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s

elcometo this 

issue of 

Legume 

Perspectives!

The purpose of this issue is to 

provide a sampling of the 

papers presented at the 

International Food Legume 

Research Conference VI and 

the International Conference 

of Legume Genetics and 

Genomics VII (IFLRC-ICLGG) 

which were jointly held in 

Saskatoon, Saskatchewan, 

Canada July 7-11, 2014.  On 

behalf of the Local 

Organizing Committee, it was 

a pleasure to host 

approximately 400 friends 

who arrived from many 

countries.  In addition to the 

Local Organizing Committee, 

this event was conducted under 

the leadership of the 

International Steering 

Committee of IFLRC and the 

International Advisory Board 

of ICLGG, and supported by 

generous sponsorship from 

more than a dozen 

organizations.

Tom Warkentin

Managing Editor of

Legume PerspectivesIssue 7
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A meetingwithpulsebeating
he IFLRC-ICLGG conferencein Saskatoonwas a forumfor

discussionof awide array of topicsof relevanceto legume

research internationally. Key theme areas included

fundamentaland appliedgeneticsand genomics,seedsand

nutrition, nitrogenfixation,plant nutrition and legumemegaprojects,

bioticstressandplantmicrobeinteractions,andabioticstressandcrop

management. Excellentkeynotepresentationswere providedeach

morning in plenarysessionsfollowedby concurrentsessionswhich

focusedon thekeythemesof ICLGG and IFLRC. It wasapparentto

methat goodprogressis beingmade,throughstrongcollaborations,in

eachof theseareas,despitethefactthat thelegumeresearchcommunity

is not largeinternationally. Many opportunitiesexistfor legumesto

contributeto humanityin termsof cropdiversification,environmental

stewardship,and healthydiets. Governmentsand industryneedto be

remindedof theiropportunitiesforgoodinvestmentsin legumeresearch

anddevelopment.

______________________________________________________________________________________________________

Universityof Saskatchewan, Departmentof Plant

Sciences, CropDevelopmentCentre, Saskatoon, 

Canada(tom.warkentin@usask.ca)

Carte blanche 
toé

...Tom
Warkentin

"

T
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Exploring nodulation through genome resequencing

and association genetics in Medicago

by NevinD. YOUNG1,2*, Shaun CURTIN1, PengZHOU1, Diana TRUJILLO2, Joseph GUHLIN2 and Kevin 

SILVERSTEIN3

Abstract: Genomeresequencingenablesthe

discoveryof candidateloci for traits of

biological importance and also provides

insightsin to the genomicarchitectureof

complex traits. The MedicagoHapmap

Consortiumis resequencingthe genomeof

Medicagotruncatulato explorethegenomicsof

nodulation. Previously,we resequenced320

diverseaccessionsof M. truncatulaandrelated

taxato discovermore than 6,000,000single

nucleotide polymorphisms (SNPs).

Subsequentgenome-wideassociationstudies

(GWAS)of nodulationuncoveredpreviously

reportedgenesplusseveralnovelcandidates.

Functionalgenomicsexperimentsare now

underwayto validatethesenovelcandidates.

Separately,asubsetof linesfrom theGWAS

panel is being deeply sequencedand

assembledindependentfrom the published

A17reference. This approachis essentialfor

thediscoveryof DNA elementsnot foundin

the referenceaswell asfor high confidence

predictionof structuralvariants(SVs). These

independentassembliesalsolaya foundation

for creatingaMedicagoòpan-genomeó.

Key words: copynumbervariation,GWAS,

next generationsequencing,nodule-related

cysteine-rich peptides, single nucleotide

polymorphisms

_________________________________________________________________________________________________________

1Department of Plant Pathology, St. Paul, USA 

(neviny@umn.edu)
2Plant Biological Sciences Graduate Program, St. 

Paul, USA
3Minnesota Supercomputer Institute, 599 

Minneapolis, USA

Functional validation of GWAS 

nodulation candidates

Earlier genome-wide associationstudies

(GWAS)analysisidentifiedseveralcandidate

genesassociatedwith nodulationin Medicago

truncatulaGaertn. (4). These candidates

include genes previously connectedwith

nodulation(e.g., CaML3, NFP,SERK2) plus

severalnovel candidatesinvolved in DNA

repair, ubiquination, molecularchaperones

plus other nodule-upregulated loci of

unknown function. To validate these

associations,we havegeneratedmutantsfor

most candidatesusing a combination of

tools: Tnt1 retrotransposon (5), stable

transgenehairpin knock-down, and site-

directed mutagenesis with engineered

nucleases(1). Of thesecandidates,we have

characterized five mutant lines and

performed preliminary nodulation

phenotype analysisof mutants, showing

statistically significant perturbations in

nodulationin four of thecandidates.

De novoresequencingof 

Medicagoaccessions

To learnmoreaboutgenomevariationin

Medicago, we sequencedand assembled19

accessions around three nodal hubs,

includingA17 andR108. For all accessions,

this processachieved~90X coverageeach,

usingacombinationof shortandlonginsert

libraries,for usein Illuminanextgeneration

sequencing. Thisis sufficientfor high-quality

assemblies using the ALLPATHS-LG

algorithm(2). All 19assemblieshavescaffold

N50values> 380kbp, with someaslongas

2.2 Mbp, providing an excellentset of

resourcesfor exploring Medicagogenome

structuralvariation,complexgenefamilies,

andpangenome.

Map-based SNP densities are 

too low by a factor of two or 

more

One of the most interestingobservations

from the resequencingwork hasbeenthat

manySNPsin divergentor highlyduplicated

regionsare missedif basedon alignment

against a reference rather than direct

comparisonof denovoassembledaccessions.

Difficulties aligning reads to divergent

and/or repetitive regions makes the

interrogationof theseareasfor SNPsand

other variantsdifficult or impossibleusing

reference-based methods alone. De novo

assembly-based methods overcome these

difficultiesby anchoringsyntenicdivergedor

duplicated regions with flanking, highly-

conservedsingle-copyregions.

Important gene families 

mediating plant-microbe 

interactions can be analyzed 

using de novo assembly-based 

approaches

The NBS-LRR (nucleotide-binding site,

leucine-rich repeat)(7) and CRPs(cysteine-

rich peptides)(3) genefamiliesareimportant

in defenseresponseand noduleformation.

Both are large gene families forming

tandemly-duplicated clusters in labile

genomeregions. Due to highly-relatedgene

familymembersandthe clusterednatureof

these regions, alignment-based methods

often fail to accuratelyassaytheseregions.

High ratesof structuralrearrangementresult

in NBS-LRR gene structurechangesthat

include genetruncation,domain swapping

and gene fusion. By contrast,the smaller

CRPstendto evolvethroughexpansionand

contractionof genefamily membersmore

RESEARCH
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often than throughgenestructuralchanges.

Gene copy numbers within some CRP

families are radically different among

accessions,includingsomeMedicago-specific

subgroups. To validatetheseobservationsof

CRPexpansionwithin thedenovoassemblies,

we have supplemented Illumina-based

assemblieswith increasingnumbersof long-

readPacBiosequences.

Genome architecture of the 

LEED..PEED (LP) gene family

The LP family is composedof 13 genes

encodingsmallputativelysecretedpeptides

with one to two conserveddomains of

negativelychargedresidues(6). This familyis

not presentin the genomesof Glycinemax,

(L.) Merr. Lotusjaponicus(Regel) K. Larsen,

or the IRLC species,CicerarietinumL. LP

geneswerealsonot detectedin a Trifolium

pratenseL. draft genomeor in the Pisum

sativumL. nodule transcriptome, suggesting

that theLP genefamilyarosewithin thepast

25millionyears. MedicagoaccessionR108and

M. sativaL. have11 and10 LP genecopies,

respectively. In A17, 12LP genesarelocated

on chromosome7 withina93-kb window. A

phylogeneticanalysisof the genefamily is

consistent with most gene duplications

occurringprior to Medicagospeciationevents,

mainly through local tandem duplications

and one distant duplication across

chromosomes. Synteny comparisons

betweenR108 and A17 confirm that gene

order is conserved between the two

subspecies,although a further duplication

occurredsolelyin A17. Therecentexpansion

of LP genesin Medicagospp. andtheir timing

and locationof expressionsuggesta novel

function in nodulation, possibly as an

aftermath of the evolution of bacteroid

terminal differentiation or potentially

associatedwith rhizobialðhostspecificity.

GWAS based on structural 

variant analysis

It hasalsobeenpossibleto useSVssuchas

copynumbervariants(CNVs)andpresence-

absencevariants (PAVs) as a basis for

GWAS analyses. Here, an association

analysisconductedwith TASSEL using a

combinedset of SNPsand SVsled to the

identificationof a CNV within a nodule-

relatedcysteine-rich (NCR) peptidestrongly

associatedwith a reductionof total nodule

count. This NCR deletionwasvalidatedby

comparison to de novo assemblies. The

observedCNV eventshad not beentagged

previouslyby SNP callsand exhibitedlow

Linkage Disequilibrium(LD) with nearby

SNPs. These results suggest that SVs

involving NCRs may play a role in

nodulationvariationthat hasnot beenfully

characterizedby SNP-only methods and

hints that other SVs may also play an

importantrolein thisphenotype.
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Chickpea translational genomics in the ôwhole 

genomeõ era  

by Manish ROORKIWAL1, MahendarTHUDI1, PooranGAUR1, Hari D. UPADHYAYA1,                

NarendraP. SINGH2 and Rajeev K. VARSHNEY1,3*

Abstract: Chickpea(Cicerarietinum) plays

vital role in ensuringthe nutritional food

securityin Asian and sub-SaharanAfrican

regionsof the world. Conventionalbreeding

effortsto elevatetheyieldlevelsandenhance

cropproductivityareconstraineddueto low

level of genetic diversity present in the

cultivatedgenepools. Largescalegenomic

resourcesin chickpeahaveenabledthe use

of molecularbreedingto developsuperior

chickpeavarieties. In addition,efforts with

an objectiveto exploit the availablehuge

geneticdiversityin genebankto addressthe

issue of low productivity, ICRISAT has

initiated large scalegenomere-sequencing

projects.

Key words: chickpea, genome re-

sequencing,molecularbreeding

Introduction

Chickpea(CicerarietinumL.), the second

largestcultivatedgrain food legumein the

world, is highly nutritiousand protein rich

source which contributes to income

generationandimprovedlivelihoodof small-

holder farmers in sub-SaharanAfrica and

Asia. During 2012-2013, the area,

production and productivity of chickpea

were13.5 million ha,13.1 million tonesand

967kgha-1, respectively(1).

_________________________________________________________________________________________________________

1International Crops Research Institute for the 

Semi-Arid Tropics (ICRISAT), Hyderabad, India 

(r.k.varshney@cgiar.org)
2Indian Institute of Pulses Research (IIPR), Indian 

Council of Agricultural Research (ICAR), Kanpur, 

India
3School of Plant Biology and the Institute of 

Agriculture, The University of Western   Australia 

(UWA), Crawley, Australia

Despitetheeffortsto increasethechickpea

productivity,severalabiotic (drought,heat,

salinity) and biotic (fusarium wilt (FW),

ascochytablight (AB), botrytis greymould,

dry root rot, pod borer) stressescoupled

with recentchangesin climatehavehindered

theyieldimprovement(6). In orderto fill the

yield gap, there is a need to enhance

precisionandefficiencyof selectionsin the

segregatinggenerationsfor higherandrapid

geneticgainsand to meetthe currentfood

andnutritionalrequirements.

Recentadvancesin genomics,especiallyin

the area of next generationsequencing

(NGS) and genotypingtechnologies,have

reducedthe cost of sequencingdrastically

enablinglargescalegenomere-sequencingto

understandthegeneticarchitecture. As apart

of severalglobal initiatives and strategic

collaborationswith NARS partners,large

scalegenomicresourcesincludingmolecular

markers, comprehensive genetic maps

includingphysicalmap, trait mapping,and

transcriptomic resources have been

developed(12). In thecaseof chickpea,large

scale molecular markers including simple

sequencerepeats(SSRs),hybridization-based

Diversity Array Technology(DArT) and

sequencebased markers such as single

nucleotide polymorphisms (SNPs) have

becomeavailable. Useof a particularmarker

systemfor geneticsresearchand breeding

applicationdependson the throughputand

cost of the markerassays. In order to use

these markers, cost effective genotyping

platforms including KASPar (2) and

BeadXpress(4) system were developed.

Theselarge scalegenomicresourceshave

enabled the development of superior

chickpeavarietiesthat cansustainthe yield

whenexposedto stressenvironments.

Molecular breeding product

Advancesin chickpeagenomicsresearch

havemadeit possibleto utilizegenomicsfor

enhancingthe precisionand efficiency. In

orderto usemarkersassociatedwith trait of

interest indentified using linkage mapping

andgenome-wideassociationstudies,marker

assistedbackcrossing(MABC) wasusedto

introgressthe QTL/genomic region in the

elite chickpeacultivars JG11. MABC has

been successfullyused to introgress the

òQTL-hotspotó that harbors QTLs for

drought tolerance-related traits.

Introgression lines has shown improved

performancewith increasedyieldascompare

to recurrent parent in rainfed as well as

irrigatedconditions(9). Similarly,two parallel

MABC programmeswere undertakenat

ICRISATfor introgressionof FW and AB

resistanceby targetingfoc1 locus and two

quantitative trait loci (QTL) regions,

ABQTL-I andABQTL-II in C 214, anelite

cultivar of chickpea. Screening of

introgressionlinesfor diseasesidentifiedFW

and AB resistant lines (10). Efforts to

pyramid the FW and AB resistanceare

underway. Recently,advancementin next-

generationsequencing(NGS) technologies

(8) haveenabledthe use of genome-wide

markerprofile/alleledata for predictionof

phenotypeof progeniesfor selectionto the

new cycle in breeding programs using

genomicselection(GS),a modernbreeding

approach. Efforts to deployGS in chickpea

havebeeninitiatedusingtrainingpopulation

of elitebreedinglines(5).

RESEARCH
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diversity. In order to utilize these

hugegermplasmcollection, ICRISAT has

initiated efforts to valorize the global

compositecollectionof chickpeacomprising

3000 lines selected from genebanksof

ICRISATandICARDA (7) for identification

of novelalleles. In viewof above,ICRISAT

launchedòThe3000 Chickpea Genome

SequencingInitiativeóin 2014. So far

ICRISAT hasre-sequencedmore than 500

chickpealines (referenceset, elite varieties

andparentsof severalmappingpopulations)

atminimum5X coverage.

Connecting phenotype to 

gene(s)

The genomesequenceprovidesthe basis

for a wide range of studies, from the

important goal of acceleratedbreedingto

identifying the molecular basis of key

agronomic traits, in addition to

understandingthe basic legume biology.

InternationalChickpeaGenomeSequencing

Consortium(ICGSC)completedhigh-quality

draft genomesequenceof chickpea(11). In

parallel, genome sequencealso became

availablefor desitype (3). Draft genome

alone,however,cannotaddressthe issueof

genetic diversity, therefore efforts to re-

sequencethe 300 chickpea lines from

chickpeareferencesetweresequencedat 5X

to 13X coverage(Fig 1). Alignmentof re-

sequencedataon the referencegenomehas

identified> 4 million SNPsthat are being

used for GWAS along with multi-season

phenotypingdata.

Large scale germplasm resources are

availablein differentgenebanksthat canbe

usedto exploretheavailablegeneticdiversity

to addressthe issueof low productivityand

bottlenecksõassociatedwith narrowgenetic

Figure 1. An effort to show linking genome sequence diversity with trait phenotype diversity through òThe 3000 

chickpea genome sequencing initiativeó
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LichtenzveigJ, Gali KK, Rubio J, NadarajanN, 

DolezelJ, BansalKC, Xu X, Edwards D, Zhang 

GY, Kahl G, Gil J, Singh KB, DattaSK, Jackson 

SA, Wang J, Cook DR (2013c) Draft genome 

sequence of chickpea (Cicerarietinum) provides a 

resource for trait improvement. Nat Biotechnol

31:240-246

(12) VarshneyRK, KudapaH, PazhamalaL, 

ChitikineniA, ThudiM, BohraA, Gaur PM, Janila

P, FikreA, Kimurto P, Ellis N (2015) 

Translational genomics in agriculture: Some 

examples in grain legumes. Crit Rev Plant Sci

34:169-194

Summary

It is evident that recent advancesin

genomics, especially in the area of

sequencingand genotyping technologies,

have revolutionizedchickpeagenomicsin

the pastdecade. Few yearsback,chickpea

usedto be known as orphancrop as very

limitedgenomicresourceswereavailable. As

a part of severalinitiatives and strategic

collaborationswith severalpartners from

different countries, large-scale genomic

resourcesincludingdraft genomesequence,

comprehensivetranscriptomeassembly,high

densitygeneticandBIN maps,QTL mapsas

well asphysicalmapshavebeendeveloped.

During the pastdecadechickpeahas been

transformedfrom genomicresourcespoor

crop to genomicresourcesrich crop. These

largescalegenomicresourceshaveopened

the eraof translationalgenomicsin chickpea

to understandthe geneticsof traitsandasa

result,approacheslike MABC, and GS are

being used in these crops (12).Improved

lines have been developed for drought

toleranceand resistanceto FW and AB.

Considering the revolution in chickpea

genomics,it is anticipatedthat comingyears

will witnessmore integrationof molecular

breedingtools and approachesin chickpea

breedingprograms.
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QTL to candidate genes: Understanding photoperiod 

sensitivity and flowering time in chickpea

by AmitDEOKAR, KetemaDABA and BunyaminTARõAN*

Abstract: Photoperiodinsensitivityisoneof

the important traits for adaptation of

chickpea (Cicer arietinumL.) to a short

growing season,particularly in Western

Canada where growing period is often

restrictedby endof seasonfrost. Identifying

QTLs/genes that regulate photoperiod

insensitivityand floweringtime will help to

understand the genetic mechanism of

photoperiod sensitivity in chickpea.

Comparativeanalysesof flowering genes

haveshownthatthemostof floweringgenes

are well conserved in Arabidopsis and

legumes. Basedon sequencehomology,we

identified 130 chickpea orthologs of

Arabidopsisflowering time genes. Further,

combinedanalysisof floweringtime QTLs

and candidategenemapping,we identified

two chickpeagene Ca-GI and Ca-ELF3

associated with days to flower and

photoperiod sensitivity in chickpea. SNP

markersbasedon the Ca-GI and Ca-ELF3

candidategeneswill enableefficientmarker-

assistedselection(MAS)of chickpeacultivars

with early flowering and photoperiod

insensitivitytraits for better adaptationof

chickpeasin shortgrowingseasonareas.

Key words: candidategenes,chickpea,Cicer

arietinum,photoperiodsensitivity,QTLs
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Chickpea(CicerarietinumL.) is one of the

most important food legumecrops grown

over 50 countries covering around 13.5

million ha with the annualproduction of

13.1 million t (4). Chickpeais a quantitative

long-day plant, but flowers in every

photoperiod (9). This photoperiodic

adaptation of chickpea has been an

important factor in the wide spreadof its

cultivationto the Indian subcontinent,sub-

tropicalandtropicalregionsof Africa,North

Americaand Oceania(1). Allelic variation

for major adaptations traits, including

photoperiodsensitivityhasbeenidentifiedin

chickpea. Four different early flowering

genesefl-1 (identifiedfrom ICCV2), ppd-1 or

efl-2 (ICC 5010), efl-3 (BGD-132) and elf-4

(ICC 16641 and ICC 16644) have been

identifiedin chickpea(5). However,thegene

sequencesunderlinetheloci hasnot yetbeen

identified. In thepresentstudy,weidentified

quantitativetrait loci (QTLs) and candidate

genesassociatedwith early flowering and

photoperiodsensitivityin chickpea.

A recombinantinbredline (RIL) mapping

populationof 92 linesderivedfrom a cross

betweenthe early flowering, photoperiod

insensitivegenotypeICCV 96029 and a

photoperiod sensitive genotype CDC

Frontier were used for QTL mapping.

Parentalgenotypesand RILs werescreened

for responseto daysto flower underlong-

day (16 h light / 8 h dark) and short-day

(10 h light / 14 h dark) conditionswith a

temperatureof 22 °C / 16 °C in light and

darkconditions,respectively. Daysto flower

wererecordedasthe numberof daysfrom

emergenceto theopeningof the first flower.

The differencein daysto flower between

shot-days(SD)andlong-day(LD) conditions

was used to determine the photoperiod

sensitivityof theline.

Significantdifferencein parentallinesand

RILs for daysto flower under the SD and

LD conditionswas observed. In both the

conditionsICCV 96029flowered 28 days

earlierthanCDC FrontierunderLD and63

daysearlier than the CDC Frontier under

SD. The photoperiodsensitivityof CDC

Frontier was37 daysand ICCV 96029was

only threedays; assuchCDC Frontier was

categorised as photoperiod sensitive;

whereas,ICCV 96029 as a photoperiod

insensitive genotype. RILs showed

continuousvariationfor daysto flower in

SD (range23 days- 80 days)andLD (range

22 days - 53 days),and for photoperiod

sensitivity(range9 days- 54days).

Linkagemapwith 1,336SNPs(3) wasused

for the QTL analysisusingthe ICIM-ADD

(composite interval mapping) method of

QTL-IciMapping4.0.3.0 software. 11 QTLs

wereidentifiedfor daysto flowerunderSD,

LD conditionsand photoperiodsensitivity.

Four QTLs were identified for days to

flower in SD condition. The amount of

phenotypic variance explained by the

individual QTL ranged between 4%

(qdf-SD3.2) and59 % (qdf-SD5.1), andthese

four QTLs together explained 81%

phenotypic variation for days to flower

underSD conditions. In the LD conditions,

four QTLs wereidentifiedfor daysto flower.

The percentageof phenotypic variance

explainedby the individual QTL ranged

between 9% (qdf-LD4.1) and 36%

(qdf-LD8.1), and thesefour QTLs together

explained75% phenotypicvariationfor days

to flower under LD conditions. QTLs

presenton Chr4 (qdf-SD4.1, qdf-LD4.1) and

Chr5 (qdf-LD5.1, qdf-LD5.1) wereidentified

for both daysto flower underSD and LD

conditions.
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Comparative and functional genomics

analysesrevealthat severalkeygenesin the

Arabidopsis(Arabidopsisthaliana(L.) Heynh.)

flowering time pathwaysare conservedin

legumes (7). We found 130 chickpea

orthologsof the Arabidopsisflowering-time

pathway genes (photoperiod pathway,

circadian clock, light signalling, and

autonomouspathways)in the CDC Frontier

genomesequence. 116candidategeneswere

physically located on chickpea

pseudochromosomeschr1-chr8, whereas

remaining14 geneswere located on 14

different un-placed scaffolds. Candidate

genes were re-sequenced to identify

sequencevariationbetweenICCV 96029and

CDC Frontier. The SNP in threecandidate

genesFLOWERING LOCUS D (FLD),

CRYPTOCHROME 2 (CRY2) and

GIGANTEA (GI), andan11-bp deletionin

the coding region of early flowering 3

(ELF3) geneswereidentifiedbetweenICCV

96029 and CDC Frontier. Basedon the

candidategenesSNPsandinsertion/deletion

information, KASP assayswere developed

for genotypingthe RIL populations. Three

SNP markers(CRY2, FLD and GI) were

mappedonChr4 andELF4on Chr5.

The candidategeneCa-GI mappedin the

QTL confidenceinterval of qdf-SD4.1 and

qdf- LD4.1. The Ca-GI spanning QTL

explained 9% and 11% of phenotypic

variationfor daysto flower in LD and SD

condition,respectively.

The candidategeneCa-ELF3 mappedin

the QTL confidenceinterval of qdf-SD5.1,

qdf-LD5.1. The Ca-ELF3 spanning QTL

explained11% and 59% of phenotypic

variationfor daysto flower in LD and SD

conditions, respectively, and 55% of

phenotypic variation for photoperiod

sensitivity.

TheGIGANTIA is animportantregulator

of photoperiodic flowering in several

monocots and dicot plants. GI regulates

flowering by interactingwith CONSTANS

(CO), whichthenregulatefloweringactivator

FLOWERING LOCUS T (FLT) (8). The

ELF3 is a circadianclock relatedgenethat

regulates early photoperiod-insensitive

flowing. Functionalanalysisof pea (Pisum

sativumL.) and soybean(Glycinemax (L.)

Merr.) ortholog of ArabidopsisGI genes

showedthatseveralfunctionsof Arabidopsis

GI geneareconservedbetweenthesespecies

(6, 10). The loss-of-function of ELF3 gene

promotesrapid flowering under both LD

and SD conditionsin Arabidopsis,peaand

lentil (LensculinarisMedik.) (Boden et al.

2014). Overall,thesereportssuggestthat the

basic flowering pathwaysare likely to be

conservedin Arabidopsisand other legume

species. The co-localization of chickpea

candidategenesCa-GI and Ca-ELF3 with

QTL for early flowering and photoperiod

sensitivityand conservedfunction of these

genes across the plant speciesstrongly

suggest that the Ca-GI and Ca-ELF3

regulates the photoperiod response in

chickpea.
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Regulation of legume seed size by an endosperm-

expressed transcription factor

by MélanieNOGUERO1, Christine LE SIGNOR1, Vanessa VERNOUD1, GrégoireAUBERT1,           

MyriamSANCHEZ1, KarineGALLARDO1, JérômeVERDIER2 and Richard D. THOMPSON1*

Abstract: There are numerousreports of

transcription factors (TFs) which are

implicatedin the control of seedsizeand

seedcomposition. We haveidentified,using

aplatformof TF sequencesderivedfrom the

Medicagotruncatulagenomesequence,a class

of TFsspecificallyexpressedduringtheseed

filling stage. One such TF, DASH, was

shown to be confined to the developing

endosperm. We investigatedthe role played

by DASH throughanalysisof mutantalleles.

Thesegive rise to seed-lethalor near-lethal

phenotypes, with degeneration of the

endosperm and arrested embryo

development. Therelationof thisphenotype

to seedauxinactionwasinvestigated.

Key words: auxin, embryo, endosperm,

Medicago, seed

We arestudyingseeddevelopmentin the

model legume MedicagotruncatulaGaertn.

(Mtr) as a basisfor identifyingkey genes

controllingseedsizeandcompositionin the

Vicioid family of cool-seasonlegumessuch

aspea(PisumsativumL.), fababean(Viciafaba

L.) andchickpea(CicerarietinumL.).

In one of the approachesusedto identify

candidategenes,we useda real-time PCR

platform of Mtr transcriptionfactor (TF)

sequences,to revealthoseexpressedinthe
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developingM. truncatulaseed(8). The 169

genesequencesidentifiedweresubjectedto a

clusteranalysiswith profilesof expressionof

the major storage protein classes. This

analysis permitted us to identify TFs

associatedwith the expressionof each

storageprotein family, flankedby 3 further

classes,expressedbeforeor afterthesegenes

duringseeddevelopment(4). Thenumberof

TFs expressedpreferentiallyin the seed

filling phasewas~50. We havefocusedon

one of theseTFs, DASH, a DOF (DNA-

binding One Zinc Finger) -type TF

specifically expressedin the developing

endosperm (7). This was of particular

interestasrelatedDOF TFsarerequiredfor

endosperm-specific expressionof storage

protein-codinggenesduring the seedfilling

phasein cereals(9).

To assigna role to DASH, we have

analyzeda stop codon-truncation mutant

from a TILLING population(5), and one

transposon(TnT1) insertionmutants(2). If

we look at the seedcomplementof a pod

segregatingtheTnT1 insertionin DASH, i.e.

heterozygote,weseeabout¼ inviableseeds

displayingembryo arrest and degenerated

endosperm. The embryo is retarded,and

doesnot developbeyondthe globularstage,

whenwild-type(WT)seedsarealreadyat the

heartstage. For the EMS mutant,whereas

homozygousmutant seedssegregatingon

heterozygous plants show the same

developmentalarrest,we obtaineda single

homozygousmutantlineoutof asegregation

of 200seeds. Althoughthis dashline shows

normalvegetativegrowth,we observedpod

abortion throughout most of the growth

period,but pod andseedsetoccurredat the

end of the growth cycle. Most of the

resultinghomozygousmutant seedswhich

germinatedhadmorphologicalabnormalities,

frequentlypossessingfusedcotyledons.

In early attempts to recover seedson

homozygousmutantplants,we treatedpods

with auxin, and observedthat this could

partlyrestoretheWT phenotypein termsof

pod andseedsize,suggestingthat auxincan

compensatefor the absenceof functional

DASH (Fig. 1).

When auxin content was measuredin

developingpods,it peakedat 10 daysafter

pollination (DAP), when the endospermis

most active,and was36-fold higherin dash

than WT. This suggestsauxinactionin the

endospermmay be important for embryo

development, and that auxin balance

between different seed tissues may be

deregulatedin dash.

To understandbetter the role of DASH,

welookedatgenespotentiallyregulatedby it,

by comparing the WT and mutant

transcriptomesat 8 and 10 DAP using

Affymetrix arrays (1). This yielded 545

differentiallyexpressedprobes. Among the

most down-regulatedgenesin dashwere

threesequencesencodingsmallcysteine-rich

peptides(CRP),oneof whichwasshownby

in situ hybridization to be expressed

specificallyin the chalazalendosperm,like

DASH suggestingthat this gene might

possiblybe involved in the samepathway.

CRPshavebeenassigneddiverserolesand

somemembersof this familyareimplicated

in processessuch as fertilization, female

gametophyteor seed development (6).

Recently, 180 small CRPs expressedin

developingseedsof Arabidopsis(Arabidopsis

thaliana(L.) Heynh.) wereidentified(3). They

showeda specificfamily of peptides,called

ESF1 (Embryo Surrounding Factor 1),

accumulatedbefore fertilization in central

cell gametesand thereafter in embryo-

surroundingendospermcells, required for

proper early embryonic patterning by

promoting suspensorelongation (3). The

possible role of small peptides in early

endosperm development remains to be

studied.
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Amongthe mostderegulatedgeneclassin

dashwasthat of auxin pathwaysand auxin

responsegenes. AUX / IAA and PIN

probes, implicated in auxin

perception/transport,wereunder-expressed

in the mutant. In contrast,genesrelatedto

auxin synthesis were not significantly

deregulatedin dash seeds. We thus

hypothesizea defectin auxin perception/

transport in dash seeds, which is

compensated for by auxin over-

accumulation. The partial complementation

of dashby auxin addition further impliesa

role for auxin in DASH action, which is

consistentwith changesin expressionof

auxin-relatedgenes.

In summary,an endosperm-specificDOF

transcriptionfactor,DASH, is requiredfor

endospermmaturationand normalembryo

development. The mutant can be partially

rescuedby auxin, and accumulateshigh

auxin concentrationsin developingpods.

Whether auxin constitutes a signal

transmitted from the endospermto the

cotyledons,or whether a secondsignal is

generatedby the endosperm,will be part of

futureinvestigations.

dash / dash WTdash / dash + IAA

10 mm

Figure 1. Pods and seeds from dash mutant (left), dashmutant treated with IAA (middle) and 

WT plant (right); IAA treatment (solution of 100mg l-1) was applied on small developing pods 

4-5 days after flowering


