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Figure S1. Phenotypic distribution for heading date (HD), plant height (PH), ear

peduncle length (PdL), grain yield (GY), kernel weight (TKW), number of kernels

per square meter (Kpsm) and test weight (TW) in the 189 elite durum wheat

accessions (IDuWUE panel). The distributions refer to the mean values of each

accession across the 15 field trials carried out in six Mediterranean countries

(Italy, Lebanon, Morocco, Spain, Syria and Tunisia) and two years (2004 and

2005) under different soil moisture conditions. The overall mean value is indicated

with an arrow.

Figure captions.

Figure S2. Clustering of the 189 elite durum wheat accessions (IDuWUE panel)

used in the association mapping study. The dendrogram has been obtained with

the distance-based cluster analysis method (SAHN and UPGMA) using the

pairwise genetic similarities values (simple-matching genetic similarity coefficient

for multi-state markers) between accessions.

Additionally, the model based-cluster analysis (STRUCTURE software) results

are reported: each accession has been assigned to one of the five subgroups

(from S1 to S5) labeled with white- and black-filled diamonds (S1 and S2), black-

filled triangles (S3), grey- and black-filled circles (S4 and S5).

The founder of each subgroup is indicated in the right side of the figure.
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Figure S2.

Maccaferri et al.

MOROCCO-1805

Accessions’ subpopulation assignments as obtained from the population genetics

model based - cluster analysis (STRUCTURE software) are reported with white, grey

and black filled triangles, circles and diamonds.



0.0200.0210.0210.9210.017MoroccoMOROCCO 1804

0.0180.0250.0110.9340.012MoroccoMOROCCO 1809

0.0100.0170.0240.9400.010ItalyMESSAPIA

0.0110.0170.0150.9420.015MoroccoMOROCCO 1808

0.0120.0090.0090.9590.011MoroccoISLY

Subgroup S2 - ICARDA temperate (Cham 1)

0.0050.0080.3540.2250.408ItalyAPPULO

0.0170.4150.0290.1170.421SyriaOMGENIL 3

0.0260.3840.0500.0560.483SyriaAZEGHAR 2

0.0130.0150.0220.4350.514SyriaTELSET 5

0.0070.0050.3140.0760.598ItalyCAPEITI 8

0.0160.1590.0160.2040.606SyriaOMSNIMA 1

0.0100.0160.0600.8980.016SpainALDEANO

0.0150.0630.0070.9020.012ItalyCOLOSSEO

0.0100.0510.0140.9140.011MoroccoMOROCCO 1807

0.0260.0140.0260.9200.014SpainARTENA

0.0120.0140.0380.9200.016SyriaSHABHA

0.0720.0930.0250.1320.679SyriaOMLAHN 3

0.0200.0420.1760.0590.703SyriaBlk2//134xS-69-186/368-

1/3/Mrb5/4/Albit3

0.0100.1730.0140.0140.789SyriaYOUNES   1

0.0060.0090.0310.0130.940SyriaAW12/BIT

0.0200.0120.0110.0120.944SyriaOMRABI 5

0.0060.0270.0090.0100.948SyriaOMRABI 3

0.0050.0160.0060.0230.949SyriaMRB 17

0.0120.0180.0060.0090.956SyriaMASSARA 1

0.0040.0090.0090.0100.968SyriaOMBIT 1

0.0050.0110.0060.0070.971Syria aTOMOUH

Subgroup S1 - ICARDA dryland (Omrabi 3)

CIMMYT

germplasm

(late '80-

early '90)

CIMMYT

germplasm

(late '70-

early '80)

Italian and

early '70

CIMMYT

germplasm

ICARDA

germplasm

for temperate

areas

ICARDA

germplasm

for dryland

areas

S5S4S3S2S1

Germplasm genetic structure: main subgroups and individual

subgroup membership

OriginAccession

Table S1. List of the 189 durum wheat elite accessions of the IDuWUE panel used in the association

mapping study. Name, origin and individual coefficient of memberships to the five population

subgroups (from S1 to S5) as obtained in the STRUCTURE analysis based on 96 loosely linked SSRs

are reported. Each accession was assigned to the subgroup with the highest membership coefficient.

Within each subgroup the accessions are listed in decreasing order based on the membership

coefficient. For each subgroup, the main founder accession name has been reported within brackets.



0.0210.0420.0130.8970.027SpainROQUENO

0.0060.0820.0150.8900.007ItalyPRODURA

0.0300.0480.0160.8840.022SpainSEBOU

0.0070.0160.3320.5980.047ItalyLIRA B 45

0.0060.0100.1330.5910.261ItalyVALBELICE

0.0210.3400.0130.6080.018SyriaKRS/HAUCAN

0.0620.2870.0200.6150.016SyriaBLK2

0.0100.2280.0230.6170.122SyriaSTOJOCRI 3

0.0470.2720.0340.6300.017SyriaDERAA

0.0060.0600.2550.6530.026SpainBOLENGA

0.0110.0140.0160.6830.276MoroccoMARZAK

0.2460.0410.0100.6900.013SpainBOLO

0.0070.0760.1970.6980.023SyriaQUADALETE

0.0690.0150.0460.7060.164ItalyAPPIO

0.0090.0090.0320.7120.238SyriaHAURANI

0.0100.1840.0100.7620.035SyriaSEBATEL 1

0.0380.1090.0110.7690.073SpainBOLIDO

0.0110.1490.0330.7790.028SyriaCHAM 1

0.0290.1270.0140.7840.047Mexico bCMH82A.1062/3/GG0VZ394/

/SBA81/PLC/4/AAZ

0.0120.0320.1400.7870.029ItalyRADIOSO

0.0140.1550.0060.8040.020SyriaHEIDER

0.0100.1600.0110.8090.010SyriaSEBAH

0.0270.0760.0600.8240.013SyriaSAADA 3/DDS//MTL 1

0.0110.0900.0520.8250.022SyriaJORDAN

0.0350.0780.0500.8270.010SpainARIESOL

0.0320.0720.0200.8410.035SpainJABATO

0.0450.0900.0110.8470.007SyriaOuassel-

1/4/Buc/Chrc//Prl/3/Pvn/5/Hel

/3/Bit/Corm//Shwa

0.0220.0420.0220.8550.059SyriaAric 31708.70/3/Bo//C.de

Chile/Br/4/Cit/Gta

0.0080.0330.0630.8800.015SyriaFURAT 1

Subgroup S2 - ICARDA temperate (Cham 1)

CIMMYT

germplasm

(late '80-

early '90)

CIMMYT
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ICARDA

germplasm
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 areas

ICARDA
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for dryland

areas
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OriginAccession

Table S1. (continued)



0.0250.0090.9070.0130.046SpainANTON

0.0150.0120.9490.0120.012ItalyBRADANO

0.0190.0080.8950.0400.038ItalyOFANTO

0.0170.0190.8970.0530.015USADUREX

0.0080.0060.9700.0100.006ItalyVALNOVA

Subgroup S3 – Italian / CIMMYT germplasm (Valnova, Mexicali 75)

0.2220.1490.2600.3600.009ItalyCLAUDIO

0.0540.2690.2770.3650.034SyriaGR/BOY

0.1690.2070.2450.3700.010SyriaWADALMEZ 1

0.0480.3830.0790.4190.071USA cCORTEZ

0.0090.0550.4870.4270.022SyriaGEZIRA 17

0.0110.0250.2990.4400.224ItalyTRINAKRIA

0.0900.2920.1580.4440.015SyriaOUASLAHN

0.0130.3310.0640.4480.027MexicoDUKEM/3/RUFF/FGO//Y

AV79

0.1180.3590.0420.4480.032SyriaBRACHOUA

0.0070.1000.0140.4490.429SyriaGIDARA 2

0.0150.2180.2910.4570.018USA eMOHAWK

0.1880.0330.2600.4580.060SyriaKORIFLA

0.0170.3230.1150.4650.081SyriaAWALI 1

0.0180.2610.2040.4890.028SyriaKABIR 1

0.0330.4120.0150.5070.032SpainDURCAL

0.0300.0160.3840.5170.053ItalyCAPPELLI

0.0410.3860.0290.5210.023SyriaGEROMTEL 1

0.0590.3910.0090.5320.008SyriaMURLAGOST 1

0.0110.0770.1680.5480.196ItalyARCANGELO

0.0090.3930.0230.5540.020ItalyCRESO

0.0260.3080.0100.5590.097MoroccoMOROCCO 1805

0.0560.3280.0200.5830.014SyriaATLAST 1
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0.0080.9730.0040.0080.007ItalyDUILIO

0.0070.9750.0040.0080.006TunisiaKARIM

Subgroup S4 – CIMMYT (Yavaros 79, Karim)

0.2840.0610.3300.2810.044SyriaORT 1

0.1960.2590.3650.1580.022SyriaSAJUR

0.1870.1580.3830.2500.022SpainANGRE

0.1380.0200.4300.3970.014SpainSENADUR

0.0170.1860.5110.2750.011USACOLORADO

0.0530.0300.5140.3570.045ItalyQUADRATO

0.1680.0130.5380.2700.012ItalyTORREBIANCA

0.0210.0090.5610.0190.389ItalyPLATANI

0.0110.0380.5680.2480.136ItalyLESINA

0.0110.0900.5840.3040.010USAREVA

0.0100.3650.5980.0190.009ItalyPIETRAFITTA

0.0410.1090.6060.2100.035ItalyPLINIO

0.0080.0130.6140.3390.026USAKOFA

0.0050.0050.6390.0140.338ItalyCICCIO

0.0060.1930.6790.1150.008USAKRONOS

0.1360.0410.7150.0940.013ItalyMONGIBELLO

0.1950.0410.7290.0150.020MexicoMEXICALI 75

0.0130.0060.7350.1340.111ItalyFORTORE

0.0340.1610.7650.0220.018ItalyGRAZIA

0.0110.0990.7670.0140.109ItalyVARANO

0.0120.0630.7900.1170.018ItalyIXOS

0.0200.0640.8030.0270.086ItalyCANNIZZO

0.0120.0520.8290.0860.021USABRAVADUR

0.0200.0070.8570.1050.011USAWB 881

0.0100.0070.8700.0220.091ItalyGARGANO

Subgroup S3 – Italian / CIMMYT germplasm (Valnova, Mexicali 75)

CIMMYT

germplasm

(late '80-

early '90)

CIMMYT

germplasm
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CIMMYT

germplasm

ICARDA

germplasm

for temperate

areas

ICARDA

germplasm

for dryland

areas
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0.0370.6400.0230.2920.008SyriaGUEROU 1

0.0250.6400.0310.1310.173ItalyMERIDIANO

0.0100.6610.0370.2700.022SyriaBICREDERAA 1

0.0250.6680.0060.0270.274SyriaQUAD//ERP/MAL/3/UNKN

0.0200.7000.0170.2160.047ItalySVEVO

0.0210.7200.0100.0430.207SyriaBIC/3/CHAM1//GRA//STK

0.2120.7230.0120.0440.009SpainBORLI

0.1240.7460.0160.1020.011SyriaOMRUF 2

0.0180.7510.0240.0640.143USAWEST BRED TURBO

0.0490.7540.0070.1740.016SyriaADYT 02 - 505//OSA-1/STJ-5

0.0690.7570.0130.1310.030SyriaTUNSYR 1

0.0410.7870.0270.0590.087SyriaOUASLOUKOS 1

0.0090.8170.0540.0780.042SyriaTENSIFT 1

0.1080.8290.0130.0160.035SyriaLAHN

0.0260.8390.0100.1010.024SyriaCHABHA 88

0.0130.8400.0930.0440.010SyriaAMMAR 1

0.0110.8420.0110.1150.022SyriaAMEDAKUL 1

0.0330.8720.0180.0550.022SyriaLOUKOS 1

0.0080.8800.0690.0200.023ItalyBRONTE

0.0120.9160.0070.0290.035SyriaBCRCH 1

0.0250.9190.0260.0080.021SyriaAGHRASS 1

0.0090.9270.0090.0380.018SyriaBICRE

0.0140.9390.0130.0280.006SyriaAINZEN 1

0.0110.9400.0130.0130.023SyriaTERBOL 97-3

0.0080.9490.0040.0080.031MoroccoYASMINE

0.0140.9510.0100.0160.009SyriaMAAMOURI 1

0.0070.9670.0070.0140.004MoroccoANOUAR

0.0120.9690.0040.0070.008MoroccoOURGH

Subgroup S4 – CIMMYT (Yavaros 79, Karim)

CIMMYT

germplasm

(late '80-

early '90)

CIMMYT

germplasm

(late '70-

early '80)

Italian and
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ICARDA
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ICARDA
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areas
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0.0470.3520.1820.3290.090ItalyITALO

0.0690.3630.2160.3140.039SyriaZEINA 1

0.1720.4030.0080.3620.054SpainBOABDIL

0.2670.4220.0660.2250.019SyriaLAGOST 3

0.0180.4610.0720.4400.009SyriaKHABUR 1

0.0590.4690.0540.1590.259SyriaOUASERL 1

0.1210.4770.0750.3070.020SyriaCHACAN

0.0960.4890.0150.0490.352SyriaOMBAR

0.1680.4990.0680.2580.007SyriaMOULSABIL 2

0.0440.5010.1940.2340.027SyriaAUS 1

0.0440.5010.0180.4280.009SyriaH.MOUL(MOR)/CHABA 88

0.0890.5060.0280.3390.038SyriaCHABA/DERAA

0.0360.5070.0250.3530.078SyriaDON PEDRO

0.0620.5100.0090.3780.042SpainDUROI

0.0370.5140.0990.2950.055SyriaLAGONIL   2

0.0230.5260.2740.1060.071SyriaARISLAHN 5

0.0110.5380.4310.0100.010ItalyFLAMINIO

0.0260.5510.0100.3720.041SyriaBIGOST 1

0.0100.5660.0380.1520.234SyriaMARSYR 1

0.0150.5790.2130.1280.065SyriaQUABRACH  1

0.0110.5890.0150.3520.033SyriaNILE

0.0320.5910.0090.3500.019MoroccoTAREK

0.2980.5990.0470.0340.022MoroccoJAWHAR

0.0190.6100.0180.3460.006SyriaYOUSEF 1

0.0080.6200.0360.3010.034SyriaMIKI 1

0.0130.6240.0160.3020.045SyriaOTB 6

0.0610.6320.0100.2860.010SpainCANYON

0.1000.6350.0130.2330.020TunisiaRAZZAK

Subgroup S4 – CIMMYT (Yavaros 79, Karim)

CIMMYT

germplasm

(late '80-

early '90)

CIMMYT

germplasm

(late '70-

early '80)

Italian and

early '70

CIMMYT

germplasm

ICARDA

germplasm

for temperate

areas

ICARDA

germplasm

for dryland

areas

S5S4S3S2S1

Germplasm genetic structure: main subgroups and

individual subgroup membership

OriginAccession

Table S1. (continued)



0.3580.2670.0340.3230.019MexicoCIMMYT 266

0.4480.0790.1760.2180.080ItalyNORBA

0.4560.3020.0380.1930.010ItalyIRIDE

0.5180.0330.0190.4160.013SpainILLORA

0.5440.2450.0230.1760.012MexicoROK/FGO//STIL/3/BISU 1

0.5440.3860.0330.0260.011MoroccoMARJANA

0.5730.2000.0110.2020.015SpainASTIGI

0.6090.3270.0350.0180.010SpainSULA

0.6250.0370.0280.3020.008MexicoTOPDY 21/RASCON 33

0.6570.3210.0060.0060.010SpainBOMBASI

0.6670.2820.0100.029*0.011MexicoPLATA 16

0.6730.2990.0110.0120.005SpainARCOBALENO

0.7320.1720.0150.067
0.014

MexicoYAZI 10.1

0.7330.0250.0420.1920.008MexicoBISU 1/PATKA 3

0.7750.2060.0060.0080.005MexicoFOCHA 1/5*ALAS

0.7930.0310.0070.1550.013MexicoRASCON 37/2*TARRO 2

0.8050.1220.0130.0530.007MexicoACUATICO/YAZI 1

0.8440.1030.0140.0180.021MexicoPORTO 5

0.8650.0130.0070.0990.015MexicoBUSHEN 4/TARRO 2//BUSHEN

4

0.8910.0080.0110.0100.080MexicoSOOTY_9/2*TARRO 1

0.9440.0200.0060.0180.012MexicoKULRENGI-BALIKCIL 8

0.9510.0280.0070.0100.005MexicoGS/CRA//SBA81/3/HO/MEXI_1/

5/MEMO/6/2*…

0.9690.0050.0060.0140.007MexicoAHI-OU 1

0.9800.0060.0040.0050.004SpainGALLARETA

Subgroup S5 – CIMMYT (Altar 84, Gallareta)

CIMMYT

germplasm

(late '80-

early '90)

CIMMYT

germplasm

(late '70-early

'80)

Italian and

early '70

CIMMYT

germplasm

ICARDA

germplasm

for temperate

area

ICARDA

germplasm

for dryland

areas

S5S4S3S2S1

Germplasm genetic structure: main subgroups and individual

subgroup membership

OriginAccession

Table S1. (continued)

a All accessions from Syria were selected at ICARDA.

b All accessions from Mexico were selected at CIMMYT.

c All accessions from USA were selected in Arizona (desert durums).



Table S2. Thermo-pluviometrical data and soil moisture in critical growth stages in the field trials carried out

in 15 environments of six Mediterranean countries (Italy, Lebanon, Morocco, Spain, Syria and Tunisia) and

two years (2004 and 2005) under different soil moisture regimes.

Low yielding

Medium yielding

High yielding

 24   91615  9.518.0  8.118.0100611  Lbn-i04

 27   9171666.6  9.3  8.2  9.3   8369  Lbn-r05

 31   92215  7.4  8.1  6.7  8.0  14200  Syr-r05

 26   9191311.1  7.2  7.5  7.2  39227  Tns-r05

 28   9211410.914.2  9.214.2  11195  Itl2-r05

 27   9181681.5  7.5  7.5  7.5108369  Lbn-i05

 26   9191315.214.212.714.2  39277 Tns-i05

 27   7201117.957.018.256.9  58526  Itl1-r04

 29   92114  6.619.8  7.319.8  54195  Spn1-r04

Temperature (T) dSoil moisture (SM) cWater input (WI) bEnvironment a

 32   9231710.3  4.9  6.0  4.9  12175  Spn2-r05

 24   91615  8.814.1  7.214.1    6611  Lbn-r04

 21  13152029.112.8  7.512.8  82 88  Mrcr04

 21  13142030.416.2  8.616.2  82539  Mrc-i04

 29   8201318.9  9.9  8.4  9.9  68176  Syr-i05

 26  10191511.815.110.415.1107227  Itl2-r04

HdHt

max

EmHdHdHt

mean

EmHd
HdHtJnHtHdJnHdHdHtEmHd

a Details on the environment acronyms are provided in Materials and Methods. Environments are listed in a

decreasing order based on the mean grain yield values. High- (> 54 q ha-1), medium- (from 30 to 46 q ha-1)

and low-yielding (< 30 q ha-1) environments are reported in bold, italic and regular font, respectively.
b Water input as mm of water (rainfall + supplementary irrigation) measured from emergence to heading

(EmHd) and from heading to harvest (HdHt).
c Soil moisture as area under the soil water content curve (from 0 to 30 cm deep) measured from jointing to

heading (JnHd), from 1 week before heading to 3 weeks after heading (Hd), from jointing to maturity (JnHt)

and from heading to maturity (HdHt).
d Temperatures (maximum and mean) as °C from emergence to heading (EmHd) and from heading to

harvest (HdHt).



Table S3. Summary of the significant correlations between grain yield (GY) and heading date (HD), plant

height (PH), peduncle length (PdL) and grain yield components (kernels per square meter, Kpsm;

thousand kernel weight, TKW; test weight, TW) on a single environment basis. For each environment,

significant correlation coefficients (r) are reported within brackets (r values have been listed from the

lowest to the highest). High- (GY > 54 q ha-1), medium- (from 30 to 46 q ha-1) and low-yielding (< 30 q ha-1)

environments are reported in bold, italic and regular font, respectively.

Tns-i05 (0.22), Tns-r05 (0.22)Itl2-r05 (0.15)  313PdL vs. TKW

Lbn-r05 (0.33)Tns-i05 (- 0.17), Syr-i05 (- 0.15)  313PdL vs. Kpsm

Lbn-i04 (0.19), Itl2-r04 (0.29),

Itl2-r05 (0.23), Tns-i05 (0.42),

Tns-r05 (0.45)

Spn1-r04 (0.16), Lbn-i05 (0.17),

Lbn-r05 (0.18)

  811PH vs. TW

Spn2-r05 (0.19), Tns-i05 (0.21),

Tns-r05 (0.25)

Lbn-i05 (0.16)  413PH vs. TKW

Tns-i05 (- 0.33), Lbn-r05 (0.30)  213PH vs. Kpsm

Lbn-r04 (0.36), Spn2-r05 (0.51),

Lbn-r05 (0.51), Lbn-i05 (0.59),

Itl2-r05 (0.62), Tns-r05 (0.65),

Tns-i05 (0.65), Lbn-i04 (0.65),

Itl2-r04 (0.65), Spn1-r04 (0.68),

Syr-r05 (0.71), Syr-i05 (0.73),

Itl1-r04 (0.81)

1313PH vs. PdL

Itl2-r05 (- 0.27),T ns-r05 (- 0.23)Itl1-r04 (0.18)  311HD vs. TW

Itl2-r05 (- 0.27), Spn1-r04 (- 0.19)Itl2-r04 (- 0.18), Lbn-i05 (- 0.17)  415HD vs. TKW

Mrc-i04 (- 0.33), Mrc-r04 (- 0.23),

Syr-i05 (- 0.19), Itl2-r04 (0.18),

Lbn-i05 (0.24)

Lbn-i04 (- 0.18), Lbn-r04 (- 0.16),

Tns-i05 (0.16), Spn1-r04 (0.17),

Itl2-r05 (0.17)

1015HD vs. Kpsm

Itl2-r05 (- 0.43), Syr-i05 (- 0.38),

Lbn-r04 (- 0.31), Lbn-i04 (- 0.30),

Lbn-r05 (- 0.28), Syr-r05 (- 0.19)

Itl2-r04 (- 0.16)  713HD vs. PdL

Syr-r05 (- 0.19), Itl2-r05 (- 0.33),

Syr-i05 (- 0.36), Lbn-i05 (0.25)

  413HD vs. PH

Spn2-r05 (- 0.24), Itl2-r04 (0.19),

Tns-i05 (0.20), Itl1-r04 (0.21),

Lbn-r05 (0.24), Lbn-i05 (0.25),

Tns-r05 (0.29)

  711GY vs. TW

Syr-i05 (0.24), Tns-r05 (0.36),

Spn2-r05 (0.78)

Lbn-r05 (0.14), Mrc-i04 (0.15),

Syr-r05 (0.17), Mrc-r04 (0.18)

  715GY vs. TKW

Itl2-r05 (0.19), Syr-r05 (0.33),

Spn1-r04 (0.41),  Tns-i05 (0.46),

Syr-i05 (0.49), Lbn-i04 (0.49),

Itl1-r04 (0.59), Tns-r05 (0.67),

Lbn-r05 (0.71),  Mrc-r04 (0.73),

Spn2-r05 (0.77),  Lbn-r04 (0.90),

Mrc-i04 (0.98)

1315GY vs. Kpsm

Lbn-i04 (0.23), Lbn-r05 (0.30),

Tns-r05 (0.33)

Lbn-i05 (0.15), Syr-r05 (0.16)  513GY vs. PdL

Tns-i05 ( 0.24), Itl2-r04 (0.26),

Lbn-i04 (0.25), Lbn-r05 (0.43),

Lbn-i05 (0.51)

  513GY vs. PH

Syr-r05 (- 0.40), Syr-i05 (- 0.37),

Mrc-i04 (- 0.34), Itl2-r05 (- 0.31),

Lbn-i04 (- 0.19), Mrc-r04 (- 0.20),

Tns-i05 (0.21), Lbn-i05 (0.22)

  815GY vs. HD

P  0.01P  0.05SignificantTotal

Environments with significant correlations and

corresponding r values
Correlations (no.)Traits



Table S3. (Continued)

Itl2-r04 (0.23), Lbn-i04 (0.24),

Lbn-r05 (0.27), Itl2-r05 (0.28),

Tns-i05 (0.35), Tns-r05 (0.42)

Spn1-r04 (0.15), Lbn-i05 (0.17)  813PdL vs. TW

Spn2-r05(- 0.23), Spn1-r04 (0.20),

Tns-i05 (0.22), Itl2-r04 (0.32),

Tns-r05 (0.36), Lbn-r05 (0.39),

Itl2-r05 (0.55)

  711TKW vs. TW

Itl2-r04 (- 0.33), Itl2-r05 (- 0.53)Spn1-r04 (- 0.15), Spn2-r05 (- 0.14),

Itl1-r04 (0.16)

  511Kpsm vs. TW

Itl2-r04 (- 0.99), Lbn-i05 (- 0.97),

Itl2-r05 (- 0.95), Spn1-r04 (- 0.89),

Syr-r05 (- 0.87), Lbn-i04 (- 0.84),

Tns-i05 (- 0.82), Itl1-r04 (- 0.77),

Syr-i05 (- 0.73), Lbn-r05 (- 0.60),

Mrc-r04 (-0.54), Tns-r05 (- 0.45),

Lbn-r04 (- 0.39), Spn2-r05 (0.20)

1415Kpsm vs. TKW

P  0.01P  0.05SignificantTotal

Environments with significant correlations and

corresponding r values
Correlations (no.)Traits



2  73ALXcfa21933  62ASXgwm636

2  33ALXbarc694  92ASXbarc212

2

3

2

2

2

2

3

3

2

2

2

2

3

3

2

2

2

2

1

2

3

3

2

3

2

2

4

2

1

2

2

(no.)

Non-rare

alleles

3  33ALXgwm1620  21BLXgwm1355

4  63ALXwmc264  31BLXgwm140

2  33ALXgwm1159  51BLXcfa2086

2  23ALXcfa2262  21BLXcfd251-1

1  53ALXgwm1038 b  72ASXwmc177

Xbarc1113

Xwmc388-2

Xwmc664

Xcfa2234

Xbarc45

Xbarc12

Xwmc532

Xwmc361

Xwmc356

Xgwm1027

Xgwm846-2

Xgwm1070-1

Xwmc332

Xgwm47-1

Xwmc175

Xgwm120

Xbarc101-1

Xbarc55-1

Xbarc40

Xbarc183-1

Xgwm410-1

Xgwm265-1

Xgwm294

Xgwm1045

Xwmc522-1

Xgwm1198-3

SSR locus

3  93AS  41BLXgwm124

3  72BL  31BLXbarc81

3  32BL  81BLXgpw93013

3  32BL  41BLXwmc419

2  52BL  91BLXgwm131-1

2  72BL  21BSXcfd65

3  42BL  61BSXbarc8

4  52BL  51BSXwmc500-1

3  72BL  51BSXbarc128-2

2  42BL  31BSXwmc85-1

2  62BL  41BSXgwm33-2

2  32BL  31ALXbarc158-2

2  93AL  32ASXgwm1198-2

3  43AS  41BLXbarc80

3  73AS  31BLXwmc59-2

2  23AS  31BLXcfa2147-1

4  53AS  21BLXbarc188

4  62BS  21ALXbarc287

3  52BS  31ALXcfa2147-2

3  32BS  61ALXgwm497-1

3  32BS  81ALXbarc213

2  42AL131ALXcfa2129

3  52AL  81ASXwmc469

3  62AS  31ASXbarc119

3112AS  31ASXwmc24

3  52AS  31ASXgwm33-1

(no.)(no.)(no.)

Non-rare

alleles

Total

alleles

Chr.

location

Total

alleles

Chr.

location

SSR locus

Table S4. List of the 191 genomic SSR loci used to profile the 189 elite durum wheat

accessions (IDuWUE panel). For each SSR locus, the total number of alleles and the number

of non-rare alleles (i.e. with frequency  > 10%) are reported.



1  36ASXgwm82 b2  54BLXwmc89-1

1  36ASXgwm1296 b3  34BSXbarc340-1

3

5

4

4

2

2

3

2

2

2

3

2

3

2

1

2

1

1

3

2

2

2

2

3

3

2

3

4

2

2

4

(no.)

Non-rare

alleles

2  36ASXgwm459  24BSXgwm1278

2  66ASXgwm1009  64BSXwmc254

2  46ASXksum98  54BSXgwm856

1  36ASXbarc37 b  74BLXgwm165-1

3  46ASXbarc171  64BLXgwm495

Xgwm356

Xbarc232-2

Xbarc232-1

Xcfa2121

Xgwm408

Xwmc326

Xcfd7

Xwmc537

Xdupw205

Xgwm335

Xgwm410-2

Xwmc727

Xwmc524

Xcfa2141

Xgwm1570

Xbarc151

Xwmc388-1

Xbarc197

Xgwm1236

Xbarc360

Xgwm293

Xbarc303

Xwmc489-1

Xgwm1574

Xcfd54-1

Xgwm6

SSR locus

2  75BL  44ALXcfd31

2  25BL  24ALXwmc336

2  65BL  64ALXwmc161

2  35BL  44ALXbarc155

2  55BL  44ALXwmc468 b

2  25AL  64ALXgwm894

3  45AL  24ASXwmc89-2 b

2  25AL  24ASXgwm165-2 b

2  85AL114ASXgwm1093

2  55AL  63BLXgwm299

3  55AL  33BLXbarc84

2  35AL  23BLXksum157

2  46AL  74BLXgwm1084

2  25BL  54BSXbarc193

3  85BL  64ALXwmc313

2  35BL  34ALXwmc219

3  35BL  34ALXbarc78-2

2  85AL  43BLXbarc115

2  45AL  53BLXbarc164

2  95AL  63BLXbarc203

3  45AS  33BSXcfd4

2  25AS  43BSXgwm685

2  55AS  83BSXgwm779

2  45AS  53BSXbarc102

2  54BL  53BSXgwm493

4104BL  93ALXbarc1177

(no.)(no.)(no.)

Non-rare

alleles

Total

alleles

Chr.

location

Total

alleles

Chr.

location
SSR locus

Table S4. Continued



3

2

3

3

3

3

2

2

4

3

2

3

2

2

2

3

3

2

3

2

3

3

2

3

4

3

3

4

2

2

(no.)

Non-rare

alleles

3  57BLXbarc340-2127ALXcfa2123

3  67BLXgwm146107ALXwmc273-2

2  27BLXcfa2257-2  57ALXgwm344-1

2  37BLXgwm344-2  57ALXcfa2257-1

107ALXcfa2040-2

Mean

Xwmc526-2

Xwmc526-1

Xbarc50

Xbarc32-1

Xcfa2040-1

Xwmc273-1

Xwmc276

Xgwm611-2

Xgwm611-1

Xgwm577

Xwmc517

Xbarc278

Xbarc176 b

Xwmc396

Xgwm333

Xgwm297

Xbarc72 b

Xgwm46

Xgwm3019

Xgwm1184

Xgwm573

Xwmc182-2

Xgwm400

Xbarc1005 b

Xwmc323

SSR locus

3  77BL  77ASXwmc479

4  57BL  57ASXgwm735

4  57BL  56BLXwmc621

4  67BL  66BLXbarc134

4  67BL  56BLXgwm889-1

3107BL  86BLXgwm219

3  87BL  66BLXgwm1682

3  37BL  36BLXbarc198

1  77BL  66BLXgwm88-1

3  87BL  46BSXgwm193

3  77BL  66BSXbarc14

2  57BS  76BSXgwm518

2.5  5.1

3  57BL  37ALXwmc488

3  57BL  57ASXbarc174

2  27BL  77ASXwmc179

3  77BL  67ASXgwm1187

1  37BS  56BSXgwm494

2  87BS  46BSXwmc486

3  57BS  56BSXdupw217

2  57BS  86ALXdupw167

4  57BS  46ALXgwm617-1

4  57BS  86ALXcfa2114

4  57BS  96ALXgwm1017

1  37BS  56ALXwmc553

4  87BS  36ALXwmc256

(no.)(no.)(no.)

Non-rare

alleles

Total

alleles

Chr.

location

Total

alleles

Chr.

location
SSR locus

Table S4. Continued



Table S5. Allele frequencies at VRN-A1 (intron 1 region), Ppd-A1 and Rht-B1 in the IDuWUE panel and in the

five subgroups (from S1 to S5) obtained with the model-based clustering method.

Plant heightPhotoperiod-Vernalization-

0.91

0.77

0.04

0.45

0.00

0.50

insensitive

1,117 bp

deletion

0.09

0.05

0.34

0.25

0.00

0.17

insensitive

1,027 bp

deletion

0.00

0.18

0.62

0.30

1.00

0.33

sensitive

Wild-type

Ppd-A1

0.960.041.000.00  24 S5 e

0.950.051.000.00  58 S4 d

1.000.001.000.00  30 S3 c

0.900.100.930.07  61 S2 b

0.130.870.870.13 16 S1 a

Subgroups

0.870.130.970.03189Entire panel

SemidwarfTallinsensitivesensitive

RhtB1bRhtB1aVrn-A1cvrn-A1

RhtB1VRN-1

(intron 1 deletion)

Accession

(no.)

Germplasm

a ICARDA germplasm for dryland areas (founder: Omrabi 3).
b ICARDA germplasm for temperate areas (founder: Cham 1).
c  Italian and early ’70 CIMMYT germplasm (founders: Valnova, Mexicali 75).
d CIMMYT germplasm (late ’70 – early ’80; founders: Yavaros 79, Karim).
e CIMMYT germplasm (late ’80 – early ’90; founders: Altar 84, Gallareta ).



Table S6. Phenotypic least square means (GLM) for the frequent allelic variants (indicated as A

followed by a number) of some of the most valuable SSR-trait associations. Codes of environments are

listed in decreasing order based on their mean grain yield values. High-, medium- and low-yielding

environments are reported in bold, italic and regular font, respectively. Allelic mean values are reported

only for the environments showing significant marker-trait associations.

a)  Xwmc469  (chr. 1AS)

81.781.037.737.0Lbn-r04

Low-yielding

76.175.735.235.1Lbn-r05

81.481.137.036.9Lbn-i04

75.374.327.527.9Tns-r05

Medium-yielding

81.180.232.732.6Itl2-r05

78.778.240.640.2Itl2-r04

70.669.744.243.8Itl1-r04

78.978.333.233.6Tns-i05

High-yielding

A7A2A7     A2

Test weight

 (kg hl-1)

  Thousand kernel weight

   (g)

Environment

b)  Xbarc213  (chr. 1AL)

26.327.13176  32605.25.6Spn2-r05

36.537.45704  58009.19.0Lbn-r04

36.538.57580  7282--Mrc-r04

Low-yielding

38.238.8  9286  8761--Mrc-i04

34.035.1106541042911.611.6Lbn-r05

35.936.7116011140214.414.3Lbn-i04

26.327.1169631666518.017.5Tns-r05

Medium-yielding

44.545.5127151246815.116.1Lbn-i05

30.831.2183331822913.813.6Itl2-r05

37.439.2149581455218.718.7Itl2-r04

42.744.7147821432420.720.3Spn1-r04

42.744.4157031539717.717.5Itl1-r04

32.033.5207672016018.017.9Tns-i05

High-yielding

A7A5A7A5A7A5

Thousand kernel weight

(g)

Kernels m-2

(no.)

Peduncle length

(cm)

Environment

Least square means reported in underlined and in bold underlined font refer to marker-environment
associations significant (marker-wise level) at P 0.05 and P 0.01, respectively. Values reported in red
bold underlined are significant at the experiment-wise level.



c)  Xbarc287  (chr. 1AL)

38.139.1  5949  5521Lbn-r04

39.040.2  7095  6947Mrc-r04

Low-yielding

39.139.5  8734  8465Mrc-i04

35.536.21038810258Lbn-r05

37.438.31135611037Lbn-i04

27.427.81681816340Tns-r05

37.739.11203211652Syr-r05

Medium-yielding

33.034.51760516920Itl2-r05

33.333.81505914641Syr-i05

41.042.71408413709Itl2-r04

45.947.61415813717Spn1-r04

High-yielding

A2A1A2A1

Thousand kernel weight

(g)

Kernels m-2

(no.)

Environment

d)  Xcfd65  (chr. 1B centromeric)

81.281.636.937.0114561139814.414.7Lbn-i04

76.076.135.235.5103261017111.611.5Lbn-r05

75.475.527.027.7168401655317.518.5Tns-r05

  -  -37.038.1121381168913.814.3Syr-r05

Medium-yielding

81.281.532.533.5178171746013.614.7Itl2-r05

79.679.845.346.5144131383820.321.0Spn1-r04

70.770.544.044.8156621566117.519.1Itl1-r04

78.879.332.533.9209242035917.718.7Tns-i05

High-yielding

A2A1A2A1A2A1A2A1

Test weight

(kg hl-1)

Thousand kernel

weight

(g)

Kernels m-2

(no.)

Peduncle length

(cm)

Environment

Table S6. (Continued)

Least square means reported in underlined and in bold underlined font refer to marker-environment
associations significant (marker-wise level) at P 0.05 and P 0.01, respectively. Values reported in red
bold underlined are significant at the experiment-wise level.



f)  Xcfa2086  (chr. 1BL)

22.1  22.3  9.3    8.9111.3110.7Lbn-r04

27.9  27.6  -    -103.0101.0Mrc-r04

Low-yielding

33.7  35.9  -    -108.6107.6Mrc-i04

36.8  36.711.6  11.8107.6106.9Lbn-r05

42.2  42.514.3  14.4142.0141.3Lbn-i04

45.0  45.214.2  13.0136.9136.0Syr-r05

Medium-yielding

56.0  56.019.8  19.0106.9106.5Lbn-i05

57.5  58.313.7  13.2143.8143.2Itl2-r05

64.8  65.020.4  19.7121.2120.6Spn1-r04

68.6  69.317.7  16.8173.9173.0Itl1-r04

68.1  69.317.7  17.9  99.8100.4Tns-i05

High-yielding

A5A4A5A4A5A4

Grain yield

(q ha-1)

Peduncle length

(cm)

Heading date

(d)

Environment

Least square means reported in underlined and in bold underlined font refer to marker-
environment associations significant (marker-wise level) at P 0.05 and P 0.01, respectively.
Values reported in red bold underlined are significant at the experiment-wise level. When
significance was detected for loci with three or more non-rare alleles, the least significant
difference between the allele means was calculated: means followed by different letters are
significantly different.

e)  Xwmc419  (chr. 1BL)

10.8 c11.6 b12.5 a64.365.665.3Lbn-r05

12.9 b13.7 b15.0 a81.986.387.7Itl2-r05

  -  -  -  -  -  -Mrc-i04

14.1 b14.4 ab14.8 a81.6 c83.6 b86.1 aLbn-i04

17.317.719.287.1 c91.0 b94.6 aTns-r05

13.614.715.379.1 b83.0 a83.2 aSyr-r05

Medium-yielding

14.2 c15.2 b16.4 a77.778.977.8Lbn-i05

18.0 c19.3 b20.6 a87.390.290.4Syr-i05

17.7 b18.9 b20.5 a77.2 b79.6 ab81.0 aItl2-r04

18.9 c20.2 b21.8 a86.3 c91.5 b93.5 aSpn1-r04

15.8 c17.5 b20.3 a76.2 b81.3  a83.7 aItl1-r04

16.717.918.486.9 c91.2 b94.5 aTns-i05

High-yielding

A3A2A1A3A2A1

Peduncle length

(cm)

Plant height

(cm)
Environment

Table S6. (Continued)



77.276.976.828.227.427.83318331532725.65.65.652.4 b52.1 b53.0 a120.5121.0120.9Spn2-r05

  -  -  -38.538.038.557985883587010.3 a9.6 b9.1 b67.266.566.4139.73140.8140.7Lbn-r04

  -  -  -40.139.239.3705772086978  -  -   -  -  -  -99.1 b102.1 a102.4 aMrc-r04

Low-yielding

  -  -  -40.239.239.3893988658419  -  -  -  -  -  -106.2 b108.1 a108.5 aMrc-i04

76.6 a76.1 b76.3 b36.2 a35.4 b35.8 b10242103441035612.9 a11.8 b11.6 b66.765.965.8106.3 b107.2 a107.4 aLbn-r05

81.681.581.535.737.136.211077112891135514.8 a14.4 b14.5 b84.383.182.9140.5 b141.6 a141.6 aLbn-i04

76.075.375.228.5 a27.3 b27.7 b16525167791630520.0 a17.7 b17.7 b97.4 a89.9 b87.9 b99.399.099.4Tns-r05

  -  -  -39.6 a36.9 b37.9 b11467 b12225 a11897 a15.7 a14.2 b13.8 b87.1 a81.7 b80.6 b134.9 b136.5 a136.6 aSyr-r05

Medium-yielding

80.580.580.545.745.646.512226123501214217.6 a16.0 b16.1 b80.379.479.3106.2106.7106.7Lbn-i05

82.0 a81.2 b81.3 b34.9a32.7 c33.9 b16917 b17668 a17359 a16.0 a14.0 b13.7 b90.7 a86.4 b85.8 b143.0143.5143.6Itl2-r05

---41.4 a38.8 c40.0 b14661150631475621.3 a20.0 b19.1 b96.1 a90.9 b88.4 b109.9110.3110.7Syr-i05

79.178.878.542.941.142.413664140691375920.4 a19.1 b17.9 b82.480.279.5110.2111.1111.1Itl2-r04

80.379.779.347.945.846.813605 b14272 a13987 a22.3 a20.7 b20.0 b96.8 a91.8 b90.5 b120.5121.0120.9Spn1-r04

71.370.870.645.544.544.915425155771547120.2 a17.9 b17.4 b97.2 a81.7 b81.3 b172.9173.7173.7Itl1-r04

79.5 a78.9 a78.0 b36.4 a33.1 b33.5 b18907 b20543 a20651 a18.017.817.597.6 a90.7 b88.4 b  96.2  99.4100.1Tns-i05

High-yielding

A5A4A2A5 A4 A2A5A4A2A5A4A2A5A4A2A5A4A2

Test weight

(kg hl-1)

Thousand kernel

weight

(g)

Kernels m-2

(no.)

Peduncle length

(cm)

Plant height

(cm)

Heading date

(d)

Env.

g)  Xgwm294  (chr. 2AL)

h)  Xgwm410.1  (chr. 2BS)

21.922.822.781.581.681.736.2 b37.7 a37.8 aLbn-r04

27.428.027.8    -    -    -36.8 b38.5 a38.8 aMrc-r04

Low-yielding

36.937.236.875.8 b76.3 a76.2 a34.4 b35.5 a35.4 aLbn-r05

42.8 a43.1 a42.3 b81.181.281.436.637.237.1Lbn-i04

Medium-yielding

56.256.556.080.480.580.544.5 b47.0 a45.9 abLbn-i05

57.858.257.980.6 b80.7 b81.1 a31.6 b32.1 a32.9 aItl2-r05

56.3 b59.2 a58.2 a  -  -  -35.9 b37.4 a37.2 aSyr-i05

58.058.058.078.278.478.738.9 b40.6 a40.7 aItl2-r04

64.365.465.079.2 ab78.8 b79.6 a45.245.245.3Spn1-r04

68.3 b69.0 a69.0 a69.7 b70.5 a70.5 a43.444.344.1Itl1-r04

High-yielding

A3A2A1A3A2A1A3A2A1

Grain yield

(q ha-1)

Test weight

(kg hl-1)

Thousand kernel weight

(g)

Environment

Least square means reported in underlined and in bold underlined font refer to marker-environment
associations significant (marker-wise level) at P 0.05 and P 0.01, respectively. Values reported in red bold
underlined are significant at the experiment-wise level. When significance was detected for loci with three or
more non-rare alleles, the least significant difference between the allele means was calculated: means
followed by different letters are significantly different.
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i)  Xgwm47.1  (chr. 2BL)

40.8 a40.6 a39.2 b6969 b6772 a7154 a  -  -  -  -  -  -Mrc-r04

Low-yielding

35.035.735.310275102481038012.3 a11.8 b11.7 b66.865.866.0Lbn-r05

37.2 b38.6 a37.3 b11219 a10821 b11292 a14.514.214.384.782.683.7Lbn-i04

28.228.427.416511165401676718.617.817.797.8 a91.9 b91.0 bTns-r05

37.837.937.211807117911211015.8 a13.7 b14.3 b87.4 a82.8 b81.7 bSyr-r05

Medium-yielding

33.0 b34.7 a32.6 b17306 a16916 b17680 a15.6 a14.4 b13.8 b92.5 a87.6 b87.0 bItl2-r05

39.840.038.714697148251516121.319.819.996.5 a92.9 b91.8 bSyr-i05

41.442.341.214011137841407119.9 a18.0 b18.8 ab82.481.280.7Itl2-r04

45.747.346.014153138761415321.2 a19.8 b20.5 ab93.890.891.4Spn1-r04

45.446.444.815219149451548919.1 a17.3 b17.8 b83.180.982.0Itl1-r04

34.835.033.216203 b19638 a20579 a19.619.118.498.8 a92.9 b91.9 bTns-i05

High-yielding

A7A6A2A7A6A2A7A6A2A7A6A2

Thousand kernel weight

(g)

Kernels m-2

(no.)

Peduncle length

(cm)

Plant height

(cm)
Environment

j)  Xcfa2234  (chr. 3A)

40.039.1  6989  7157Mrc-r04

Low-yielding

38.337.31111711349Lbn-i04

38.136.91183112232Syr-r05

Medium-yielding

34.033.11707817503Itl2-r05

39.438.51500815202Syr-i05

42.741.11368814060Itl2-r04

34.533.41986020460Tns-i05

High-yielding

A2A1A2A1

Thousand kernel weight

(g)

Kernels m-2

(no.)

Environment

Least square means reported in underlined and in bold underlined font refer to marker-
environment associations significant (marker-wise level) at P 0.05 and P 0.01, respectively.
Values reported in red bold underlined are significant at the experiment-wise level. When
significance was detected for loci with three or more non-rare alleles, the least significant
difference between the allele means was calculated: means followed by different letters are
significantly different.
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k)  Xgwm493  (chr. 3BS) 

9.39.377.476.75.75.652.952.5120.9120.9Spn2-r05

22.722.582.181.710.09.566.666.5140.7140.6Lbn-r04

Low-yielding

32.234.1  -  -  -  -  -  -110.9108.5Mrc-i04

36.536.876.676.212.411.776.880.2107.8107.4Lbn-r05

42.142.281.781.314.714.385.083.2141.3141.5Lbn-i04

44.145.675.475.416.917.694.089.6  98.8  99.1Tns-r05

45.144.9  -  -15.414.186.581.6137.3136.8Syr-r05

Medium-yielding

56.156.080.680.517.415.979.879.4107.0106.8Lbn-i05

81.781.257.757.815.213.987.486.1144.1143.6Itl2-r05

59.058.4  -  -20.819.691.790.7109.9110.3Syr-i05

58.058.079.578.820.818.782.080.0111.7111.2Itl2-r04

65.464.979.879.221.420.495.291.2121.9121.1Spn1-r04

68.068.970.270.619.317.785.981.6174.7173.7Itl1-r04

65.968.478.778.917.817.794.690.4  98.5  99.7Tns-i05

High-yielding

A4A3A4A3A4A3A4A3A4A3

Grain yield

(q ha-1)

Test weight

(kg hl-1)

Peduncle length

(cm)

Plant height

(cm)

Heading date

(d)
Environment

l)  Xbarc193  (chr. 4BS)

9.5 a9.4 a8.6 b66.7 a66.7 a64.5 bLbn-r04

Low-yielding

11.3 b11.7 b10.9 a66.165.965.2Lbn-r05

14.414.414.481.9 a83.1 a80.0 bLbn-i04

17.417.617.285.4 b89.6 a83.4 bTns-r05

10.9 c14.3 a13.2 b80.781.977.8Syr-r05

Medium-yielding

13.914.013.484.7 ab86.5 a82.9 bItl2-r05

19.1 a19.9 a17.7 b88.4 a90.5 a84.6 bSyr-i05

18.6 a18.8 a16.7 b78.7 ab80.1 a77.1 bItl2-r04

20.4 a20.5 a19.1 b89.1 b91.3 b85.7 aSpn1-r04

17.217.816.979.2 ab81.7 a76.6 bItl1-r04

17.818.117.387.1 a90.4 a84.4 bTns-i05

High-yielding

A5A4A2A5A4A2

Peduncle length

(cm)

Plant height

(cm)

Environment

Least square means reported in underlined and in bold underlined font refer to marker-environment
associations significant (marker-wise level) at P 0.05 and P 0.01, respectively. Values reported in red
bold underlined are significant at the experiment-wise level. When significance was detected for loci
with three or more non-rare alleles, the least significant difference between the allele means was
calculated: means followed by different letters are significantly different.
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m)  Xgwm1278  (chr. 4BS)

22.121.537.638.2588856609.29.066.365.9Lbn-r04

27.827.938.639.672287074  -  -  -  -Mrc-r04

Low-yielding

36.136.735.135.7102711026711.711.165.465.4Lbn-r05

42.142.337.338.0112811114814.414.482.281.2Lbn-i04

45.946.127.327.6124071230317.917.090.487.8Tns-r05

44.945.336.638.2123021198014.414.082.681.6Syr-r05

Medium-yielding

57.558.032.533.0177251767013.713.085.984.0Itl2-r05

57.057.838.439.7149211467919.318.590.188.7Syr-i05

58.058.039.941.3143911409218.917.879.978.6Itl2-r04

64.864.845.246.3143381407920.519.791.388.9Spn1-r04

68.369.543.645.3156311547517.817.181.580.0Itl1-r04

69.269.133.833.7205112048918.016.690.987.9Tns-i05

High-yielding

A2A1A2A1A2A1A2A1A2A1

Grain yield

(q ha-1)

Thousand kernel

weight

(g)

Kernels m-2

(no.)

Peduncle length

 (cm)

Plant height

(cm)

Environment

n)  Xbarc303  (chr. 5AS)

81.080.732.330.9178701844014.013.5143.6143.3Itl2-r05

  -  -38.637.273067584  -  -102.8101.8Mrc-r04

Low-yielding

76.075.935.134.4104781056811.911.7107.2107.1Lbn-r05

81.481.237.436.3113731170214.514.2141.6141.6Lbn-i04

75.274.527.025.5168491739417.817.298.8101.1Tns-r05

  -  -36.534.5124151295819.919.5136.6136.5Syr-r05

Medium-yielding

80.480.638.637.0125581275715.815.4106.7106.5Lbn-i05

  -  -38.637.0151021554519.919.5110.1110.1Syr-i05

78.678.540.938.4141411471519.018.8111.3111.1Itl2-r04

79.279.245.343.1144621513020.820.1121.1121.0Spn1-r04

70.870.444.042.0157351614118.016.9173.6173.2Itl1-r04

78.978.632.330.9211692213917.518.0  99.5102.1Tns-i05

High-yielding

A2A1A2A1A2A1A2A1A2A1

Grain yield

(q ha-1)

Thousand kernel

weight (g)
Kernels m-2

(no.)

Peduncle length

(cm)

Plant height

(cm)
Environment

Least square means reported in underlined and in bold underlined font refer to marker-environment
associations significant (marker-wise level) at P 0.05 and P 0.01, respectively. Values reported in red
bold underlined are significant at the experiment-wise level.

Table S6. (Continued)



o)  Xbarc197  (chr. 5AL)

  9.4  9.333663369120.9120.9Spn2-r05

22.622.360215882142.3141.1Lbn-r04

26.527.569257066104.4102.8Mrc-r04

Low-yielding

41.642.31123911296143.0142.0Lbn-i04

43.645.71592816680  98.2  99.1Tns-r05

43.944.91166911989138.2136.9Syr-r05

Medium-yielding

57.457.81750517634144.4143.7Itl2-r05

56.358.41449015035111.3110.5Syr-i05

58.058.01414214116112.1111.4Itl2-r04

67.968.81528415426174.8173.9Itl1-r04

66.968.91989120678  98.6  99.6Tns-i05

High-yielding

A7A5A7A5A7A5

Grain yield

(q ha-1)

Kernels m-2

(no.)

Heading date

(d)

Environment

p)  Xgwm1570  (chr. 5AL)

37.838.9  7398  7189--Mrc-r04

Low-yielding

38.739.0  8836  8743  -  -Mrc-i04

34.335.3105331041212.311.8Lbn-r05

35.937.1116851140614.414.4Lbn-i04

26.227.1170511673717.817.7Tns-r05

35.437.1125331215315.414.8Syr-r05

Medium-yielding

43.745.7127791233416.415.6Lbn-i05

30.732.5183211777114.214.0Itl2-r05

36.638.4158731523220.519.8Syr-i05

39.040.7145371415918.918.8Itl2-r04

43.545.5149131430021.220.6Spn1-r04

41.944.1162471564717.917.8Itl1-r04

33.033.3209292054019.618.2Tns-i05

High-yielding

A5A4A5A4A5A4

Thousand kernel

weight

(g)

Kernels m-2

(no.)

Peduncle length

(cm)

Environment

Least square means reported in underlined and in bold underlined font refer to marker-environment
associations significant (marker-wise level) at P 0.05 and P 0.01, respectively. Values reported in red
bold underlined are significant at the experiment-wise level.
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q)  Xwmc256  (chr. 6AL) 

22.622.3140.8142.0Lbn-r04

27.927.7102.1105.9Mrc-r04

Low-yielding

34.432.7108.2110.2Mrc-i04

42.341.8141.7143.0Lbn-i04

44.944.5136.3138.2Syr-r05

Medium-yielding

57.657.7111.1112.3Itl2-r05

65.064.3120.9122.2Spn1-r04

69.067.3173.6174.7Itl1-r04

High-yielding

A3A2A3A2

Grain yield

(q ha-1)

Heading date

(d)
Environment

r) Xdupw217  (chr. 6BS)

9.09.38.977.376.877.327.327.927.2  3295  3338  3279Spn2-r05

22.022.921.981.681.881.737.938.037.2  5819  6035  5888Lbn-r04

28.228.130.0  -  -  -39.5a39.2ab38.1b  7179  7195  7356Mrc-r04

Low-yielding

34.034.134.1  -  -  -39.239.138.9  8680  8722  8776Mrc-i04

36.736.636.475.976.275.835.3a35.4a34.6b103981034410491Lbn-r05

42.342.142.681.381.481.537.6a37.1ab36.6b11271b11356b11590aLbn-i04

45.145.945.775.275.475.427.227.527.2165371668116778Tns-r05

45.644.944.9  -  -  -37.436.536.2122401233712382Syr-r05

Medium-yielding

55.6b56.1a55.8ab80.580.680.546.4a46.4a44.6b12105b12204ab12548aLbn-i05

57.457.657.581.081.380.932.9a33.1a31.6b17496b17468b18050aItl2-r05

57.8a58.7a56.7b  -  -  -37.838.338.0152791536915007Syr-i05

58.058.058.078.8a78.8a78.4b42.0a40.7b39.8c13847b14156a14364aItl2-r04

64.564.964.779.779.679.746.245.545.0140921429214386Spn1-r04

70.2a68.5b69.8a71.0a70.5b70.7ab44.544.443.5157891548115963Itl1-r04

67.668.368.578.879.079.034.933.433.0200652042720738Tns-i05

High-yielding

A5A4A1A5A4A1A5A4A1A5A4A1

Grain yield

(q ha-1)

Test weight

(kg hl-1)

Thousand kernel

weight

(g)

Kernels m-2

(no.)

Environment

Least square means reported in underlined and in bold underlined font refer to marker-environment
associations significant (marker-wise level) at P 0.05 and P 0.01, respectively. Values reported in red bold
underlined are significant at the experiment-wise level. When significance was detected for loci with three or
more non-rare alleles, the least significant difference between the allele means was calculated: means
followed by different letters are significantly different.
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s)  Xwmc494   (chr. 6BS)

75.9b75.9b76.6aSpn2-r05

Low-yielding

73.8c74.5b75.2aTns-r05

Medium-yielding

80.2b80.1b80.9aItl2-r05

79.0b78.8b79.4aSpn1-r04

78.2b78.3b78.9aTns-i05

High-yielding

A5A4A3

Test weight

(kg hl-1)

Environments

t)  Xbarc14  (chr. 6BL)

9.19.676.977.0  3285  338491.494.4Spn2-r05

22.421.181.781.8  5902  557166.367.1Lbn-r04

Low-yielding

33.932.3  -  -  8662  8260  -  -Mrc-i04

36.436.876.176.2103011040465.766.9Lbn-r05

42.141.581.581.6113021107282.884.1Lbn-i04

45.343.975.375.6165031602881.883.6Tns-r05

Medium-yielding

55.956.080.680.6123471246079.080.7Lbn-i05

57.457.281.281.8175261731786.187.5Itl2-r05

57.958.1  -  -151691497590.893.6Syr-i05

64.864.879.780.4142101417791.494.4Spn1-r04

68.966.970.770.9155961518381.482.6Itl1-r04

High-yielding

A5A3A5A3A5A3A5A3

Grain yield

(q ha-1)

Test weight

(kg hl-1)

Kernels m-2

(no.)

Plant height

(cm)

Environments

Least square means reported in underlined and in bold underlined font refer to marker-environment
associations significant (marker-wise level) at P  0.05 and  0.01, respectively. Values reported in red
bold underlined are significant at the experiment-wise level. When significance was detected for loci
with three or more non-rare alleles, the least significant difference between the allele means was
calculated: means followed by different letters are significantly different.
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u)  Xcfa2257.1  (chr. 7AL) 

77.977.127.827.6  3265  3322Spn2-r05

81.981.739.338.2  6015  5946Lbn-r04

  -  -40.439.4  6856  7086Mrc-r04

Low-yielding

  -  -39.539.2  8345  8623Mrc-i04

76.276.135.935.41030410346Lbn-r05

  -  -38.637.11186912192Syr-r05

Medium-yielding

80.480.546.746.01201412229Lbn-i05

81.581.334.533.31697917413Itl2-r05

  -  -40.038.71501115186Syr-i05

79.478.944.241.81337813918Itl2-r04

79.679.648.546.51354014047Spn1-r04

71.170.646.644.91509915435Itl1-r04

High-yielding

A4A3A4A3A4A3

Test weight

(kg hl-1)

Thousand kernel

weight (g)

Kernels m-2

(no.)
Environment

v)  Xgwm333 (chr. 7BL)

77.5 b76.8 c78.9 a27.727.626.9327833063086121.0121.0121.0Spn2-r05

81.3 b81.7 a81.9 a36.6 b37.8 a36.9 b6517 a5970 b6497 a139.6 b140.7 a139.8 bLbn-r04

---38.339.038.27460 a7190 b7443 a99.8102.399.6Mrc-r04

Low-yielding

---38.7 b39.1 a38.6 b887487619041107.1108.3107.2Mrc-i04

75.976.176.434.6 b35.3 a35.0 a105491030810212106.9 b107.4 a105.9 cLbn-r05

80.7 b81.4 a81.6 a35.7 c37.1 a36.2 b11747 a11367 b11523 a140.6 b141.6 a139.5 cLbn-i04

74.875.476.926.627.527.9172641669317402100.899.5102.0Tns-r05

---36.336.736.7124461227212159135.5136.5135.10Syr-r05

Medium-yielding

80.580.580.545.145.944.8125131228412459106.6106.9106.0Lbn-i05

80.781.181.631.0 b32.9 a32.2 a18347 a17598 b18000 a143.5143.7143.3Itl2-r05

---37.038.337.0208252048019756110.4110.6110.5Syr-i05

78.678.878.738.8 b40.9 a39.4 b146281412014498110.1111.1110.6Itl2-r04

79.1b79.7 b80.6 a43.5 b45.8 a46.4 a14764 a14214 b13519 c120.1 b120.9 a119.4 cSpn1-r04

70.970.771.442.1 b44.5 a44.2 a16268 a15558 b15578 b172.9173.5172.6Itl1-r04

High-yielding

A5A4A2A5A4A2A5A4A2A5A4A2

Test weight

(kg hl-1)

Thousand kernel weight

(g)

Kernels m-2

(no.)

Heading date

(d)
Environments

Least square means reported in underlined and in bold underlined font refer to marker-environment
associations significant (marker-wise level) at P 0.05 and P 0.01, respectively. Values reported in red bold
underlined are significant at the experiment-wise level. When significance was detected for loci with three
or more non-rare alleles, the least significant difference between the allele means was calculated: means
followed by different letters are significantly different.
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z)  Xgwm577  (chr. 7BL)

27.827.628.55.65.65.6121.0121.0121.0Spn2-r05

38.938.037.68.99.39.2143.6 a140.9 b141.2 bLbn-r04

40.439.238.9---107.7 a102.8 b103.2 bMrc-r04

Low-yielding

39.239.139.2---111.4 a108.5 b108.8 bMrc-i04

36.1 a35.2 b35.8 a11.4 b11.6 b12.0 a108.2107.4107.2Lbn-r05

37.737.436.914.314.314.7144.0 a141.8 b141.8 bLbn-i04

28.0 a27.4 b28.5 a15.7 c17.4 b18.3 a101.199.599.7Tns-r05

38.7 a36.7 b38.6 a15.8 a14.5 b15.9 a137.9136.5136.4Syr-r05

Medium-yielding

47.546.146.415.315.316.3107.1106.9107.2Lbn-i05

34.633.033.914.013.814.6144.3143.7144.0Itl2-r05

40.8 a38.4 c39.5 b18.6 b19.5 a20.4 a111.7 a110.6 b110.4 bSyr-i05

42.841.341.118.618.519.5113.8 a111.3 b111.6 bItl2-r04

47.045.945.620.820.221.0122.6 a121.1 b121.5 bSpn1-r04

46.844.644.118.017.618.4176.1 a173.7 b173.9 bItl1-r04

33.633.334.016.318.018.298.7100.199.5Tns-i05

High-yielding

A5A4A2A5A4A2A5A4A2

Thousand kernel weight

(g)

Peduncle length

(cm)

Heading date

(d)

Environments

w)  Xwmc276  (chr. 7BL) part 1

8.7 b8.8 b9.7 a9.4 a65.9 b65.6 b67.4 a66.5 bLbn-r04

--------Mrc-r04

Low-yielding

--------Mrc-i04

11.711.512.211.765.365.665.665.9Lbn-r05

14.313.914.314.482.7 b82.6 b84.5 a83.2 aLbn-i04

15.716.217.317.487.588.491.490.5Tns-r05

14.814.515.514.780.4 b81.4 b83.4 a81.9 bSyr-r05

Medium-yielding

16.2 a15.2 b16.7 a15.6 b78.577.878.978.9Lbn-i05

13.713.614.413.983.985.087.286.4Itl2-r05

19.018.419.719.690.389.291.490.9Syr-i05

18.9 b18.3 b20.7 a18.9 b76.6 c78.7 b82.3 a80.2 bItl2-r04

20.2 b20.0 b21.9 a20.5 b90.9 b90.4 b94.1 a91.5 bSpn1-r04

17.7 b17.2 b20.0 a17.8 b79.4 b80.6 b84.3 a81.8 bItl1-r04

High-yielding

A5A3A2A1A5A3A2A1

Peduncle length

(cm)

Plant height

(cm)

Environments

Least square means reported in underlined and in bold underlined font refer to marker-environment
associations significant (marker-wise level) at P  0.05 and P 0.01, respectively. Values reported in red
bold underlined are significant at the experiment-wise level. When significance was detected for loci
with three or more non-rare alleles, the least significant difference between the allele means was
calculated: means followed by different letters are significantly different.
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21.822.021.822.481.881.481.281.75738581258585910Lbn-r04

26.4 b26.7 b26.9 b27.7 a----6725677469127109Mrc-r04

Low-yielding

32.332.932.633.9----8226843983718675Mrc-i04

37.237.236.536.676.176.076.176.110400103561019010341Lbn-r05

41.6 a41.9 a41.2 b42.1 b81.581.281.381.410942109761098411292Lbn-i04

43.644.944.245.675.774.974.975.415579 b16064 a15465 b16484 aTns-r05

45.045.244.144.9----11987 a12034 a11570 b12185 aSyr-r05

Medium-yielding

56.156.055.855.980.580.380.480.512309122671218212240Lbn-i05

57.057.257.057.581.8 a80.8 b80.9 b81.2 a16912172861685117419Itl2-r05

58.1 a57.1 b55.8 c57.9 b----15049148751448115124Syr-i05

58.058.058.058.078.978.378.578.813771137461395714038Itl2-r04

65.665.062.864.879.2 a78.4 b78.7 b79.5 a14225 a14125 a13879 b14180 aSpn1-r04

69.069.967.868.869.770.370.370.515557153991529315506Itl1-r04

High-yielding

A5A3A2A1A5A3A2A1A5A3A2A1

Grain yield

(q ha-1)

Test weight

(kg hl-1)

Kernels m-2

(no.)
Environments

 w)  Xwmc276  (chr. 7BL) part 2

Least square means reported in underlined and in bold underlined font refer to marker-environment
associations significant (marker-wise level) at P  0.05 and  0.01, respectively. Values reported in red bold
underlined are significant at the experiment-wise level. When significance was detected for loci with three or
more non-rare alleles, the least significant difference between the allele means was calculated: means
followed by different letters are significantly different.
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