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Production & constraints in
Sub-Sahara Africa and Asia
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0-15cm 0.344 0.354 0.442 0.404

15-30cm 0.699 * 0.672 * 0.718 ** 0.709 **

30-45cm 0.406 0.544 0.779 ** 0.616 *

45-60cm 0.405 0.496 0.576 * 0.355

Total 0.613 * 0.681 * 0.659 * 0.565

Moderate 
drought 

(2000/01)

Severe        
drought 

RLD (cm cm-3)



GCP

Rainout Shelter (ROS) with high capacity to analyze root growth under water stress

-2000 cylinder
(1.2 m long, 20 cm dm)

Precise and              
high throughput phenotyping
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Insect resistance     
phenotyping

Data recorded on
- damage rating
- larvae counted on plants
- overall resistance score
- pod damage
- grain yield

- cut branches placed on agar plate
- counted number of 10 larvae 
released on cut branches
- observations recorded on leaf 
damage, larval survival and weight 
gained by insects

Natural field conditions     Detached leaf assay  
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•

 
Reference collection (300 lines)

-
 

drought related traits e.g. root traits, HI, yield
-

 
insect resistance in both field and lab conditions

-
 

δ13C, SLA and SCMR (see Poster # 3.16)

• Interspecific
 

population (131 RILs)
-

 
phenotyped

 
for insect resistance

•
 

Two intraspecific
 

populations 
ICC 4958 x

 
ICC 1882 -264 RILs

-
 

phenotyped
 

for root traits, HI and 13-C
ICC 283 x

 
ICC 8261-

 
281 RILs

-
 

phenotyped
 

for root traits and HI

Genetic resources
and phenotyping
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Reference collection
phenotyping
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Range for (A) maximum rooting depth, (B) shoot dry weight (g), (C) root dry 
weight (g) and (D) root length density in the chickpea reference

 

collection, 
postrainy season 2008-09
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Phenotyping by NARS partners
(Kenya, Ethiopia, Tanzania, India)

A snapshot of phenotyping by Egerton Univ (Paul Kimurto)

Genotype yield HI
ICCC1052 4409 0.55
ICC4958 3440 0.54
ICCRIL03-0215 2125 0.51
ICCRIL04-0239 3313 0.49
ICCRIL03-0216 3247 0.48
Annigeri 4135 0.47
ICC15333 4276 0.47
ICCRIL03-0177 2913 0.45
ICCRIL03-0135 3617 0.45
ICCRIL03-0168 1939 0.45

See Poster 3.12
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Accession   Root   Root
depth  dry wt   
(cm)

 
(g)

ICC 8261  123.3
 
1.25

ICCV 283   91.6
 
0.73

ICC 4958  116.6
 
1.06

ICC 1882   83.9
 
0.71

Already phenotyped 
for two environments
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SSR enriched BAC-end 
library sequences

Number of clones 288 25,000
Sequences surveyed 457 46,270
Amount seq Data (bp) 286,718 33,217,120
SSRs identified 643 6,845
SSR frequency 1 / 4.5 kb 1/ 4.9 kb
Primers designed 311 4,964

Primers synthesized 311 1,344
Primers tested 311 1,344  total 1,655

Novel SSRs in chickpea
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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

in collaboration with A. Killian
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>20,000 Sanger ESTs
Trait/Genotype Total ESTs High quality 

ESTs
Unigenes

Drought :
ICC 4958 5982 5461 2656
ICC 1882 5919 5535 2392
Total Drought responsive 11901 10996 4558
(ICC 4958 + ICC 1882)
Salinity:
JG 11 3798 3132 1707
ICCV 2 4460 4307 1251
Total Salinity responsive 8258 7439 2595
(JG 11 + ICCV 2)
ESTs from public domain 7097 4059
Total Chickpea ESTs 27257 25532 9569
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Number Tissue 
samples

Stages/stresses

C1 Embryo 2 days embryo

C2 Shoot 3, 4 & 5 days old seedlings

C3 Roots 3, 4 & 5 days old seedlings

C4 Shoot 10 & 20 days old plant

C5 Roots 10 & 20 days old plant

C6 Leaves 25 days old & etiolated leaves 

C7 Roots 30 days old plant

C8 Apical 
meristem

seedling stage & 25 days old plants

C9 Buds and 
flowers

25 days old plants

C10 Pods 35 days old plants

C11 Roots Drought stressed plants

C12 Roots 60, 80 and 100 mM

 

Salt stressed 
plants

C1 C2 C3 C4 C5 C6 C7

C9 C15 C17 C21 C22

Cataloguing chickpea 
genes !

Pooled RNA from different 
developmental stages are used to 
generate normalized cDNA library 
subjected to FLX (454) sequencing 
at JCVI
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Total numbers of FLX ESTs
 
: 443,969

Average read length
 

:    221 bp
Number of ESTs with >200 bp

 
:    347,583

Transcript Analysis (Sanger + 454 FLX ESTs)
Number of contigs

 
:   42,852
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Drought tolerant ICC 4958Drought sensitive ICC 1882

Comparison of ICC 1882 and ICC 4958 differing in root traits

15-days old plants in 
hydroponic solution

Green house conditions

Field grown materials

Total RNA

cDNA

ESTs

Solexa sequencing
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Sample ICC 1882 ICC 4958
Number of reads 15660209 22090582
Number of transcript matches 47238 51136
Number of gene matches 47238 51136
Average read length 36 36
Average read quality 27 23

81 tags146 tags

Analysis of Solexa 
sequencing data
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Distribution of SNPs in 
ICC 4958/ICC 1882
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High quality SNPs: 9,237

Illumina GoldenGate assay for 768 SNPs
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1,393 loci genetic map
(to be updated as 1700 loci)
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TA4L_TS1153.8
STMS23;TR56154.6
R3608_3;M3177_Mt;M01_Mtmt157.9
OPO04_1158.0
OPP15_2158.9
APAR4;APBR;APAR5161.3
CAMCAT06161.8
PGMa163.2
PGD6163.7
C33165.1
ISSR8903166.7
TC88726171.6
MSU380;AJ291816;TC88512172.0
ICCM0159;ICCM0197174.5
CaM1122
ICCM0062175.3
TC84431181.4
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CAMCTA08236.0
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CaM0799
cp173452296.7
TR26;STMS5303.6
SAMS307.8
ISSR8882328.6
M213_mtc354.6
CAMCAG11356.1
OPD03_5357.9
XP_Ca_78359.0
CaM0862361.0
cp676571;cp491267;cp171590
cp172237;cp681358361.5
cp681608363.5
cp491231;cp682291;cp682299;cp322975365.1
cp488624;cp677322;cp488939368.0
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M1027_Mt;M32_Mtmt391.1
TA76395.3

LG3 OPAB9_20.0
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ISSR823149.2
cp325702;cp327625;cp675973
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cp677636;cp32605975.3
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cp491458;cp675277;cp350553144.3
cp491484;cp676464144.7
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STMS11;GA24;GAA47151.3
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REP154.7
M400_Mtm;P32_PisP156.8
TA4L_TA1158.4
RL3;M12_Mtmt162.1
cp490593;cp488743165.1
cp678437;cp679062165.9
ICCM0024168.5
cp326008;cp327960169.2
ICCM0003;ICCM0004171.4
AAMCTT08177.7
TA3L_TS6180.4
TA130181.7
ICCM0063;ICCM0249186.7
cp323738187.1
ICCM0065200.6
CaM1529216.7
GA2226.4
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cp677080;cp491502;cp680494
cp350396;cp681085;cp490330;cp488869240.4

ICCM0127240.8
CaM0480242.0
cp676824;cp676868;cp678296242.4
CaM0436;CaM1903
H1H13
CaM0113
H1G20;H1H15
CaM1666;CaM2049

242.9

CaM1637;CaM0691
H1B17244.6

CaM0446;CaM0909;CaM0507246.3
CaM1502246.9
CaM0645248.0
CaM1551248.8
CaM1158250.3
H1G22258.0
AAMCTA13262.9
ppPF264.6
AAMCTT01270.2
Pyruvat_272.4
ACMCAC03276.1
TR20;TA13279.0
TA146;TA72279.5
TA2280.8
TS54293.6
STMS26305.3
ps189_ps307.2
TA4R_TA1307.3
TS72308.1
ISSR8401308.5
OPS13_2311.7
OPT12_5318.0
cp682025;cp490406329.8
ICCM0068331.8
OPD16_1336.6
OPC14_2338.9
ISSR8902342.7
OPS13_3355.2
OPT12_3366.3
cp490039388.4
ICCM0212;AAMCTT03391.4
cp172089;cp679174
ps190_ps
cp323966;cp323611
OPC10_1

392.5

CAMCAG10395.2
ICCM0257;ACMCAC09397.4
LUP51_CA400.0
CYSPR2401.0
cp678644403.1
cp172299;cp350492;cp488878
cp491565;cp491143;cp489107
cp489311;cp676816;cp677363

404.3

STMS24413.0
TA46415.3
M477_Mtm;M336_Mtm425.0
TC87270;CDC2426.1
P124_Pis427.2
ISSR842429.7
M13_Mtmt431.3
cp675523;cp675919;cp677611437.5
cp350449438.7
ISSR8901457.7

LG4
CaM10300.0
CaM124415.9
CaM0514;CaM051551.2
CaM091957.1
M59_Mtmt;M93_Mtmt85.1
STK42_El87.3
STMS1390.2
CPCB294.7
M3185_Mt96.9
CaM147799.8
cp680889;cp682003;cp490579
cp677240;cp322948;cp679721104.8

OPI63114.0
TA113128.7
cp490970141.4
cp171266143.6
cp173328144.5
ACONa154.7
OPG09_1165.2
OPD03_3170.4
ACONb173.9
OPQ13_2180.2
ISSR8481185.3
PG7_PisG;M432_Mtm196.0
ISSR8841;STK42_Eh199.2
STK24_Ev;CAMCAT10201.3
TC77488206.0
cp323000;cp677227;cp677381
cp491173208.5
H3H021209.4
cp325818211.8
cp490024;cp173046;cp350308
cp491085;cp676494;cp490693212.3
R36082y218.9
C81;ICCM0245223.2
cp490797;cp490675
ICCM0297
cp350018;cp350537

225.2

cp679622226.2
cp490323226.5
cp491438;cp488937226.6
TC80236231.1
H2A08231.8
CaM0403;CaM0720
AJ005043232.3

CaM0486;CaM1451
cp681088232.7

cp490301233.2
H1G16234.6
TR43;TA1;TA8237.8
P82_PisP239.7
FP_i248.3
OPC11_2264.2
OPU17_3275.2
R2609_2;OPC11_3;R2609_3276.4
PR10_obe279.6
ISSR858281.5
TA203298.6
ISSR888318.9
TS52339.4
STMS12356.3
ISSR8884376.8
ISSR8552408.1
APF4.4419.0
CAMCTA09;CAMCTA10421.9
AAMCTA01423.5
ACMCAC05424.7
ISSR8801432.5
cp679048442.8
cp490477;cp678734448.1
cp171403;cp350554;cp679353
cp491412;cp491472455.5
cp679810;cp678432;cp173071458.0
C32461.1
OPAB9_1468.9
H1H24479.8
cp678442;cp676401;cp679336
cp490906;cp350226;cp350627
cp171322;cp489385

480.1

cp678248481.4
APE4.3485.1
ACCO489.6
M107_Mtm;ISSR8842492.2
GAA40494.4
APF4.2495.2
GAA50501.9
IC_unten506.9
XP_Ca_96;AAMCTA15509.6
M859_Mtm510.2
cp491035;cp678137;cp323728
cp678822;cp678546;cp491097517.2

ICCM0289518.4
cp325921519.8
cp327812;cp327873520.0
cp327943520.5
cp326018520.9
STMS21531.0
Apero538.5
APFF2.2545.5
ISSR810560.6
ISSR8601563.7
M1118_Mt;P59_PisP566.3
TA5R_TR4567.3
GA11568.3
cp679779;cp173541;cp323904
cp324017;cp324081;cp325093576.8

CaM0797579.0
ACMCAC11581.3
DMI1581.5
CaM1301608.3
CaM1326615.1
CaM0955639.1
CaM1761654.8
CaM0284;CaM0686;CaM0076658.7
CaM0215677.9
CaM1543679.5
CaM1770;CaM0870;CaM1298679.9
CaM1978702.3
CaM2101727.3

GA160.0
P141_Pis11.5
TR1936.3
ISSR826261.7
MSU393;AJ40464066.0
cp680621;cp68239368.3
cp17229568.8
M3223_Mt;M3188_Mt71.7
OPU1874.6
APAR177.6
ICCM016681.8
cp489318;cp32280682.7
M1023_Mt91.7
OPD3_497.3
ISSR8252106.7
ISSR8553107.9
CS27110.4
Foc4;R2609_1111.1
TA120R_T;APAR6;TA96;OPP06_4112.3
AAMCTA12;CAMCTA07113.4
M10_Mtmt114.6
APFF2.4115.4
Foc5;TA27117.0
TA59117.5
AB025002;AJ005041121.6
H1H011122.9
ICCM0030123.3
H1P092123.4
H2B061123.5
H1F05123.6
ICCM0247;CS27ASAP
CaM0233123.7

CaM0173
ICCM0082124.4
cp326233125.9
cp326223;cp325101;cp325045
cp325508;cp326716126.3
cp327714;cp327716;cp325794
cp325853;cp325969
cp326060;CaM0726

126.7

cp327859;cp326041126.9
cp325216127.2
cp325646127.6
H1J07131.6
H1A12132.9
CaM0336137.2
cp172164142.8
CaM1648143.3
CaM2064144.6
ISSR8603154.6
TS82162.6
TAA60163.1
TA194163.7
TRb58164.2
OPC14_4;R2607_2168.6
M1035_Mt173.2
Gluc_a_u183.0
CaM1135197.7
PR5200.7
M251_Mtm206.2
LN211216.2
OPU17_1;OPQ11_1220.0
OPP15_3;OPU03_1;OPN06_3220.6
OPD05_1;OPP08221.6
OPP15_1222.2
OPM20X223.1
TA37223.7
ISSR8571230.7
OPS02_1234.2
cp678796244.2
cp490097;cp491092;cp490237245.2
cp676706;cp680356;cp681533
cp677297;cp682089;cp679116246.4
DK242248.3
M304_Mtm250.8
M05_Mtmt;TA110253.5
OPP06_3255.4
AJ004960257.6
RGA_DS260.2
RGA_D263.6
ISSR8681268.0
ISSR864273.6
HR_unten279.8
AAMCTA10284.5
AAMCTA05286.2
AAMCTA03;AAMCTA04287.8
AAMCTT07300.0
PGI324.6
M218_Mtc330.1
M215_Mtc;M83_Mtmt330.7
M237_Mtm332.9
TC87369336.1
cp489497;cp681259338.2
cp489404;cp490744;cp491088
cp491301;cp490226339.0
OPC14_1353.1
APFF2.1360.4
ISSR8661378.2
IC_oben398.3



GCP

cp4894780.0
cp681450;cp6819107.5
OPT12_117.8
cp68178524.3
ISSR868228.4
STMS830.9
AAMCTT0635.2
ISSR88938.2
cp675348;cp67557146.2
cp489370;cp49140847.2
OPT12_4;OPJ13_153.7
PG18_Pis55.7
M201_Mtm57.0
CaM012358.6
cp171271;cp172050;cp17284563.4
cp491303;cp49152665.0
P192_psa67.9
P11_PisP;M71_Mtmt;R3608_169.8
CaM0881
M3175_Mt;M3244_Mt72.5

CAMCAT1274.2
TA4L_TA174.3
CaM088078.5
cp676716;cp489464;cp48906979.5
cp489565;cp490810;cp49093780.7
OPU17_2;Ts35;OPQ13_394.2
P110_Pis96.1
CaM1778117.6
cp489257;cp490515;cp350038
cp679231;cp491620;cp677260;cp675429148.1

cp680271;cp678440;cp676553
cp350039;cp172924;ICCM0205151.5
cp680674;cp681903;cp677437152.4
TC80362154.5
ICCM0120;CAMCAG04158.1
cp678275;cp679168
CaM0463
cp327899;cp324146

160.0

cp682536;cp677049;cp679041;cp491184161.2
cp489176;cp682538;cp680662
cp677055;cp491350;cp350118161.6
M1107_Mt;P106_1_P165.8
OPAB9_3168.4
DCS_6174.4
CaM1939195.3
CaM0416;CaM0574;CaM1809;CaM0423220.3
CaM0639221.3
CaM1072226.6
CaM1590229.4
CaM0491235.1
RGA_D22;RGA_D23251.5
CAMCAT08253.5
TA5L_TS3256.8
cp679202;cp488779;cp350493259.4
cp682214;cp678477;cp680535264.3
ICCM0120274.6
RGA_C283.8
OPN06_2285.6
Ps198_ps289.3
CaM1536300.6
cp172130;cp172152316.2
cp350116;cp350541316.6
cp324020;cp327946;cp327739;cp325842317.4
GA4;M3179_Mt;OPC06_2321.5
M103_Mtm;OPT12_2325.4
Pyruvat_326.8
M116_Mtm328.5
ps175_ps328.6
cp677807330.2
TCMO330.6
cp491008;cp489932;cp490282;cp171274
cp680370;cp172962;cp676692331.0
cp682554;cp490678331.8
CaM0258339.0
STMS17345.7
M1026_Mt347.4
TA5348.3
TS43;STMS19349.6
P93_PisP352.3
M50_Mtmt;BTF3b353.6
H2B202355.2
CaM0698361.5
H2B18365.1
H2L102;H2J09;H1H07
CaM1545
H1O01
CaM0805;CaM1218

373.6

H4H11;ICCM0123
CaM0740;CaM1228374.0

cp327747374.4
ICCM0134375.9
TRPT377.9
RGA_B;OPP07_1;STK86_D;RGA_D2a381.5
TS53;TA179;TR59383.0
STMS7;TA71383.9
TAASH385.5
TA39386.5
TA5L_TS1388.9
TR29394.2
GAA42399.9
CaM1782419.3
M932_Mtm430.5
ICCM0076;ICCM0081434.4
ICCM0079
cp323897;cp323608
cp679996;cp678399;cp327849

434.8

cp172370
H4F07436.9
cp350631;cp491000438.1
cp490581;cp490006;cp172234;cp488709440.5
cp682445440.7
cp676840440.8
CaM1036
cp489634;cp679277;cp678520441.6

CaM0836450.2
CaM0368;CaM1016473.4
TA66R_TS498.8
OPG09_4503.7
OPB08_1507.5
TA5L_TS3508.1
OPB08_2509.0
ACMCAC02;CAMCTA05514.8
AAMCTA09516.5
CAMCAT09;CAMCAT03518.0
ISSR843521.6
CaM1238545.5
CaM1098550.4
CaM1722551.8
CaM1360553.5
CaM0358561.5
CaM0038568.9
CaM1068573.5
CaM0073591.8
CaM0848594.0
OPE32606.6
OPAC43625.0
CaM1417;CaM0111637.8
H1N12
CaM1469646.8

STMS25647.3
TA196650.9
TA125670.4
CaM0790695.8
CaM0260696.9
CaM1079699.8
CaM2045706.8
CaM0751710.8
CaM0466;CaM1007;CaM1542
CaM1668;CaM1149;CaM2155;CaM1714711.3

CaM1581;CaM1337;CaM0519;CaM0632711.4
CaM0656725.6
CaM1658;CaM0340;CaM1975738.1
CaM2162738.8
CaM0443739.5
CaM0795740.4
CaM0599;CaM0345740.9
CaM1827748.7
CaM2186753.8
CaM1620765.6
CaM0025791.8
CaM0578814.4
CaM0997829.1
CaM1207;CaM2016;CaM1493830.1
CaM0050838.0
CaM1607878.1
CaM1679916.3
CaM2080;CaM0317;CaM1961
CaM1953;CaM1693;CaM1166;CaM1247919.0

CaM1257919.8
CaM1783925.5
M578_Mtm970.6
M1433P973.0
AF457590976.1
MSU83978.8
STMS22980 7

LG5 OPAB9_50.0
CaM00858.4
cp677013;cp489629;cp35057313.3
cp488664;cp48941514.9
DNABP22.3
PG10_Pis26.4
STMS1528.2
TA1430.4
OPC15_450.2
OPA17_257.6
TR4465.0
ACMCAC0168.2
CAMCTA0470.4
APFF2.3;OPJ13_2;CAMCAT07
CAMCTA02;AAMCTA08;ACMCAC0472.4
APDR2181.1
OPD3_198.6
CaM1868113.4
cp171521116.6
H3A03
cp681792;cp490380
cp678597;cp677806;cp490199
cp490316;cp489132;cp171418;cp681513

117.5

cp489518118.0
cp322954;cp490337;cp489881
cp681694;cp681488;cp677717118.2
H6G10118.4
ICCM0284
CaM0620;CaM1125
CaM1763;CaM0806;CaM0421

118.6

cp490788;cp679761121.1
cp678637124.9
CaM1377125.6
cp675974128.3
cp680556;cp679140;cp678144
cp676665;cp172068;cp172153128.7
cp679625132.9
CaM2168144.0
CaM1084;CaM0251146.1
H1L161146.3
CaM1402146.4
CaM0753;CaM0677146.5
ICCM0191146.8
CaM0743152.2
cp679880;cp682745;cp350006
cp488839;cp682128;cp682478153.9

CaM0063
cp490069155.1
cp489647;cp678839156.6
cp488971;cp679928;cp682560;cp682104158.6
cp679791
H3B08;H5A04161.5
APE4.2;A2ga2_R6;ICCM0104163.5
ACMCAC10;TS19R_TA;PR10_mit165.8
APAR2166.0
ICCM0242a;ICCM0242b170.1
ISSR8402184.1
XP_Ca_11;TR1192.9
R2607_1;STK25_B194.5
ps179_ps;OPN06_4196.7
TGDH197.6
TC79726200.8
M86_Mtmt;ps169_ps203.5
APDR23204.5
TA80;TRa7;TA22;TA176205.9
TA4L_TA1;TA3R_TS7207.2
OPU03_5;OPD03_2;OPO04_2;OPC15_1209.2
OPC20_1;OPC06_1209.5
XP_Ca_42;M367_Mtm210.4
TC88598210.5
M51_Mtmt211.1
TRAL216.6
CaM0594229.1
ICCM0284235.9
CaM0464240.2
CaM1101247.2
TC78756265.4
M24_Mtmt279.4
cp676639;cp172996;cp680216282.8
CaM0244
cp675609283.6
cp173163;cp681531285.2
cp324158;cp172290287.2
cp323841;cp680413;cp680836;cp680100300.8
cp172879303.5
cp489826;cp679581
CaM1239
cp323760;cp322640

309.0

cp325105;cp675405;cp676491
cp324065;cp490454;cp680120
cp324115;cp679989;cp491442;cp675253

309.8

cp325265;cp325803;cp325141;cp325151310.2
cp325981;cp680288;cp322687
cp679505;cp679770;cp680400313.1
cp325873315.6
EST948316.6
MTU07319.1
ISSR8551334.0
GA9336.2
M241_Mtm344.4
M19_Mtmt344.5
TA106350.0
M361_Mtm;M320_Mtm351.5
M3163_Mt352.5
QOR;ps205_ps353.1
GA34359.4
RGA_Gv366.0
STMS2377.2
CAMCAG08;CAMCAG09406.4
M1121_Mt421.3
OPN06_5427.1
M3186_Mt;M866_Mtm435.8
TR3450.8
MSU40456.6
TC88727463.0
TS83;GA26468.8
GA21;CaM0399;GAA41;GAA39469.3
H1I16472.9
RGA D2r497.4

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
ISSR859174.9
CPOX277.2
cp67790780.5
H2E1383.3
H3H12183.8
M3183_Mt87.7
P206_Psm;APDR22;P191_psa92.1
cp325980;cp681101;cp682312
cp323423;cp48873398.8
cp678635;cp679193;cp680081
cp489357;cp491065101.5
cp326437;ICCM0074;cp173427;cp326442103.3
OPC183107.3
ICCM0074110.1
FIS_1;AJ276270121.8
ACMCAC07127.3
C80130.9
AJ489614133.2
COAO
cp491201135.4
M64_Mtmt138.7
EST671139.1
cp488703;cp677011144.0
cp491099;cp489427;cp489903146.5
cp489931147.4
cp488731;cp489293;cp679199
cp679688;cp491512;cp490885;cp489326148.9
cp676152150.2
Pyruvat_166.5
CAMCTA11184.5
TA4L_TA1194.2
CAMCAG01;CAMCTA06202.8
CAMCAT05203.8
CAMCAT02204.9
CAMCTA12206.6
TSa62210.7
TGAA44;GAA44222.3
TA21241.8
ICCM0034264.2
TA78287.7
CAMCTA03;AAMCTT04;ACMCAC06293.4
OPC20_2295.4
OPT18_2297.3
OPA12_2;TA5L_TS7299.5
MSU82303.9
CaM0558306.2
CaM0622
H1I18307.0
cp682113;cp325968314.7
ICCM0196315.9
H1O12318.3
cp173377;cp326427318.8
cp327923;cp490690;cp679050
cp488935;cp489344;cp679693;cp489394319.2
cp677139;cp682693;cp679896;cp676498319.8
cp682222;cp681271;cp677961
CaM0034
cp682791;cp350187
cp350325;cp680065;cp677368
cp675455;cp677192
CaM1159;CaM0661

321.3

H5E11;H1C22322.1
TA28328.4
TAb140;TAA58;TAA59;TA18330.3
OPA12_3335.8
CAMCAT04336.0
CaM0286343.1
TA180350.8
CaM0598363.9
OPG09_2377.1
HR_Oben386.5
ISSR8112404.7
CaM0277443.8
CaM0435457.7
CaM0705459.9
CaM0864476.3
CaM0958489.6
CaM1496500.6
CaM1497;CaM1506;CaM1591509.0
CaM2060528.6
OPQ13_1542.3
AJ276275593.5

OPG09_50.0
M992_Mtm;MA225_Mt;CYSS13.2
XP_Ca_2913.7
AAMCTT0216.1
CYSK16.2
MSU8918.1
S1E125.3
CStC127.3
GAA4630.9
CAMCAG0335.2
ICCM007239.2
cp68075640.5
cp680255;cp677086;cp49046342.8
cp678287;cp678922;cp682300
cp172945;cp681747;cp67735447.1
ICCM0130
cp679509;cp680549
cp171561;cp172966;cp677302;cp676753

50.1

cp489035;cp173466;cp48922254.6
cp68164954.8
cp68192055.0
CaM078758.6
Ts4562.7
X60755;U7164.0
FENR65.4
G6PD;ACONc69.1
PGMb76.0
OPQ11_283.4
M599_Mtm88.2
TA3R_TA291.2
AAMCTA1195.7
AAMCTA14110.9
TA3118.9
M121_Mtm128.2
cp350602130.9
H1D24;H1C092;H5B04
CaM0539132.8

APF4.1141.9
TS12152.5
CaM2036177.4

Average number of marker loci per linkage group: 174

Total map distance: 4243.8 cM

Average inter-loci distance: 3.05 cM

LG6 LG7 LG8
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ICC 1882)
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Hot spot for root trait QTLs
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ICC 4958 x ICC 1882 RILs
 

have been evaluated
 

for 
HI, grain yield

 
and δ13C at 4 locations during 2008/09

Correlation of grain yield with biomass, HI and δ13C

Nandyal Patancheru Sehore Durgapura

Biomass yield 0.98** 0.84** 0.96** 0.76**
Harvest Index 0.82** 0.41** 0.22** 0.97**
δ13C - 0.23** 0.10    0.17**

Grain Yield
 

= T x TE x HI
(under

 
drought) 

Passioura
 

(1977)

More phenotyping…
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QTLs
 

in the same region…



GCPCrosses:                 3 Cultivars x 2 Donors for root traits 

BC1:

 

Cultivar x F1
↓

BC1F1

BC 2:

 

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

MABC for improving
drought tolerance

Donors

Cultivars

JG 11

Chefe KAK 2
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MARS for improving 
drought tolerance

Set 1 (2 crosses)                Set-2 (3 crosses)

2008/09 Genotyping of F3plants

 

F2 grown

F4 (Seed mutiplication)

 

Genotyping of F3plants

Multilocation evaluation F4 (Seed mutiplication)
of F5 progenies and 
QTL analysis

Selection and inter-crossing Multilocation evaluation 
of F3s

 

of F5 progenies and 
QTL analysis

Five good-by-good crosses involving cultivars from Africa and Asia
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Towards 
a bright future…

Resource development through community efforts
(Lack of polymorphism and density of genetic maps)

Beginning of utilization of novel genetic variation
through genomics tools and strategies  

Precision phenotyping critical, but possible 

Moving QTLs in breeding programme initiated
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