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Scientific name Common 
name

Regions of diversity

Arachis hypogaea L. Groundnut South America
Cajanus cajan (L.) Millsp. Pigeon pea India
Cicer arietinum L. Chickpea SW Asia, Ethiopia, India
Glycine max (L.) Merr. Soybean East Asia
Lens culinaris Medic. Lentil SW Asia, Mediterranean
Phaseolus lunatus L. Lima bean Peru
Phaseolus vulgaris L. Common bean Mexico, Guatemala
Pisum sativum L. Pea SW Asia, Mediterranean
Vicia faba L. Faba bean Asia, Mediterranean
Vigna angularis (Willd.) Ohwi & 
Ohashi

Adzuki bean Japan, China

Vigna radiate (L.) Wilczek Mung bean India, SE Asia
Vigna unguiculata (L.) Walp. Cowpea W. Africa, India

Grain legumes (primary)



Legume production: small-scale, 
marginal & resource-poor



Average yield (t ha-1)

Region Soybean Beans Peas Chick-
pea

Broad
bean

Lentil Cowpea Pigeon-
Pea

World 2.27 0.68 1.70 0.79 1.52 0.81 0.37 0.72

Africa 0.91 0.67 0.55 0.72 1.36 0.58 0.35 0.76

Asia 1.38 0.54 1.18 0.78 1.58 0.77 0.93 0.72

Europe 1.88 1.48 2.99 0.83 2.39 0.86 2.95 -

North
Central
America

2.54 1.07 1.32 1.30 0.79 0.92 0.78 -

South
America

2.56 0.76 1.07 1.09 1.02 0.95 - 0.77

Oceania 2.12 1.12 0.57 0.68 1.39 1.48 0.43 -

Regional yield of 
some legumes

 Limited/no genomic resources
 Low level of genetic diversity
 Limited financial resources in crop legumes
 Significant investments in Medicago, Lotus
and soybean in US, Europe and Japan
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Loteae/Robinieae L. japonicus
(Hologalegina)

IRLC

Lens culinaris (lentil)
Vicia faba (broad bean)
Pisum sativum (pea)

(Hologalegina)

phaseoloids/millettioids
P. vulgaris (common bean)
V. radiata (mung bean)
G. max (soybean)

M. truncatula (barrel medic)
M. sativa (alfalfa)

Comparative genomics

Model

Model

cropcrop

crop

In addition, species-
 

specific 
genomic resources have been 
developed in several crop 
legumes during last years



Current status of 
genomic resources



Success story, as an example,
chickpea:



Large scale SSR isolation

SSR enriched library
(Uni

 
Frankfurt/ ICRISAT)

10 X BAC library 
(UC-Davis)

Sequencing of SSR-enriched 
clones (ICRISAT)

Sequencing of BAC-ends  
(UC-Davis)

Development of novel microsatellite
 

markers 
(1655 new SSRs

 
+ 500 public domain)

ICC 4958

311 1344

(GCP/TLI, ICRISAT, Fra
 

Uni, JCVI, Macrogen)



0 0.1

ICC1882
ICC1496

ICC1069
ICC1431-1
ICC67

ICC283P1-BP
ICC3696
ICC3986

ICC9644
ICC10673

ICC867

ICC3512

ICC6537
ICC7052

ICC14402

ICC4853

ICC5717
ICC5590

ICC6305
ICC6263

ICC1915

ICC5475

ICC3137-2

ICC440

ICC8512

ICC5002

ICC5988

ICC2884

ICC7413

ICC10885

ICC6306

ICC5337

ICC506EB

ANNIGIRI

ICC14528

ICC13523

ICC4872

ICC8522

ICC14446

C104

ICC8261P1-BP

ICC11255

ICCV10NM
ICCV96029

ICC8058

PB7

ICC506

ICCV04516

ICCV2

ICC16796

ICC14614

ICC12379

ICCV94954

JG11-NM

ICC6160

JG62

ICC14916

ICC6013

ICC93218

ICCV95311

ICC4958

JG11-PMG

ICC8200

ICC15610

ICC11944

VIJAY

ICCC37

ICC2679

ICCV93512

ICC12299

JG72933

WR315

ICCV92311
ICC17459

ICCV92318

96

96
92

98
98

98

5686

71

100

100

100

100

53

73

54

81

76

87

83

95

64

97

61

60
96

80

95

70

97

96

66

87

99
96

72

86

52

85

56

97

98

100

53

50

83

66

54

58

(A)

 

PCO analysis of 5,397 DArT

 

markers
(B)

 

Unweighted neighbour-joining dendrogram

 

based on 901 DArT

 
markers polymorphic for the set of 75 cultivated lines in the 
red ellipse (1,000 bootstrap replicates)
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Tertiary gene pool

Secondary gene pool

Cultivated
germplasm

Development and use 
of 15 K DArT

 
array

in chickpea

DArT Pty Ltd.



>20,000 Sanger ESTs
(NF-India, ICRISAT, JCVI, NRCRPB)

Trait/Genotype Total ESTs High quality 
ESTs

Unigenes

Drought :
ICC 4958 5,982 5,461 2,656
ICC 1882 5,919 5,535 2,392
Total Drought responsive 11,901 10,996 4,558
(ICC 4958 + ICC 1882)
Salinity:
JG 11 3,798 3,132 1,707
ICCV 2 4,460 4,307 1,251
Total Salinity responsive 8,258 7,439 2,595
(JG 11 + ICCV 2)
ESTs

 

from public domain 7,097 4,059
Total Chickpea ESTs 27,257 25,532 9,569



C1 C2 C3 C4 C5 C6 C7

Cataloguing chickpea genes !

Pooled RNA from different developmental stages used to generate 
normalized cDNA

 

library and subjected to FLX-

 

454

FLX-

 

454 Reads
Total numbers of FLX ESTs

 

: 435,018 
Average read length

 

:   216 bp
Number of ESTs

 

with >200 bp: 379,039

Sanger + FLX 454 ESTs
Number of Tentative Unique Sequences (TUs)

 

: 103,215
Number of Contigs

 

:

 

46,740
Number of Singletons

 

:

 

56,475

C8 C9 C10……. C20

(GCP, ICRISAT, JCVI, NCGR, Everogen)



Large-scale SNP identification

Sample ICC 4958 ICC 1882 ICC 506 ICCC 37

Number of reads 
(in million)

22.1 15.6 17.9 5.2 31.3 26.8

Average read 
length

36 36 36 36 36 36

Average read 
quality

23 27 28 27 29 28

Total number of 
SNPs

26, 082 1,08,942

Total number of 
Indels

2,405 12,972

Transition/ 
Transversions

23, 677 95,970

High quality SNPs
(≥5 read depth)

9,237 43,471

C C SS

100 million Illumina reads generated,
 >40,000 SNPs identified

(GCP, ICRISAT, NCGR, UC-Davis)



(T/G)
SNP locus

1. Make activated DNA

Genomic DNA

Streptavidin/Biotin

2. Hybridize Oligos to Activated DNA1

(T/G)

ASO1

ASO2

P1

P2

A

C
Address P3

5’
5’

3’ LSO

3. Allele-Specific Extension ad Ligation

T
P1 A

4. Assay Amplification
A

C Amplification Template

P1

P2
P3

PCR with 
Common 
Primers

5. Bind PCR product, elute dye-labeled 
strand, prepare for hybridization

P1

P2

6. Assay Hybridization to Universal 
IllumiCode Array

Code 
#561

Code 
#124

Code 
#1056

A/C T C

ASO        = Allele-Specific Oligo

LSO         = Locus-Specific Oligo

P1,P2,P3 = Universal PCR primers

Address   = Sequence unique targeting a                       
particular bead type

7. Wash and dry Array Matrix or 
Bead chip

8. Image Array Matrix or Bead Chip

9. Auto-call genotypes and generate 
reports

Illumina
 

GoldenGate
 

assay

 GoldenGate
 

assay for 768 SNPs
 Development of extended assay 
(1536 additional SNPs) is in progress



CaM10300.0
CaM124415.9
CaM0514;CaM051551.2
CaM091957.1
M59_Mtmt;M93_Mtmt85.1
STK42_El87.3
STMS1390.2
CPCB294.8
M3185_Mt97.0
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OG902578104.3
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104.7

OPI63113.9
TA113128.6
cp490970141.3
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cp173328144.2
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OPQ13_2183.5
ISSR8481188.6
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cp323000;cp677227;cp677381
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cp491085;cp676494;cp490693
OG898978

220.1

R36082y226.9
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cp490797;cp490675;cp350018
ICCM0297
OG894619;OG897323;OG903021
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233.5

cp679622234.5
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OG905379;AGL112;CaM0486241.0
Gm212091;cp681088;OG897579241.4
CaM1451;OG913108241.8
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P82_PisP260.5
FP_i269.1
OPC11_2285.0
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CAMCTA09;CAMCTA10442.7
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ISSR8801453.3
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cp490477;cp678734468.9
OG897499473.5
OG910796;OG894192;cp171403
cp350554;cp679353;cp491412477.2
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cp679810;cp678432;cp173071
OG905290479.7
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C32482.5
OPAB9_1488.4
OG897333494.9
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OG902030;OG898304497.3
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cp489385497.9
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OG905292;cp678248;OG912880;APE4.3499.3
OG948105503.1
Mt106628503.3
OG898883503.5
ACCO506.7
M107_Mtm;ISSR8842509.4
GAA40512.3
APF4.2513.4
GAA50520.0
IC_unten524.9
XP_Ca_96;AAMCTA15527.6
M859_Mtm528.2
cp491035;cp678137;cp323728
cp678822;cp678546;cp491097
OG894864

535.1

OG930652535.9
ICCM0289;Mt125375536.3
cp325921540.6
cp327812;cp327873;OG894483540.9
OG895173541.3
OG898575;OG902800543.8
cp327943544.2
cp326018544.4
STMS21554.6
Apero562.1
APFF2.2569.0
ISSR810584.0
ISSR8601587.2
M1118_Mt;P59_PisP589.7
TA5R_TR4590.6
GA11591.1
OG896385597.2
OG924216;OG906873;OG901542597.9
OG896074;OG902716602.6
cp679779;cp173541;cp323904
cp324017;cp324081609.3
cp325093609.8
OG901896610.4
OG915738;CaM0797611.6
ACMCAC11613.7
DMI1613.9
CaM1301640.2
CaM1326647.0
CaM0955671.0
CaM1761686.7
CaM0284;CaM0686;CaM0076690.6
CaM0215709.8
CaM1543711.4
CaM1770;CaM0870;CaM1298711.8
CaM1978734.2
CaM2101759.2

GA160.0
P141_Pis11.5
TR1936.2
ISSR826261.5
MSU393;AJ40464066.1
AGL3
OG895374;OG898285;OG89769467.4
cp680621;cp68239367.9
OG89406168.2
OG89426268.6
cp17229569.0
M3223_Mt;M3188_Mt72.0
OPU1875.0
APAR178.3
ICCM016682.7
AGL179;OG924480;OG89574783.6
cp489318;cp32280684.4
M1023_Mt93.4
OPD3_499.0
ISSR8252108.3
ISSR8553109.7
CS27112.2
Foc4;R2609_1112.9
TA120R_T;APAR6;TA96;OPP06_4114.1
AAMCTA12;CAMCTA07115.2
M10_Mtmt116.4
APFF2.4117.2
Foc5;TA27118.8
TA59119.3
AB025002;AJ005041123.4
H1H011124.7
ICCM0030125.1
H1P092125.2
H2B061125.3
H1F05;OG912685;OG901841
ICCM0247;OG895601125.4
AGL202;OG915900;OG923111
OG918275;OG897346;AGL21;OG903853125.8
CaM0233125.9
CS27ASAP126.3
OG896190;OG897209127.2
CaM0173;ICCM0082129.1
cp326233130.3
cp326223;cp325101;cp325045
cp325508;cp326716130.7
OG899729;OG915207;cp327714
cp327716;cp325794;cp325853
cp325969;cp326060;OG919333;CaM0726

131.1

cp327859;cp326041131.3
cp325216131.6
cp325646132.0
H1J07135.2
H1A12135.3
CaM0336138.5
OG895412142.8
OG924480;cp172164144.3
CaM1648144.8
CaM2064146.4
ISSR8603156.9
TS82165.4
TAA60165.9
TA194166.5
TRb58167.0
OPC14_4;R2607_2171.4
M1035_Mt176.0
Gluc_a_u184.9
CaM1135198.8
PR5201.7
M251_Mtm207.0
LN211216.7
OPU17_1;OPQ11_1220.4
OPP15_3;OPU03_1;OPN06_3221.0
OPD05_1;OPP08221.9
OPP15_1222.4
OPM20X223.3
TA37223.8
ISSR8571230.3
OPS02_1234.3
AGL52;OG895274249.8
OG903882250.6
cp678796252.0
cp490097;cp491092;cp490237
OG896024253.9
cp676706;cp680356;cp681533
cp677297;cp682089;cp679116255.1
DK242257.0
M304_Mtm259.5
M05_Mtmt;TA110262.2
OPP06_3264.1
AJ004960266.3
RGA_DS268.9
RGA_D272.3
ISSR8681276.7
ISSR864282.3
HR_unten288.5
AAMCTA10293.2
AAMCTA05294.9
AAMCTA03;AAMCTA04296.5
AAMCTT07308.7
PGI333.3
M218_Mtc338.8
M215_Mtc;M83_Mtmt339.5
M237_Mtm341.7
TC87369344.9
cp489497;cp681259347.1
cp489404;cp490744;cp491088
cp491301;cp490226;Mt681737347.9
OG961222350.8
OG903783353.8
OG918855355.5
OPC14_1373.9
APFF2.1380.7
ISSR8661398.4
IC_oben418.4

OPAB9_50.0
CaM 00859.9
OG90862510.2
OG897973;LG7314.5
cp677013;cp489629 ;cp35057315.3
cp488664;cp48941517.0
DNABP22.4
OG89424825.0
PG10_Pis29.0
ST MS1531.1
TA1433.4
OPC15_453.3
OPA17_260.7
TR4468.1
AC MCAC0171.3
CAMCTA0473.5
APFF2.3 ;OPJ13_2;CAMCA T07
CAMCTA02;AAMCT A08;AC MCAC0475.5
APDR2184.2
OPD3_1101.7
CaM 1868116.5
cp171521119.7
H3A03;cp681792;cp490380
cp678597;cp677806 ;cp490199
cp490316;cp489132 ;cp171418
cp681513

120.6

OG894408;OG899538;OG900871122.6
OG899062;OG899640;OG902919123.8
cp489518;cp322954 ;cp490337
cp489881;cp681694 ;cp681488
cp677717;OG894921;OG903023
OG902834;OG902901;OG914910
OG898034;OG903841;OG897351
OG897956;OG898370;OG916065

124.6

H6G10124.8
ICCM0284;CaM0620;CaM1125
CaM 1763 ;CaM 0806 ;C aM0421125.0
OG908356125.8
OG914210126.6
cp490788;P c172283 ;OG897362
cp679761127.4
cp678637131.3
CaM 1377131.8
OG907934;OG902560;OG901197132.8
OG900075133.3
OG901133134.1
cp675974134.5
OG896498;OG910601;cp680556
cp679140;cp678144 ;cp676665
cp172068;cp172153

134.9

cp679625140.7
CISP5;OG913329141.4
OG906936141.7
CaM 2168156.3
CaM 1084 ;CaM 0251158.7
H1L161158.9
CaM 1402 ;CaM 0753 ;C aM0677159.0
ICCM0191159.3
CaM 0743166.9
OG899728167.8
OG899657168.5
OG900222;OG946804173.3
OG906599;OG895029;OG922092
OG896103181.0
OG901904182.7
OG894415;cp679880;cp682745
cp350006;cp488839183.5
cp682128183.6
cp682478183.7
OG909974184.0
OG894314;OG919211;OG903717184.4
CaM 0063 ;cp490069184.6
cp489647;cp678839186.0
cp488971;cp679928 ;cp682560;cp682104188.0
OG898533188.4
cp679791;H3B08;H5A 04190.9
APE 4.2;A 2ga2_R6;IC CM0104192.9
AC MCAC10;TS19R _TA;PR 10_m it195.2
APA R2195.4
ICCM0242;ICCM0242199.5
ISSR8402213.5
XP_Ca_11 ;TR1222.3
R2607_1;ST K25_B223.9
ps179_ps;OPN06_4226.1
TGDH227.0
TC79726230.2
M86_Mtmt;ps169_ps232.9
APDR23233.9
TA80 ;T Ra7;TA22;TA176235.3
TA4L_TA1;TA 3R_T S7236.6
OPU03_5;OPD03_2 ;OPO04_2 ;OPC15_1238.6
OPC20_1;OPC06_1238.9
XP_Ca_42 ;M367_Mtm239.8
TC88598239.9
M51_Mtmt240.5
TRA L246.0
CaM 0594258.5
ICCM0284265.3
CaM 0464269.6
CaM 1101276.6
TC78756294.8
M24_Mtmt308.8
cp676639;cp172996 ;cp680216312.2
CaM 0244 ;cp675609313.0
OG894270;OG896567313.8
cp173163;cp681531314.6
cp324158;cp172290316.6
OG896584319.0
cp323841;cp680413 ;cp680836
cp680100;OG916436330.4
OG906822331.2
cp172879333.2
OG894755333.6
cp489826;CaM1239;cp679581
cp323760;cp322640338.4
OG905619338.8
cp325105;cp675405 ;cp676491
OG906575;cp324065;cp490454
cp680120;cp324115 ;cp679989
cp491442;cp675253

339.2

cp325265;cp325803 ;cp325141
cp325151339.6
cp325981;cp680288 ;cp322687
cp679505;cp679770 ;cp680400342.5
cp325873344.9
EST948345.9
MTU07348.4
ISSR8551362.5
GA9364.6
M241_Mtm372.3
M19_Mtmt372.4
TA106377.2
AGL76381.1
M361_Mtm ;M 320_Mtm385.5
M3163_Mt386.4
QOR ;ps205_ps387.0
GA34393.4
RGA_Gv400.2
ST MS2411.4
CAMCAG08;CA MCAG09440.6
M1121_Mt455.4
OPN06_5461.2
M3186_Mt;M 866_Mtm470.2
TR3486.1
OG961744494.6
MSU40494.9
TC88727502.3
TS83 ;GA26508.2
GA21;CaM0399 ;GAA41
GAA39508.7
OG897528512.3
H1I16513.1
RGA_D2r537.2

O PA 17 _10 .0
R G A _ A2 .3
AC M C A C 082 .5
C aM 06 299 .7
C aM 06 249 .8
O G 8 94 00 2;O G 89 5 3 291 3 .5
c p6 8 1 29 0 ;c p 1 7 31 9 21 4 .3
AG L 741 4 .8
O G 8 94 26 51 5 .8
O G 9 05 43 4;c p 68 08 15 ;c p6 80 93 2
c p6 7 7 46 4 ;c p 3 5 04 9 8 ;c p 6 76 1 3 4
c p4 8 8 95 5 ;c p 6 8 12 5 6 ;c p 6 75 7 5 1

1 6 .3

O G 8 94 35 11 6 .7
c p4 8 9 46 0 ;O G 89 42 63 ;O G 9 0 7 97 8
O G 8 94 92 0;T p 68 49 7 2;O G 8 9 5 72 4
O G 9 08 34 3

1 7 .5

c p3 2 5 63 9 ;c p 3 2 62 7 0 ;c p 3 26 4 6 01 9 .3
c p3 2 6 52 81 9 .7
c p3 2 6 56 41 9 .9
IC C M 0 12 42 5 .8
c p4 9 1 55 0 ;c p 4 9 04 4 2 ;c p 4 90 1 0 13 4 .0
O G 8 97 01 6;O G 89 8 8 723 9 .8
O G 9 37 30 3;O G 91 7 7 28 ; O G 8 97 51 3
O G 8 96 61 3;O G 90 8 1 92 ; O G 9 02 63 0
O G 9 10 31 8;O G 90 3 0 58

4 0 .6

c p1 7 1 27 0 ;c p 4 9 07 1 1 ;c p 6 82 8 4 5
c p6 7 7 28 8 ;c p 1 7 20 5 3 ;c p 1 72 0 8 8
O G 8 96 25 3

4 1 .8

O G 8 94 79 1;O G 92 3 1 07 ; c p1 7 3 25 4
c p1 7 2 38 7 ;O G 89 89 754 2 .5
P1 31 _P is4 5 .4
PG 2 7_ P is4 8 .3
G A3 15 2 .0
T S 195 9 .1
H 1H 227 2 .8
C aM 11 29 ;C aM 15 1 58 0 .3
C aM 07 17 ;c p1 73 05 0;c p 17 23 57
c p4 9 0 10 3 ;c p 6 7 98 9 5 ;c p 6 75 7 8 8
c p4 8 9 15 6 ;O G 89 63 48 ;C aM 0 6 58
C aM 04 75

8 0 .4

c p3 2 6 01 4 ;c p 3 2 57 1 6 ;O G 9 05 01 3
O G 8 99 68 9;O G 91 7 7 30 ; O G 9 02 90 6
c p3 2 5 88 4

8 1 .2

H 1H 118 1 .8
H 1E 2 28 5 .7
H 4F 099 1 .4
C aM 08 861 0 1 .6
C aM 13 581 1 7 .5
O G 9 05 19 5;O G 89 5 1 621 2 6 .8
c p3 2 3 82 11 2 7 .2
O G 8 97 00 9;G m 21 2 3 241 2 7 .6
c p6 7 6 88 5 ;O G 96 08 56 ;O G 9 1 8 94 6
c p3 2 3 88 0 ;c p 3 2 40 5 1 ;c p 3 24 9 5 11 2 8 .0
c p6 7 7 16 5 ;c p 3 5 06 5 1 ;c p 4 88 7 6 7
c p4 8 9 05 5 ;c p 4 8 98 4 0 ;c p 4 89 9 8 71 2 8 .8
c p4 9 0 50 7 ;c p 6 7 72 6 7 ;c p 6 75 2 9 9
O G 8 94 09 8;G m 20 7 7 93 ;O G 9 0 38 4 2
M s 6 94 35 1;c p6 7 79 79

1 2 9 .2

IC C M 0 09 31 3 0 .0
H 1F 14 ;H 2I01 F ;H 5E 0 2
IC C M 0 28 2;C a M 13 5 4; IC C M 0 18 5
IC C M 0 17 8;C a M 20 8 5;C a M 1 7 50
C aM 10 20 ;C aM 06 0 0

1 3 0 .4

C aM 11 321 3 6 .4
AC M C A C 121 4 6 .1
AA M C T A 0 6;A AM C T A 0 2 ;A A M C T A 071 4 6 .8
C A M C T A 011 4 7 .8
ST M S1 01 5 3 .4
ST M S1 41 5 4 .5
ST M S2 81 5 5 .1
T A 13 51 5 5 .4
PG 9 _P is G ;T R 2;T R 31
T A 34 ;S T M S 41 5 5 .6
T A 3R _ T S 71 5 6 .8
T A 12 0R _ T1 5 6 .9
T A 4L _T S 11 5 8 .1
ST M S2 3; T R 5 61 5 8 .8
R 36 0 8_ 31 6 1 .9
M 3 1 7 7_ M t ;M 0 1 _M tm t1 6 3 .0
O PO 04 _11 6 3 .6
O PP 15 _21 6 5 .6
AP A R 4;A PB R ;AP A R 51 6 9 .3
C A M C A T 061 6 9 .9
PG M a1 7 1 .5
PG D 61 7 2 .1
C 331 7 3 .5
ISS R 89 031 7 5 .1
T C 8 87 261 8 0 .0
M S U 38 0; A J 29 18 16 ;T C 8 85 1 21 8 0 .4
IC C M 0 15 9; IC C M 0 19 71 8 2 .9
C aM 11 22 ; IC C M 00 6 21 8 3 .7
T C 8 44 311 9 0 .0
AP C 4 12 0 3 .2
G A1 32 1 2 .8
O PU 0 3_ 42 3 3 .1
C A M C T A 082 4 4 .7
M S L 5 91 ;R N A H2 5 0 .4
AJ 0 0 4 91 7 ;T C 76 88 12 5 3 .5
M 1 6 _ M tm t ;PG 6 _P is G ;A G T2 5 5 .9
O PC 1 4_ 52 5 7 .3
O G 9 08 77 6;O G 91 0 6 562 6 3 .8
O G 8 96 26 12 6 5 .9
O G 9 14 61 32 6 6 .3
AG L 232 6 7 .5
T C 7 86 382 6 8 .9
T A 642 7 3 .5
O G 9 07 93 72 7 7 .1
O G 9 03 88 3;O G 90 8 7 10 ; O G 9 28 55 1
C a2 1 24 92 7 7 .4
c p6 7 6 38 6 ;c p 6 7 64 5 2 ;c p 6 82 6 4 2
c p6 7 9 45 5 ;c p 4 8 94 6 3 ;c p 6 78 5 8 7
O G 9 03 98 9

2 7 8 .3

O G 8 96 15 92 7 8 .8
O G 9 05 50 4;O G 89 8 5 99 ; O G 9 33 87 92 8 0 .3
C aM 10 422 8 0 .7
ISS R 80 72 8 4 .1
C A M C A T 112 8 4 .3
C aM 06 102 8 7 .7
c p4 8 8 86 0 ;O G 92 90 69 ;O G 9 1 9 45 8
O G 9 12 32 0;A G L9 4 ;O G 8 9 49 27
O G 8 94 61 2;c p 17 21 55 ;O G 9 1 8 89 5

2 8 8 .2

c p6 7 7 99 4 ;c p 6 7 66 1 5 ;c p 6 79 9 0 2
c p3 5 0 33 7 ;c p 6 7 86 9 92 8 9 .6
c p6 8 2 49 6 ;c p 1 7 31 5 0 ;c p 1 73 1 6 72 9 1 .4
c p6 8 2 49 42 9 3 .0
P6 9_ P is P3 0 1 .1
O PP 06 _1 ;O P P 06 _ 23 0 5 .7
T C 8 62 123 0 9 .3
EN O L3 1 0 .8
IC C M 0 04 53 1 2 .6
O PL 42 ;T A1 20 R _ T ;AP F 4.33 1 3 .9
C aM 07 99 ;O G 9 01 8 5 8;O G 89 69 793 1 7 .5
O G 8 98 83 2;O G 89 9 4 90 ; O G 9 16 03 5
C a2 0 09 _ 3 ;c p 1 7 34 523 1 8 .8
O G 9 01 18 03 2 1 .3
O G 9 03 90 4;O G 91 4 9 43 ; O G 9 10 68 3
O G 9 18 99 1;O G 89 6 4 483 2 2 .5
T R 2 6;S T M S 53 2 8 .2
SA M S3 3 2 .7
ISS R 88 823 5 4 .7
M 2 1 3 _m tc3 8 0 .4
C A M C A G 1 13 8 1 .9
O PD 0 3_ 53 8 3 .7
X P _ C a_ 7 83 8 4 .8
C aM 08 623 8 6 .8
O G 8 97 48 6;c p 67 65 71 ;c p4 91 26 7
c p1 7 1 59 0 ;c p 1 7 22 3 7 ;c p 6 81 3 5 83 8 7 .3
c p6 8 1 60 83 8 9 .3
O G 9 10 86 03 9 0 .5
c p4 9 1 23 1 ;c p 6 8 22 9 1 ;c p 6 82 2 9 9
c p3 2 2 97 53 9 0 .9
O G 9 01 92 83 9 3 .4
c p4 8 8 62 4 ;c p 6 7 73 2 2 ;O G 9 60 45 6
O G 9 06 87 5;c p 48 89 393 9 3 .8
AJ 0 1 2 73 94 0 1 .6
G AA 454 1 2 .4
M 1 0 2 7_ M t ;M 3 2 _M tm t4 1 6 .9
T A 764 2 1 .1

LG 1 LG 2 LG 3 LG 4

1,533 loci chickpea genetic map
(ICRISAT, GCP, UC-Davis, Uni-Fra)



OPD05_20.0
OPO04_314.8
OPA12_520.6
ps163_ps41.6
M209_Mtc49.7
OPA12_150.3
M1132_Mt;M91_Mtmt52.6
CAMCAG07;CAMCAG0662.6
APE4.1;CAMCAG0564.3
Con_Pero;Pero66.1
STMS667.5
ISSR856269.5
ISSR859270.6
ISSR856174.7
ISSR859175.0
CPOX277.2
OG946834;TC87800;OG902760
cp67790781.3
OG90537181.7
OG89907282.1
TC8625883.8
H2E1384.2
H3H12184.6
M3183_Mt88.7
P206_Psm;APDR22;P191_psa93.0
OG914635;cp325980;cp681101
cp682312;cp323423;cp48873399.7
cp678635;cp679193;cp680081
cp489357;cp491065102.4
cp326437;ICCM0074;OG903027
cp173427;cp326442104.2
OPC183107.9
ICCM0074110.6
FIS_1;AJ276270121.9
OG901547;OG905278126.7
OG896873127.0
ACMCAC07130.6
C80133.1
AJ489614134.8
COAO136.0
OG896040;cp491201;OG918556138.7
M64_Mtmt143.5
EST671143.7
cp488703;cp677011147.6
cp491099;cp489427;cp489903150.0
cp489931150.9
OG905443;OG900261152.4
cp488731;cp489293;cp679199
cp679688;cp491512153.2
OG894196170.8
cp490885;cp489326188.4
OG908268188.8
cp676152189.7
Pyruvat_206.1
CAMCTA11223.8
TA4L_TA1233.3
CAMCAG01;CAMCTA06241.7
CAMCAT05242.7
CAMCAT02243.8
CAMCTA12245.4
TSa62248.7
TGAA44;GAA44259.6
TA21278.4
ICCM0034299.9
TA78323.3
CAMCTA03;AAMCTT04;ACMCAC06329.0
OPC20_2331.0
OPT18_2332.9
OPA12_2;TA5L_TS7335.1
MSU82339.5
CaM0558341.8
CaM0622;H1I18342.6
cp682113;cp325968350.2
ICCM0196;OG897618351.2
AGL178;H1O12353.2
cp173377;cp326427354.0
cp327923;cp490690;cp679050
cp488935;cp489344;cp679693
cp489394

354.4

cp677139;cp682693;cp679896
cp676498355.0
OG897306356.1
cp682222;cp681271;cp677961
CaM0034;cp682791;cp350187
cp350325;cp680065;cp677368
cp675455;CaM1159;OG908917
OG916106;OG927781;CaM0661
cp677192

356.5

H5E11;H1C22357.3
TA28363.6
TAb140;TAA58;TAA59
TA18365.5
OPA12_3371.0
CAMCAT04371.2
CaM0286378.3
TA180386.0
CaM0598399.1
OPG09_2412.3
HR_Oben421.7
ISSR8112439.9
CaM0277479.0
CaM0435492.9
CaM0705495.1
CaM0864511.5
CaM0958524.8
CaM1496535.8
CaM1497;CaM1506;CaM1591544.2
CaM2060563.8
OPQ13_1577.5

AJ276275628.7

O PA B9 _20 .0
PG 3 _P isG ;OP C1 1_ 126 .8
G luc_ a_ m29 .3
CA MCA T0131 .2
TC8 66 06 ;SHM T32 .5
ISS R82 3149 .2
cp3 25 70 2;cp 32 76 25 ;cp6 75 97 3
cp3 27 90 2;cp 32 79 4770 .5
cp4 89 23 7;cp 67 78 7872 .6
O G9 12 74 974 .6
HRIP ;cp 67 76 36 ;cp3 26 05 9
PG 2 5_ Pis;O G 90 83 9675 .4
O G8 99 05 4;O G 89 80 4675 .8
cp6 75 31 7;cp 49 08 6777 .9
TC7 67 0080 .1
M3 12 _Mtm85 .8
PR 10 _u nt87 .4
CA LTL95 .3
O G9 04 04 1;cp 67 90 47 ;OG 8 98 07 5
O G8 94 35 7;O G 92 29 90 ;OG 8 96 98 197 .7
cp3 22 63 4;cp 32 26 38 ;cp6 79 52 4
cp6 78 61 6;cp 67 81 8798 .1
O G9 00 25 9;O G 91 60 01 ;OG 9 10 38 8
O G8 95 84 698 .9
O G8 96 93 6;O G 90 00 5399 .3
O G9 06 50 799 .7
cp6 78 95 0;cp 68 23 821 02 .6
O G8 96 49 51 03 .4
O G8 94 81 2;O G 91 02 031 03 .8
O G8 96 97 6;O G 93 01 21 ;OG 9 10 56 7
AG L 11 1;O G 90 17 43 ;O G 8 94 32 1
O G9 01 72 9

1 04 .2

O G8 96 91 1;O G 89 60 661 05 .3
cp4 89 60 01 08 .6
O G8 98 88 7;O G 89 70 03 ;OG 9 10 86 21 09 .0
cp3 27 87 0;O G 90 11 84 ;cp3 27 97 4
cp3 27 88 1;cp 32 79 36 ;cp3 27 86 81 10 .2
M8 53 _Mtm1 14 .3
ISS R88 431 27 .0
DS I1 38 .1
CA MCA T131 40 .0
O PA 14 _11 40 .5
TA 4L _TA 11 43 .8
M5 70 _Mtm1 44 .1
O G8 95 87 7;G m 21 25 121 48 .7
cp6 76 92 9;cp 32 78 07 ;OG 9 08 28 9
O G9 19 46 0;O G 90 39 691 49 .9
cp6 80 54 5;cp 67 81 17 ;cp6 78 34 0
cp6 75 76 81 51 .5
cp3 23 46 1;cp 32 76 23 ;OG 9 01 54 9
O G8 96 54 01 52 .3
O G9 00 00 61 53 .1
cp6 78 76 8;cp 67 78 22 ;cp6 75 90 5
cp4 91 45 8;cp 67 52 77 ;cp3 50 55 31 53 .5
cp4 91 48 4;cp 67 64 641 53 .9
cp3 27 67 2;cp 32 78 691 55 .1
ICCM0 29 31 55 .8
ST MS1 1;G A 24 ;G A A4 71 61 .1
LN5 A1 62 .2
RE P1 64 .5
M4 00 _Mtm ;P 3 2_ PisP1 66 .6
TA 4L _TA 11 68 .2
RL3 ;M1 2_ Mtmt1 71 .9
O G8 95 53 5;O G 91 97 351 74 .8
Ct68 75 951 76 .3
LG 9 91 76 .7
cp4 90 59 3;cp 48 87 431 77 .8
cp6 78 43 7;cp 67 90 62 ;OG 9 03 59 31 78 .6
O G8 96 00 71 79 .0
ICCM0 02 41 81 .1
cp3 26 00 8;cp 32 79 601 81 .7
O G8 95 57 8;O G 89 77 15 ;OG 9 01 98 51 82 .2
ICCM0 00 3;ICCM0 00 41 83 .6
O G9 10 71 8;Ca 12 86 311 86 .9
AA MCT T081 91 .3
TA 3L _TS 61 93 .5
TA 13 01 94 .8
ICCM0 06 3;ICCM0 24 91 98 .9
cp3 23 73 8;O G 93 55 79 ;OG 9 22 95 7
O G8 99 07 81 99 .7
ICCM0 06 52 12 .9
O G9 22 88 92 30 .9
O G8 95 95 6;O G 90 66 62 ;OG 9 13 32 12 33 .1
CaM 15 292 40 .3
G A22 51 .4
M2 14 _Mtc;M2 24 _M tc2 58 .3
CaM 02 322 63 .0
O G8 96 73 3;O G 90 20 16 ;OG 9 01 04 5
tk_5 15 ;O G 8 99 51 62 64 .4
O G9 08 50 4;Ca E STS in2 64 .6
cp6 77 08 0;cp 49 15 02 ;cp6 80 49 4
cp3 50 39 6;cp 68 10 85 ;cp4 90 33 0
cp4 88 86 9

2 65 .4

ICCM0 12 72 65 .8
CaM 04 802 67 .1
cp6 76 82 4;cp 67 68 68 ;cp6 78 29 62 67 .5
CaM 04 36 ;CaM 19 03 ;H 1H1 3
CaM 01 13 ;H1G 2 0;H1 H15
CaM 16 66 ;CaM 20 49

2 68 .0

CaM 16 37 ;H1B 172 70 .9
CaM 06 912 71 .9
O G8 97 32 6;O G 90 03 232 81 .3
O G9 15 80 22 84 .7
CaM 04 462 86 .1
CaM 09 09 ;OG 9 03 15 5;O G 89 50 60
CaM 05 072 87 .5
CaM 15 022 87 .9
CaM 06 452 88 .9
CaM 15 512 90 .0
O G9 27 60 9;G m 20 84 812 91 .1
O G8 94 17 12 91 .5
CaM 11 582 91 .7
H1G 2 22 99 .5
AA MCT A1 33 04 .6
pp PF3 06 .4
AA MCT T013 11 .9
Pyru vat_3 14 .5
AC MCA C033 18 .5
TR2 0;TA 133 21 .2
TA 14 6;TA 723 21 .7
TA 23 23 .0
TS 543 35 .9
ST MS2 63 47 .6
ps1 89 _p s3 49 .5
TA 4R_ TA 13 49 .6
TS 723 50 .4
ISS R84 013 50 .8
O PS 13 _23 54 .0
O PT1 2_ 53 60 .3
cp6 82 02 5;cp 49 04 063 72 .1
ICCM0 06 83 74 .1
O PD1 6_ 13 78 .9
O PC1 4_ 23 81 .2
ISS R89 023 85 .0
O PS 13 _33 97 .6
O PT1 2_ 34 08 .6
cp4 90 03 9;O G 91 33 70 ;OG 9 17 72 14 30 .8
O G8 95 22 94 31 .2
ICCM0 21 2;A AMC TT0 3;O G8 9 75 21
O G9 03 08 84 33 .7
cp1 72 08 9;p s19 0_ ps;cp 67 91 74
cp3 23 96 6;O P C10 _1 ;cp3 23 61 14 34 .6
CA MCA G1 04 37 .2
ICCM0 25 7;A CMCA C0 94 39 .4
O G8 95 16 3;O G 94 69 05 ;LUP 51 _C A4 41 .9
CYS P R24 43 .0
O G9 02 03 74 44 .6
cp6 78 64 44 45 .0
cp1 72 29 9;cp 35 04 92 ;cp4 88 87 8
cp4 91 56 5;cp 49 11 43 ;cp4 89 10 7
cp4 89 31 1;cp 67 68 16 ;cp6 77 36 3

4 46 .2

O G8 96 16 64 46 .8
ST MS2 44 55 .0
TA 464 56 .9
M4 77 _Mtm ;M 33 6_ Mtm4 65 .9
TC8 72 70 ;CDC24 67 .0
P1 24 _P is4 68 .0
ISS R84 24 70 .4
M1 3_ Mtmt4 71 .9
O G8 94 09 94 77 .1
cp6 75 52 3;cp 67 59 19 ;cp6 77 61 1
cp3 50 44 94 77 .8
O G8 97 46 94 83 .0
O G8 99 68 44 83 .8
ISS R89 015 10 .9

cp 48 94 780.0
Ca 1 44 02 1;O G9 01 21 5 ;cp 68 14 50
cp 68 19 108.3
O G 89 57 609.4
O P T12 _11 6.3
cp 68 17 852 1.5
IS SR8 68 22 5.3
S TMS 82 7.7
A AM CTT0 63 1.7
IS SR8 893 4.0
O G 89 48 80 ;O G9 03 07 94 0.6
cp 67 53 48 ;cp6 75 57 14 1.0
O G 90 53 634 1.4
cp 48 93 70 ;OG 9 16 13 0;cp 49 14 084 2.2
O G 91 83 734 3.4
O P T12 _4 ;O PJ1 3_ 14 8.6
P G 18 _P is5 1.3
O G 90 82 50 ;M2 01 _Mtm5 1.4
Ca M0 12 35 2.6
O G 90 02 69 ;LG 1 03 ;O G 89 97 515 3.1
O G 89 67 02 ;O G9 04 65 6;O G 89 59 00
O G 89 43 58 ;G m2 09 19 85 6.5
cp 17 12 71 ;cp1 72 05 0;cp17 28 455 7.3
O G 89 49 655 8.1
cp 49 13 03 ;cp4 91 52 65 9.3
O G 89 96 00 ;O G8 96 05 06 2.6
P 19 2_ psa6 6.3
P 11 _P isP ;M71 _M tm t;R 36 08 _16 8.4
Ca M0 88 1;M3 17 5_ Mt;M32 4 4_ Mt7 0.9
CA MC AT1 27 3.8
T A4 L_ TA17 9.9
O G 90 39 28 ;O G9 02 47 6;O G 90 09 878 6.4
Ca M0 88 09 8.0
cp 67 67 16 ;cp4 89 46 4;cp48 90 699 8.8
cp 48 95 65 ;cp4 90 81 0;cp49 09 3710 0.0
O P U17 _2 ;Ts35 ;O PQ 13 _311 3.5
P 11 0_ P is11 5.4
Ca M1 77 813 6.6
O G 89 46 6916 3.7
cp 48 92 57 ;cp4 90 51 5;cp35 00 38
cp 67 92 31 ;cp4 91 62 0;cp67 72 60
cp 67 54 29 ;OG 8 95 63 0

16 5.7

O G 90 38 1316 6.1
O G 90 39 2816 7.8
cp 68 02 71 ;cp6 78 44 0;cp67 65 53
cp 35 00 39 ;cp1 72 92 4;O G 90 09 87
ICCM 02 05

16 9.0

cp 68 06 74 ;cp6 81 90 316 9.8
O G 89 85 08 ;O G9 03 93 9;cp 67 74 3717 0.6
T C80 36 217 1.4
ICCM 01 20 ;CAM CAG 0417 5.3
cp 67 82 75 ;cp6 79 16 8;O G 91 30 47
Ca M0 46 3;cp 32 78 99 ;c p3 24 14 617 7.1
O G 91 77 1917 7.5
cp 68 25 36 ;cp6 77 04 9;cp67 90 41
cp 49 11 8417 8.3
O G 90 68 43 ;cp4 89 17 6;cp 68 25 38
cp 68 06 62 ;cp6 77 05 5;cp49 13 50
cp 35 01 18 ;OG 8 99 13 0

17 8.7

M 11 07 _Mt;P 10 6_ 1_ P18 2.8
O P AB 9_ 318 5.5
DC S_ 619 1.5
Ca M1 93 921 2.4
Ca M0 41 6;Ca M0 57 4;Ca M18 09
Ca M0 42 323 7.4
Ca M0 63 923 8.4
Ca M1 07 224 3.7
Ca M1 59 024 6.5
Ca M0 49 125 2.3
RG A _D 22 ;R GA _D 2326 8.9
CA MC AT0 827 1.3
T A5 L_ TS327 4.7
O G 91 81 50 ;O G8 95 54 527 7.2
O G 89 58 16 ;O G9 10 67 6;O G 90 24 62
O G 89 67 44 ;cp6 79 20 2;cp 48 87 79
cp 35 04 93 ;cp6 82 21 4

27 7.6

cp 67 84 77 ;cp6 80 53 528 2.6
ICCM 01 2029 2.9
RG A _C30 2.1
O P N06 _230 3.9
P s19 8_ ps30 7.6
Ca M1 53 631 9.0
cp 17 21 30 ;cp1 72 15 2;Tp 68 57 29
M t1 33 12 633 4.7
cp 35 01 16 ;cp3 50 54 133 5.1
cp 32 40 20 ;cp3 27 94 6;cp32 77 39
cp 32 58 4233 5.9
G A 4;M3 17 9_ Mt;OP C06_ 234 0.0
M 10 3_ Mtm;O PT 12 _234 3.9
P yruva t_34 5.3
M 11 6_ Mtm34 7.0
p s17 5_ ps34 7.1
cp 67 78 0734 8.7
O G 92 58 43 ;O G9 27 73 934 8.9
O G 91 58 05 ;TCMO34 9.1
cp 49 10 08 ;cp4 89 93 2;cp49 02 82
cp 17 12 74 ;cp6 80 37 0;cp17 29 62
O G 89 62 85 ;cp6 76 69 2

34 9.5

O G 89 69 67 ;cp6 82 55 4;cp 49 06 7835 0.3
O G 90 04 50 ;O G8 94 26 735 0.7
Ca M0 25 835 7.4
S TMS 1736 3.9
M 10 26 _Mt36 5.6
T A536 6.3
T S4 3;ST MS 1936 7.6
P 93 _P isP37 0.3
M 50 _Mtm t;B TF3 b37 1.6
H2 B 20 237 3.0
Ca M0 69 837 9.6
H2 B 1838 3.2
H2 L 10 2;H2J09 ;C aM1 54 5
H1 H0 7;H1 O0 1 ;O G 91 52 78
O G 89 73 50 ;O G8 95 35 8;O G 91 52 93
O G 93 60 05 ;O G8 96 20 2;O G 89 58 76
Ca M0 80 5;O G 90 02 17 ;CaM1 2 18

39 1.7

H4 H1 1;Ca M07 40 ;CaM 12 28
ICCM 01 2339 2.1
cp 32 77 4739 2.5
ICCM 01 3439 4.0
T RPT39 6.0
RG A _B ;O PP 07 _1 ;STK 86 _D
RG A _D 2a39 9.6
T S5 3;TA 179;TR5 940 1.1
S TMS 7;TA 7 140 2.0
T AA SH40 3.6
T A3 940 4.6
T A5 L_ TS140 6.9
T R2941 2.0
G A A4 241 7.7
Ca M1 78 243 7.1
M 93 2_ Mtm44 8.3
ICCM 00 7645 2.2
O G 90 38 08 ;O G9 12 62 9;O G 89 54 67
O G 90 37 16 ;IC CM0 08 145 2.3
ICCM 00 79 ;cp3 23 89 7;cp3 23 6 08
cp 67 99 96 ;cp6 78 39 9;cp32 78 4945 2.7
cp 17 23 70 ;H4F 07 ;O G 89 40 43
O G 90 40 27 ;O G9 07 16 945 4.8
cp 35 06 31 ;cp4 91 00 045 6.0
cp 49 05 81 ;cp4 90 00 6;cp17 22 34
cp 48 87 0945 8.4
cp 68 24 4545 8.6
cp 67 68 4045 8.7
Ca M1 03 6;cp 48 96 34 ;O G 9 02 90 2
O G 90 70 96 ;O G8 94 00 7;O G 89 71 98
cp 67 92 77 ;cp6 78 52 0

45 9.5

Ca M0 83 646 8.1
Ca M0 36 8;Ca M1 01 649 1.2
T A6 6R_ TS51 6.6
O P G0 9_ 452 1.5
O P B0 8_ 152 5.3
T A5 L_ TS352 5.9
O P B0 8_ 252 6.8
A CMC AC02;CA MCT A0 553 2.6
A AM CTA 0953 4.3
CA MC AT0 9;CA MCA T0353 5.8
IS SR8 4353 9.4
Ca M1 23 856 3.3
Ca M1 09 856 8.2
Ca M1 72 256 9.6
Ca M1 36 057 1.3
Ca M0 35 857 9.3
Ca M0 03 858 6.7
Ca M1 06 859 1.3
Ca M0 07 360 9.6
Ca M0 84 861 1.8
O P E3 262 4.4
O P AC4 364 2.8
Ca M1 41 7;Ca M0 11 165 5.6
H1 N1 2;Ca M14 6966 4.6
S TMS 2566 5.1
T A1 9666 8.8
T A1 2568 8.8
O G 89 63 4871 2.5
Ca M0 79 073 9.2
Ca M0 26 074 0.5
Ca M1 07 974 3.4
Ca M2 04 575 0.4
Ca M0 75 175 4.4
Ca M0 46 6;Ca M1 00 7;Ca M15 42
Ca M1 66 8;Ca M1 14 9;Ca M21 55
Ca M1 71 4

75 4.9

Ca M1 58 1;Ca M1 33 7;Ca M05 19
Ca M0 63 275 5.0
Ca M0 65 676 9.2
Ca M1 65 8;Ca M0 34 0;Ca M19 7578 1.7
Ca M2 16 278 2.4
Ca M0 44 378 3.1
Ca M0 79 578 4.0
Ca M0 59 9;Ca M0 34 578 4.5
Ca M1 82 779 2.3
Ca M2 18 679 7.4
Ca M1 62 080 9.2
Ca M0 02 583 5.4
Ca M0 57 885 8.0
Ca M0 99 787 2.7
Ca M1 20 7;Ca M2 01 6;Ca M14 9387 3.7
Ca M0 05 088 1.6
Ca M1 60 792 1.7
Ca M1 67 995 9.9
Ca M2 08 0;Ca M0 31 7;Ca M19 61
Ca M1 95 3;Ca M1 69 3;Ca M11 66
Ca M1 24 7

96 2.6

Ca M1 25 796 3.4
Ca M1 78 396 9.1
M 57 8_ Mtm1 01 2.6
M 14 33 P1 01 5.4
O G 89 73 69 ;O G8 97 88 41 02 0.7
A F4 57 59 01 02 4.0
M SU8 31 02 7.6
S TMS 221 02 9.2
S TMS 201 04 1.9
A IGP1 04 5.9

OPG09_50.0
M992_Mtm;MA225_Mt;CYSS13.2
XP_Ca_2913.7
AAMCTT0216.1
CYSK16.2
MSU8918.1
S1E125.3
CStC127.3
GAA4630.8
CAMCAG0334.8
ICCM007238.6
cp68075640.0
OG90206340.8
OG91958441.2
cp680255;cp677086;cp49046342.2
OG895142;OG92440544.8
cp678287;cp678922;cp682300
cp172945;cp681747;cp67735450.6
OG91965551.0
OG904000;OG89807851.4
ICCM0130;cp679509;cp680549
cp171561;cp172966;cp677302
cp676753

54.4

Ca22434;OG89761955.6
OG90696956.0
OG90389858.1
cp489035;cp173466;cp48922259.3
cp68164959.5
cp68192059.7
CaM078762.6
OG89823164.0
Ts4567.4
X60755;U7168.7
FENR70.0
G6PD73.9
ACONc74.0
PGMb80.3
OG895690;OPQ11_290.3
OG896172;OG89587194.9
M599_Mtm98.0
TA3R_TA2100.3
AAMCTA11104.8
AAMCTA14119.8
TA3127.3
M121_Mtm142.8
OG901744;OG901711148.1
Ca21567;cp350602153.8
OG898271;OG919502157.1
H1D24;H1C092;CaM0539
H5B04;OG902768159.5
APF4.1167.9
TS12178.6
CaM2036203.5

LG5 LG6 LG7 LG8

1,533 loci chickpea genetic map
(comprehensive interspecific

 
map)

On average 191 
markers per LG
Average inter-marker 
distance of 1.6 cM



Root trait-
 

QTL map
(ICRISAT, GCP, UAS-D, IIPR, NIPGR)

LG 1 LG 2

LG 3

LG 4 LG 5

LG7LG 8

LG 6

5

SDW (g)

StDW (g)

LDW (g)

RDp (cm)

RDW (g)

R-T Ratio (%)

RL (cm)

RLD (cm cm-3)

RSA (cm2)

RV (cm3)

5

7

5 7

7

5 5 7 5 7

5 7

7

5

7

5 7

7

5 7

5

7

5 7

5

5

2005

2007



IC
C

M
0249

TA
A

170

G
A

24
STM

S11

CID traits

Root traits 

IC
C

M
0249

TA
A

170

G
A

24
STM

S11

Root + CID + Yield traits 

Hot spot for QTL –LG 5
(ICC 4958 ×

 
ICC 1882 map)



Crosses:           Elite cultivar x Donor genotype for root traits        
↓

BC1:

 

Cultivar x F1
↓

BC1F1

BC2:

 

Cultivar x BC1F1
↓

BC2F1
Subjected to foreground and background selection

BC3:

 

Cultivar x BC2F1
As in BC 2

↓
BC3F1

Selected heterozygous plants for QTL-linked markers 
and over 90% genome of the recurrent parent

↓
BC3F2

Select homozygous plants for QTL-linked markers
↓

BC3F3
Seed multiplication

↓
Multilocation

 

evaluation BC3F4 lines

Marker-assisted selection (MAS) 
for improving drought tolerance

JG 11

Being
Done

D
O
N
E

JG 11 x ICC 4958

JG11

ICC 4958

Heterozygous                    
for both alleles

Homozygous              
for A allele

Homozygous                    
for B alleles

(ICRISAT, GCP, EIAR, EU, IIPR)



International Chickpea Genetics 
and Genomics Consortium (ICGGC) 



Factors responsible…

 Strategic partnership and coordinated efforts
(CGIAR, ARIs, NARS, Private companies-service providers)

 Involvement of partners from the beginning

 Genomics initiative at national and international level

 Data access and sharing



…and several others
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