCCCCAGAGUACUCAACCUGCUUGGGUGAUCUGUAUAGUGUUGCUUGG
AUCCUAGUCCUCCCCCUGAAUAUGAAACCUGCCUGGGUGACCUGUACAGUGUUGCUUGG
AUCCUAGUCCUCCCCCAGAAUAUUCAACCUGCUUGGGUGACCUGUACAGUAUUGCUUGG
AUCCUAGUCCUCCUCCGGAAUAUUCAACUUGCUUAGGCGACCUCUACAGUAUCGCUUGG
AUCCUAGUCCUCCCUCUGAAUAUGAAACCUGCCUGGGUGACCUGUACAGUGUUGCUUGG
ACCCUCCCCCUCCCCCGGAGUACUCAACCUGCUUGGGUGACCUAUACAGCAUUGCUUGG
ACCCUCCCCCUCCUCCAGAGUACUCAACCUGCUUAGGUGACCUAUACAGUAUUGCUUGG
AUCCUAGUCCUCCCCCAGAAUAUUCAACCUGCUUGGGUGACCUGUACAGUGUUGCUUGG
UUCCUAGUCCUCCUCCAGAAUAUGAAACCUGCCUGGGUGACUUGUACAGUGUUGCUUGG
AUCCUAGUCCUCCCCCAGAAUAUGAAACUUGCUUAGGUGACCUGUACAGUGUUGCCUGG
AUCCUAGUCCUCCCCCAGAAUAUGAAACCUGCCUGGCUGACCUGUACAGUGUUGCUUGG
UUCCUAGUCCUCCACCAGAGUAUGAAACCUGCCUGGGUGACCUAUACAGUGUUGCUUGG
UUCCUAGUCCUCCUCCAGAAUAUGAAACCUGUCUGGGUGACUUGUACAGUGUUGCUUGG
AUCCUAGUCCCCCCCCUGAAUAUGAAACCUGCCUGGGUGACCUGUACAGUGUUGCUUGG
AUCCUAGUCCCCCCCCUGAAUAUGAAACCUGCCUGGGUGACCUGUACAGUGUUGCUUGG
AUCCUAGUCCCCCCGCUGAAUAUGAAACCUGCCUGGGUGACCUGUACAGUGUUGCUUGG
AUCCUAGUCCCCCCCCAGAAUAUGAAACCUGCUUGGGUGACUUGUACAGUGUUGCUUGG
AUCCUAGUCCCCCCNCUGAAUAUGAAACCUGCCUCGGCGACCUGUACAGUGUUGCUUGG
AUCCUAGUCCUCCACCAGAAUUUGGAACCUGUCUAGGUGACCUAUACAGUGUUGCUUGG
AUCCUAGUCCUCCCCCAGAAUAUGAAACAUGCUUGGGUGACCUAUACAGUGUUGCUUGG
AUCCUAGUCCUCCACCAGAAUUUGGAACCUGUCUAGGUGACCUAUACAGUGUUGCUUGG
AUCCUAGUCCUCCCCCAGAAUAUGAAACCUGCUUGGCGGACCUAUACAGUGUUGCUUGG
AUCCUAGUCCCCCCCCUGAAUAUGAAACCUGCCUGGGUGACCUGUACAGUGUUGCUUGG
1,360 1,370 1,380 1,390 1,400 1,410
ATGGAAGACAGTGACATACACAATTTGCGAACTGAAACTTTGCACCAACAGTATAARTT
AUGGAAGACAGUGACAUACACAAUUUGCGAACAGAAACUUUGCACCAACAAUAUAAAUU
AUGGAAGACAGUGACAGACACAAUUUGCGAACAGAAACUCUGCACCAACAAUAUAAAUU

GmMVPE2 Ex... GmMVPE2 Exon 6

AUGGAAGACAGUGACAGACACAAUUUGAGAACUGAAACUUUGCACCAACAAUAUAAAUU
AUGGAAGACAGUGACAGACACAAUUUACGAACAGAAACUCUGCAUCAACAAUAUAAAUU
AUGGAAGACAGUGAUAGACACAAUUUGCGAACAGAAUCUUUACACCAACAAUAUAAAGU
AUGGAAGACAGUGAUAGACACAAUUUGCGAACAGAAUCUUUACACCAACAAUAUAAAGU
AUGGAAGACAGUGAUAGACACAAUUUGCGAACAGAAACUUUGCACCAACAAUAUAAAUU
AUGGAAGAUAGUGACAUUCACAAUCUGCGAACUGAAAGUUUGCACCAACAAUAUAAAGU
AUGGAAGAUAGUGACAUACACAAUUUGCGAACAGAAACUUUACAUCAACAAUACGACUU
AUGGAAGACAGUGAUAGACACAAUUUGCGAACAGAAUCUUUGCACCAACAAUAUAAAGU
AUGGAAGAUAGCGAUAUACACAAUUUGCGAACAGAAACAUUGCACCAACAAUAUAAAUU
AUGGAAGACAGUGACAUACACAAUUUGCAAACAGAAACUUUACAUCAACAAUACGAAUU
AUGGAAGACAGCGACGUACACAAUUUGCGAACUGAAAGUUUGCAGCAGCAAUAUAAAUU
AUGGAAGACAGUGACAUACACAAUUUACGAACUGAAAGUUUGCACCAGCAAUAUAAAUU
AUGGAAGACAGUGAUAGACACAACUUGCGAACAGAAUCUUUACACCAACAAUAUAAAGU
AUGGAAGACAGUGACAUACACAAUUUGCGAGCAGAAACUUUGCACCAACAAUACGAGUU
AUGGAAGACAGUGAUAUUCACAAUUUGCGAACAGAAACAUUGCACCAACAGUAUAAACU
AUGGAAGACAGUGACAUGCACAAUUUGCGAACAGAGACUCUGCAUCAACAAUAUGAAUU
AUGGAAGACAGUGACAUGCACAAUUUGCAAUCAGAAACUUUGCACCAGCAAUAUGAAUU
AUGGAAGACAGUGACAUACACAAUUUGCGAGCAGAAACUUUGCACCAACAAUACGAGUC
AUGGAAGACAGUGACAUUCACAAUUUGCGAACAGAAACUUUACAUCAACAAUUUGAAUU
AUGGAAGACAGUGACAUUCACAAUUUGCGAACAGAAACUUUACAUCAACAAUUUGAAUU
AUGGAAGAUAGUGACAUUCACAAUUUGCGAACAGAAACUUUACAUCAACAAUUUGAAUU
AUGGAAGACAGUGACAUUCACAAUUUGCAAACAGAAACUUUACAUCAACAAUUUGAAUU
AUGGAAGACAGUGACAUUCACAAUUUGCGAACAGAAACAUUACAUCAACAAUUUGAAUU
AUGGAAGACAGUGCCAUACACAAUUUACAUACAGAAACUUUGCACCAACAAUACCAAUU
AUGGAAGACAGUGACAUACACAAUUUGCAAACAGAAACUUUGCACCAGCAAUAUGAAUU
AUGGAAGACAGUGCCAUACACAAUUUACGUACAGAAACUUUGCACCAACAAUACCAAUU
AUGGAAGACAGUGACAUACACAAUUUGCAAACAGAAACUCUGCACCAGCAAUAUGAAUU
AUGGAAGACAGUGACAUUCACAAUUUGCGAACAGAAACUUUACAUCAACAAUUUGAAUU
1,420 1,430 1,440 1,450 1,460 1,470
GGTTAAAGAGMGGACTATCAATGGAAGTCCATACTATGGCTCTCATGTGATGCARTATG
GGUUAAAGAGAGGACUAUUGGUGGAACUUUUUACUUUGGCUCUCACGUGAUGCAGUAUG
GGUUAAAGAGAGGACUAUAUCUGGAGAUUCAUACUAUGGCUCUCACGUGAUGCAGUAUG
GmVPE2 Exon 7

GGUUAAAGAUAGAACUUUAUAUGGAGAUGCAUACUAUGGCUCUCACGUGAUGCAGUAUG
GGUUAAAGAGAGGACUAUAUCUGGAGAUUCAUACUAUGGCUCUCACGUGAUGCAGUAUG
GGUUAAGGAUAGGACUCUAGCUGGAGGUU---ACUAUGGCUCUCACGUGAUGCAGUAUG
GGUUAAGGAUAGGACUCUAGCUGGAGGUU---ACUAUGGCUCUCACGUGAUGCAGUAUG
GGUUAAAGAGAGGACUAUAUCUGGAGGUUUAUACUAUGGCUCUCACGUGAUGCAGUAUG
GGUUAAGGAUAGGACUAUUAAUGGAG---UAUACUAUGGUUCUCAUGUGAUGGAGUAUG
GGUCAAAGAAAGGACUAUGAAUGGAAAUUCAAUCUAUGGUUCCCACGUGAUGCAGUAUG
GGUUAAAGAUAGGACUCUGUCUGGAGGUU---ACUAUGGCUCUCACGUGAUGCAGUAUG
GGUUAAGGAGAGAACUAUCAAUGGAAAUGCAUAUGAUGGCUCUCAUGUGAUGCAAUAUG
GGUCAAACAAAGGACUAUGAAUGGAAAUUCAAUUUAUGGUUCCCACGUGAUGCAGUAUG

GGUUAAGGAUAGGACUAUCAAUGG---UGCAUACUAUGGUUCUCAUGUGAUGGAAUAUG
GGUUAAAGAUAGGACUAUCAAUGGUUA-----~- CUAUGGUUCUCAUGUGAUGGAGUAUG
GGUUAAGGAUAGGACUCUAUCUGGAGGUUGG---UAUGGCUCUCACGUGAUGCAGUAUG

GGUUAAACAAAGGACUAUGAAUGGAAAUUCAAUAUAUGGCUCUCACGUGAUGCAAUAUG
GGUUAAAAGAAGGACAAUGAAUGGAAAUGCCGUCUAUGGCUCUCACGUGAUGCAAUAUG
GGUCAAACAAAGGACUAUAAAUGGAAAUGCAAUGUACGGUUCCCACGUAAUGCAGUUUG
GGUCAAAGAAAGGACUAAGAACGGAAAUACACUCUAUGGUUCCCACGUGAUGCAAUAUG
GGUUAAACAAAGGACUGUCAAUGGAAAUUCAAUAUAUGGCUCUCACGUGAUGCAAUAUG
GGUGAAACAAAGGACCAUGAAUGGAAAUUCAGCCUAUGGUUCCCACGUGAUGCAGUAUG
GGUGAAACAAAGGACCAUGAAUGGAAAUUCAGCCUAUGGUUCCCACGUGAUGCAGUAUG
GGUGAAACAAAGGACUAUCAAUGGAAAUUCAGCCUAUGGUUCCCACGUGAUGCAGUAUG
GGUGAAACAAAGGACUAUAAAUGGAAAUUCAGCCUAUGGUUCCCACGUGAUGCAGUAUG
GGUGAAACAAAGGACAAUUAAUGGAAAUUCAGCCUAUGGUUCCCACGUGAUGCAGUUUG
GGUUAAAGAAAGGACUUUCAAUGGAAAUUCAAUGUAUGGCUCUCAUGUGAUGCAAUAUG
GGUCAAAGAAAGGACUUCAAACGGAAAUUCAAUAUAUGGUUCGCACGUGAUGCAAUUUG
GGUUAAAGAAAGGACUUCCAACGGAAAUUCAAUGUAUGGCUCUCAUGUGAUGCAAUAUG
GGUCAAAGAAAGGACUGCAAACGGAAAUUCAAUCUAUGGCUCCCACGUGAUGCAAUAUG
GGUGAAACAAAGGACUAUGAAUGGAAAUUCAGCCUAUGGUUCCCACGUGAUGCAGUAUG

Figure 6: DNA sequence alignment with y-RpVPE and homologs (page 4).
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1. Robinia pseudoacacia y-VPE
2. Abrus precatorius
3. Glycine max VPE2

4. Cajanus cajan 1

5. Glycine max 3

6. Vigna angularis VPE

7.Vigna umbellata VPE

8. Phaseolus vulgaris 2

9. Cicer arietinum 2

Glycine max 2

Vigna unguiculata VPE
Lupinus angustifolius VPE-like
Glycine max 4

Trifolium pratense VPE
Medicago truncatula VPE

. Vigna mungo (VmPE-1A)
17. Lupinus angustifolius VPE-like
18. Prosopis alba VPE

19. Cajanus cajan 2

20. Cicer arietinum 1

21. Lupinus angustifolius 3
22.Vigna umbellata VPE-like
23. Vigna angularis VPE-like
24.Vigna radiata var. radiata
25. Phaseolus vulgaris 1

26. Vigna unguiculata VPE-like
27. Arachis ipaensis

28. Medicago truncatula 1

29. Arachis hypogaea 1

30. Trifolium pratense VPE-like
31. Vigna mungo (VmPE-1)

RN
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1

1,480 1,490 1,500 1,510 1,520 1,530
GTGATATAGGGCTTAACAGTAATTCTCTCTTCCTATATATGGGTACAAATCCTGCTAAT
GUGAUAUUGGGCUUAGCAGUGAUGCUCUCUUUGCAUAUAUGGGUACAAAUCCUGCUAAU
GUGAUGUAGGGCUUAGCAGAGAUGUUCUCUUCCAUUAUUUGGGUACAGAUCCUGCUAAU

GmVPE2 Exon 7

GUGAUGUCGGGUUCAGCAACGAUAUUCUCUUCCUAUAUAUGGGUACCAAUCCUGCUAAU
GUGAUGUACGGCUUAGCAGUGAUGUUCUCUUCCAUUAUUUGGGUACAGAUCCUGCUAAU
GUGAUGUAGGGUUUAACAAGGAUAAUCUCUUCCUGUAUUUGGGUACAGAUCCUGCAAAU
GUGAUGUAGGGUUUAACAAGGAUAAUCUCUUCCUGUAUUUGGGUACAGAUCCUGCAAAU
GUGAUGUAGGGCUUAGCAAGGAUAUUCUCUUCCAUUAUUUGGGUACAGAUCCUGCAAAU
GUGAUGUAGGGCUUAGCAACAAUCAUCUCUUCAUAUAUUUGGGCACAAAUCCUGCUAAU
GUGACAUAGGGCUUAGCAAGAACAAUCUUGUCUUAUAUUUGGGUACAAAUCCUGCUAAU
GUGAUGUAGGGCUUAGCAAGGAUUCUCUCUUCCUGUAUUUGGGUACAGAUCCUGCAAAU
GUGAUGUAGGACUUAGCAAGGAUUUUCUCUACCUGUAUUUAGGUACAAAUCCUGCCAAU
GUGACAUAGGGCUUAGCGAGAACAAUCUCGUCUUAUAUUUGGGUACAAAUCCUGCUAAU
GUGAUGUAGGACUUGGCAACAAUCAUCUUUUCCUAUAUUUGGGAACAAAUCCUGCUAAU
GUGAUGUAGGGCUUAGCAACAAUCAUCUCUUCCUAUAUUUGGGUACAAAUCCUGCCAAU
GUGAUGUAGAGUUUAGCAAGGAUGCUCUCUUCCUGUAUUUGGGUACAGAUCCUGCAAAU
GUGACAUAGGGCUUAGCAAGGAUCAUCUCUUCCUCUAUUUGGGUACAAAUCCCGCUAAU
GCGAUGUAGGGAUUAGUAAGAAUCAUCUGGUACUCUAUUUGGGAACCAAUCCUGCUAAU
GUGACAUAGAGCUUAGCAAGAACAAUCUCUUCCUAUAUUUGGGUACAAAUCCUGCUAAU
GUGACAUAGGGCUCAGCGAGAAUAGUCUAUUCCUCUAUUUAGGAACAAACCCUGCUAAU
GUGACAUAGGGCUUAGCAAGAAUAAUCUCUUUCUCUAUUUGGGGACAAAUCCUGCUAAC
GUGACGUAGGGCUUAGCAAGAACAAUCUCUCCUUAUAUUUGGGUACAAAUCCUGCUAAU
GUGACGUAGGGCUUAGCAAGAACAAUCUCUCCUUAUAUUUGGGUACAAAUCCUGCUAAU
GUGACAUAGGGCUUAGCAAGAACAAUCUCUCCUUAUAUUUGGGUACAAAUCCUGCUAAU
GUGACAUAGGGCUUAGCAAGAACAAUCUCUCCUUAUAUUUGGGUACAAAUCCUGCAAAU
GUGACAUUGGGCUUAGCAAGAACAAUCUCUCCUCAUAUUUGGGUACAAAUCCUGCUAAU
GUGAUAUAGGGAUUAGCAGUAAUAAUCUCUUCCUAUAUUUGGGUACAAAUCCAGCUAAU
GUGACAUAGGGCUAAGCAGGGAUAGUCUAUUCCUAUAUUUGGGAUCAAAUCCUGCUAAU
GUGAUAUAGGGAUUAGCAGUAAUAAUCUCUUCCUAUAUUUGGGCACAAAUCCAGCUAAU
GUGACAUUGGGCUUAGCAAGGAUAGUCUGUUCCUAUAUUUGGGAUCAAAUCCUGCUAAU
GUGACGUAGGGCUUAGCAAGAACAACGUCUCCUUAUAUUUGGGUACAAAUCCUGCUAAU

1,540 1,550 1,560 1,570 1,580 1,590
=
GATAATTTTACTTTTGTGGATGAAAACTCCTTG-=-=--~-~- AGG---TCRCCTTCAAA---
GAUAAUUUUACCUUUGUGGAUGAAAACUCCUUGA------ GGUCCUCACCUUCAAA---
GAUAAUUUCACUUUUGUGGAUGAAAACUCCUU---AU---GG---UCACCUUCAAA---

GmVPE2 Exon 7

GAUAAUUUAACUUUCGUGGAUGAAAACACCUUAAGGUCACGGUCACCUCCUUCAAA-~--

GAUAAUUUCACUUUUGUGGACGAAAACUCCUUAU----~-- GGUCA---CCUUCAAA---
GAUAAUUUGACUUUCGUGGAUGAAAACUCCUUAU------ GGUCA---UCUUCAAC---
GAUAAUUUGACUUUCGUGGAUGAAAACUCCUUAU------ GGUCA---UCUUCAAC---
GAGAAUUUGACUUUCGUGGAUGAAAACUCCUUAU- -~ -~ - GGUCA---UCUUCAAA---
GAUAAUAUUAGUUUUGUGGAUGAAAGCUCUUUGACCUUAAGAUCA---CCUUCAGC---
GAUAAUUUUACUUUUGUGCAUAAAAACUCAUUGG- -~~~ - UGCCA---CCUUCAAA---
GAUAAUUUGACUUUCGUGGAUGAAAACUCCUUAC- -~ -~~~ GGGCA---UCUUCAAC---
GAUAACAUUACUUUUGUGGAUGAAAACUCGUUGA=- -~~~ - AGCCA---CCUUCAAA---
GAUAAUUUUACUUUUGUGCUUAAAAACUCAUUGG- -~ -~ - UGCCA---CCUUCAAA---
GAUAACAUUAGUUUUGUGGAUGAAAGCGCCUUGAAAUUGAGAUCA---CCUUCAAC---
GACAAUAUUAGUUUUGUGGAUGAAAGCUCCUUGAAAUUGAGAUCG---CCUUCAAC---
GAUAAUUUGACUUUCGUGGAUGAAAACUCCUUAU-~-~-- -~ GGUCA---UCUUCAAC---
GAUAAUUUUACUUUUGUGGAUGAAAACUCCUUGA- -~ - -~ GGCCA---CCUUCUAA---
GAAAAUUUCACUUUCGUGGAUGAAAACUCCUUGA- -~~~ - GGCCA---CCCACAAA---
GAUAAUUUUACUUUUGUGGAUAAAAACUCAUUGG- -~~~ - UGCCA---CCCUCAAA---
GAAAAUUUUACUUUUGUGGGUAGAAACUCAUUAG---~-~-- UGCCA---CCUUCAAA---
AAUAAUUUUACCUUUUUGGGCAAAAACUCCUUGA=- -~ -~~~ GGCCC---UCUUCUAA---
GAUAAUUUUCCUUUUCUGGAGAAAAACUCGUUGG- -~ -~ - UGCCA---CCUUCAAA---
GAUAAUUUUCCUUUUCUGGAGAAAAACUCGUUGG- -~ -~ - UGCCA---CCUUCAAA---
GAUAAUUUUCCUUUUCUGGAGAAAAACUCGUUGG- -~~~ - UGCCA---CCUUCAAA---
GAUAAUUUUGCUUUUCGGGAGAAAAACUCACUGG=- -~~~ - UGCCG---CCUUCAAA---
GAUAAUUUUCCUUUUCUGGAGAAAAACUCAUUGG- -~ -~ - UGCCA---CCUUCAAA---
GAAAAUUUUACGUUUGUGGAUAACAACUCCUUGA- -~ -~ - AGCUA---CCGUCAAAGAC
GAAAAUUUCACUUUUAUGGGUAGAAACUCAUUAG- -~ -~ - UGCCA---CCUUCAAA---
GAAAAUUUUACGGUUAUGGAUAACAACUCCUUGA ===~~~ AGCUA---CCGUCAAAGAC
GAAAAUUUCACUUUUAUGGGUAGGAACUCAUUAG- -~ -~~~ UGCCA---CCUUCAAA---
GAUAAUUUUCCUUUUCGGGAGAAAAACUCGUUGG- -~ -~ - UGCCA---CCUUCAAA---
1,600 1,610 1,620 1,630 1,640 1,650

y-RpVPE 808 F

AGCAGTCAACCAACGGGATGCTGATCTCATTCATTTCTGGGATAAGTTCCGCAAAGCTC
AGCAGUCAAUCAAAGGGAUGCUGAUCUCAUCCAUUUUUGGGAUAAGUUCCGCAAAGCUC
ACCAGUCAACCAACGUGAUGCUGAUCUCAUCCAUUUUUGGGAUAAGUUCCGCAAAGCUC

GmVPE2 Exon 7 [ GmVPE2 Exon 8

AGCAGUCAACCAACGGGAUGCUGAUCUUGUCCAUUUUUGGGAGAAGUUUCGCAAAUCUC
ACCAGUCAACCAACGUGAUGCUGAUCUCAUCCAUUUUUGGGAUAAGUUCCGCAAAGCUC
AGCAGUCAACCAAAGGGAUGCUGAUCUCGUCCAUUUUUGGCAUAAGUUCCGCAAAGCUC
AGCAGUCAACCAAAGGGAUGCUGAUCUCGUCCAUUUUUGGCAUAAGUUCCGCAAAGCUC
AGCAGUCAACCAAAGGGAUGCUGAUCUCGUCCAUUUUUGGGAUAAGUUCCGCAAAGCUC
AGCAGUCAACCAAAGGGAUGCUGAUCUCAUCCAUUUCUGGGAUAAGUUCCGCAAAGCUC
AGCAGUCAACCAACGUGAUGCAGAUCUCAUCCAUUUCUGGGAUAAGUUCCGCAAAGCUC
AGCAGUCAACCAAAGAGAUGCUGAUCUCGUCCAUUUUUGGCAUAAGUUCCGCAAAGCUC
AUCAGUCAACCAACGCGAUGCCGAUCUCGUCCAUUUUUGGGAGAAGUUCCGCAGAGCUC
AGCAGUCAACCAACGUGAUGCAGAUCUCAUCCAUUUUUGGGAUAAGUUCCGCAAAGCUC
AGCAGUUAACCAAAGGGAUGCCGAUCUCGUCCAUUUCUGGGAUAAGUUCCGCAAAGCUC
AGCAGUUAACCAAAGGGAUGCUGAUCUCAUUCAUUUCUGGGAUAAGUUCCGCAAAGCAC
UGCAGUCAACCAAAGGGAUGCAGAUCUCGUCCAUUUUUGGCAUAAGUUCCGCAAAGCUC
AGCUGUCAACCAACGUGAUGCAGAUCUUAUCCAUUUUUGGGAUAAGUUCCGCAAAGCUC
AGCAGUUAACCAACGUGAUGCUGAUCUCAUCCAUUUUUGGGAUAAGUACCGCAAAGCUC
AGCAGUCAACCAACGUGAUGCAGAUCUUGUGCAUUUCUGGGAUAAGUUUCGCAAAGCUC
AGCGGUCAACCAGCGUGAUGCAGAUCUCGUCCAUUUCUGGGAUAAGUUCCGCAAAGCUC
AGCUGUCAACCAACGUGAUGCAGAUCUUAUCCAUUUCUGGGACAAGUUCCGCAAAGCCC
AGCAGUCAACCAACGUGAUGCAGAUCUUGUCCAUUUCUGGGAUAAGUUCCGCAAAGCUC
AGCAGUCAACCAACGUGAUGCAGAUCUUGUCCAUUUCUGGGAUAAGUUCCGCAAAGCUC
AGCAGUCAACCAACGUGAUGCAGAUCUUGUCCAUUUCUGGGAUAAGUUCCGCAAAGCUC
AGCAGUCAACCAACGUGACGCAGAUCUAGUCCAUUUAUGGGACAAGUACCGCAAAGCUC
AGCAGUCAACCAACGUGAUGCAGAUCUCGUCCAUUUCUGGGAUAAGUUCCGCAAAGCUC
AGCAGUAAACCAACGUGAUGCAGAUCUUGUCCAUUUCUGGGAUAAGUACCUCAAAGCUC
AACGGUUAACCAGCGUGAUGCAGAUCUCAUCCAUUUCUGGGAUAAGUUCCGCAAAGCUC
AGCAGUAAACCAACGUGAUGCAGAUCUUGUCCAUUUCUGGGAUAAGUACCUCAAAGCUC
AGCGGUCAACCAGCGUGAUGCAGAUCUCAUCCAUUUCUGGGAUAAGUUCCGCAAAGCUC
AGCAGUCAACCAACGUGAUGCAGAUCUUGUCCAUUUCUGGGAUAAGUUCCCAAAAGCUC

Figure 6: DNA sequence alignment with y-RpVPE and homologs (page 5).

167



Appendix

1. Robinia pseudoacacia y-VPE
2. Abrus precatorius
3. Glycine max VPE2

4. Cajanus cajan 1

5. Glycine max 3

6. Vigna angularis VPE

7.Vigna umbellata VPE

8. Phaseolus vulgaris 2

9. Cicer arietinum 2

Glycine max 2

Vigna unguiculata VPE
Lupinus angustifolius VPE-like
Glycine max 4

Trifolium pratense VPE
Medicago truncatula VPE
Vigna mungo (VmPE-1A)
Lupinus angustifolius VPE-like
Prosopis alba VPE

. Cajanus cajan 2

. Cicer arietinum 1

. Lupinus angustifolius 3

. Vigna umbellata VPE-like

. Vigna angularis VPE-like

. Vigna radiata var. radiata

. Phaseolus vulgaris 1

. Vigna unguiculata VPE-like
. Arachis ipaensis

. Medicago truncatula 1

. Arachis hypogaea 1

. Trifolium pratense VPE-like
. Vigna mungo (VmPE-1)

TSI
NouvpwNh=O

M= —
Swox

NNNNNNN
NounhwWN =

WWNN
O WV

1. Robinia pseudoacacia y-VPE
2. Abrus precatorius
3. Glycine max VPE2

4. Cajanus cajan 1
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7.Vigna umbellata VPE

8. Phaseolus vulgaris 2

9. Cicer arietinum 2

Glycine max 2

Vigna unguiculata VPE
Lupinus angustifolius VPE-like
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Trifolium pratense VPE
Medicago truncatula VPE
Vigna mungo (VmPE-1A)
17. Lupinus angustifolius VPE-like
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19. Cajanus cajan 2
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1. Robinia pseudoacacia y-VPE
2. Abrus precatorius
3. Glycine max VPE2

4. Cajanus cajan 1

5. Glycine max 3

6. Vigna angularis VPE

7.Vigna umbellata VPE

8. Phaseolus vulgaris 2

9. Cicer arietinum 2

Glycine max 2

Vigna unguiculata VPE
Lupinus angustifolius VPE-like
Glycine max 4

14. Trifolium pratense VPE

15. Medicago truncatula VPE
16. Vigna mungo (VmPE-1A)
17. Lupinus angustifolius VPE-like
18. Prosopis alba VPE

19. Cajanus cajan 2

20. Cicer arietinum 1

21. Lupinus angustifolius 3
22.Vigna umbellata VPE-like
23. Vigna angularis VPE-like
24.Vigna radiata var. radiata
25. Phaseolus vulgaris 1

26. Vigna unguiculata VPE-like
27. Arachis ipaensis

28. Medicago truncatula 1

29. Arachis hypogaea 1

30. Trifolium pratense VPE-like
31. Vigna mungo (VmPE-1)

NN
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1,660 1,670 1,680 1,690 1,700 1,710
CTGAGAATTCTCCTAAAAAAGATACAGCTCAGAAACAAGTTCTGGAAGCAATGTCTCAC
CUGAGGGUUCACCCAGGAAAAGUGCAGCUCAGAAACAAGUUCUGGAAGCAAUGUUUCAC
CUGAGGGUUCUCUCAGGAAAAAUACAGCUCAGAAACAAGUUUUGGAAGCAAUGUCUCAC

GmVPE2 Exon 8

CUGAGGGAUCUCCCAGGAAAAAUGCAGCUCAGAAACAAGUUCUGGAAGCAAUGUCUCAU
CUGAGGGUUCUCUCAGGAAAAAUGCAGCUCAGAAACAAGUUUUGGAAGCAAUGUCUCAU
CGGAAGGUUCUCCUAAAAAAAAUGAAGCUCGGAAACAAGUUCUGGAAGUAAUGUCUCAC
CGGAAGGUUCUCCUAAAAAAAAUGAAGCUCGGAAACAAGUUCUGGAAGUAAUGUCUCAC
CUGAGGGUUCUCCUAAGAAAAAUGAAGCUCGGAAACAAGUUCUGGAAGUAAUGUCUCAC
CUGAGGGUUCUGCCAGGAAAAAUGAAGCUGAGAAACAAGUUUUGGAAGCAAUGUCUCAC
CUGUGGGUUCUUCUAGGAAAGCUGCAGCUGAGAAAGAAAUUCUGGAAGCAAUGUCUCAC
CGGAGGGUUCUCCUAAGAAAAAUGAAGCACGGAAACAAGUUCUGGAAGUAAUGUCUCAC
CCGAGGGCUCUCUUAGGAAAAUUGAAGCUCAAAAACAAAUUCAGGAAGCAAUGUCUCAC
CUGUGGGUUCUUCUAGGAAAGCUGCAGCUGAGAAACAAAUUCUUGAAGCAAUGUCUCAC
CUGAGGGUUCUCCGCGGAAAAAUGAAGCUCAGAAACAAGUUUUGGAAGCAAUGUCUCAC
CUGAGGGUUCUCUGCGGAAAAAUGAAGCACAGAAAGAAGUUUUGGAAGCAAUGUCCCAC
CGGAGGGUUCUCCUAAGAAAAAUGAAGCUCGGAAACAAGUUCUGGAAGUAAUGUCUCAC
CUCAGGGUUCCCCUAGGAAAGCUGAAGCUGAGAGACAGAUUCUGGAAGUAAUGUCUCAU
CUGAGGGUUCUCCUAGGAAAGUCAAAGCUCAGAAACAAGUUUUGGAAGCUAUGUCUCAC
CUGUGGGUUCUUCUAGGAAAACUGCAGCUGAGAAACAACUUCUGGAAGCAAUGUCUCAC
CUCAGGGUUCCCCUAGGAAAGCUGCAGCUGAGAAGCAAGUUCUGGAAGCAAUGUCUCAC
CUCAGGGUUCCCCUAGGAAAGCUGCAGCCGAGAAACAGAUCCUGGAUGUAAUGUCUCAC
CUUUGGGUUCUUCUAGGAAAUCUGUAGCUCAGAAACAAAUUCUAGAAGCAAUGUCUCAC
CUUUGGGUUCUUCUAGGAAAUCUGUAGCUCAGAAACAAAUUCUAGAAGCAAUGUCUCAC
CUUUGGGUUCUUCUAGGAAAUCUGUAGCUCAGAAACAAAUUCUAGAAGCAAUGUCUCAC
CUGUGGGUUCUUCUAGGAAAUCCGUAGCUCAGAAACAAAUUCUAGAAGCGAUGUCUCAC
CUUUGGGUUCUUCUAGGAAAUCUGUAGCUCAGAAACAAAUUCUAGAAGCAAUGUCUCAC
CUGAGGGUUCUCCAAGGAAAGCUGCAGCAGAGAAACAAGUUAUGGAAGUAAUGUCUCAC
CUCAGGGUUCUCCUAGGAAAGUUGCAGCUCAGAAGCAAGUUCUGGAAGCAAUGUCUCAC
CUGAGGGUUCUCCAAGGAAAGCUGCAGCAGAGAAACAAGUUAUGGAAGCAAUGUCUCAC
CUCAGGGUUCUCCUAGGAAAGUUGAAGCUCAGAAGCAAGUUCUGGAAGCCAUGUCUCAC
CUUUGGGUUCUUCUAGGAAAUCUGUAGCUCAGAAACAAAUUCUAGAAGCAAUGUCUCAC

1,720 1,730 1,740 1,750 1,760 1,770

AGAATGCATATAGACAACAATGTGAAACTTATTGGAAAGCTCTTATTTGGCATT
AGAACACACAUAGACGACAGUGUGAAACUUAUUGGGAAGCUUUUAUUUGGAUUUGGAAA
AGAAUGCAUGUAGACAACAGUGUAAAACUGAUUGGGAAGCUUUUAUUUGGCAUU

GmVPE2 Exon 8

AGAAUGCAUGUAGACAAGAGUGUGAAACUUAUUGGGAAGCUAUUGUUUGGCAUUGAGAA
AGAAUGCAUGUAGACAACAGUGUAAAACUUAUUGGGAAGCUUUUAUUUGGUAUUGAAAA
AGAAUGCAUAUAGACGACAGUGUGAAACUUGUUGGAAAGCUUUUAUUUGGAUUUGAAAA
AGAAUGCAUAUAGACGACAGUGUGAAACUUGUUGGAAAGCUUUUAUUUGGAUUUGAAAA
AGAAUGCAUAUAGACGACAGUGUGGAACUUGUUGGAAAGCUUUUAUUUGGCAUUGAAAA
AGGAAGCAUGUUGACAACAGUGUGGAACUGAUUGGGAAGCUCUUAUUUGGCAUUGAAAA
AGAAUGCAUAUAGAUGACAACAUGAAACUUAUUGGAAAGCUCUUAUUUGGCAUUGAAAA
AGAAUGCAUAUAGACGACAGUGUGAAACUUGUUGGAAAGCUUUUAUUUGGCAUUGAAAA
AGGACAAAUGUAGACAACAUGGUUCAACUUAUUGGAAAGCUCUUAUUUGGCAUUGAAAA
AGAAUGCAUAUAGAUGACAGCAUGAAACGUAUUGGAAAGCUCUUCUUUGGCAUUGAAAA
AGGAUGCAUGUAGACAACAGUGUGGAACUGAUUGGGAAGCUCUUAUUCGGCAUUGAAAA
AGGAUGCAUGUAGACAACAGUGUGAAACUGAUUGGAAAGCUCUUAUUUGGCAUUGAAAA
AGAAUGCAUAUAGACGACAGUGUGAAACUUGUUGGAAAGCUUUUAUUUGGAUUUGAAAA
AGAAUGCACGUAGACAGCACCGUUAAACUUAUUGGAAAGCUCUUAUUUGGCAUCGAGAA
AGAAUGCAUUUAGACAACAGCGUAAAACUUAUUGGAAAGCUGUUAUUUGGCAUUGAAAA
AGAAUGCAUAUAGACGACAACAUGAAACUUAUUGGAAAACUCUUAUUUGGCAUUGAAAA
AGAAUGCAUAUAGACGACAGCAUAAAACUUGUUGGAAAACUCUUAUUUGGCAUGGAAAA
AGAAUGCAUGUAGACAGCAGCGUUAAACUUAUUGGAAAACUCUUAUUUGGCGUUGAGAA
AGAAUGCAUAUAGACGACAGCGUGACACUUAUUGGAAAGCUGUUAUUUGGCAUUGAAGA
AGAAUGCAUAUAGACGACAGCGUGACACUUAUUGGAAAGCUGUUAUUUGGCAUUGAAGA
AGAAUGCAUAUAGACGACAGCGUGACACUUAUUGGAAAGCUGUUAUUUGGCAUUGAAGA
AGAAUGCAUAUAGACGACAGCAUGAAACUUAUUGGAAAACUGUUAUUUGGCAUUGAAGA
AGAAUGCAUAUAGACGACAGCGUGACACUUAUUGGAAAGCUGUUAUUUGGCAUUGAAGA
AGAAUGCAUAUAGACAGCAGCGUCAAACUUAUUGGAAAGCUCUUAUUCGGCAUUGAAAA
AGAAUGCAUAUAGACGAGAGCAUAAAACUUGUUGGAAAACUUUUAUUUGGCAUGAAAAA
AGAAUGCAUAUAGAUAGCAGCGUCAAACUUAUUGGAAAGCUCUUAUUCGGCAUUGAAAA
AGAAUGCAUAUAGACGACAGCGUAAAACUUGUUGGAAAACUCCUAUUUGGCAUGAAAAA
AGAAUGCAUAUAGACGACAGCGUGACACUUAUUGGAAAGCUGUUAUUUGGCAUUGAAGA
1,780 1,790 1,800 1,810 1,820

y-RpVPE 1004 R |
GGGTCCAGAAGTGCTCAACACTGTCAGACCTGCCGGGTTACCACTTGTTGATGATTGGG
GGGUCCAGAAGUACUCAAUGCUGUUAGACCGGCUGGAUUGGCACUUGUUGAUGACUGGG
GGGUCCAGAAGUACUCAACGCUGUUAGACCGGCUGGAUCGGCACUUGUUGAUGACUGGC

GmVPE2 Exon 8

GGGUCCAGAAUUACUCAACGCUGUUAGACCAGCUGGAUUGGCACUUGUUGAUGACUGGG
GGGUCCAGAAGUACUCAACGCUGUUAGACCGGCAGGAUCGGCACUUGUUGAUGAUUGGC
GGCUCCUGAAGUACUGAAUGCUGUUAGACCGGCUGGAUCGGCACUUGUUGAUGACUGGG
GGCUCCUGAAGUACUGAAUGCUGUUAGACCGGCUGGAUCGGCACUUGUUGAUGACUGGG
GGCUCCUGAAUUACUGAAUGCUGUAAGACCGGCUGGAUCCGCACUUGUUGAUGACUGGG
GGGUCCUGAAUUGUUCAACACUGUUAGACCUGCUGGAUUACCACUUGUUGAUAACUGGG
GGGUCCAGAACUGCUUAGCAGUGUUAGACCUGCUGGGCAACCACUUGUUGAUGACUGGG
GGCUCCUGAAGUACUGAAUGCUGUUAGACCGGCUGGAUCAGCACUUGUUGAUGACUGGG
GGGUCCAGAAGUGCUCAACAGUGUUAGACCUGCUGGGAAACCACUUGUUGAUGACUGGC
GGGUCCAGAACUGCUUAGCAGUGUUAGACCUGCUGGGCAACCACUUGUUGAUGACUGGG
GGGUCCUGAAGUGGUCAACGCUGUUAGACCUUCUGGAUCACCACUUGUUGAUAACUGGG
GGGUACUGAACUGCUCGACAAUGUUAGACCUGCUGGAUCACCACUUGUUGAUAACUGGG
GGCUCCUGAAGUACUGAAUGCUGUUAGACCGGCUGGAUCGGCACUUGUUGAUGACUGGG
GGGUACAGAAGUGAUCAGCAGUGUUAGACCUGCUGGGCAACCACUUGUUGAUGACUGGA
GGGUCCGGAAGUGCUCAACUCUGUUCGGUCUGUUGGGCAACCACUCGUUGAUGACUGGA
GGGUCCAGAAUUGCUCACCAGUGUUAGACCUGCUGGGCAACCACUUGUUGAUGAUUGGG
GGGUCCAGAGGUGCUUACCAGUGUUAGACCAGCUGGGCAACCUCUUGCUGAUGACUGGA
GGGUACAGAAUUGAUCAGCAGUGUUAGACCUGCCGGGCAACCACUUGUUGAUGACUGGA
GGGUCCAGAACUGCUUAGCAGUGUUAGACCUGCUGGGCAACCACUUGUUGAUGACUGGG
GGGUCCAGAACUGCUUAGCAGUGUUAGACCUGCUGGGCAACCACUUGUUGAUGACUGGG
GGGUCCAGAACUGCUUAGCAGUGUUAGACCUGCUGGGCAACCACUUGUUGAUGACUGGG
GGGUCCAAAACUGCUUAACAGUGUUAGACCCGCUGGGCAACCACUUGUUGAUGACUGGG
GGGUCCAGAACUGCUUAGCAGUGUUAGACCUGCUGGACAACCACUUGUUGAUGACUGGG
AGGUCAAGAAAUACUUAGCAGUGUUAGACCUUCUGGGGAGCCACUUGUUGAUGACUGGG
AGGUCCAGAGGUGCUUGCCAGUGUUAGACCAGCUGGGCAACCUGUUGUCGAUGACUGGG
AGGUCAAGAAAUACUUAGCAGUGUUAGACCUUCUGGGGAGCCACUUGUUGAUGACUGGG
GGGUCCAGAGGUGCUCACCAGUGUUAGACCAGCUGGGCAACCACUUGUUGAUGACUGGG
GGGUCCAGAACUGCUUAGCAGUGUUAGACCUGCUGGGCAACCACUUGUUGAUGACUGGG

Figure 6: DNA sequence alignment with y-RpVPE and homologs (page 6).
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7.Vigna umbellata VPE

8. Phaseolus vulgaris 2

9. Cicer arietinum 2

Glycine max 2

Vigna unguiculata VPE
Lupinus angustifolius VPE-like
Glycine max 4

Trifolium pratense VPE
Medicago truncatula VPE
Vigna mungo (VmMPE-1A)
Lupinus angustifolius VPE-like
Prosopis alba VPE

Cajanus cajan 2

Cicer arietinum 1

. Lupinus angustifolius 3

. Vigna umbellata VPE-like

. Vigna angularis VPE-like

. Vigna radiata var. radiata

. Phaseolus vulgaris 1

. Vigna unguiculata VPE-like
. Arachis ipaensis

. Medicago truncatula 1
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1. Robinia pseudoacacia y-VPE
2. Abrus precatorius
3. Glycine max VPE2

4. Cajanus cajan 1

5. Glycine max 3

6. Vigna angularis VPE

7.Vigna umbellata VPE

8. Phaseolus vulgaris 2

9. Cicer arietinum 2

0. Glycine max 2

1. Vigna unguiculata VPE

2. Lupinus angustifolius VPE-like
3. Glycine max 4

4. Trifolium pratense VPE

5. Medicago truncatula VPE
6. Vigna mungo (VMPE-1A)
17. Lupinus angustifolius VPE-like
18. Prosopis alba VPE

19. Cajanus cajan 2

20. Cicer arietinum 1

21. Lupinus angustifolius 3
22.Vigna umbellata VPE-like
23. Vigna angularis VPE-like
24. Vigna radiata var. radiata
25. Phaseolus vulgaris 1

26. Vigna unguiculata VPE-like
27. Arachis ipaensis

28. Medicago truncatula 1

29. Arachis hypogaea 1

30. Trifolium pratense VPE-like
31. Vigna mungo (VmPE-1)

1,830 1,840 1,850 1,860 1,870 1,880
ACTGCTTGAAAACCATGGTAAGGACTTTTGAGACACATTGTGGATCCTTGTCTCAGTAT
ACUGCUUGAAAACCAUGGUAAGGACUUUUGAGACACAUUGUGGAUCCUUGUCUCAGUAU
ACUGCCUGAAAACCAUGGUGAGGACUUUUGAGACACAUUGUGGAUCCUUGUCUCAAUAC

GmVPE2 Exon 8 g GmVPE2 Exon 9

ACUGCCUGAAAACCAUGGUAAGGAC UGAGACACAUUGUGGAUCCUUGUCUCAGUAU
ACUGCCUUAAAACCAUGGUGAGGAC UGAGACACAUUGUGGAUCCUUGUCUCAGUAU
CCUGCCUGAAAACCAUGGUAAGGAC UGAGACACAUUGUGGAUCCUUGUCUCAGUAU

CCUGCCUGAAAACCAUGGUAAGGAC
ACUGCCUGAAAACCAUGGUAAGGAC
ACUGCCUCAAAACUAUGGUAAGGAC
ACUGCCUUAAAACACUGGUUAGGAC
AGUGCCUGAAAACCAUGGUAAGGAC
UCUGCCUGAAAACCAUGGUAAGGAC
ACUGCCUUAAAACAUUGGUUAGGAC
ACCUUCUUAAAACCACGGUAAGGAC
AUUGCCUCAAAACCAUGGUGAAAAC
CCUGCCUGAAAACCAUGGUAAGGAC
ACUGCCUCAAAACAUUGGUUAGGAC

u

u

u

u UGAGACACAUUGUGGAUCCUUGUCUCAGUAU

u

u

u

u

u

u

u

u

u

u
ACUGCUUGAAAAUGAUGGUCAGGACA

u

u

A

u

u

u

u

u

u

u

u

u

u

UGAGACACAUUGUGGAUCGUUGUCUCAGUAU
UGAGACACAUUGUGGAUCCCUGUCUCAGUAU
UGAGACACAUUGUGGAUCUCUGUCUCAGUAU
UGAGACACAUUGUGGAUCCUUGUCUCAGUAU
UGAGACACAUUGUGGAUCCCUAUCUCAAUAU
UGAGACACAUUGUGGAUCCCUGUCUCAGUAU
UGAGACACAUUGUGGAUCUCUAUCUCAGUAU
UGAGACACAUUGUGGAUCCCUAUCUCAGUAU
UGAGACACAUUGUGGAUCCUUGUCUCAGUAU
UGAAACACAUUGUGGAUCCCUGUCUCAGUAU
UGAGACAUAUUGUGGAUCCUUGUCCCAGUAU
UGAGACACAUUGUGGAUCCCUAUCUCAAUAU
UGAGACAUAUUGUGGAUCUCUAUCUCAGUAU
UGAAAUGCAUUGUGGGUCCUUGUCUCAGUAU
UGAGACACAUUGUGGAUCCCUGUCUCAGUAU
UGAGACACAUUGUGGAUCCCUGUCUCAGUAU
UGAGACACAUUGUGGAUCCCUGUCUCAGUAU
UGAGACACAUUGUGGAUCCCUGUCUCAGUAU
UGAGACACAUUGUGGAUCCCUGUCUCAGUAU
UGAGACGCAUUGCGGAUCCUUGUCUCAGUAU
UGAGACAUAUUGUGGAUCUCUGUCUCAGUAU
UGAGACGCAUUGCGGAUCGUUGUCUCAGUAU
ACUGCCUCAAAACACUGGUUAGGAC CGAGACAUAUUGUGGCUCUCUCUCUCAGUAU
ACUGCCUUAAAACACUGGUUAGGAC UGAGACACAUUGUGGAUCCCUGUCUCAGUAU
1,890 1,900 1,910 1,920 1,930 1,940

GGGATGAAACATATGAGGTCCTTTGCAAACATCTGCAATGTAGGAATACATCATGAGCA
GGGAUGAAACAUAUGAGGUCCUUUGCGAACAUCUGCAAUGCAGGAAUAAAGAAUGAGCA
GGGAUGAAACACAUGAGGUCCUUUGCAAACAUCUGCAAUGUAGGGAUAAAGAAUGAACA

GmVPE2 Exon 9

GGGAUGAAACAUAUGAGAUCCUUUGCAAACAUCUGCAACGCAGGAGUAAAGAAUGAGCA
GGCAUGAAACAUAUGAGGUCCUUUGCAAACAUCUGCAAUGUAGGGAUAAAGAAUGAGCA
GGGAUGAAACACAUGAGGUCCUUUGCAAACAUCUGCAAUGUAGGAAUAAAGAAGGAGCA
GGGAUGAAACACAUGAGGUCCUUUGCAAACAUCUGCAAUGUAGGAAUAAAGAAGGAGCA
GGGAUGAAACACAUGAGGUCCUUUGCGAACAUGUGCAAUGUAGGAAUAAAGAAGGAGCA
GGGAUGAAACAUAUGAGAUCCUUCGCAAACAUCUGCAAUGCGGGAAUACAGAAUGAGCA
GGGAUGAAACAUAUGAGGUCCUUUGCAAACUUCUGCAACGCUGGAAUACGGAAAGAGCA
GGGAUGAAACACAUGAGGUCCUUUGCCAACAUCUGCAAUGUAGGAAUAAAGAAGGAGCA
GGCAUGAAACAUAUGAGGUCCUUUGCAAACAUCUGCAAUGCAGGAAUACACAAUAAGCA
GGGAUGAAACAUAUGAGGUCCUUUGCAAACUUCUGCAACGCUGGAAUACGAAAAGAGCA
GGUAUGAAACAUAUGAGGUCCUUUGCGAACAUCUGCAAUGCAGGAAUAUCGAAUGAGCA
GGUAUGAAACAUAUGAGGUCCUUUGCGAACAUCUGCAAUGCAGGAAUACAAACUGAGCA
GGGAUGAAACACAUGAGUCCCUUUGCAAAUAUCUGCAAUGUAGGAAUAAAGAAAGAGCA
GGAAUGAAACACAUGAGGUCCUUUGCAAACUUCUGCAAUGCAGGAAUACAGAAUGAGCA
GGGAUGAAGCACAUGAGGUCU UGCAAACAUCUGCAAUGCAGGAAUACAGCAUGAACA
GGGAUGAAACAUAUGAGGUCU UGCAAACUUCUGCAACGCUGGAAUACAAAAAGAGCA
GGGAUGAAACACAUGAGGUCC UGCAAACUUCUGCAAUGCAGGAAUUCACAAAGAGCA
GGAAUGAAACACAUGAGGUCU UGCAAACUUCUGCAAUGCAGGACUUCUGAAUGAGCA
GGGAUGAAACAUAUGAGGUCC UGCAAACCUCUGCAAUGCUGGAAUACGGAAAGAGCA
GGGAUGAAACAUAUGAGGUCC UGCAAACCUCUGCAAUGCUGGAAUACGGAAAGAGCA

C u

C u

C u

C u

ACUGCCUUAAAACACUGGUUAGGAC
ACUGCCUAAAAACACUGGUUAGGAC
ACUGCCUCAAAACAUUGGUUAGGAC
ACUGCCUUAAAACACUGGUUAGGAC
ACUGCCUUAAAACACUGGUUAGGAC
ACUGCCUUAAAACACUGGUUAGGAC
ACUGCCUUAAAACACUGGUUAGGAC
ACUGCCUUAAAACACUGGUUAGGAC
ACUGCCUGAAAUCACUGGUUACGAC
ACUGCCUGAAAUCAUUGGUUAGGAC
ACUGCCUGAAAUCACUGGUUACGAC

Lol g ool a el e sl o ) nal s g ol ool A A el es el s g el o m ol o

GGGAUGAAACAUAUGAGGUC GCAAACCUCUGCAAUGCUGGAAUACGGAAAGAGCA
GGGAUGAAACAUAUGAGGUC GCAAACUUCUGCAAUGCUGGAAUAGGGAAAGAGCA
GGGAUGAAACAUAUGAGGUC GCAAACCUCUGCAAUGCUGGAAUACGGAAAGAGCA
GGAAUGAAACACAUGAGAUC GCAAACUUCUGCAAUGCAGGCAUAAGGAGGGAGCA
GGGAUGAAACACAUGAGGUCCUUUGCGAACUUCUGUAAUGCAGGAAUACACAGUGAGCA
GGAAUGAAACACAUGAGAUCCUUUGCAAACUUCUGCAAUGCAGGCAUAAGGAGGGAGCA
GGGAUGAAACACAUGAGGUCCUUUGCAAAUUUCUGCAAUGCAGGAAUACACAAAGAGCA
GGGAUGAAACAUAUGAGGUCCUUUGCAAACCUCUGCAAUGCUGGAAUACGGAAAGAGCA
1,950 1,960 1,970 1,980 1,990 2,000
AATGGCTGAGGCCTCTGCACAAGCTTGTGTCAGTATTCCTACCAATCCCTGGAGTTCTC
AAUGGCUGAGGCCUCGGCACAAGCUUGUCUCAGCAUUCCUUCCAAUCCCUGGAGUUCUC
AAUGGCUGAGGCUUCAGCACAAGCUUGUGUCAGUAUUCCUUCCAAUCCCUGGAGUUCUC
GmVPE2 Exon 9

AAUGGCUGAGGCCUCGGCACAAGCAUGUGACCGUUUUCCUGCCAAUCCCUGGAGUUCUC
AAUGGCUGAGGCCUCUGCACAAGCUUGUGUCUCUAUUCCUUCCAAUCCUUGGAGUUCUC
AAUGGCUGAAGCCUCAGCACAAGCUUGUGUCACUAUUCCUGCCAGUUCCUGGAGUUCUC
AAUGGCUGAAGCCUCAGCACAAGCUUGUGUCACUAUUCCUGCCAGUUCCUGGAGUUCUC
AAUGCGUGAAGCCUCAGCACAAGCUUGUGUCACUAUUCCUGCCAAUCCCUGGAGUU
AAUGGCUGAGGCCUCAGCACAAGCUUGUUCCAACAUUCCUGCCAAUCCCUGGAGUU
AAUGGCUGAGGCCUCGGCACAAGCAUGUGUCAGUAUCCCUGCAAGUUCCUGGAGUU
AAUGGGUGAAGCCUCAGCACAAGCUUGUGUGAGUAUUCCUGACAGUCCCUGGAGUU
AAUGGCUGUAGCCUCAUCACAAGCAUGCAUCAGCAUUUCUGGCAGUCCCAG------- C
AAUGGCUGAGGCCUCAGCACAAGCAUGUGUCAAUAUCCCUGCUAGUUCCUGGAGUUCUA
AAUGGCCGAGGCCUCAGCACAAGCUUGUGCUAGUAUUCCUGCCAACCCCUGGAGUUCUC
AAUGGCCGAGGCCUCAGCACAAGCUUGUGCCAGUAUUCCUGCCAACCCUUGGAGUUCUC
AAUGGCUGAAGCCUCAGCACAAGCUUGUGUCACUGUUCCUGCCAGUUCCUGGAGUUCUC
AAUGGCUGAGGCCUCAGCACAAGCAUGCACCACUUUUCCUGCCAAUCCGUGGAGUUCUC
AAUGGCGGAGGCCUCAGCACAGGCAUGCGUCAGUGUUCCCGCCACCCCCUGGAGUUCUC
AAUGUCUGAGGCCUCAGCACAAGCAUGCAUCAGUAUUCCUGCAACUCCCUGGAGUUCUC
AAUGGCUGAAGCCUCUGCACAAGCAUGCGUCAAUGUUCCAGCCAAUCCCUGGAGUUCUC
AAUGGCUGAGGCCUCAGCACAAGCAUGCACCACCAUUCCCGCCAAUCCGUGGAGUUCGC
AAUGGCCGAGGCCUCAGCACAAGCAUGUGUCAGUAUUCCUGCAACUCCCUGGAGCUCUC
AAUGGCCGAGGCCUCAGCACAAGCAUGCGUCAGUAUUCCUGCAACUCCCUGGAGCUCUC
AAUGGCCGAGGCCUCAGCACAAGCAUGCGUCAGUAUUCCUGCAAGUCCCUGGAGUUCUU
AAUGGCCGAGGCAUCUGCACAAGCAUGCGUCAGUAUUCCUGCAACUCCCUGGAGUUCUC
AAUGGCCGAGGCCUCAGCACAAGCAUGCGUCAGUAUUCCUGCAACUCCCUGGAGUUCUC
AUUGGCUGAUGCCUCAGCACAUGCAUGCACAAGUGUUCCAUCCAAUCCAUGGAGUUCAU
AAUGGCCGAGGCCUCUGCACAAGCAUGCAUCAAUAUUCCAGCCAAUCCCUGGAGUUCCC
AUUGGCUGAUGCCUCAGCACAUGCAUGCACAAGUGUUCCAUCCAAUCCAUGGAGUUCAC
AAUGGCCGAGGCCUCUGCACAAGCAUGCACCAAUGUUCCAGCAAAUCCCUGGAGCUCUC
GAUGGCAGAGGCCUCAGCACAAGCAUGCGUCAGUAUUCCUGCAACUCCCUGGAGUUCUC
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Figure 6: DNA sequence alignment with y-RpVPE and homologs (page 7).
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Appendix

1. Robinia pseudoacacia y-VPE
2. Abrus precatorius
3. Glycine max VPE2

4. Cajanus cajan 1

5. Glycine max 3

6. Vigna angularis VPE

7.Vigna umbellata VPE
8. Phaseolus vulgaris 2
9. Cicer arietinum 2
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Glycine max 4

Trifolium pratense VPE
Medicago truncatula VPE
Vigna mungo (VMPE-1A)
Lupinus angustifolius VPE-like
Prosopis alba VPE

Cajanus cajan 2

Cicer arietinum 1

1. Robinia pseudoacacia y-VPE
2. Abrus precatorius
3. Glycine max VPE2

4. Cajanus cajan 1

5. Glycine max 3
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7.Vigna umbellata VPE
8. Phaseolus vulgaris 2
9. Cicer arietinum 2
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Trifolium pratense VPE
Medicago truncatula VPE
Vigna mungo (VmPE-1A)
Lupinus angustifolius VPE-like
Prosopis alba VPE

. Cajanus cajan 2

. Cicer arietinum 1

. Lupinus angustifolius 3

. Vigna umbellata VPE-like

. Vigna angularis VPE-like

. Vigna radiata var. radiata
. Phaseolus vulgaris 1

. Vigna unguiculata VPE-like
. Arachis ipaensis

. Medicago truncatula 1

. Arachis hypogaea 1

. Trifolium pratense VPE-like
. Vigna mungo (VmPE-1)

1. Robinia pseudoacacia y-VPE
2. Abrus precatorius
3. Glycine max VPE2

4. Cajanus cajan 1

5. Glycine max 3

6. Vigna angularis VPE

7.Vigna umbellata VPE
8. Phaseolus vulgaris 2
9. Cicer arietinum 2
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. Lupinus angustifolius 3

. Vigna umbellata VPE-like

. Vigna angularis VPE-like

. Vigna radiata var. radiata

. Phaseolus vulgaris 1

. Vigna unguiculata VPE-like
. Arachis ipaensis
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. Arachis hypogaea 1

. Trifolium pratense VPE-like
. Vigna mungo (VmPE-1)
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Glycine max 2

Vigna unguiculata VPE
Lupinus angustifolius VPE-like
Glycine max 4

Trifolium pratense VPE
Medicago truncatula VPE
Vigna mungo (VmPE-1A)
Lupinus angustifolius VPE-like
Prosopis alba VPE

Cajanus cajan 2

Cicer arietinum 1

2,010 2,020 2,030 2,040 2,050 2,060
TGCAAGGGGGTTTCAGTGCATAA----TTCCTAAAA----- TGCACAATTATAAAGACC
UUCGAAGGGGUUUCAGUGCAUAA----UUCCUGAAA---UGUGCACUAUUA-AAG-ACU
UGCAAAGGGGUUUCAGUGCAUAAUAACUCCCUGUA---AUGUGCACUAGUA-AAG-ACC

GmVPE2 Exon 9
UGCAAAGGGGUUUCAGUGCAUAA----UUCCUCUAA---UAUGCACUAGCA-AAG-AUC
UGCAAAGGGGUUUCAGUGCAUAAUAA-UUCCUGUAA---UGUGCACCAGUA-AAG-ACC
UGCAAAGGGGUUUCAGUGCAUAA----UUCCUGUAA---UGUUCACCGGUA-AAG-AUC
UGCAAAGGGGUUUCAGUGCAUAA----UUCCUGUAA---UGUUCACCGGUA-AAG-AUC
UGCAAAGGGGUUUCAGUGCGUAA----UUCCUGCAA---UGUGCUCUAGUA-AAACACC
UGCAUAGGGGUUUCAGUGCAUAG- -UUCCUAAAA---UGUGCACUUUGU-AAAUACC
UGCACAGGGGUUUCAGUGCAUAA- ~-UUCCUAGAA---UCCGCUCCAUUG-AAG--AC
UGCAAAGGGGUUUCAGUGCAUAA----UUCCGGUAAUGUUGUUCAGUGGUA-AAG-AUG
UUCA----- GUUUCAGUGCAUAA----UUCACAAAA---UGUGCAAUAGUA-AA
UGCACAGGGGUUUCAGUGCAUAA----UUCCUAGAA---UGCGCUCCAUUG-AAG-ACC
UGCAAGGGGGUUUCAGUGCAUAG----UUCCUAAAA---UGUGCACUUUGU-UAAAACC
UACAAAGGGGUUUCAGUGCAUAG----UGCCUAUAA-AAUGUGCACUUUGU-AAAAAUC
UGCAAAGAGGUUUCAGUGCAUAA----UUCCUGUAA---UGUUCACCAGUA-AAG-AUA
UGCACAGGGGUUUCACUGCAUAA----UUUCUAGAG---UGCCCAC-AUUA-AAG-ACC
UGCACAAGGGUUUCAGUGCAUAAUG--GUCGGAGGAUGAGCAGCGCCCUGG-AAG-AUC
UGCACAAGGGUUUCAGUGCAUAA-=---UUG-=-=-=-==-=--=--=--—-—-—-—-—-—-—-—-- ACC
UGCGCAGUGGUUUCAGCGCAUAA- -UCCUAAAA-GGCUUUCUAUAUUG-AAU-AUC
UGCACCAGGGUUUCAGUGCAUAA- UUCCUAGAA---UGCGCAC-AUUA-AAG-ACA
UGAGAAGCGGUUUCAGUGCAUAA- -UUCAUACAA---UGUGCCCCAUUG-GAA-ACC
UGAGAAGCGGUUUCAGUGCAUAA- ~-UUCAUACAA---UGUGCCCCAUUG-GAA-ACC
UGAGCAGCGGUUUCAGUGCAUAA----UUCAUACAA---UGUAUCCCAUUG-GAG-ACC
UGCGAAGUGGUUUCAGUGCAUAA----UUCAUAGAA---UGUGCCCCAUUG-GAA-ACC
UGCGCAGCGGUUUCAGUGCAUAA----UUCAUACAA---UGUACCCAAUUG-GAA-ACC
UACACGGGGGUUUCAGUGCAUAG----UUCCGAGAA---UUUGCUCCAUUA-AAG-ACC
UGCAUGGUGGUUUCAGCGCAUAA----UUCCC--~-~--~-~- GGUUACAUAUCG-AAG-AUU
UACACAGGGGUUUCAGUGCAUAG----UUCCGAGAA---UUUGCUCCAUUA-AAG-ACC
UGCGCAGUGGUUUUAGCGCAUAA----UUCUG------- CGUUCCAUAUUG-AUG-AUU
UGAGCAGCGGGUUCAGUGCAUAA----UUCAUACAA---UGUGUCCCAUUG-GAA-ACC

2,070 2,080 2,090 2,100 2,110 2,120
AAAGTACAATTATTGTTAYATTATGTTTTATAGAANKAT---~-- ATACATGT-TGTATA
AGAGUAUGAUUGUUGUUACAUUAUGUUU----UAUGGCUU-------- GUAUAUAAGUG
AAAGUAUGAUUAUUGUUACAUUAUGUU----ACAUGGUUG=- -~~~ UACUUG--UAUAUA
AAAGUAUGAUGAUUGUUACAUUGUGUUA----UAUGGUUG-=--=-=---=------ UAUAUA
AAAGUAUGAUUAUUGUUACAUUAUGCUA----UAUGAUUG-~---~--~- UACUUGUAUAUA
AAAGCAUGAUUAUUGUUACAUUAUGUUA----UGUGGUUG--=-~-~-=-~-=-~-~-~- UACAUA
AAAGCAUGAUUAUUGUUACAUUAUGUUA - -UGUGGUUG -UACAUA
AAACUAUGAUUAUUGUUAUAUUAUGUAA - - - - - - - - - - - - - - - - - ——————-————
A-ACUACAAUUUCUGUUACAUUAUGUUU- -UAUGGUUG---UA--UGUAUAUACAUA
AGAGUAUAGUCGUUGUAACAUUAUUCUU - -UACGAGCG-------- ---UUAUGUA
AAAGUAUGAUUAUUGUUACAUUAUGUUA----UGUGGUUG--~---~--~-~- UACAUACAUA
G-AGUAUAGUCGUUGUAACAUUAUUCUU----UACGAGUG------------ UUAUGGA
G----UCUACAAUUGUUACAUUAUGUUA----UAUGAUUG----------- UAUAUAUA
A-UGUACAA---UUGUUACAUAAUGUUU----UAUGAUUG---UAUAUAGUCAUAGAUA
AAGGCAUGAU-AUUGUUACAUUAUGUUA- -UGUGGUUG----=---=------ UACAUA
AAGAUAUAACUGUACCAGCAUUAUGCUU- -CAUAAUUU---AGUCAAUAUAAAUAU -
AAUGCAUAACUGCUGUU--UAUAUGUUU - -CAUAGCUG---UAUAUAGCUAUAUGUG
A-AGUAUAAUCGUUGUAACAUUAUGUAC- SUGUACUU-------------—-—-—-—-—-—--
AAUGCAAAAUUGUCGUGGGAUUAUCUU - - -UAUAAUUAUGGGAAAUUUAUGUAUACA
CAUGUAUAAUAGUACUAGCAUUAUGCUU- -CAUAAUUA------- UGUGAAUAUAUA
A-AGUAUAAUGGUUGUAGCCUUAUGCUU - -UAUCAUUG---------- CAUCAUGUA
A-AGUAUAAUGGUUGUAGCCUUAUGCUU=----UAUCAUUG---=-~-~-=-~-~--~ CAUCAUGUA
G-AGUAUAAUGGUUGUAGCUUUAUGAUU----UAUCAUUG--~---~--~-~-~- CAUCAUGUA
A-AGAAUAGUGGUUGUAACCUUGUGCUU - -~UAUCAUUG ~UAUCAUGUA
A-AGUAUAGUGGUUGUAGCCUUAUGGUU - -UAUCAUUG CAUCAUGUA
A----------- CUGUUACAAU---------- UAAAAUGA------------ AUAUACA
AAUGCAUAAUUGUUGUACGACUAUGCUUUAUAUAUAAUUGUUAUAUUUAUA-AUAUAUA
A-=--=-=--=---=-= CUGUUACAAU---------- UAAAAUGA----=-------- AUAUACA
A-UGCUUUAUAAUUGUUAUA-UAUGUAA----UGUAAUG----UAUAAUAUAAUGUACA
A-AGUAUAAUGGUUAUAGCCUUAUGCUU----UAUCAUUG---------- CAUCAUGUA
2,140 2,150 2,160 2,170 2,180
--------------- TGGACATAATTTCTKSTCCTGCC--TCTGTAAATATAA---T-

————— UGCUCAUACUAUUUUGUCCCUCC--UUUGUGAAUACAAU=- =~~~
——————————————————————— AUAUCUUGUCCCACC--UUUGUAAAUACAA=-----

——————————————————————— AUAUUUUGUCCCUAC--UCUGUAAAUACAAU----
——————————————————————— AUAUUUUGUCCCGCC--UUUGUAAAUACAAU----
-------------- AUAUCUUGUCCCGCC--UCUGUAAAUGCAAU----
—————————————— AUAUCUUGUCCCGCC--UCUGUAAAUGCAAU----
UAUAUAUUGUCCCACC--UCUGUAAAUGCAAU--~--

CCGUGC--AC------ UGGCCAUGAUCUCAUGUCAUGAU--UCUGUAAAUACAAC---~-
CUGUACC--------- UGGACAUGAUUUCUUAUACCAAC--CCUGUUAAUAAGCA----
(O el AUAUCUUGUCCCGCC--UCUGUAAAUGCAAU----
CUGUACUCUC----~-- UGCUCAUGAUUUCUUAUACCAAC--CCUGUAAAUACAAA---~-
CCGUGCAC-------- CGGUCAUGAUCUCAAGUCAUGAU--UCUGUAAAUACAAU-~-~--

AUGUGCAU UGAUCAUGAUCUCUUGUCAUGAU--UCUGUAAAUACAAU----
—————————————— AUAUCUUGUCCCGCC--UCUGUAAAUGCAAU----
———————— UGGUUAUGAUAUCUUAUAUA-----UUUGUAAAUACAAA----
AUGUUCAC UUGUCACAAGUGCUUAUGCAUUC--UCUGUAAAUAUAAUUUGA

------------- UGGUCAUGAUUUCAUAUACCAAC--UCUGUAAAUACAAA---~-

AUGUACAUUUGUACAUUGAUCAUGAUCUGUUAUACAAC---UCUGUAAAUACAAA--~-~-
U-=-----=-=-=-=-=--=--- UGGUUAUGAUUUCUUAUAUAUACACUUUGUAAAUACAAA--~-~-
cuGuCCUU-------- UGGUCAUGAUUUCUUAUUCCAAC--ACUGUAAAUACACA----
uuGUCCUU-------- UGGUCAUGAUUUCUUAUUCCAAC--ACUGUAAAUACACA----
UUGUACUU - UGGUCAUGAUUUCUUAUUCCAAC--ACUGUAAAUACACA----
CUGUACUU- UGCUCAUGGUUUUCUAUUCCAAC--ACUGUAAAUACACA---~-
CUGUACUU-------- UGGUCAUGAAUUCUUAUUCCAAC--ACUGUAAAUACACA---~-
AUAUAUACAU-----~- UGGUGAUGAUUUCUCACAUGCUAGUUUUGUAAAUAUACAAAUG
AUAUAACGUACA----UGGUCAUGAUUUGUUGCACACCCC-UCUGUAAAUACAAA----
AUAUAUACAU------ UGGUGAUGAUUUCUCAUAUGCUAGUUUUGUAAAUAUACAAAUG
UGGUCAUGAUUGUACAUGGUCAUGAUUUGUUGCACACC---UCUGUAAAUACAAA--~-~-
CUGUACUU-------~- UGGUCAUGAUUUCUUAUUCCAAC--ACUGUAAAUACACA---~-

Figure 6: DNA sequence alignment with y-RpVPE and homologs (page 8).
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1. Robinia pseudoacacia y-VPE
2. Abrus precatorius
3. Glycine max VPE2

4. Cajanus cajan 1

5. Glycine max 3

6. Vigna angularis VPE

7.Vigna umbellata VPE

8. Phaseolus vulgaris 2

9. Cicer arietinum 2

Glycine max 2

Vigna unguiculata VPE
Lupinus angustifolius VPE-like
Glycine max 4

Trifolium pratense VPE

15. Medicago truncatula VPE
16. Vigna mungo (VmPE-1A)
17. Lupinus angustifolius VPE-like
18. Prosopis alba VPE

19. Cajanus cajan 2

20. Cicer arietinum 1

21. Lupinus angustifolius 3

22. Vigna umbellata VPE-like
23. Vigna angularis VPE-like
24. Vigna radiata var. radiata
25. Phaseolus vulgaris 1

26. Vigna unguiculata VPE-like
27. Arachis ipaensis

28. Medicago truncatula 1

29. Arachis hypogaea 1

30. Trifolium pratense VPE-like
31. Vigna mungo (VmPE-1)

SISO
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2,

UCAGUG

190 2,200

2,210 2,220 2,230 2,240

TGGGAAAMTACTTKGG-TGGGGGGTGTCCTCTWTAGTCYTTGAATKATAST
UGGGACAUUCCUAGGAUGGGAAAAU - == —=—=————=—————————_—-——-__

UUGGGACACUACUAGGAUUGGGAAGAAGGGUCUUUA------ CAUUUAUAGU - -

UGGGACACUACUAGGAUUGGGAAAG-----=—--=-—=—=-———————————-——-

~UGGGACACUACUAGGAUUGGGAAGAAG-----~--==-=-=-=----
~UGGGACACUACUAGGAGUCGGAAGA-------=-=======--+

UGGGACACUACUAGGAGUCGGAAGA------=----=-=-------—-----
UGGGACACUACUGGGACCAGAAGAAG-=-=-=-—=—-=-=--—-=—=———-———

UGGGACGCUGGGGAAA- -

UGGGGCGCUGGGGGA-~--

UGGGAUAUCUCUGGUA-
UGGGACGCUGGGGAUA-
UGGGACGCAUGAAGGA-
UGGGAUUCUUGGGGGA-

-UUGGAUGCUGGGGAACCU- -
-~UGGGACGCUGGGGAACCCU-
UGGGAAGCUGGGGAAC--
UGGAACUCUUGGGAAC--
GGAGGAUGGGAAGCGGGGAA
UGGAACUCGUGAGGGA---
GGAGGAUGGGAAGCGGGGAA
UGGGAUGCUUGAGGGACC
UUGGAUGCUGCUGGGG- -

-UGGGAAAUUAUUAGGACAUUGGAGUGUAGUGUUUAU--CUCUG- -AG
UGGGACGCUGGGGAAA=- - = -= - - == -- - ---
UGGGACACUACUAGGAGUCGGAAGA---~-=—----=-=-=--=---—-—-- AG

-~-UGGGACACUACUAGGACAUUGGGGAGUAGGGUUUCU--CUCCGUUUCU--UAG
-~-UGGAAAACUACUAUGACAUUGGGGAGUAGGGUUUUU--GUCCAUUUCU--UAG
UGGGACAUUACUAGGAGUUGGAAGA---~-~---=--------=-=-=-=-------- AG

Figure 6: DNA sequence alignment with y-RpVPE and homologs (page 9).
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1 250 500 750 1,000 1,250 1,500 1,750 2,000 2,250 2,453
1. Robinia pseudoacacia B-VPE Ll i
2. Glycine max VPE1 2 3 4 5 7 8 9
3. Abrus precatorius H Hi H H
4. Glycine max 1 HHEHH 1 - HH
5. Lupinus angustifolius - HE HH
6. Glycine max 2 GmPM40 exon 2 3 4 5 7 8
7. Cajanus cajan 11 H
8. Vigna unguiculata 11 H
9. Phaseolus vulgaris 2 I HH
10. Vigna radiata 1 H
11. Phaseolus vulgaris | H
12. Vigna angularis - H
13. Cicer arietinum =t HH
14. Canavalia ensiformis T H
15. Medicago truncatula 1 - H
16. Clitoria ternatea 1 -1 H
17. Clitoria ternatea 2 g H
18. Arachis duranensis 1 -
19. Arachis hypogaea H H
20. Vicia sativa }
21. Trifolium pratense 1 - HH
22, Trifolium pratense 2 HH H
23. Vicia narbonensis S | H
24. Prosopis alba 1 - H
25. Prosopis alba 2 [ | H —HHEHHHH
Lane Sequence label Accession Description Query % Pairwise | p coore
coverage Identity
Robinia - .
1 pseudoacacia B-VPE -- Robinia pseudoacacia 3-VPE -- -- -
2 Glycine max VPE NM_001249749.2 | Glycine max vacuolar-processing enzyme (VPE), mRNA 100.00% 89.6% 1421.19
3 Abrus precatorius | XM_027479555.1 fnRREND/LCTED: Abrus precatorius legumain (LOC113849561), 100.00% 89.5% 1410.11
4 Glycine max 1 D28876.1 Glycine max mRNA for cysteine proteinase, complete cds 100.00% 89.5% 1410.11
5 Lupinus angustifolius | XM_019591087.1 fnRREND/LCTED: Lupinus angustifolius legumain {LOC109349992), | 5 400 89.3% 1399.03
6 Glycine max 2 NM_001349197.1 | Glycine max seed maturation protein PM40 (PM40), mRNA 100.00% 89.1% 1387.95
. . PREDICTED: Cajanus cajan vacuolar-processing enzyme 5 o
7 Cajanus cajan XM_020370788.2 (LOC109808005), mRNA 100.00% 88.0% 1321.47
’ ) PREDICTED: Vigna unguiculata vacuolar-processing enzyme o o
8 Vigna unguiculata XM_028063059.1 (LOC114177634), mRNA 100.00% 88.0% 1319.63
) ) PREDICTED: Vigna radiata var. radiata vacuolar-processing o o
9 Vigna radiata XM_014654608.2 enzyme (LOC106769123), mRNA 100.00% 87.8% 1308.55
) Phaseolus vulgaris hypothetical protein . N
10 Phaseolus vulgaris 2 XM_007155562.1 (PHAVU_003G2175008) mRNA, complete cds 100.00% 87.8% 1304.85
11 Phaseolus vulgaris 799957.1 Phaseolus vulgaris Moldavian encoding legumain-like 100.00% 87.8% 1304.85
proteinase precursor (clone p21b)
) ) PREDICTED: Vigna angularis vacuolar-processing enzyme o o
12 Vigna angularis XM_017554660.1 (LOC108322532), mRNA 100.00% 87.3% 1277.16
13 Cicer arietinum XM_004515685.3 ':nRREA?/LCTED: Cicer arietinum legumain (LOC101491855), 100.00% 87.0% 1260.54
14 Canavalia ensiformis D31787.1 Canavalia ensiformis mRNA for asparaginyl endopeptidase, 100.00% 37.0% 12550
complete cds
15 Medicago truncatula | XM_003608718.4 fnRREND/LCTED: Medicago truncatula legumain (LOC11405547), 100.00% 86.8% 1243.92
16 Clitoria ternatea 1 MT468738.1 Cliteria ternatea clone ctr29014_c2_g1_i2 asparaginy| 100.00% |  86.8% 1243.92
endopeptidase 2 mRNA, complete cds
17 Clitoria ternatea 2 KR912009.1 Cliteria ternatea clone Ct_flwr_1565_g1_i1 asparaginyl 100.00% | 86.7% 123838
endopeptidase mRNA, complete cds
18 Arachis hypogaea | XM_025846712.2 fnRREND/LCTED: Arachis hypogaea legumain (LOC112803196), 100.00% 85.6% 1170.05
19 Arachis duranensis | XM_016107728.2 fnRREND/LCTED: Arachis duranensis legumain (LOC107487130), 100.00% 85.6% 1170.05
20 Vicia sativa AJ007743.1 Vicia sativa mRNA for cysteine proteinase precursor 100.00% 85.2% 1142.35
21 Trifolium pratense 2 | XM_045932441.1 | PREDICTED: Trifolium pratense legumain (LOC123883594), 100.00% 84.8% 1122.04
transcript variant X1, mRNA
2 Trifolium pratense 1 | XM_045932442.1 | PREDICTED: Trifolium pratense legumain (LOC123883594), 100.00% 84.8% 1122.04
transcript variant X2, mRNA
23 Vicia narbonensis 799174.1 Vicia narbonensis mRNA for cysteine proteinase precursor 100.00% 84.7% 1116.5
24 Prosopis alba 2 XM_028906873.1 fnRREND/LCTED: Prosopis alba legumain-like (LOC114721067), 100.00% 84.1% 1077.72
25 Prosopis alba 1 XM_028931650.1 EHRRE&CTED: Prosopis alba legumain-like (LOC114743439), 100.00% 84.1% 1077.72

-- Indicates not applicable

Figure 7: B-RpVPE and homologs DNA sequence alignment overview and sequence information table on

BLASTn result with S-RpVPE as query.
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19. Arachis hypogaea
20. Vicia sativa
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23. Vicia narbonensis
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25. Prosopis alba 2

1
1
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8. Vigna unguiculata
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Vigna radiata
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600 610 620 630 640
GATGTGT
GGCGGUUCUCGUGGCUGGUUCAAACGGCUACGGAAACUACAGGCAUCAAGCAGAUGUGU
GmVPE1 exon 1 2
CAAGCGGUUAUGGAAAUUACAGGCAUCAAGCGGA

U
CAAACGGCUACGGAAACUACAGGCAUCAAGCAGAU
CAAGCGGAUAUGGCAAUUACAGGCAUCAAGCAGAU
CAAACGGCUAUGGAAACUACAGGCAUCAAGCAGAU
3 GmPM40 exon Py 2

GGCUGUUCUGGUUGCCGGUUCCAACGGCUAUGGAAAUUACAGGCAUCAAGCAGAUGUGU
GGCGGUUCUGGUGGCCGGUUCAAACGGUUACGGAAACUACAGGCAUCAAGCAGAUGUGU
GGCUGUUCUGGUGGCCGGUUCAAACGGCUAUGGAAACUACAGACACCAAGCAGAUGUGU
GGCGGUUCUGGUGGCCGGUUCAAACGGCUACGGAAACUACAGGCAUCAAGCAGAUGUGU
GGCTGTTCTGGTGGCCGGTTCAAACGGCTATGGAAACTACAGACACCAAGCAGATGTGT
GGCGGUUCUGGUGGCCGGUUCAAACGGCUUCGGAAACUACAGGCAUCAAGCAGAUGUGU
GGCGGUUCUUGUGGCUGGUUCAAGCGGUUACGGCAAUUACAGACACCAAGCAGAUGUGU
GGCGGUUCUCGUGGCUGGUUCAAACGGUUAUGGAAAUUAUAGGCAUCAAGCGGAUGUGU
GGCUGUUCUUGUGGCUGGUUCAAGUGGUUACGGCAAUUACAGACAUCAAGCAGAUGUUU
GGCCGUUCUCGUCGCUGGUUCAAACGGCUAUGAAAAUUAUAGGCAUCAAGCCGAUGUAU
GGCCGUUCUCGUCGCUGGUUCAAACGGCUAUGAAAAUUAUAGGCAUCAAGCCGAUGUAU
GGCUGUUCUAGUAGCUGGCUCAAGCGGAUACGGCAAUUACAGGCACCAAGCAGAUGUGU
GGCUGUUCUAGUAGCUGGCUCAAGCGGAUACGGCAAUUACAGGCACCAAGCAGAUGUGU
GGCGGUUCUUGUGGCUGGUUCGAAUGGUUAUGGAAACUACAGGCAUCAAGCAGAUGUGU
GGCGGUUCUUGUUGCUGGUUCAAGUGGUUACGGCAAUUACAGACACCAAGCAGAUGUGU
GGCGGUUCUUGUUGCUGGUUCAAGUGGUUACGGCAAUUACAGACACCAAGCAGAUGUGU
GGCGGUUCUUGUGGCUGGUUCGAAUGGUUACGGAAACUACAGGCACCAAGCAGAUGUGU
GGCGGUUCUGGUGGCGGGUUCAUCUGGCUAUGGAAAUUACAGGCAUCAAGCGGAUGUGU
GGCGGUUCUGGUGGCGGGUUCAUCUGGCUAUGGAAAUUACAGGCAUCAAGCGGAUGUGU

CCoC
[alaNnNn}
[alaNaNn}
iy ool ol e
| sl el ] o

650 660 670 680 690 700
GCCATGCTTATCAGTTGTTGATAAAAGGTGGACTGAAAGAAGAAAACATAGTGGTGTTT
GCCAUGCGUACCAGUUGCUGAUAAAAGGUGGACUAAAAGAAGAGAACAUAGUGGUGUUU
2
GCCAUGCUUAUCAGUUGCUGAUAAAAGGGGGCCUAAAAGAAGAAAACAUUGUGGUGUUU
GCCAUGCGUACCAGUUGCUGAUAAAAGGUGGACUAAAAGAAGAGAACAUAGUGGUGUUU
GCCAUGCAUAUCAAUUGCUUAUAAAAGGUGGGCUAAAAGAAGAGAACAUAGUGGUAUUU
5CCAUGCGUACCAGUUGCUGAUAAAAGGUGGGCUAAAAGAAGAGAACAUAGUGGUGUUU
2
GCCAUGCAUACCAGUUGCUGAUAAAAGGUGGACUCAAAGAGGAGAACAUUGUGGUGUUU
GCCACGCGUACCAGUUGCUGAUCAAAGGUGGAGUGAAAGAAGAAAACAUUGUGGUGUUU
GCCAUGCGUACCAGUUGCUGAUAAAAGGUGGAGUGAAAGAAGAGAACAUUGUGGUGUUU
GCCACGCGUACCAGUUGCUGAUCAAAGGUGGAGUGAAAGAAGAAAACAUUGUGGUGUUU
GCCATGCGTACCAGTTGCTGATAAAAGGTGGAGTGAAAGAAGAGAACATTGTGGTGTTT
GCCAUGCGUACCAGUUGCUUAUCAAAGGUGGAGUGAAAAAAGAAAACAUUGUGGUGUUU
GUCAUGCAUACCAGUUGCUGGUGAAAGGAGGGGUAAAAGAAGAAAACAUAGUGGUGUUU
GCCAUGCUUACCAGUUGCUGAUAAAAGGUGGAGUCAAAGAAGAAAACAUUGUGGUGUUU
GUCAUGCAUACCAGUUGUUGAUAAAAGGUGGAGUGAAAGAAGAAAACAUAGUUGUGUUU
GCCAUGCAUACCAGUUGUUGAUAAAAGGUGGAUUAAAAGAAGAGAAUAUUGUGGUGUUU
GCCAUGCAUACCAGUUGUUGAUAAAAGGUGGAUUAAAAGAAGAGAAUAUUGUGGUGUUU
GCCAUGCGUAUCAGUUGCUAAUAAAAGGUGGACUCAAAGAAGAAAACAUAGUUGUGUUC
GCCAUGCGUAUCAGUUGCUAAUAAAAGGUGGACUCAAAGAAGAAAACAUAGUUGUGUUC
GCCAUGCAUACCAGUUGCUAAUAAAAGGUGGAGUAAAAGAAGAAAAUAUUGUGGUGUUU
GUCAUGCAUACCAGGUUUUGAUAAAAGGAGGAGUGAAAGAAGAAAACAUCGUGGUGUUU
GUCAUGCAUACCAGGUUUUGAUAAAAGGAGGAGUGAAAGAAGAAAACAUCGUGGUGUUU
GUCAUGCAUACCAGUUGCUAAUAAAAGGAGGAGUAAAAGAAGAAAAUAUUGUGGUGUUU
GUCACGCGUACCAGUUGCUCAGGAAAGGAGGACUGAAAGAAGAAAACAUAGUGGUGUUU
GUCACGCGUACCAGUUGCUCAGGAAAGGAGGACUGAAAGAAGAAAACAUAGUGGUGUUU
710 720 730 740 750 760
ATGTATGATGACATAGCTAACAACGAGTTGAATCCCAGGCCTGGAGTCATCATCAACCA
?UGUACGAUGACAUAGCUACCAACGAGUUGAAUCCUAGACAUGGAGUCAUCAUCAACCA
2

AUGUACGAUGACAUAGCUACCAACGAGUUGAAUCCCAGGCCUGGAGUUAUCAUCAAUCA

AUGUACGAUGACAUAGCUACCAACGAGUUGAAUCCUAGACAUGGAGUCAUCAUCAACCA

AUGUAUGAUGACAUAGCUAUGAAUGAGAUGAAUCCAAGACUUGGAGUCAUCAUCAACCA

AUGUACGAUGACAUAGCUACAGACGAGUUAAAUCCCAGACCUGGAGUCAUCAUCAACCA
2

AUGUACGAUGACAUAGCUACCAACGAGUUGAAUCCUAGACCUGGAAUCAUCAUUAACCA
AUGUACGACGACAUAGCCAACCACGACCUGAAUCCCAGACCUGGAAUCAUCAUCAACCA
AUGUACGACGACAUAGCCACCCACGAGUUGAAUCCCAGGCCUGGAGUCAUCAUCAACAA
AUGUACGACGACAUAGCCAAUAACAAGCAGAAUCCCAGACCUGGAGUCAUCAUCAACCA
ATGTACGACGACATAGCCACCCACGAGTTGAATCCCAGGCCTGGAGTCATCATCAACAA
AUGUACGACGACAUAGCCCACAACAAGCAGAAUCCCAGACCUGGAGUGAUCAUCAACCA
AUGUACGAUGAUAUAGCUCAAAAUGAGUUGAAUCCUAGGCCUGGAGUCAUCAUCAACCA
AUGUAUGAUGAUAUAGCUUAUAACGCCAUGAAUCCCAGACCCGGAGUCAUCAUCAACCA
AUGUAUGAUGAUAUAGCUAACAACGAGUUGAAUCCUAGGCCUGGAGUUAUCAUCAACCA
AUGUACGAUGACAUAGCAUGGCACGAGUUGAAUCCCAGGCCUGGAGUCAUCAUCAACAA
AUGUACGAUGACAUAGCAUGGCACGAGUUGAAUCCCAGGCCUGGAGUCAUCAUCAACAA
AUGUAUGAUGACAUAGCCAACAACGACUUGAAUCCAAGGCCUGGAAUCAUCAUCAACCA
AUGUAUGAUGACAUAGCCAACAACGACUUGAAUCCAAGGCCUGGAAUCAUCAUCAACCA
AUGUAUGAUGAUAUUGCUUACAGUGAGUUUAAUCCUAGGCCUGGGGUUAUCAUCAACCA
AUGUACGAUGAUAUUGCUGAUAGCGAGAUGAAUCCUAGACCUGGAGUUAUCAUCAACCA
AUGUACGAUGAUAUUGCUGAUAGCGAGAUGAAUCCUAGACCUGGAGUUAUCAUCAACCA
AUGUAUGAUGAUAUUGCUUACAACGAGAUGAAUCCUAGGCCUGGGGUUAUCAUCAACCA
AUGUAUGAUGACAUAGCCACGAACGAGUUGAAUCCCAGGCCUGGAGUCAUCAUCAACAA
AUGUAUGAUGACAUAGCCACGAACGAGUUGAAUCCCAGGCCUGGAGUCAUCAUCAACAA

Figure 8: DNA sequence alignment with 3-RpVPE and homologs (page 1).
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770 780 790 800 810 820
TCCTCAGGGACCAGATGTCTATGCAGGCGTCCCTAAGGATTACACTGGTGAGAGCGTGA
CCCUGAGGGAGAAGAUCUGUAUGCUGGUGUUCCUAAGGAUUACACCGGUGAUAAUGUGA

2 4 3
UCCUCAGGGAGAAGAUGUGUAUGCUGGUGUCCCCAAGGAUUACACCGGGGAGAACGUGA
CCCUGAGGGAGAAGAUCUGUAUGCUGGUGUUCCUAAGGAUUACACCGGUGAUAAUGUGA
UCCACAUGGACCAGAUGUAUAUGCUGGUGUCCCUAAGGAUUACACUGGUGAGAAUGUGA
CCCUGAGGGACAAGAUGUGUAUGCUGGUGUUCCUAAGGAUUACACCGGUGAGAAUGUGA
3 2 3

UCCCCAGGGACAAGAUGUGUAUGCUGGUGUUCCUAAGGAUUACACUGGUGAUGAAGUGA
UCCUCAGGGUCCAGAUGUCUAUGCUGGGGUUCCUAAGGAUUACACUGGUGAGAAUGUGA
CCCUCAGGGUCCUGAUGUCUAUGCUGGGGUUCCUAAGGAUUACACUGGUGAGAGUGUGA
UCCUCAGGGUCCAGAUGUCUAUGCUGGGGUUCCUAAGGAUUACACUGGUGAGAAUGUGA
CCCTCAGGGTCCTGATGTCTATGCTGGGGTTCCTAAGGATTACACTGGTGAGAGTGTGA
UCCUCGGGGUCCAGAUGUCUAUGCUGGGGUUCCUAAGGAUUACACUGGUGAGAAUGUGA
UCCACAGGGACCCGAUGUUUAUGCCGGCGUACCAAAGGAUUACACUGGUGACAGCGUGA
UCCUCAGGGGCCAGACGUGUAUGCUGGUGUACCUAAGGAUUACACCGGUGAGGACGUAA
UCCACAGGGACCCAAUGUUUAUGUCGGCGUUCCUAAGGAUUACACUGGCGACAACGUGA
UCCUCGGGGGGAAGAUGUGUAUGCGGGUGUCCCUAAAGAUUACACUGGUGAGGACGUGA
UCCUCGGGGGGAAGAUGUGUAUGCGGGUGUCCCUAAAGAUUACACUGGUGAGGACGUGA
UCCUCAUGGUCAAGAUGUCUAUGCUGGCGUCCCCAAGGAUUACACAGGUGAGAACGUGA
UCCUCAUGGUCAAGAUGUCUAUGCUGGCGUCCCCAAGGAUUACACAGGUGAGAACGUGA
UCCACAAGGUCCCAAUGUUUAUGAUGGAGUUCCUAAGGAUUACACUGGUGACUUCGUGA
CCCACAGGGACCCAAUGUUUAUGUCGGCGUUCCUAAGGAUUACACUGGCGACGACGUGA
CCCACAGGGACCCAAUGUUUAUGUCGGCGUUCCUAAGGAUUACACUGGCGACGACGUGA
UCCACAAGGACCCAAUGUUUAUGAUGGAGUUCCUAAGGAUUACAAUGGUGACUUCGUAA
UCCAAACGGACCAGAUGUAUAUGCUGGCGUCCCUAAGGAUUACACAGGAGAGAAUGUGA
UCCAAACGGACCAGAUGUAUAUGCCGGCGUCCCUAAGGAUUACACAGGAGAGAAUGUGA
830 840 850 860 870 880

CAUCUGAGAAUCUAUACGGCGUUAUUCUUGGGGACAAGAGCAAAGUGAAAGGUGGAAGU
CGACGGAGAACCUCUUUGCUGUUAUUCUUGGAGACAAGAGUAAAUUGAAGGGAGGAAGU
CAACUGAGAACUUAUAUGGUGUUAUUCUUGGGGACAAGAAUAAAGUCAAGGGUGGAAGU
CGGCCCAGAACCUCUUUGCCGUUAUUCUUGGAGACAAGAAUAAAGUGAAGGGAGGAAGU

CAUCGCAGAACCUCUUCGCGGUAAUUCUUGGGGACAAGAGUAAAGUUAAGGGAGGAAGU
CGUCCCGGAACUUCUACGCCGUUCUUCUUGGGGACAAGAGUAAAGUGAAGGGAGGAAGU
CGUCCCGUAACUUCUUCGCCGUUCUUCUUGGGGACAAGAGUAAAGUGAAGGGAGGAAGU
CGUCCAAGAACUUCUUCGCCGUUCUUCUUGGGGACAAGAGUAAAGUGAAGGGAGGAAGU
CGTCCCATAACTTCTTCGCCGTTCTTCTTGGGGACAAGAGTAAAGTGAAGGGAGGAAGT
AUUCCAGGAAUUUCUUCGCCGUUCUUCUGGGGGACAAGAAAAAAGUGAAGGGAGGAAGU
CGGCUGAGAACUUAUAUGCUGUUAUUCUUGGGGACAAGAGUAAAGUAAAGGGUGGAAGU
CACCUGAGAACCUAUAUGCUGUCAUUCUUGGGGACAAGAGUAAAGUUAAAGGUGGAAGU
CAGCUGAGAACCUAUACGCUGUUAUUCUUGGAGACAAGAGUAAAGUAAAGGGUGGAAGU
CAGCGGAGAACCUAUUUGCAGUCAUUCUUGGGGACAGGAGUAAAGUGAAGGGAGGAAGU
CAGCGGAGAACCUAUUUGCAGUCAUUCUUGGGGACAGGAGUAAAGUGAAGGGAGGAAGU
CAACUCAUAAUUUAUAUGCGGUAAUUCUUGGGGACAAGAGUAAGGUGAAAGGUGGAAGU
CAACUCAUAAUUUAUAUGCGGUAAUUCUUGGGGACAAGAGUAAGGUGAAAGGUGGAAGU
CAGCUGAUAACCUCUAUGCUGUUAUUCUUGGGGACAAGAGUAAAGUUAGGGGUGGAAGU
CAGCUGAGAAUCUAUAUGCUGUUAUUCUUGGAGACAAGAGUAAAGUAAAGGGUGGAAGU
CAGCUGAGAAUCUAUAUGCUGUUAUUCUUGGAGACAAGAGUAAAGUAAAGGGUGGAAGU
CAGCUGAGAACUUCUAUGCUGUUAUUCUUGGGGACAAGAGUAAAGUUAGGGGUGGAAGU
CGGCAGAGAAUCUGUAUGCAGUUAUUCUUGGGGAUAAGAGUAAAGUGAAGGGUGGAAGU
CGGCAGAGAAUCUGUAUGCAGUUAUUCUUGGGGAUAAGAGUAAAGUGAAGGGUGGAAGU
890 900 910 920 930 940

GGGAAGGUGAUCAACAGCAAACCUGAGGAUAGGAUAUUUAUCUUCUACUCUGAUCACGG
GGCAAAGUGAUCAACAGCAAACCCGAGGACAGAAUAUUUAUAUACUACUCUGAUCAUGG
GGAAAAGUAAUCAACAGCAAACCUGAGGAUAGGAUAUUCAUAUAUUACUCUGAUCAUGG
GGCAAAGUGAUCAAUAGCAAACCUGAGGACAGAAUAUUUAUAUACUACUCUGAUCAUGG

3 3

GGCAAGGUGAUCGAUAGUAAACCUGAAGACAGAAUAUUUAUAUAUUACUCUGAUCACGG
GGCAAGGUGAUUAAUAGCAAACCAGAAGAUAGAAUAUUUAUUUACUACUCUGAUCAUGG
GGCAAGGUGAUUAAUAGCAAACCAGAGGAUAGAAUAUUUGUAUACUACUCUGAUCAUGG
GGCAAGGUGAUUAAUAGCAAAGCAGAGGAUAGAAUAUUUAUAUACUACUCUGAUCAUGG
GGCAAGGTGATTAATAGCAAACCAGAGGATAGAATATTTGTATACTACTCTGATCATGG
GGCAAGGUGAUUAAUAGCAAAGCAGAAGAUAGAAUAUUUAUAUACUACUCUGAUCAUGG
GGCAAGGUGAUUAAUAGCAAAGCUGAGGAUAGGAUAUUUAUCUAUUACUCCGAUCAUGG
GGCAAGGUGAUCAACAGCAAUCCGGAGGAUAGGAUAUUUAUAUUCUACUCCGAUCAUGG
GGCAAGGUCAUCAACAGCAAAUCCGAAGAUAGGAUAUUCAUAUAUUACUCCGACCAUGG
GGCAAAGUGAUCAACAGUAAACCUGAGGACAGGAUAUUUAUUUUUUACUCUGAUCAUGG
GGCAAAGUGAUCAACAGUAAACCUGAGGACAGGAUAUUUAUUUUUUACUCUGAUCAUGG
GGCAAAGUAAUAAACAGCAAACCUGAUGAUAGGAUAUUUAUAUAUUAUGCUGAUCAUGG
GGCAAAGUAAUAAACAGCAAACCUGAUGAUAGGAUAUUUAUAUAUUAUGCUGAUCAUGG
GGCAAGGUCAUCAACAGCAAAGCAGAGGAUAGAAUAUUUAUAUAUUACUCUGAUCAUGG
GGCAAGGUGAUCAACAGUAAAGCCGAGGACAGAAUAUUUAUAUACUACUCUGAUCAUGG
GGCAAGGUGAUCAACAGUAAAGCCGAGGACAGAAUAUUUAUAUACUACUCUGAUCAUGG
GGCAAGGUCAUCAACAGCAAAGCAGAGGAUAGAAUAUUUAUAUAUUGCUCUGAUCAUGG
GCGAAGGUGAUCAACAGCCAACCCAAUGACAGGAUUUUCAUCUAUUACUCCGACCAUGG
GCGAAGGUGAUCAACAGCCAACCCAAUGACAGGAUUUUCAUCUAUUACUCCGACCAUGG

Figure 8: DNA sequence alignment with 3-RpVPE and homologs (page 2).
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Appendix

950 960 970 980 990 1,000
1. Robinia pseudoacacia -VPE AGGCCCTGGAGTTCTTGGGATGCCAAACATGCCATACCTTTATGCTATGGATTTTATTG
2. Glycine max VPE1 AGGUCCUGGAAUACUUG[GGAUGCCAAACAUGCCAUACCUUUAUGCCAUGGAUUUUAUUG
g 4
3. Abrus precatorius AGGUCCGGGAGUUCUUGGGAUGCCGAACUCUCCAUUCCUUUAUGCCAUGGAUCUUAUUG
4. Glycine max 1 AGGUCCUGGAAUACUUGGGAUGCCAAACAUGCCAUACCUUUAUGCCAUGGAUUUUAUUG
5. Lupinus angustifolius UGGUCCUGGAGUUCUUGGGAUGCCAAACAUGCCAUACCUUUAUGCUAUGGAUUUUAUUG
6. Glycine max 2 AGGUCCGGGAGUUCUUGGGAUGCCAAACAUGCCAUACCUUUAUGCUAUGGACUUUAUUG
g g 4
7. Cajanus cajan UGGUCCGGGAGUUCUUGGGAUGCCAAACAUGCCAUACCUCUAUGCCAUGGAUUUUAUUG
8. Vigna unguiculata AGGUCCAGGAGUUCUUGGGAUGCCAAACAUGCCCUACCUUUAUGCCAUGGAUUUUAUGG
9. Phaseolus vulgaris 2 GGGUCCAGGAGUUCUUGGGAUGCCAAACAUGCCCUACCUUUAUGCUAUGGAUUUUAUUG
10. Vigna radiata AGGUCCAGGAGUUCUUGGGAUGCCAAACUUGCCCUACCUUUAUGCUAUGGAUUUUAUUG
11. Phaseolus vulgaris GGGTCCAGGAGTTCTTGGGATGCCAAACATGCCCTACCTTTATGCTATGGATTTTATTG
12. Vigna angularis AGGUCCAGGAGUUCUUGGGAUGCCAAACUUGCCCUACCUUUAUGCUAUGGAUUUUGUGG
13. Cicer arietinum AGGCCCGGGAGUUCUUGGAAUGCCAAAUAUGCCGUAUCUAUAUGCAAUGGAUUUUAUCA
14. Canavalia ensiformis AGGUCCCGGAGUUCUUGGGAUGCCAAACGCACCAUUCGUUUAUGCCAUGGAUUUUAUUG
15. Medicago truncatula AGGCCCUGGAGUUCUUGGGAUGCCAAAUAUGCCGUAUGUAUAUGCUAUGGAUUUUAUCG
16. Clitoria ternatea 1 AGGUCCCGGAGUUCUUGGGAUGCCGAACGAGCAAAUCCUUUACGCCAUGGAUUUUAUUG
17. Clitoria ternatea 2 AGGUCCCGGAGUUCUUGGGAUGCCGAACGAGCAAAUCCUUUACGCCAUGGAUUUUAUUG
18. Arachis duranensis AGGCCCAGGUGUUCUUGGGAUGCCAAACACUCCAAACCUUUAUGCCAUGGAUUUUAUUG
19. Arachis hypogaea AGGCCCAGGUGUUCUUGGGAUGCCAAACACUCCAAACCUUUAUGCCAUGGAUUUUAUUG
20. Vicia sativa AGGCCCCGGAGUUCUUGGGAUGCCAAAUAUGCCAUAUGUAUAUGCUAUGGAUUUCAUCG
21. Trifolium pratense 1 AGGCCCCGGAGUUCUUGGGAUGCCAAAUAUGCCGUAUGUAUAUGCUAUGGAUUUCAUCG
22. Trifolium pratense 2 AGGCCCCGGAGUUCUUGGGAUGCCAAAUAUGCCGUAUGUAUAUGCUAUGGAUUUCAUCG
23. Vicia narbonensis AGGCCCUGGAGUUCUUGGGAUGCCAAAUAUGCCAUAUGUAUAUGCUAUGGAUUUUAUUG
24. Prosopis alba 1 AGGCCCUGGUGUUCUGGGGAUGCCAAACUUGCCAUACCUUUAUGCUAAGGAUUUCAUUG
25. Prosopis alba 2 AGGCCCUGGUGUUCUGGGGAUGCCAAACUUGCCAUACCUUUAUGCUAAGGAUUUCAUUG
1,010 1,020 1,030 1,040 1,050 1,060
1. Robinia pseudoacacia B-VPE ATGTTTTGAAGAAGAAACATGCATCTGGAGGCTACAGGGAGATGGTTATATACGTGGAA
2. Glycine max VPE1 ?UGUCUUGAAGAAGAAACAUGCAUCUGGAAGUUACAAGGAGAUGFUUAUAUACGUGGAA
4 5
3. Abrus precatorius AUGUUUUGAAGAAGAAACAUGCAUCAGGAGGCUACAGGGAGAUGGUUAUAUACAUAGAA
4. Glycine max 1 AUGUCUUGAAGAAGAAACAUGCAUCUGGAAGUUACAAGGAGAUGGUUAUAUACGUGGAA
5. Lupinus angustifolius AAGUUUUGAAGAAGAAGCAUGCAUCUGGAGGUUACAAGGAGAUGGUUAUAUAUGUGGAA
6. Glycine max 2 ?AGUCUUGAAGAAGAAACAUGCAUCUGGAGGUUACAAGAAGAUGFUCAUAUACGUGGAA
4 5

7. Cajanus cajan ACGUUUUGAAGAAGAAACAUGCAUCUGGAGGCUACAAGGAGAUGGUUAUAUACGUGGAA
8. Vigna unguiculata AUGUCUUGAAGAAGAAACAUGCAUCUGGAGGCUACAAGAAGAUGGUGAUAUACGUGGAA
9. Phaseolus vulgaris 2 AUGUCUUGAAGAAGAAGCAUGCAUCUGGAGGCUACAAGGAGAUGGUAAUAUACGUGGAA
10. Vigna radiata AUGUCUUGAAGAAGAAACAUGCAUCUGGAGGCUACAAGAAGAUGGUGAUAUACGUAGAA
11. Phaseolus vulgaris ATGTCTTGAAGAAGAAGCATGCATCTGGAGGCTACAAGGAGATGGTAATATACGTGGAA
12. Vigna angularis AUGUCUUGAAGAAGAAACAUGCAUCUAGAGGCUACAAGAAGAUGGUGAUAUACGUAGAA
13. Cicer arietinum AUGUUUUGAAGAAGAAACAUGCAUCUAGAGGUUACAAAAAGAUGGUAAUAUAUGUGGAA
14. Canavalia ensiformis AUGUUUUGAAGAAGAAACAUGCAAGUGGAGGCUACAAGGAGAUGGUUAUAUACAUAGAA
15. Medicago truncatula ACGUUUUGAAGAAGAAACAUGCAUCUGGGGGUUACAAAAAGAUGGUUGUAUACAUUGAA
16. Clitoria ternatea 1 AUGUUUUGAAGAAGAAACAUGCUUCAGGAGGGUACAGGGAAAUGGUUAUAUACGUGGAA
17. Clitoria ternatea 2 AUGUUUUGAAGAAGAAACAUGCUUCAGGAGGGUACAGGGAAAUGGUUAUAUACGUGGAA
18. Arachis duranensis ACGUCUUGAAGAAGAAGCAUGCAUCUGGAGGUUACAAGAAGAUGGUUAUAUACGUGGAA
19. Arachis hypogaea ACGUCUUGAAGAAGAAGCAUGCAUCUGGAGGUUACAAGAAGAUGGUUAUAUACGUGGAA
20. Vicia sativa AUGUUUUGAAGAAGAAACAUGCAUCUAGAGGUUACCAACAGAUGGUUAUAUAUGUGGAA
21. Trifolium pratense 1 AUGUUUUGAGGAAGAAGCAUGCAUCUAAAGGUUAUAAAAAGAUGGUUAUAUACAUUGAA
22. Trifolium pratense 2 AUGUUUUGAGGAAGAAGCAUGCAUCUAAAGGUUAUAAAAAGAUGGUUAUAUACAUUGAA
23. Vicia narbonensis AUGUUUUGAAGAAGAAACAUGCAUCUGGAGGUUACAAAAAGAUGGUUAUAUAUGUAGAA
24. Prosopis alba 1 AAGUUUUGAAGAAGAAACACGCAUCCGGGGGCUACAAGGAGAUGGUUAUAUACGUAGAA
25. Prosopis alba 2 AAGUUUUGAAGAAGAAACACGCAUCCGGGGGCUACAAGGAGAUGGUUAUAUACGUAGAA

1,070 1,080 1,090 1,100 1,110 1,120
1. Robinia pseudoacacia 3-VPE GCTTGTGAAAGTGGGAGC-AT-TTTTG-AGGGCATAATGCCCAAAGATATAAATGTTTA
2. Glycine max VPE1 GCUUGUGAAAGUGGGAGC-GU-GUUUG-AGGGUAUAAUGCCUAAGGAUCUGAAUAUUUA

GAAAGUGGGAGU-AU-G
GAAAGUGGGAGC-GU-G
GAAAGUGGGAG---UGU
GAAAGUGGGAGC-AU-G

-AGGGUAUAAUGCCCAAGGAUCUGAAUAU
-AGGGUAUAAUGCCUAAGGAUCUGAAUAU
GAGGGUAUAAUGCCUAAGAAUCUGAAUGU
-~-AGGGUAUAAUGCCUAAGGAUCUGCAGAU

3. Abrus precatorius
4. Glycine max 1
5. Lupinus angustifolius

UUA
UUA
UUA
6. Glycine max 2 UUA

g vl s s

5
7. Cajanus cajan GCUUGUGAAAGUGGAAGC-AU-GUUUG-AGGGUAUAAUGCCCAAUGAUCUGAACAUUUA
8. Vigna unguiculata GCUUGUGAAAGUGGGAGC-AU-UUUUG-AAGGUAUAAUACCCAAGGAUUUGAAUAUUUU
9. Phaseolus vulgaris 2 GCAUGUGAAAGUGGGAGCAUU--UUUG-AGGGUAUAAUGCCCAAGGAUUUGAAUAUUUA
10. Vigna radiata GCAUGUGAAAGUGGGAGC-AU-UUUUG-AGGGUAUAAUGCCCAAGGAUUUGAAUAUUUA
11. Phaseolus vulgaris GCATGTGAAAGTGGGAGC-AT-TTTTG-AGGGTATAATGCCCAAGGATTTGAATATTTA
12. Vigna angularis GCAUGUGAAAGUGGGAGC-AU-UUUUG-AGGGUAUAAUGCCCAAGAAUUUGAAUAUUUA
13. Cicer arietinum GCUUGUGAAAGUGGUAGC-AU-UUUUG-AGGGUAUAAUGCCAAAUAAUUUGAAUAUUUA
14. Canavalia ensiformis GCUUGUGAGAGUGGGAGC-AU-AUUUG-AGGGUAUAAUGCCCAAGGAUCUGAAUAUUUA
15. Medicago truncatula GCUUGUGAAAGUGGUAGC-AU-GUUUG-AGGGUGUCAUGCCAAAGGAUCUUAAUGUUUA
16. Clitoria ternatea 1 GCUUGUGAAAGUGGGAGC-CU-CUUUG-AGGGUAUCAUGCCCAAGGAUCUGAAUGUUUU
17. Clitoria ternatea 2 GCUUGUGAAAGUGGGAGC-CU-CUUUG-AGGGUAUCAUGCCCAAGGAUCUGAAUGUUUU
18. Arachis duranensis GCUUGUGAAAGUGGGAGC-AU-AUUUG-AGGGUAUAUUGCCAAAGGAUAUAAACAUUUA
19. Arachis hypogaea GCUUGUGAAAGUGGGAGC-AU-AUUUG-AGGGUAUAUUGCCAAAGGAUAUAAACAUUUA
20. Vicia sativa GCUUGUGAAAGUGGUAGC---GUUUUUCAAGGUAUAAUGCCAAAGGAUAUAGAUGUUUA
21. Trifolium pratense 1 GCUUGUGAAAGUGGUAGC-AU-GUUCGAA-GGUGUAAUGCCUAAGGAUCUUGAUAUUUA
22. Trifolium pratense 2 GCUUGUGAAAGUGGUAGC-AU-GUUCG-AAGGUGUAAUGCCUAAGGAUCUUGAUAUUUA
23. Vicia narbonensis GCUUGCGAAAGUGGUAGC-AU-UUUUG-AGGGUAUAAUGCCGAAAGAUAUAAAUGUUUA
24. Prosopis alba 1 GCUUGUGAAAGUGGGAGC-GU-AUUUG-AGGGUAUAAUGCCCAAAGAUCUGAAUGUGUA
25. Prosopis alba 2 GCUUGUGAAAGUGGGAGC-GU-AUUUG-AGGGUAUAAUGCCCAAAGAUCUGAAUGUGUA

Figure 8: DNA sequence alignment with 3-RpVPE and homologs (page 3).
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1. Robinia pseudoacacia 3-VPE
2. Glycine max VPE1

3. Abrus precatorius

4. Glycine max 1

5. Cajanus cajan

6. Lupinus angustifolius
7. Glycine max 2

8. Vigna unguiculata

9. Phaseolus vulgaris 2
10. Vigna radiata

11. Phaseolus vulgaris
12. Vigna angularis

13. Cicer arietinum

14. Canavalia ensiformis
15. Medicago truncatula
16. Clitoria ternatea 1
17. Clitoria ternatea 2
18. Arachis duranensis
19. Arachis hypogaea
20. Vicia sativa

21. Trifolium pratense 1
22. Trifolium pratense 2
23. Vicia narbonensis
24. Prosopis alba 1

25. Prosopis alba 2

UGUCACAACCGCAUCAAAUGCACAAGAGAAUAGUUGGGGAACUUA-UUG--UCCUGGCA

UGUCACAACUGCAUCAAAUGCACAAGAGAAUAGUUGGGGGACUUA-UUG--UCCUGGAA

CAUCACAACUGCAUCGAAUGCUCAAGAGAAUAGUUGGGGAACUUA-UUG--UCCAGGAA

UGUAACAACUGCAUCUAAUGCACAAGAGAGUAGUUGGGGAACUUA-CUG--UCCUGGAA

UGUCACAACUGCAUCCAAUGCACAAGAGAAUAGUUGGGGAACUUA-UUG--UCCUGGAA
5

UGUCACAACAGCAUCGAAUGCCCAAGAGAAUAGUUGGGGAACUUA-UUG--UCCAGGAA
UGUCACAACUGCAUCGAAUGCCCAAGAGAAUAGUUGGGGAACUUA-UUG--UCCUGGAA
UGUCACAACAGCAUCGAAUGCCCAAGAGAAUAGUUGGGGAACUUA-UUG--UCCUGGAU
TGTCACAACTGCATCGAATGCCCAAGAGAATAGTTGGGGAACTTA-TTG--TCCTGGAA
UGUCACAACAGCAUCGAAUGCCCAAGAGAAUAGUUGGGGAACUUA-UUG--UCCUGGAA
UGUGACAACUGCAUCCAAUGCACAAGAGAAUAGUUGGGGAACUUA-UUG--UCCUGGGU
UGUGACAACUGCGUCAAAUGCACAAGAGAACAGUUUUGGAACUUA-UUG--UCCUGGGA
UGUGACAACUGCAUCCAAUGCACAAGAGAGUAGUUGGGGAACAUA-CUG--UCCUGGGG
UGUCACAACUGCAUCAAACGCACAAGAGAAUAGCUGGGGAACUUA-UUG--UCCUGGGA
UGUCACAACUGCAUCAAACGCACAAGAGAAUAGCUGGGGAACUUA-UUG--UCCUGGGA
UGUGACAACUGCAUCAAAUGCUCAAGAGGCUAGUUGGGGAACUUA-UUG--UCCUGGCA
UGUGACAACUGCAUCAAAUGCUCAAGAGGCUAGUUGGGGAACUUA-UUG--UCCUGGCA
UGUGACAACUGCGUCCAACGCGGAAGAGAGCAGUUGGGGAACUUACCUGGUUCCUGGUG
UGUGACAACUGCAUCCAAUGCACAAGAGAGCAGUUGGGGAACUUA-CUG--UCCUGGGG
UGUGACAACUGCAUCCAAUGCACAAGAGAGCAGUUGGGGAACUUA-CUG--UCCUGGGG
UGUGACAACUGCGUCCAAUGCACAAGAGAACAGUUGGGGCACUUA-CUG--UCCUGGUG
UGUAACAACCGCAUCGAAUGCAGAAGAAAGUAGCUUUGGAACAUA-CUG--UCCUGCGA
UGUAACAACCGCAUCGAAUGCAGAAGAAAGUAGCUUUGGAACAUA-CUG--UCCUGCGA

1,190 1,200 1,210 1,220 1,230

TGGATCCTTCTCCACCTCCAGAGTACATCACTTGCTTAGGGGATTTGTACAGCGTTGCT
UGGAUCCUUCUCCACCUCCAGAGUACAUCACUUGCCUAGGGGAUUUGUACAGCGUUGCU

5

UGGAUCCUUCUCCACCACCAGAGUACAUCACUUGCCUAGGUGAUUUGUACAGCGUUUCU
UGGAUCCUUCUCCACCUCCAGAGUACAUCACUUGCCUAGGGGAUUUGUACAGCGUUGCU
UGGAACCUUCUCCACCUCCAGAGUACAUCACUUGCCUAGGGGAUUUGUACAGCGUUGCU
UGGAACCUUCUCCACCCUCAGAGUACAUUACCUGCCUUGGGGAUUUGUACAGUGUUGCU
UGGAUCCUUCUCCACCUCCAGAGUACAUCACUUGCCUAGGGGAUUUGUACAGUGUUGCU

5

UGAUUCCUUCUCCUCCUCCAGAAUACAUCACUUGCCUGGGGGAUUUGUACAGCGUUGCU
UGUAUCCUCCUCCUCCUCCAGAAUACAUCACAUGCCUAGGGGAUUUGUACAGUGUUGCU
UCAAUCCUUCUCCUCCUCCAGAAUACUCCACUUGCCUGGGGGAUUUGUACAGCGUUGCU
TGTATCCTCCTCCTCCTCCAGAATACATCACATGCCTAGGGGATTTGTACAGTGTTGCT
UGAAUCCUUCUCCUCCUCCAGAAUACAUCACUUGCCUGGGGGAUUUGUACAGCGUUGCU
UGGAUCCUGCUCCACCUCCUGAGUUCAUCACUUGCCUUGGGGAUUUGUAUAGUGUUGCU
UGAAUCCUCCUCCACCAGAAGAGUACGUAACUUGCCUGGGGGAUUUAUACAGCGUUUCU
UGGAACCUGCCCCACCUCCAGAGUACAUCACUUGCCUUGGGGAUUUGUAUAGUGUUGCU
CGGAGCCUUCUCCACCACCAGAGUACACCACUUGCUUGGGUGAUUUGUACAGCGUUGCU
CGGAGCCUUCUCCACCACCAGAGUACACCACUUGCUUGGGUGAUUUGUACAGCGUUGCU
UGGAUCCUUCUCCUCCUCCUGAAUACAUCACUUGCCUUGGGGAUUUGUAUAGUGUUGCU
UGGAUCCUUCUCCUCCUCCUGAAUACAUCACUUGCCUUGGGGAUUUGUAUAGUGUUGCU
UUUAUCCUGCUUCGCCUCCAGAGUACAUCACUUGCCUCGGUGAUUUGUAUAGCGUUGCU
UGGAUCCUGCUCCACCUCCCGAGUACAUCACUUGCCUCGGAGAUUUGUAUAGUGUUGCU
UGGAUCCUGCUCCACCUCCCGAGUACAUCACUUGCCUCGGAGAUUUGUAUAGUGUUGCU
UGGAUCCUGCUCCUCCUCCAGAGUACAUCACUUGCCUUGGCGAUUUGUAUAGCGUUGCU
UGGAACCUCCUCCUCCUCCAGAAUACAUCACCUGCCUUGGUGAUUUGUACAGCGUUGCU
UGGAACCUCCUCCUCCUCCAGAAUACAUCACCUGCCUUGGUGAUUUGUACAGCGUUGCU

1,240 1,250 1,260 1,270 1,280 1,290

TGGATGGAAGACAGTGAGACTCACAATCTAAAAAGAGAAACAGTAAAACAACAATAC
UGGAUGGAAGAUAGUGAGGCUCACAAUCUAAAAAGGGAAUCCGUGAAACAACAAUAC

G
G
5

oV

UGGAUGGAAGACAGUGAGACUCACAAUCUAAAAAGGGAAACGGUAAAGCAACAAUACCA

UGGAUGGAAGAUAGUGAGGCUCACAAUCUAAAAAGGGAAUCCGUGAAACAACAAUACAA

UGGAUGGAAGACAGUGAAACUCACAAUCUAAAAAGAGAAUCCGUGAAACAACAAUACUA

UGGAUGGAAGAUAGUGAGACUCACAAUCUGAGAAAGGAAACGGUAAAGCAACAAUAUCA

UGGAUGGAAGAUAGFGAGACUCAUAAUCUAAAAAGGGAGUCCGUGAAACAACAAUACAA
5 6

UGGAUGGAAGACAGUGAGAGUCACAAUCUGAAAAGAGAAUCCGUGGCACAACAAUACCA
UGGAUGGAAGACAGUGAGAGUCACAAUCUGAAAAAGGAAUCGGUCGAACAACAAUACCA
UGGAUGGAAGACAGUGAGAGUCACAAUCUGAAAAAAGAAUCCGUGGCACAACAAUACCA
TGGATGGAAGACAGTGAGAGTCACAATCTGAAAAAGGAATCGGTCGAACAACAATACCA
UGGAUGGAAGACAGUGAGAGUCACAAUCUGAAAAAAGAAACCGUGGCACAACAAUACCA
UGGAUGGAAGACAGCGAGACACACAAUCUAAAAAGGGAAACGGUGAAAGAACAAUACAA
UGGAUGGAAGAUAGUGAGACUCACAAUCUAAAAAGGGAAACGGUACAACAGCAAUACCA
UGGAUGGAAGACAGUGAGUCGCACAAUCUAAAAAGGGAAACGGUGAAACAACAAUACAA
UGGAUGGAAGACAGUGAGAGUCACAAUUUGAGAAGGGAAACGGUGAACCAACAAUACCG
UGGAUGGAAGACAGUGAGAGUCACAAUUUGAGAAGGGAAACGGUGAACCAACAAUACCG
UGGAUGGAAGACAGUGAAAGUCACAAUCUAAAGAGGGAAUCGGUGCAACAACAAUACCA
UGGAUGGAAGACAGUGAAAGUCACAAUCUAAAGAGGGAAUCGGUGCAACAACAAUACCA
UGGAUGGAAGAUAGUGAGACGCACAAUCUAAAAAGGGAAACAUUGAAACAACAAUUCGC
UGGAUGGAAGAUAGUGAGACACACAAUCUAAAAAGGGAAACGGUGAAACAACAAUACAA
UGGAUGGAAGAUAGUGAGACACACAAUCUAAAAAGGGAAACGGUGAAACAACAAUACAA
UGGAUGGAAGAUAGUGAGACGCACAAUCUUAAAAGGGAAACGGUGAAACAACAAUACAU
UGGAUGGAGGACAGUGAGACUCACAAUCUGAAGAGAGAAACGAUAGAGCAACAAUAUGA
UGGAUGGAGGACAGUGAGACUCACAAUCUGAAGAGAGAAACGAUAGAGCAACAAUAUGA

Figure 8: DNA sequence alignment with 3-RpVPE and homologs (page 4).
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GUCGGUAAAGCAACGGACUUCAAAUUUUAACAACUAUGCAUUGGGUUCUCACGUGAUGC
AUCGGUAAAGCAACGGACUUCAAAUUUCAACAACUAUGCGAUGGGUUCUCAUGUGAUGC

UUCGGUUAAGAAACGCACUUCAAAUUUUAACAACUAUGCGAUGGGUUCUCAUGUGAUGC
GUCGGUAAAGUUGCGUACAUCAAAUUUUAACAACUAUGCGUCUGGCUCUCAUGUAAUGG
AUCGGUAAAGCAACGGACUUCAAAUUUCAACAACUAUGCGAUGGGUUCUCAUGUGAUGC

7

AUCGGUAAAACAAAGGACUUCAAAUCUUCAGGACUACGGGAUGGGUUCACAUGUGAUGC
AUCGGUAAAACAACGGACUUCAAAUUUUGAAGCUUAUGCGAUGGGUUCACACGUGAUGC
AUCGGUAAAACAACGGACUUCAAAUCUUCAGGACUACGGGAUGGGUUCACAUGUGAUGG
ATCGGTAAAACAACGGACTTCAAATTTTGAAGCTTATGCGATGGGTTCACACGTGATGC
AUCGGUAAAACAUCGGACUUCAAAUCUUCAGAACUACGGGAUGGGUUCACAUGUGAUGG
GUCGGUGAAGGAAAGAACUUCAAAUUCUAACAACUAUGCAUUAGGUUCUCAUGUGAUGC
GUCGGUAAGGAAACGGACUUCAAAUUCUAACAGCUAUAGGUUUGGUUCUCAUGUGAUGC
GUCGGUUAAAGAACGGACUUCAAAUUACAACAACUAUGCAUUAGGCUCUCAUGUGAUGC
CUCGGUAAAGGAACGGACUUCAAAUUUUAAAGACUAUGCAAUGGGAUCUCAUGUGAUGC
CUCGGUAAAGGAACGGACUUCAAAUUUUAAAGACUAUGCAAUGGGAUCUCAUGUGAUGC
AUCGGUGAAGGAACGGACCUCAAAUUUUAACAACUACGAGCUUGGUUCCCAUGUGAUGG
AUCGGUGAAGGAACGGACCUCAAAUUUUAACAACUACGAGCUUGGUUCCCAUGUGAUGG
GUCGGUGAAGGAACGGACUUUAAAUAAUAACAACUACGGAUUAGGUUCUCAUGUGACGG
CUCGGUGAAGGAAAGGACGUCAAAUUUCAACAACUAUGCAUUAGGCUCUCAUGUGAUGC
CUCGGUGAAGGAAAGGACGUCAAAUUUCAACAACUAUGCAUUAGGCUCUCAUGUGAUGC
GUCGGUGAGGGAAAGGACUUCAAAUUACAAGAACUACCCAUUAGGUUCUCAUGUGAUGC
GACGGUGAAGAGGCGAACUUCCAAUUCAAACACCUUGUCGCUUGGUUCUCACGUGAUGG
GACGGUGAAGAGGCGAACUUCCAAUUCAAACACCUUGUCGCUUGGUUCUCACGUGAUGG
1,360 1,370 1,380 1,390 1,400 1,410

AATATGGTGATACTGACATTAAACCAGAAAAGCTTTATTTATACCAAGGTTTTGATCCT
AAUAUGGUGAUACCAACAUCACAGCUGAAAAGCUUUAUUUAUACCAAGGUUUUGAUCCU
7

AAUACGGUGACACUGACAUUACAGCUGAAAGGCU
AAUAUGGUGAUACCAACAUCACAGCUGAAAAGCU

UUAUUUAUACCAAGG
UUAUUUAUACCAAGG
UUAUU
AUAUU
UUAUU

AAUAUGGAGAUACAAACAUCACAGGUGAAAAGCU UAUACCAAGG AUCCC
AAUAUGGUGAUACCCACAUUACAGCAGAAAAGCU UAUACCAAGG AUCCU
AAUACGGUGACACAAACAUCACAGCUGAAAAGCU UAUACCAAGG AUCCU

3 7

AAUAUGGUGAUGCCAACAUCACAGAUGAAAAGCUUUAUUUAUACCAAGGUUUUGAUCCU
AAUAUGGUGAUGCCAACAUGACAGCUGAAAAGCUUUAUUUAUACCACGGUUUUGAUCCU
AAUAUGGUGAUGCCAACAUCACAGCCGAAAAGCUUUAUUUAUACCAAGGUUUUGAUCCU
AATATGGTGATGCCAACATGACAGCTGAAAAGCTTTATTTATACCACGGTTTTGATCCT
AAUAUGGUGAUGCCAACAUCACAGCCGAAAAGCUUUAUUUAUACCAAGGUUUUAAUCCU
AAUAUGGUGAUACCAACAUUACAGAUGAAAAGCUUUAUUUAUACCAUGGUUUUAAUCCU
AAUACGGUGACACUAACAUUACUGCUGAAAAGCUUUACUUGUACCAUGGUUUUGAUCCU
AAUAUGGUGAUACCAACAUUACAGAUGAAAAGCUAUAUUUGUACCAAGGUUUUGAUCCU

AAUACGGUGACACUAACAUCACAGCUGAAAAGCUUUACUUAUUCCAAGGUUUUGAUCCC
AAUACGGUGACACUAACAUCACAGCUGAAAAGCUUUACUUAUUCCAAGGUUUUGAUCCC
AGUACGGUGAUACACACGUCAAACCGGAGAAGCUUUAUCUGUACCAUGGUUUUGAUCCU
AGUACGGUGAUACACACGUCAAACCGGAGAAGCUUUAUCUGUACCAUGGUUUUGAUCCU
AAUAUGGCGAUACCAAUAUAACCGAUGAAAAGCUUUAUUUAUACCAUGGUUUUGAUCCU
AAUAUGGUGAUACCAACAUUACAGAUGAAAAGCUUUAUUUAUACCAAGGUUUUAAUCCU
AAUAUGGUGAUACCAACAUUACAGAUGAAAAGCUUUAUUUAUACCAAGGUUUUAAUCCU
AGUAUGGCGAUACCAAUAUCACGGAUGAAAAGCUUUAUUUAUACCAUGGUUUUGAUCCU
AGUAUGGGGACACCAGCAUCAAGCCUGAAAAGCUUUAUAUGUAUCAAGGUUUUGAUCCU
AGUAUGGGGACACCAGCAUCAAGCCUGAAAAGCUUUAUAUGUAUCAAGGUUUUGAUCCU
1,420 1,430 1,440 1,450 1,460 1,470
B-RpVPE 1063 F
GCC-ACCGTGAACTTTCCTCCAC---ACAA---CAGGCTAGAAACTCAYATGGAAGTTG
GCC-ACUGUGAACUUCCCUCCAC---AAAACGGCAGGCUAGAAACUAAAAUGGAAGUUG
7
GCC-ACAGUCAACUUUCCUCCAC---ACAACGGCAAGCUAGAAACUAAAAUGGACGUUG
GCC-ACUGUGAACUUCCCUCCAC---AAAACGGCAGGCUAGAAACUAAAAUGGAAGUUG
GAC-ACUGUGAACUUUCCUCCAC---ACAACGGCGAGCUAGAAACUAAAAUGGAAGUUG
GCA-ACCGUGAACUUUCCUCCAA---ACAAUGAUAGGCUAGAAGCACAAAUGGAAGUGG
GCC-GCUGUGAACUUCCCUCCAC---AGAACGGAAGGCUAGAAACUAAAAUGGAAGUUG
7
GCC-ACUGUGAACUUCCCUCCAC---ACAA---CAGACUAGAAGCUAAAAUGGAAGUUG
GCC-ACUGUGAACUUCCCUCCAC---ACAAUGGCAGACUGAAAUCUAAAAUGGAAGUUG
GCC-ACUGUGAACUUCCCUCCACUCAACAACGCCAGACGAGAAGCUAAAAUGGAAGUCG
GCC-ACTGTGAACTTCCCTCCAC---ACAATGGCAGACTGAAATCTAAAATGGAAGTTG
GCC-ACUGUGAACUUCCCUCCAU---UCAACGCCAGACCAGAAGCUAAAAUGGAAGUUG
GCC-ACUGUGAAUUUUCCUCCAC---ACAAUGGCAGAUUAGAAACUAAAAUGGAAGUUG
GCC-ACCGUGAACUUUCCUCCAC---ACAACGGCAACCUAGAAGCUAAAAUGGAAGUUG
GCA-ACGGUGAACCUUCCUCCAC---ACAAUGACAAAUUAGAAUCUAAAAUGGAAGUUG
GCC-ACAGUGAAUUUACCUCCAC---ACAACGGCAGGAUAGAAGCUAAAAUGGAAGUUG
GCC-ACAGUGAAUUUACCUCCAC---ACAACGGCAGGAUAGAAGCUAAAAUGGAAGUUG
GCC-ACAGUCAACUUUCCUUCUC---UUAAUGGAAUGUUAGGAGCACCCGUGGAUGUUG
GCC-ACAGUCAACUUUCCUUCUC---UUAAUGGAAUGUUAGGAGCACCCGUGGAUGUUG
GCA-UCGGUGAACCUUCCACCAA---ACAAUGGCAGACUAGAAUCUAAAAUGGAAGUUG
GCA-ACGGUGAAUCUUCCUCCAC---UCAAUGGCAACCUAGAAACUAAAAUGGAAGUUG
GCA-ACGGUGAAUCUUCCUCCACU---CAAUGGCAACCUAGAAACUAAAAUGGAAGUUG
GCGGACGGUGAACCUUCCUCAA----ACAAUGACAUUUUAGAAGCUAAAAUGGAAGUUG
GCC-ACCGUCAACUUUCCUCCUC---ACAAUAGCAGGCUAGGAGCGCAAAUGGAAGUCG
GCC-ACCGUCAACUUUCCUCCUC---ACAAUAGCAGGCUAGGAGCGCAAAUGGAAGUCG

Figure 8: sequence alignment with 3-RpVPE and homologs (page 5).
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Vigna angularis
Cicer arietinum
Canavalia ensiformis
Medicago truncatula
Clitoria ternatea 1
Clitoria ternatea 2
Arachis duranensis
19. Arachis hypogaea
20. Vicia sativa

21. Trifolium pratense 1
22. Trifolium pratense 2
23. Vicia narbonensis
24. Prosopis alba 1

25. Prosopis alba 2

A o®
NoukwN=

©

1,480 1,490 1,500 1,510 1,520 1,530
TTAACCAGAGAGATGCAGAGCTTTTCTTCATGTGGCAAATGTATCAGAGATTAGAGCAT
UUAACCAAAGAGAUGCAGAACUUUUGUUCAUGUGGCAAAUGUAUCAGAGAUCAAACCAU
3 7 { 8
UUCACCAGAGAGAUGCAGAGCUUUUGUUCAUGUGGCAAAUGUAUCAGAGAUCAAAUCAU
UUAACCAAAGAGAUGCAGAACUUUUCUUAUUGUGGCAAAUGUAUCAGAGAUCAAACCAU
UUAACCAGAGAGAUGCAGAGCUUAUCUUUAUGUGGCAAAUGUAUCAGAGAUCAAACCAU
UUAACCAAAGAGAUGCAGAGAUUUUCUUCAUGUGGCAAAUGUAUAAGAGAUCAGACAAU
UUAACCAAAGAGAUGCAGAACUUUUCUUCAUGUGGCAAAUGUAUCAGAGAUCAAACCAU

7 8

UUAACCAGAGAGAUGCAGAACUUUUCUUCAUGUGGCAAAUGUAUCAGAGAUCAAACCAG
UUAACCAGAGAGAUGCAGAACUUUUAUUCAUGUGGCAAAUGUAUCAGAGAUCAAACCAU
UUAACCAGAGAGAUGCAGAACUUUUCUUCAUGUGGCAAAUGUAUCAGAGAUCAAACCAG
TTAACCAGAGAGATGCAGAACTTTTATTCATGTGGCAAGTGTATCAGAGATCAAACCAT
UUAACCAGAGAGAUGCAGAUCUUUUCUUCAUGUGGCAAAUGUAUCAGAGAUCAAACCAG
UAAACCAAAGAGAUGCAGAGCUUUUCUUCAUGUGGCAAUUGUACAAGAGAUUAGACCAU
UUAACCAGAGAGAUGCAGAGCUUUUGUUCAUGUGGCAAAUGUAUCAGAGAUCAAACCAU
UAAACCAAAGAGAUGCAGAGAUUUUAUUCAUGUGGGAAAUGUAUAAGAGAUUAGAUCAU
UUCACCAGAGAGAUGCAGAACUUCUCUUCAUGUGGCAAAUGUAUCAGAGAUCAAACCAU
UUCACCAGAGAGAUGCAGAACUUCUCUUCAUGUGGCAAAUGUAUCAGAGAUCAAACCAU
UUAAUCAGAGAGAUGCAGACCUGAUCUUCAUGUGGCAAAUGUAUAAGAGAUCAGAAGAU
UUAAUCAGAGAGAUGCAGACCUGAUCUUCAUGUGGCAAAUGUAUAAGAGAUCAGAAGAU
UAAACCAAAGAGAUGCAGAGAUUCUCUUCAUGUGGCAAAUGUAUCAGAGAUUAGACCAU
UAAACCAAAGAGAUGCAGAGAUUCUCUUCAUGUGGAAAAUGUAUGAGAGAUUAAGUCAU
UAAACCAAAGAGAUGCAGAGAUUCUCUUCAUGUGGAAAAUGUAUGAGAGAUUAAGUCAU
UAAACCAAAGAGAUGCAGAGAUUCUCUUCAUGUGGCAUAUGUAUCAGAGAUUAGACCAU
UUAACCAGAGAGACGCAGAGAUUUUCUUCAUGUGGCAAAUGUACAAGAGAUCAGAAAAU
UUAACCAGAGAGACGCAGAGAUUUUCUUCAUGUGGCAAAUGUACAAGAGAUCAGAAAAU

1,540 1,550 1,560 1,570 1,580 1,590
B-RpVPE 1249 R |

CAACCAGAAAAGAAGAGAGACATCCTCAAGCAGATTACGGAGACAGTGAAGCACAGGAA

CAGUCAGAAAAUAAGACAGACAUCCUCAAACAAAUUGCGGAGACAGUGAAGCAUAGGAA

CAACCAGAAAAGCAGACAGACAUCUUCAAGCAGAUUUCGGAGACAGUGAAGCAUAGGAA
CAGUCAGAAAAUAAGACAGACAUCCUCAAACAAAUUGCGGAGACAGUGAAGCAUAGGAA
CAUCCAGAAAAGAAGACAGAUAUCCUGAAACAAAUUGCGGAGACAGUGAAGCAUAGGAA
CAACAAGAAAAGAAGACAGACAUCCUCAAACAGAUUACUGAGACAGUGAAACACAGGAA
fAGCCAGAAAAGAAGACAGACAUCCUCAAACAGAUAGCGGAGACAGUGAAGCAUAGGAA
8
CAGCCAGAAAAGAAGACAGACAUCCUCAAACAGAUUACGGAGACAGUGAAGCAUAGGAA
CUGCCAGAAAAGAAGACAGACAUCCUCAAACAGAUUGAGGAGAUAGUGAAGCAUAGGAA
CAGCCAGAAAAGAAGACAGACAUCCUCAAACAGAUUACGGAAACAGUGAAGCAUAGGAA
CTGCCAGAAAAGAAGACAGACATCCTCAAACAGATTGAGGAGATAGTGAAGCATAGGAA
CAGCCAGAAAAGAAGACAGACAUCCUCAAACAGAUUACGGAGACAGUGAAGCAUAGGAA
GAAGCAGAAAAGAAGAGAGACAUCCUUGAGAAGAUUGCGGAGACAGUGAAACAUAGGAA
CAACCGGAAAAGAAGACUCACAUCCUGGAACAGAUUACAGAGACAGUGAAGCAUAGGAA
CAAACGGAAAAGAAAAGAGAAAUCCUUGAGAAGAUUGCGGAGACGGUGAAACAUAGGAA
CUACUAGGAAAGAAGACACACAUCCUUAAGCAAAUUGCAGAGACAGUGAAGCAUAGGAA
CUACUAGGAAAGAAGACACACAUCCUUAAGCAAAUUGCAGAGACAGUGAAGCAUAGGAA
GAACCAGAAAAGAAGAGAGAGAUCAUGAAGCAGAUUGCAGAGACAACAAAGCACAGGAA
GAACCAGAAAAGAAGAGAGAGAUCAUGAAGCAGAUUGCAGAGACAACAAAGCACAGGAA
CAAAGCGAAAAGAAGAGAGACAUUCUCAAGAAGAUUUCCGAGACAGUGAAACAUAGGAA
CAAACAGAAAAGAAGAAAGAGGUCCUCGAGAAGAUUGCGGAGACGGUGAAACAUAGGAA
CAAACAGAAAAGAAGAAAGAGGUCCUCGAGAAGAUUGCGGAGACGGUGAAACAUAGGAA
CAAACCGAAAAGAAGAAAGACACUCUCGAGAAGAUUUCCGAGACAGUGAAACAUAGGAA
GAAUCGGAGAACAAGGCAGAAAUUCUGAAGCAGAUCAAAGAGACGGUGAAGCACAGAAA
GAAUCGGAGAACAAGGCAGAAAUUCUGAAGCAGAUCAAAGAGACGGUGAAGCACAGAAA
1,600 1,610 1,620 1,630 1,640 1,650

TCATTTAGATGGTAGCGTGGAATTGATTGGAGTATTACTATATGGTCCAGGAAAAGGTT
ACACAUAGAUGGUAGCGUGGAAUUGAUUGGAGUUUUACUGUAUGGACCAGGAAAAGGUU
8

UCACUUAGAUGGUAGCGUGGAAUUGAUUGGAAUUUUACUGUAUGGACCAGGAAAAAGUU

ACACAUAGAUGGUAGCGUGGAAUUGAUUGGAGUUUUACUGUAUGGACCAGGAAAAGGUU

ACACUUGGAUGGUAGCAUGGAUUUGAUUGGUCUUUUACUGUACGGACCAGGAAAAGGUU

UCAUUUAGAUGGCAGUGUGGAAUUGAUUGGAGUUUUACUGUUUGGACCAGGAAAAAGUU

ACACAUAGAUGGUAGCGUGGAAUUGAUUGGAGUUUUAUUGUAUGGACCAGGAAAAGGUU
8

ACACUUAGAUGGCAGCGUGGAAUUGAUUGGAGUUUUGUUGUAUGGACCGGGAAAAGCUU
ACACUUAGAUGGUAGCGUGGAAUUGAUUGGAGUUUUGUUGUAUGGACCAGAAAAAGCUU
ACACUUAGAUGGUAGCGUGGAAUUGAUUGGAGUUUUGUUGUAUGGACCAGGAAAAGCUU
ACACTTAGATGGTAGCGTGGAATTGATTGGAGTTTTGTTGTATGGACCAGAAAAAGCTT
ACACUUAGAUGGUAGCGUGGAAUUGAUUGGAGUUUUGUUGUAUGGACCAGGAAAAGCUU
UCAUUUAGAUGGUAGUGUGGAAUUGGUUGGAGUUUUAUUGUUUGGUCCAGAAAAAGGUU
UCAUUUGGAUGGCAGUGUGGAAUUGAUUGGAGUUUUGUUGUAUGGACCAGGAAAAAGUU
UCAUUUAGAUGGUAGUGUGGAAUUGAUUGGAGUUUUACUGUUUGGUCCAACAAAAGGUU

UCACUUAGAUGGUAGCGUGGAACUGAUUGGAGUUUUACUGUAUGGACCAGGGAAAGGUU
UCACUUAGAUGGUAGCGUGGAACUGAUUGGAGUUUUACUGUAUGGACCAGGGAAAGGUU
UCAUUUAGACGGUAGCGUAAAAUUGAUCGGAGUAUUUCUUUAUGGUCCAGCAAAAAA--
UCAUUUAGACGGUAGCGUAAAAUUGAUCGGAGUAUUUCUUUAUGGUCCAGCAAAAAA--
UCAUUUAGAUGGUAGUGUGGAAUUGAUUGGAGUUUUACUGUUUGGUCCAACAAGAGGCU
ACAUUUAGAUGGUAGUGUGGAAUUGAUUGGAGUUUUAUUGUUUGGUCCAACAAAAGGUC
ACAUUUAGAUGGUAGUGUGGAAUUGAUUGGAGUUUUAUUGUUUGGUCCAACAAAAGGUC
UCAUUUAGAUGGCAGUGUGGAAUUGAUUGGAGUUUUAUUGUUUGGUCCAACAAAAGGCU
ACAUCUAGAUGGUAGCGUGGAAUUGAUUGGAACGUUUCUAUUUGGACCGGCAAAAGGUU
ACAUCUAGAUGGUAGCGUGGAAUUGAUUGGAACGUUUCUAUUUGGACCGGCAAAAGGUU

Figure 8: DNA sequence alignment with 3-RpVPE and homologs (page 6).
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Appendix

1. Robinia pseudoacacia B-VPE
2. Glycine max VPE1

3. Abrus precatorius

4. Glycine max 1

5. Cajanus cajan

6. Lupinus angustifolius
7. Glycine max 2

. Vigna unguiculata

. Phaseolus vulgaris 2

. Vigna radiata

1. Phaseolus vulgaris

. Vigna angularis

. Cicer arietinum

14. Canavalia ensiformis
15. Medicago truncatula
16. Clitoria ternatea 1
17. Clitoria ternatea 2
18. Arachis duranensis
19. Arachis hypogaea
20. Vicia sativa

21. Trifolium pratense 1
22. Trifolium pratense 2
23. Vicia narbonensis
24. Prosopis alba 1

25. Prosopis alba 2

8
9
10
1

12
13

1. Robinia pseudoacacia 3-VPE
2. Glycine max VPE1

3. Abrus precatorius

4. Glycine max 1

5. Cajanus cajan

6. Lupinus angustifolius
7. Glycine max 2

8. Vigna unguiculata
9. Phaseolus vulgaris 2
10. Vigna radiata
11. Phaseolus vulgaris
12. Vigna angularis
13. Cicer arietinum
14. Canavalia ensiformis
5. Medicago truncatula
6. Clitoria ternatea 1

7. Clitoria ternatea 2
18. Arachis duranensis
19. Arachis hypogaea
20. Vicia sativa
21. Trifolium pratense 1
22. Trifolium pratense 2
23. Vicia narbonensis
24. Prosopis alba 1
25. Prosopis alba 2

1
1
1

1. Robinia pseudoacacia 3-VPE
2. Glycine max VPE1

3. Abrus precatorius

4. Glycine max 1

5. Cajanus cajan

6. Lupinus angustifolius
7. Glycine max 2

8. Vigna unguiculata

9. Phaseolus vulgaris 2
Vigna radiata
Phaseolus vulgaris
Vigna angularis
Cicer arietinum
Canavalia ensiformis
Medicago truncatula
Clitoria ternatea 1
Clitoria ternatea 2
Arachis duranensis
Arachis hypogaea

. Vicia sativa

. Trifolium pratense 1
. Trifolium pratense 2
. Vicia narbonensis

. Prosopis alba 1

25. Prosopis alba 2

s s s e
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1,660 1,670 1,680 1,690 1,700 1,710
CTTCAGTTTTAGAATCCGTGAGGGAACCTGGTCTGCCCCTTGTTGATGACTGGGCATGC
CUUCUGUUCUACAAUCCGUGAGGGCUCCUGGUUCGUCCCUUGUUGAUGACUGGACAUGC

8
CUUCAGUUCUAGGAUCUGUGAGGGCUCCUGGUCUGCCUCUUGUUGAUGACUGGGCAUGC
CUUCUGUUCUACAAUCCGUGAGGGCUCCUGGUUCGUCCCUUGUUGAUGACUGGACAUGC
CUUCUAUUCUACAAUCCGUGAGGGCCCCUGGUCUACCCCUUGUUGAUGACUGGAUAUGC
CUUCAGUUCUGGAAUCCAUAAGGGUUCCUGGUUUGCCACUUGUUGAUGAUUGGGCAUGC
CUUCUGUUCUACAAUCCAUGAGGGCUCCUGGUCUUGCCCUUGUUGAUGACUGGACAUGC

8

CUUCUGUUCUACAAUCCGUGAGGACUCCCGGUCUUCCCCUUGUUGAUGACUGGACAUGC
CUUCUGUCCUACGAUCCGUGAGGACUACUGGUCUUCCCCUUGUUGAUGACUGGACAUGC
CUUCUGUUCUACAAUCCGUGAGGACUCCUGGUCUUCCCCUUGUUGAUGACUGGACAUGC
CTTCTGTCCTACGATCCGTGAGGACTACTGGTCTTCCCCTTGTTGATGACTGGACATGC
CUUCUGUUCUACAAUCCGUGAGGACUCCUGGUCUUCCCCUUGUUGAUGACUGGACAUGC
CUUCAGUUCUACAAUCUGUGAGAGCACCUGGUCUACCUCUUGUUGAUGAUUGGGAAUGC
CUUCGGUUCUACAUUCCGUGAGGGCUCCUGGUCUGCCCCUAGUUGAUGAUUGGACAUGC
CUUCAGUUCUACAGGCCGUAAGAGCGACUGGCCUACCUCUUGUUGAUGAUUGGGAAUGC
CUUCAGUUCUACAAUCCGUGAGGGAUCCUGGUCUGCCCCUUGUUGACAACUGGGCAUGU
CUCCAGUUCUACAAUCCGUGAGGGAUCCUGGUCUGCCCCUUGUUGACAACUGGGCAUGU
-UUCAGUAAUAGAAUCCGUGAGGGAGCCCGGUCUGCCCCUUGUUGAAGAUUGGACAUGC
-UUCAGUAAUAGAAUCCGUGAGGGAGCCCGGUCUGCCCCUUGUUGAAGAUUGGACAUGC
CUUCAGUUCUACAAUCCGUUAGAGCUUCUGGUUUGCCUCUUGUCGAUGACUGGGAAUGC
CUUCAAUUCUACAAUCCGCGAGAAAACCUGGUCUUCCUCUUGUUGAUGAUUGGCAAUGC
CUUCAAUUCUACAAUCCGCGAGAAAACCUGGUCUUCCUCUUGUUGAUGAUUGGCAAUGC
CUUCAGUUCUACAAUCCGUUCGAGCUUCGGGCUUGCCUCUUGUUGACGACUGGGAAUGC
CCUCUAUUUUAAACUCAGUCAGACCAUCCGGAUUCCCACUGGUCGAUGAUUGGGAGUGC
CCUCUAUUUUAAACUCAGUCAGACCAUCCGGAUUCCCACUGGUCGAUGAUUGGGAGUGC

1,720 1,730 1,740 1,750 1,760 1,770

CUAAAGUCAAUGGUUCGGGUGUUCGAAACUCACUGUGGAUCUCUGACUCAGUAUGGCAU
CUAAAAUCAAUGGUUCGGGUGUUUGAAACUCACUGUGGGACACUGACUCAGUAUGGCAU
UUAAAAUCAAUGGUGCGUGUGUUUGAAACACACUGUGGGUCACUGACUCAGUAUGGCAU
UUAAAAUCAAUGGUCAGGGUGUUUGAAACUCACUGUGGGUCACUGACUCAGUAUGGCAU
CUAAAAUCAAUGGUUCGGGUGUUUGAGACUCACUGUGGGACACUGACUCAGUAUGGCAU

8 4 9

UUAAAAUCAAUGGUCCGGGUGUUUGAAACUCACUGUGGGUCUCUGACUCAGUAUGGAAU
UUAAAAUCAAUGGUCCGGGUGUAUGAAACUCACUGUGGGUCUCUGACUCAGUAUGGAAU
UUAAAAUCAAUGGUCCGGGUGUUUGAAACUCACUGUGGGUCUCUGACUCAGUAUGGAAU
TTAAAATCAATGGTCCGGGTGTATGAAACTCACTGTGGGTCTCTGACTCAGTATGGAAT
UUAAAAUCAAUGGUCCGGGUGUUUGAAACUCACUGUGGGUCUCUUACUCAGUAUGGAAU
UUAAAAUCAAGGGUUCGCGUGUUUGAAACUCAUUGUGGGUCACUGACCCAAUAUGGCAU
UUGAAAUCUAUGGUUAGAGUGUUCGAAACUCACUGUGGGUCACUGACUCAGUAUGGCAU
UUAAAAUCAAGGGUUCGGUUGUUUGAAACUCAUUGUGGGUCACUGACCCAGUAUGGGAU
UUAAAAUCAAUGGUUCGGGUAUUCGAGUCUCACUGUGGGUCACUGACUCAGUAUGGUAU
UUAAAAUCAAUGGUUCGGGUAUUCGAGUCUCACUGUGGGUCACUGACUCAGUAUGGUAU
UUAAAAUCAAUGGUUCGAGUGUUUGAAACUCACUGCGGAUCGCUGACUCAGUAUGGCAU
UUAAAAUCAAUGGUUCGAGUGUUUGAAACUCACUGCGGAUCGCUGACUCAGUAUGGCAU
UUAAAAUCAAGGGUUCGGGUGUUCGAAACUCAUUGUGGUUCACUGACUCAGUAUGGGAU
UUGAAAUCAAGGGUUCGUGUGUUUGAAAGUCAUUGUGGAUCAUUAACUCAAUAUGGCAU
UUGAAAUCAAGGGUUCGUGUGUUUGAAAGUCAUUGUGGAUCAUUAACUCAAUAUGGCAU
UUAAAAUCAAGGGUUCGGGUGUUCGAAACUCAUUGCGGCUCACUGACCCAGUAUGGGAU
CUAAAAUCAAUGGUGCGGGUGUUUGAAACUCACUGUGGGUCGCUGACUCAGUAUGGCAU
CUAAAAUCAAUGGUGCGGGUGUUUGAAACUCACUGUGGGUCGCUGACUCAGUAUGGCAU
1,780 1,790 1,800 1,810 1,820

G
GAAACACAUGCGAGCAUUCGCCAACAUUUGCAACAGUGGCGUUUCUGAGGCCUCCAUGG
9

GAAACACAUGCGAGCAUUCGCCAACAUAUGCAAUAGCCGCGUUUCUGAGGCCUCCAUGG
GAAACACAUGCGAGCAUUCGCCAACAUUUGCAACAGUGGCGUUUCUGAGGCCUCCAUGG
GAAACACAUGCGAGCAUUCGCCAACAUUUGCAACAGUGGCGUUUCUGAGGCCUCCAUGG
GAAACAUAUGCGUGCAUUUGCUAACAUUUGCAACAAUGGCAUUUCUAAGGCUUCCAUGG
GAAACACAUGCGAGCAUUUGCCAACAUUUGCAACAGCGGUGUUUCUGAGGCCUCCAUGG

b 9 3

GAAACACAUGCGAGCAUUCGCCAACAUAUGCAACAGUGGUGUUUCUGAGACCUCCAUGG
GAAACACAUGCGAGCAUUCGCCAACAUAUGCAACAGUGGCGUUUCUGAGACCUCCAUGG
GAAACACAUGCGAGCAUUCGCCAACAUAUGCAACAGUGGCGUUUCUGAGACCUCCAUGG
GAAACACATGCGAGCATTCGCCAACATATGCAACAGTGGGGTTTCTGAGACCTCCATGG
GAAACACAUGCGAGCAUUCGCCAACAUAUGCAACAGUGGCGUUUCUGAGACCUCCAUGG
GAAACAUAUGCGGUCAUUUGCCAACAUUUGCAAUAAUGAUAUUUCUGAGACUUCCUUUG
GAAACACAUGCGGGCAUUCGGCAACGUUUGCAACAGCGGCGUUUCUAAGGCCUCCAUGG
GAAACACAUGCGAGCAUUUGCAAACAUUUGCAACAGUGGUAUUUCCGAGGAUUCUAUGG
GAAACACAUGCGAGCAUUCGCCAACAUAUGCAACAGUGGUGUUUCCGAGUCCUCAAUGG
GAAACACAUGCGAGCAUUCGCCAACAUAUGCAACAGUGGUGUUUCCGAGUCCUCAAUGG
GAAACACAUGCGAGCAUUCGCCAACAUUUGUAACAGUGGCGUUUCUAAGGCCUCAAUGG
GAAACACAUGCGAGCAUUCGCCAACAUUUGUAACAGUGGCGUUUCUAAGGCCUCAAUGG
GAAACACAUGCGGGCAUUUGCCAACAUUUGCAACCGUGGUAUUUCGGAGGAUUUGAUGG
GAAACACAUGAGGGCAUUUGCAAACAUUUGCAACAAUGGUAUUUCUGAGGAAUCAAUGG
GAAACACAUGAGGGCAUUUGCAAACAUUUGCAACAAUGGUAUUUCUGAGGAAUCAAUGG
GAAACACAUGCGGGCAUUUGCGAACAUUUGCAACAGCGGUAUUUCUGAGGAUUCGAUGG
GAAACACAUGCGUUCGUUUGCCAAUAUCUGCAACAAGGGCAUUUCUGAGGCCUCCAUGG
GAAACACAUGCGUUCGUUUGCCAAUAUCUGCAACAAGGGCAUUUCUGAGGCCUCCAUGG

Figure 8: DNA sequence alignment with 3-RpVPE and homologs (page 7).
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