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Genomic resources in chickpea

by Teresa MILLAN'*, Eva MADRID? and Rajeev K. VARSHNEY3

Abstract:  Chickpea  has
increased the genomic resources in recent
years providing highly saturated genetic maps
including anonymous or gene-specific

considerably

markers targeting some agronomic traits of
interest. In addition, the publication of the
two draft genome sequences of Kabuli and
Desi chickpea types opens a new era in
genomic  tools.  Furthering  in
understanding of  the association
betweenphenotypic traits (Quantitative Trait
loci-QTL-or genes)with the trasncriptome
and gene annotation provided by genome
sequencing data will be the future
challengeto be able to exploit with success
marker-assisted Selection (MAS).
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Introduction

DNA marker technology made possible
the generation of genetic maps ensuring the
use of MAS and positional cloning of genes
of interest. Chickpea genetic maps using bi-
parental populations from narrow and wide
crosses were initiated in the nineties and had
a great step forward with the incorporation
of  STMS/SSR  (Sequence  Tagged
Microsatellite Sites/Simple Sequence Repeat)
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and ESTs (Expressed Sequence Tags) based
markers. Those locus specific markers
provided the possibility to comparemaps in
different populations, to unify nomenclature
for linkage groups, establish reference maps
and provide anchor points for comparing the
genomes of the model species Medicago
truncatnla and chickpea (7, 9, 13). In recent
times, Next Generation Sequencing (NGS)
technologies have been effectively generated
in chickpea  large-scale transcriptome
data together with genomic matkers based
on Single Nucleotide Polymorphisms (SNPs)
facilitating the development of highly
saturated second generation genetics maps
(5). Those maps have been developed in
Recombinant Inbred Line (RIL) populations
including markers from Simple sequence
repeat (SSR), Expressed Sequence Tag
(EST), Intron Spanning Region (CISR),
Genic Molecular Markers (GMMs), BAC-
end derived SSR (BES-SSR), Diversity
Arrays Technology (Dart) or Tentative
Orthologous  Genes (TOGs) @, 11)
(Table 1).

Marker-assisted breeding in
progress

First chickpea genetic maps were mainly
focussed in the location of genomic areas
controlling  disease  resistances,  some
agronomic traits and few quality components
(Table 2). Successful results in marker-
assisted backcrossing (MABC) for drought
tolerance and fusarium wilt have been
achieved mainly using STMS makers. STMS
have been widely used in chickpea because
their probability of finding
polymorphism however the prediction of
favourable alleles is less accurate than using
gene-specific markers. Examples of allele-
specific markers were obtained for genomic
areas related to ascochyta blight resistance:
CaETR for QTL,z; and SCY17 for
QTL,goproved to be successful in predicting
resistant accessions (6).

extensive

An approach to progress in the detection
of candidate genes has been the
development of Near Isogenic Lines (NILs)
(1). Phenotypic variation observed between
pairs of NILs can be assigned directly to the
restricted target region of genome that
differs between them.

Broaden genomic resources:
sequencing projects

Very recently the first draft of the chickpea
genome sequence was published. This
project was undertaken by the International
Chickpea Genome Sequencing Consortium
(ICGSC) led by the International Crops
Research Institute for the Semi-Arid Tropics
(ICRISAT) in collaboration with University
of California in Davis, BGI-Shenzhen,
University of Cordoba and several other
organizations (12). The consortium featured
the reference genome of the kabuli type
CDC Frontier chickpea variety and re-
sequenced the genomes of 90 cultivated and
wild genotypes from 10 different countties.
This publication reported the draft genome
sequence of ~ 738-Mb which contains an
estimation of 28,269 genes. Examination of
synteny with other legumes revealed
extended (> 10 kb) consetved syntenic
blocks with M. truncatula. The draft sequence
of a desi genotype has also become available
now (520 Mb assembly covering 70% of the
predicted 740 Mb genome length and more
than 80% of the gene space) (8).

Comparison of phenotypic traits located in
genetic maps, expression studies and the
complete genome sequence will be a very
powerful tool in the future, facilitating
genetic  enhancement  and  breeding
todevelop improved chickpea varieties.
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Table 1. Second generation genetic maps developed in chickpea based on RIL populations Final remarks
Average The cutrent focus in applied breeding is
Newly developed H : H

ewly develope Ne of loci | Coverage (cM) inter marker distance Reference* leveraging biotechnological tools to develop
markers (cM) more and better markers to allow marker
assisted selection with the hope that this will
SSR, GMMs, CISR 300 766.56 2.55 (4 speed up the delivery of improved cultivars
BES-SSR,DarT 1291 845.56 0.65 (11)e to the farmer. To date, progress in marker
EST-SSR, ITPs, SNPs 406 1497.7 3.68 (2)° development and delivery of useful markers
has been increasingly fast in chickpea.

SNPs, SSR 368 1808.7 17 (3) .
Nowadays, markers currently targeting
CKAMs, TOGs-SNPs 1328 788.6 0.59 (5)° resistance genes or QTL ate in majority
*a: map in population derived from C. arietinum ICC 4958 x C. reticulatum Pl 489777; microsatellite type but high-throughput
b: map in population derived from ICCV2 x JG62 SNP genotyping platforms are overtaking

SSR as the choice of markers type to be used
in the screening of germplasm collections
(5). Besides, the development of transcript
maps and information of the genome

Table 2. Traits and locus-specific markers localized in different linkage groups of the chickpea  Scquence will increase marker density in the

genetic map (10) genomic regions controlling traits of interest.
Available tools facilitate the identification of
Linkage group (LG) | Traits Gene/QTL Indicative Markers* gene families involved in  resistance
B-carotene QTL GA11,TA122 mechanism as NBS-LRR genes, or the
LGI Seed weight QTL GA11 analysis of orthologous genes related with
Days to first flower QT H1F022, GAA40 agronomics traits (i.c. flowering time, growth
Fusarium wilt race 0 Foc-0,/foc-0,  |TA59, 1547 habit, double podding etc.) present in other
foc] H3A12, TAT10 legume's. Similatly, recent advances. ‘ in
P TADS, H3A12 genomic tec}‘mol(?gy will asms.t tbe explompg
of natural diversity by association mapping
foc-3 H1B0Sy, TA194 conducted on germplasm collections. m
LGl foc-4 TA96, CS27
foc-5 TA27, TA59, TA96
Ascochyta blight arl, QTLag, GA16, TA194, TR
Seed weight QTL TA110-TAA6O
Days to first flower QTL H4B09, H1B06
Growth habit Hg Pgd-c
LGl B-carotene QTL 2 TA64, STMS28
Days to flower QTL 1S57,TA127, TA142
Ascochyta blight QTL STMS28, TS12, TA64
Seed testa color T3 P
Flower color P,B/b TAG61
Seed coat thickness Tt/t, QTL B/b
LGIV Seed number QTL TA130
Seed weight Q1L GA24, STMS11, GA2
Days to flower QTL GAA47
Ascochyta blight QTlLagy, QTlag, | CaETR, SCY1750,
LGV Fusarium wilt race O Foc-0,/foc-0, OPJ20,y, TR59
Single /Double pod s TR44, TA80
Seed weight QTL TA120,TR40
LGVI Days to flower QTL TS57,TA127
Ascochyta blight QTL TA176
Botrytis grey mould QTL SA14-TS7 1rts36r
LGVII Rust Ucal /ucal TA18, TA180
Lutein concentration QTL TA25
LoVl Seed weight QL OPEO9, 55,-MEROS5 5.5
Ascochyta blight QTL TA3, TS46, TS45, H3C11a
Botrytis grey mould QTL TA25, TA144, TA159,TA118
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