HREYFIM 2025,45(6):749—763
Journal of Triticeae Crops doi: 10.7606/j.issn.1009-1041.2025.06.05

[ £ H i B[] < 2025-05-19
[0 2% R Ik < heeps: //link. enki. net/urlid/61. 1359. S. 20250516, 1515. 002

R 2 RAR S AR 4 I DR AH G I 23 B

PR K T E, A B,
EER B ERA, T g

. HHR A T RS Y % E SR/ 5 A 1 i 2 o B 5 R 5003 8 S0 s, Holt 220 7300705
2. H A R 2 A 2 B, H 22 7300705 3. H R Al K24 2B i B4 5 AR 2= e, Ol 221 730070)

OB AR 240K E DA (RO AMA A B K& 40K SNP %R 7 A AR 4.5t d — 45 &
B SAREBERITE L, A T RA L MAA (mixed linear model, MLM) # 47 4 2 B 41 £ 3 5 #7 (ge-
nome-wide association study, GWAS), R Z A .SA T ZRELMBRKRH ZNEE S A, /£ )8 Admixture A4
240 K A B A (R RIEGH AR BB FTEHKREMON 240 A H K E S 4 10 A BB, GWAS b
F I8 A Ekd BE . ER AR ER L0 B RERX REEFFTEEZFMA SNP 125, 5
A 1H.2H.3HAH.5H.6H #= 7TH # &4k L, 3 7 6 A~ SNP 42,5 7T B o 42 4] % AR £ MK, 2 A SNP £
ETRMEHNIAREMK, LT 24405 SNPAZ &2t 5o QTL, L P44k & e QTL A 2 A, 22 %
QTLA 1IN X QITLH 2 A A EHK QTL A2 A B4 EH QTL A 1 AN kK QTL A 4 A, &k
FQTLAI0A, FEEQTLASA, ERXRFFAAIREET AELM QTL A 1AM & K AR5 EH
Fo RN ERRE—ANTELEALEQTLEL . LA 4 ANAREBERSFEBARELERAN QTL 2 5 ¥, #
FABEIMER ABEFLELFTH IS0k CAKAERLRE L IH2H.3H4H S H A 6H £ &4k L £ F
KERL2ARE A THA LA Blast AHEHFLFAI 2ARATREXRENAEARLA TS TR AL 091ZL

EA,
KB KA RE MR AR B4 LB 5 4SNP 472 ;QTL
FE 4 ZES:S512.3;S330 XEKERIRAD : A XEHE:1009-1041(2025)06-0749-15

Genome-Wide Association Study of Major Agronomic Traits in Barley

YAO Lixia'?, LIU Liping'*, WAN Guangyou''’*, WANG Huajun'>, WANG Juncheng'*,
YAO Lirong'*, LI Baochun'®, MENG Yaxiong'*

(1. Key Laboratory of Crop Science in Arid Habitats of Gansu Province/Key Laboratory of Crop Genetic Improvement and Germplasm
Innovation of Gansu Province, Lanzhou, Gansu 730070, China; 2. College of Agronomy, Gansu Agricultural University, Lanzhou,

Gansu 730070, China; 3. College of Life Science and Technology, Gansu Agricultural University, Lanzhou, Gansu 730070, China)

Abstract ;. In this study, 240 barley varieties(lines) were genotyped using barley 40K SNP microarrays,
and eight agronomic traits were characterized at two locations in 2022. Genome-wide association study
(GWAS) was performed based on mixed linear model. The results showed that the eight main agro-
nomic traits were normally distributed. The genotypes of 240 barley varieties after quality control
were analyzed for population structure using Admixture software, and the 240 materials were roughly
divided into 10 subgroups. A total of 118 SNP loci were detected by GWAS, which were significantly
correlated with plant height, spike length, awn length, productive tiller number, total tiller number,

kernel number, spike grain weight and thousand kernel weight. They are distributed on chromosomes
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1H, 2H, 3H, 4H, 5H, 6H, and 7H,

traits and two SNP loci simultaneously control three agronomic traits. One hundred and eighteen SNP

of which six SNP loci simultaneously control two agronomic

loci were identified corresponding to 24 QTLs, including two QTLs controlling plant height, one
spike length QTL, two awn length QTLs, two productive tiller number QTLs, one total tiller num-
ber QTL, four kernel number QTLs, ten spike grain weight QTLs, and eight thousand-kernel weight
QTLs. There was one stable QTL detected in both Huangyang and Yongchang environmental sites.
QTLs for plant height, spike length, productive tiller number and total tiller number existed only in
one environmental site, while the remaining four agronomic traits existed in different QTLs in two en-
vironmental sites. Based on the results of association analysis, a total of 32 genes were identified on
chromosomes 1H, 2H, 3H, 4H, 5H, and 6H using the range of 150 kb upstream and downstream of
the significant loci as the confidence interval, and a total of two candidate genes were screened based

on the previous studies and Blast gene annotation, which were the most likely to be related to the

growth and development of barley.
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Table 1 Barley materials in this study
5 MRS K 73] H5 MR K 73]
Code  Accession Source Row type | Code Accession Source Row type
S1  ZY5-130R2218 [ N Domestic 2 S121 7Kk 4026 Qingyong 4026 [H N Domestic 2
S2  27-22VR24W [®4h Foreign 2 S122  #i4 K 2 Zhenongda 2 [H N Domestic 2
S3 ZY51-iiZ 15 ZY51-Pumai 1 [H N Domestic 2 S123 % 32/1 America 32/1 [ 4h Foreign 2
S4 ¥ JLFEHF Faerfeite [E N Domestic 2 S124  #i4k 15 Zhenong 15 [E 4 Domestic 2
S5 H W 35 Ganpi 3 M Domestic 2 S125 %19 Jian 19 & 4 Domestic 2
S6 #EKk#E Huangmangdamai E N Domestic 6 S126 08 5-288 08]ing-288 [ N Domestic 6
S7 4t 88 Beiqging 88 & N Domestic 6 S127 08 5-319 08]Jing-319 [# N Domestic 6
S8 ZDMO04263 [# 4 Domestic 2 S128 7 426 Qing426 [E 4 Domestic 6
S9  ZY61-2141V005W E M Domestic 2 S129  ¥§-2915 Xi-2915 [E N Domestic 6
S10 0010-18 [# 4} Foreign S130 3% 42 America 42 [® #h Foreign 6
S11  ZY25-K11-DAMA [H 4 Domestic 2 S131 3 37 America 37 [E 4h Foreign 2
S12 2 22 America 22 [# 4} Foreign 2 S132 08 %t-306 08]ing-306 [# N Domestic 2
S13 3£ 25 America 25 [# 4} Foreign 2 S133 5 19 America 19 [E 4} Foreign 2
S14  3WNG [ #h Foreign 2 S134 k& 75 Zhudamai 7 [# A Domestic 2
S15  ZDMO04810 A Domestic 6 S135  JH# 02 Zhoumai 02 & Domestic 2
S16 ZDMo08190 E N Domestic 6 S136  ZDMO01224 E N Domestic 2
S17  ZDMO01313 E P Domestic 6 S137 A% 35 Yangsimai 3 [# N Domestic 2
S18  ZDM06487 [ Domestic 2 S138 [ 145 Longpi 1 [E 4 Domestic 2
S19  ZDM05042 E N Domestic 6 S139  #RM 3 5 Supi 3 [ N Domestic 2
S20  ZDMO07388 M Domestic 2 S140 3£ 5 America 5 [E 4h Foreign
S21  ZDMO08135 E / Domestic 2 S141 R 2 %3 Kenpimai 2 [E 4 Domestic 6
S22 ZDMO03239 E N Domestic 6 S142 3£ 14 America 14 [# 4 Foreign 2
S23 ZDMO08088 [E N Domestic 6 S143  #h 5 08-12 Yanpin 08-12 [E P9 Domestic 2
S24  21099-2316 [# 4} Foreign 6 S144  ZY49-F§-2900 ZY49-Xi-2900 [# 4 Domestic 2
S25  ZDMO05475 N Domestic 6 S145 £ 18/1 America 18/1 [& 4 Foreign 2
S26  Z122VD24W N Domestic 2 S146 7 0059 Qing 0059 [ N Domestic 6
S27  ZY144-GO677 [/ Domestic 2 S147  # K4k # Huangchangjian barley [P Domestic 2
S28  ZY170-G068270180 [N Domestic 2 S148 % 1612 America 1612 [& 4 Foreign 2
S29  ZDMO08070 [H 4y Domestic 6 S149 % 17 America 17 & 4h Foreign 2
S30 M 3 5 Mengpi 3 & N Domestic 6 S150 08 5-0369-1 08]Jing-0369-1 [# N Domestic 2
S31  WDMO06805 [® 4h Foreign 6 S151 i EHR Schooner [# 4 Foreign 2
S32  Stem [# 4} Foreign 2 S152 3% 25 America 25 [E 4} Foreign 2
S33  WDMO00796 [# 4} Foreign 2 S153 08 %T-825 08]ing-825 [ Py Domestic 2
S34  WDM21804 [# 4} Foreign 2 S154  P§% 91-2 Xian 91-2 [E I Domestic 2
S35 Z220V015W [E 4 Domestic 2 S155  FRML 4 45 Supi 4 [E 4 Domestic 2
S36 WDM1950 [# 4} Foreign 2 S156 € 31/1 America 31/1 [E 4} Foreign 2
S37  ZZNN62660 [# P Domestic 2 S157 3£ 1 America 1 [E 4h Foreign 2
S38  ZDM6550 [ Domestic 2 S158  ZDMO03581 [ N Domestic 2
S39  ZDM5188 4 Domestic 2 S159  ZDM05863 E N Domestic 2
S40  ZDM6170 E N Domestic 6 S160  ZDM037S4107 [ N Domestic 2
S41  ZDMO08664 [E M Domestic 6 S161  ZDM02065 [# P4 Domestic 6
S42  ZDM10027 A Domestic 6 S162  ZDM00128 [ N Domestic 2
S43  ZYMT742 [E N Domestic 6 S163  ZDMO02894 [ P Domestic 2
S44  ZY164-BONC7-87 [ 4 Domestic 2 S164  ZDM00513 [E N Domestic 2
S45  ZYMO0974 [H 4 Domestic 2 S165 ZDM01798 [H N Domestic 2
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(4% 1 Continued table 1)

G5 MRS K 73] dS5 MR 3 I
Code  Accession Source Row type | Code Accession Source Row type
S46  ZY87-4891 E M Domestic 2 S166  ZDM6552 E 4 Domestic 2
S47  ZY45-1451035W [ N Domestic 2 S167  ZDMO09978 [ N Domestic 2
S48 WDMO0491 [E 4h Foreign 6 S168  ZDM5455 & N Domestic 6
S49  WDMO01953 & 4h Foreign 6 S169  ZDM10004 [E 4 Domestic 6
S50 ZDM10060 FEl N Domestic 2 S170  ZDM08845 [ N Domestic 6
S51  ZDM0404 E M Domestic 6 S171  ZDM10064 & 4 Domestic 6
S52  ZDM6470 [ N Domestic 6 S172 716 [H P Domestic 2
S53  ZDMO06415 [E M Domestic 6 S173  ZDM03637 [E M Domestic 2
S54  ZYM2510 E M Domestic 2 S174  ZDMO01278 [E N Domestic 2
S55  ZY121-9918-3 [H N Domestic 2 S175  ZDMO01419 [ M Domestic 6
S56  ZYMO0890 E M Domestic 6 S176  ZDM05244 [E 4 Domestic 6
S57  spettam [# 4} Foreign 2 S177  ZDMO01082 [# P9 Domestic 2
S58  ZDMO0004 E M Domestic 2 S178  ZDMO00062 [E 4 Domestic 2
S59  ZDM10038 E M Domestic 2 S179  ZD2751405 E N Domestic 6
S60  ZY62-86-5093 [H N Domestic 2 S180  ZDM5169 [ N Domestic 2
S61  ZEM 15 Mengpi 1 E M Domestic 2 S181  ZDM5187 & Domestic 6
S62  ZDM16414 [# N Domestic 2 S182  ZDM5166 [ 4 Domestic 2
S63  ZDM090075 E M Domestic 2 S183  ZDM390404 & Domestic 6
S64  ZDM5160 [ N Domestic 2 S184  ZDM5108 E N Domestic 6
S65 3 26 America 26 [E 4} Foreign 2 S185  ZDM9311 [E P9 Domestic 6
S66 8 Mei 8 [®4h Foreign 2 S186  ZDM5492 [H N Domestic 6
S67  ZDM6152 E N Domestic 6 S187  ZDMO01366 E N Domestic 6
S68  ZDM0400 E N Domestic 6 S188  ZDMO06162 & Domestic 6
S69  ZDM6401 E M Domestic 6 S189  #Ek 005 Suyan 005 [E 4 Domestic 6
S70 SR 4 5 Lepi 4 [® N Domestic 2 S190  ZDMo01201 [# 4 Domestic 6
S71  ZDM5199 E M Domestic 6 S191  ZDM20057W & Domestic 2
S72  ZDMO03645 El P Domestic 6 S192  ZY22-83 W-30 ZY22-83Guan-30  [E N Domestic 2
S73 ZDMO03835 [ 4 Domestic 6 S193  0020-4 [# #} Foreign 2
S74  ZDM04094 E 4 Domestic 6 S194  ZY9-3-096 [# N Domestic 6
S75  ZDM5453 [ N Domestic 2 S195 08 £T-309 08Jing-309 [E P9 Domestic 2
S76  ZDMO01837 [N Domestic 2 S196  EIY Baoji [ N Domestic 2
S77  ZDM515 [# N Domestic 6 S197  NFC-Tceeple [# 4h Foreign 2
S78 2 45 America 45 [E 4} Foreign 2 S198  12-plo8 [E #h Foreign 2
S79  ZDM5192 [E N Domestic 6 S199 MK EHEAE-1 Heidamaiyoubian-1  [E P Domestic 2
S80 RN a907 Wanshu a907 [® 4 Domestic 2 S200  WDMO06690 [® 4 Foreign 6
S81  ZDM5151 E M Domestic 6 S201  K# 11 Damai 11 E N Domestic 6
S82  20901M061M [# 4} Foreign 6 S202  WDMO06933 [#] #} Foreign 6
S83  MBHif K Huazhongnongda [P Domestic 2 S203  FEU 12 % Jiugi 12 [® N Domestic 6
S84 12-D3928888 [H4h Foreign 2 S204  12-PR40-K# 12-PR40-Damai [ 4h Foreign 6
S85 08 %%-118 08Jing-118 & P Domestic 2 S205  ZY157-60477071v [E 4 Domestic 6
S86 08 H-222 08]ing-222 N Domestic 2 S206  Z140v015w [# N Domestic 2
S87 L2 Dan 2 [ N Domestic 2 S207 P 0807-36 Nei 0807-36 [H Iy Domestic 2
S88 08 Z-329 08Jing-329 [E M Domestic 2 S208  9910-49 [E4h Foreign 2
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(4% 1 Continued table 1)
W5 MEARR k5 131 d5 MR E3A wIE
Number Accession Source Row type || Number  Accession Source Row type
S89  HML 5 5 Ganpi 5 [# N Domestic 2 S209  ZY102-ResEARCN [# A Domestic 6
S90  EIJpIT 123 Heilongjiang 123 [E N Domestic 2 S210  ZY46-JE%F 36 ZY46-Feite 36 [# N Domestic 2
S91 % 58288 E 58288 [E N Domestic 2 S211  8810-31-3 [E 4 Foreign 2
S92 08 5t-P48 08Jing-P48 E M Domestic 2 S212  ZYMO0031 [ N Domestic 2
S93  ZYM963 E M Domestic 2 S213  WDMO05667 & 4h Foreign 6
S94  2019-DM-0119 E M Domestic 2 S214  ZY95-04R1213 E N Domestic 2
S95 &+ "4 Fushi 2 [E 4 Foreign 2 S215  2019-DM-0132 & 4 Domestic 2
S96  12-03101 [E 4 Foreign 6 S216  ZY07-Z0260151R & 4 Domestic 6
S97  dt#E 1 5 Beiging 1 [E A Domestic 6 S217  SCARLETT [E 4} Foreign 2
S98  ZYP4-7033120555 E M Domestic 2 S218  ZY71-Z141V027W [E N Domestic 2
S99 015-F S+ 015-Baodan [ N Domestic 2 S219  ZDMO0630 [ N Domestic 2
S100 80544 [# 4} Foreign 2 S220  TDCADA [® 4} Foreign 2
S101 £} 15 Danging 1 [E A Domestic 2 S221  F+:1A 3 Carlsberg 3 [E 4} Foreign 2
8102 JI|4¢ K 55 Chuannongda 5  [® P Domestic 2 S222  ZY56-BYTCT18 [E P Domestic 2
S103 P 45 Danqing 4 [ N Domestic 2 S223  ZYMO0207 [E Py Domestic 2
S104  ZYMO00957 P Domestic 6 S224 3% 3312 America 3312 [# 4} Foreign 2
S105  F+# 2 %5 Zhoumai 2 E P Domestic 2 S225  ZY86-BONT36 [# 4 Domestic 2
S106 120 [E 4h Foreign 2 S226  ZY51-0014-28 [ N Domestic 2
S107 3£ 20 America 20 [# 4} Foreign 2 S227 {13 Germany 13 [#] #} Foreign 2
S108 3£ 25/1 America 25/1 [®4h Foreign 2 S228  ZY43Y0661V [E 4 Domestic 2
S109 =M 45 Yunpi 4 [ N Domestic 2 S229 08 H-307 08]ing-307 [# Py Domestic 2
S110 3 15 America 15 [€ 4} Foreign 2 S230  MAPDMMA [#] #} Foreign 2
S111 08 %-341 08]Jing-341 [# N Domestic 2 S231  ZY1153-2122V072W [# Py Domestic 2
S112 % 4/1 America 4/1 [# 4h Foreign 2 S232  ZY716-99263 [# N Domestic 2
S113 #ig 2 5 Xinpi 2 [ N Domestic 2 S233  0010-13 [E 4} Foreign 2
S114 3% 4 America 4 [® 4h Foreign 2 S234 4 6 Hua 6 [# N Domestic 2
S115 % +:1f 1 Carlsberg 1 [E 4 Foreign 2 S235 08 F-3599 08]ing-3599 [ N Domestic 2
S116  J5M 6 5 Supi 6 E N Domestic 2 S236 08 #1-318 08]ing-318 [# N Domestic 2
S117 08 i-211 08]Jing-211 E M Domestic 2 S237  8967-BONCT6S & 4h Foreign 2
S118  Bi4E 44 Mott 44 [E 4 Foreign 6 S238  Z141V055W [ N Domestic 2
S119 B KZFE Maodamai [ N Domestic 6 S239  12-D320-08 5T 12-D320-08]ing [ N Domestic 2
S120  J% 09026 Long 09026 N Domestic 6 S240 08 HL-¢69 08Jing-c69 [# N Domestic 2
37°47 ND IR G K s VEAT B R . B0 AL R I b AT 7 22 53 A 4 Ge it o A, B A PR B BOE 1
SATATKIEE R 1.2 m, BAT 5% 30 Fifh T, 17 1 Ry e 2 A
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Rl PR AP AT, A E ST 0.5 m, H [E] K IE 48
B HLUE Bl A RS R A B Y 5 0 M K A
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X BRI AT G v b BRI R 2 L R FSPSS 22. 0
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B, fH Ul‘)untu‘ Jﬁi?ﬁ%%?u%ﬁ?i’]ﬂ%}p LD de- 9 %%éj\ﬁﬁ
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A3 (PCA) 43 B 3845 32 5315 3 3% . il 1 Kinship BS, RRERANBR K EEGRTEERN A 5 R
Sy BTARAR RGO R MR (K 45 M) 8 R el 5K, 43 3y 38. 56 %6 F1 35. 99 % (5 3£ . 36. 21%
PCA FZEZ S ZME . I Admixture X OCHERE A1 31, 35%0 (o B, Ud B AT 250 43 BE B0 7E 2 AL Mk
TR UEAT BRI ZE K4 2 AT FE 2 I BER 2 # 4r BIT 1AL LA S R R RIS K TR
1.7 &EBEAXESHT WA 5 R BN, 00k 13, 31% F1 15, 94 %

LA TASSEL 5. 0 3fF 43 #4421 1Y 32 143 44 (FEF).13. 84 % F1 14. 09% (K B, 36 8] T4 &
O 2 MR 5 06 2R AR D A8 R AT 3 IR A 4R ORETE L o Y 1 N o AT s S LB A 2 A
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Table 2 Descriptive statistics of eight agronomic traits and phenotypes of the tested materials

- B¥ PH/cm SL/em AL/cm PTN TTN KN SGW/g TKW/g

R EE =z

Type Parameter — ppy ye HY YC HY YC HY YC HY  YC HY  YC HY YC HY  YC
S Mean 54.11 58.41  8.60  8.90 10.90 12.17 21.00 21.60 23.11 23.79 25.16 26.66 1.18 1.39 47.69 48.80

% KMH Max. 70.00 77.4 13.00 18.00 23.50 20.00 65.00 60.00 67.00 64.50 37.60 42.00 2.07 3.27 74.97 66.60

TR E fie/ME Min, 32,00 24.00  2.70 4.00 6.00 6.67 5.50 6.00 7.50 8.00 14.00 12.00 0.63 0.57 30.56 18.90
Two-
rowed fr#fE2E SD 8.65  9.03  3.00 2.90 2.64 2.8 8.10 7.82 8.20 7.99 5.74 5.89 0.34 0.39 6.65 6.76
barley
% 2% Range 38.00 53.40 10.00 14.00 17.50 13.33 60.00 54.00 59.50 56.50 23.60 30.00 1.44  2.70 44.41 47.70

CV/ %

FHI{H Mean 63.16 63.38 10.00 12.00 8.30 9.35 17.00 16.70 18.50 19.02 ©50.06 ©56.46 2.11 2.34 43.00 44.30

15.99 15.46 35.00 33.00 24.10 23.51 39.00 36.20 35.48 33.58 22.82 22.10 28.54 27.85 13.94 13.80

% KfH Max. 80.90 89.33 21.00 18.00 14.00 14.50 28.00 30.00 29.50 33.67 75.90 75.00 3.87 3.18 58.80 60.90
ANHAE F/MME Min, 32.00 49.67  4.10 7.00 3.00 2.00 4.00 8.33 5.00 10.33 20.20 32.33 0.78 1.25 24.62 28.60

Six-
rowed bR SD 10,11 8.94 3.20 2.90 1.91 2.10 6.00 5.23 6.02 5.46 13.69 9.04 0.66 0.51 6.85 6.24
barley

7% Range 48.90 39.67 17.00 11.00 11.00 12.50 24.00 21.70 24.50 23.33 55.70 42.67 3.09 1.93  34.26 32.40

CV/ % 16.02 14.11 32.00 25.00 23.00 22.46 36.00 31.40 32.53 28.72 27.35 16.01 31.50 21.93 15.94 14.10

HY: #3YCK B s PHAR R 5 SL K s AL 5 PTN A 200 B TTN £ 70 BEHG KN BORE £ SGW L BRI TRW . TRITE
T,

HY: Huangyang; YC: Yongchang; PH: Plant height; SL: Spike length; AL: Awn length; PTN: Productive tiller number; TTN:
Total tillering number; KN: Kernel number; SGW: Spike grain weight; TKW: Thousand-kernel weight. The same in tables 3, 4, 6,
and 7.
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Table 3 Normal test of phenotypic character distribution

of the 240 barley materials in two environments
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5 RN HAEXT 240 f3 R Z MR Z AR 195 1
RO RIS B KA RO BER By
BER RO RORT TR H AR BR T E] | i A (RO [] L
PRI 5 R A CRO B EAE T A A B 22 5. T
RO E e ah B (RO [BIA7 A6 W 35 22 53 L 76 20 555 1)
LRHRIE S A (O EAE PR FE XS, &K
VLW RRL B 32 0 B (R B B 38 4% TR R 9 52 i 2
A2 AR AR A BRI A 52 0 LA K BR35 5 il (R
] B FL AR AN 35 5 ey 7 AR AR [ I 52 41

i £ 7% B T .
ek Skewness  MERERRoss ©pg - R AR 5 A AR B
UM A W R a2 swemwss
o o o o o o i1 Plink P 315 F 3 R R0 RC0 3847 T
— U, — U, — UL, o0 —U. 1o .V
. vor osl ol osr oo P B R S A B R RN T 560 BRAR R KT
N o o oes ose o 2090 2R LB K T 3000 1Y 6r A BA LA K SNP
) ) ) N . 8¢ .95 o
_ BRI T 200 AR e 245 51 138 634 i i i
PTN 0. 67 0. 47 0.97  0.95  0.98 o s . o
SNP #ric. QG i SNP fRICEH 22 5+
TTN 0.63 0.43 0.87 0.47  0.98 N s
BOR(FE5) N 13 194~24 662 4>, 4 3 [&] 1% 4
KN 0.98 0. 80 0.12 —0.64 0.98 N N
KJE 4 582. 73 Mb, ARicF X% & g4 Mb 30. 11
SGW 0.99 0.68 0.96 —0.46 0.79 4\(%‘:{5)0 EEP,SH%@M:J:%E%j(’ZLH %@
TKW 0.08 —0.63 0. 95 0. 94 0. 96 1ZI§J:%TFEEL/J\
BB/ o
R4 40 BKREMBREERNFTESN
Table 4 Variance analysis of agronomic traits of the 240 barley materials
ﬂii;‘éd’? PH SL AL PTN TTN KN SGW TKW
Enviffnﬁit(]ﬁl) 3071.60" " 86.34" " 94,52~ 58.22"* 146,17 7 3320.86" " 2.84 496. 88"~
Gen%tiﬂ((}) 372.87* " 54.547 " 36,16~ 294,22 301.46" 7 1 045.40" " 6.27" 191.79"
EXG 243.09* " 21,427~ 18.07" ~ 55.717 7 58.30" " 304. 1777 5.38 110.99* *
* Hl =« SR RAE 0,05 A1 0. 01 KF B,
* and * * indicate significance at 0. 05 and 0. 01 levels, respectively.
K5 SELEEOSNPREHBAREE 2.3 LD &

Table 5 Number and density of SNP

markers of each chromosome

of SNPs /
1H 16 106 558. 39 28. 84
2H 24 662 767. 60 32.13
3H 23 005 699. 59 32. 88
4H 13 194 646. 89 20. 39
5H 22 678 670.01 33.85
6H 17 445 583. 31 29.90
TH 21 544 656. 94 32.79

FF Pop LD decay #& 5 £ 31 58 3¢ B 7 44 1Y
T BN AT Y R S L LD A 45 SR s, 2
rt BRI 0. 32 B, CERBEIR A28 »* (HZY
4 150 kb(F 1 AR 2EH E QTL A s A .
2.4 ERSMBEEHSWN

i Admixture 3K FF X 240 1y K 2 44 BL
205 W 5L R R A AR 25 4 o3 b, R AR B
N 2~11,24 K {E1F 10 38 X5 iR 2 (cross-vali-
dation error, CV) 1B fz /N (B 2A) il e A4 1 1A Kk
HIRGEN 10, FEHARBEEHE (& 3) oK, 240 f
FEBIRELY 9 10 ASIERE 73 040 5% 23,3342, 14,
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Fig.2 Line chart(A) and PCA chart(B) for CV value versus K value
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Fig. 3 Population structure of the 240 barley materials



I T R A s R A AR R Y A R TR 2 DGR 4 AT .« 757

RGREHTE
A Histogram of kinship
12¢ =
g 101
X
x 8
- ]
g
E
=4
g 4
= !
#
B 2 |
0 |—| (hfl—l’_'f_l— ]
-1 0 1 2 3
FE & X £ Kinship

|
iz i T TR i 5 e DY

g 3.0
— B
§ .ﬂ 81(5)
f =1
LE
I}
i
2

'

B4 240 PAREMBFZXRMEE (A)MFELKXRHRE(B)
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TEWA B S LR 2] 118 A5k Sk 3%
HISE B SNP Aric (B 5) , H ok i 2] 5 bk 5 G 2%
RBINE 7 A, 5K B EMCH 6 >, 5K
FHICHT 6 A, 58 %05 BEROR DG 6 4>, 5 B4 BE
BOMOCH 5 4>, SR EON OCHY 11 4, 5 3ok &
M 18 A 5 TR EAHCH 59 4, X 118 4
B EME SNP ARic o i fE K20 7 SR tafk 1,
HOSH Yk A WE M SNP iRic B H R Z . A
48 A3 1H.2H AH . 5H,6H F1 7H 4 o 44 |43 5
A 17.15.3.11.16 Fl 8 A~ 8. 2 Pk SNP i s,
FIABE R OCHF) 28 MY SNP 7 4, kK B
B RUORHEE] 90 AN E R SNP AL, Kb 141
F 0 SNP 37 5 76 A4S B8 58 op # mT DK ) 2, 38
It R & IR 6 A SNP i 5 A [ i 45 gk 95
e MR, 2 A SNP 7 5 AT R i s 3 Sk L
2.7 QTL &#f

PIEWE R R 150 kb JE A E QTL X
), B2 T 118 AN SNP i S % W 24 4~ QTL
(6, o ke QTL A 2 A, FHl K
M QTL A 1A~ il 5K QTL A 2 4>, #&4l
AR EER D QTL A 2 4>, 5 i A 2 B8 5 i
QTL A 1A EHIERE N QTL A 4 4, 75 il 1l
RE M QTL A 10 4, &l TR &1 QTL A 8
. EHEMKBEARFSAPREMN QTL A 1
A QTL24, HAgx 23 MM HEE S QTL,
PR K A R BERIOR B BER R TE — A IR
JUIETE QTL A7 8, HoAy 4 A 2 MR 4 A 76 W
AAEE SR QTL i i

2.8 EEREFEMAR/REERX

1T BARLEX Wl (http://barleyexp. com/) %
B AR (HORVUILHr1G08366 F1HOR VU2 Hrl-
G066830 5 6 A~ FHE P AE A [F) 20 2L A A 21D 78 K
FAREE 5P Morex 19 16 AN [FIRHHZ41 2188 B 1Y FP-
KM (Fragments per kilobase of transcript per million
mapped reads) 18 .| TBtools i Heatmap ffif442
HIFE X BRI FEANF AN A LT
B30 iy 3R Gk A AT a0 A, 25 R R (I 6)
HORVUIHr1G083840 5 HORVU3Hr1G004140 3£[H
FERR L B A AR R ek o, 2 I3k RN S DRk
KA KL E A EERAE N HORVUIHrlGo83700,
HORVUZHr1G065480 . HORVUZHr1G065840 25 3 R 7
XU g 41 3% Gk IR, B E R R ik HOR-
VUIHr1G083840 FEPRILE IR 2 AR (1) 22 35 1 B I =
HAE A 7 5 L 20 i £ 3k &, HORVUSHr1G004140
S ilp ey ARl ST i R = a = (R E AT E
B AR & B R SRR HORVUI Hrl-
G083840 SHORVUSHr1G004140 £ iy 3 1k
AR SRR S L LR [ & B B
TR RWAE L — 2 E S T X WA S K
WA KRB 4T R A R EAE R .
2.9 “—EZSNP L

WAL X GWAS 2 BHr 3k 15 19 118 4~ 8 &
SNP #5ic . Hi A 6 4> SNP iz 5 ] ] i 4 il 5 4>
L S r R, 2 A 3 Y SNP A 8T [R] B
FEH 3 A H AR, 6H A Er
chr6 H_29889835 A iC 78 B - P45 ot [7) 1] 42 ] bz e
TR TH Y@k ERY chrl H_ 532258527 Fric fil



* 758 -

S (7

545 B

—log,,P
S = N W R

-log,,P

—log,,P
S = N W kN

Yongchang environment site.

Fig.5 Manhattan map and Q-Q map for genome-wide association analysis of the selected agronomic traits

240 KN_HY

3 4 5

et fk Chromesome
240_KN_YC

Yufafk Chromesome

240 SGW_HY

2 3 4 5

Pufafk Chromesome
2 240 SGW_YC

2 3 4 5

Yufa K Chromesome

240_TKW_HY

Yufa 4k Chromesome
240_TKW_YC

Y0 /K Chromesome
KN%%%I,SGW*%*EE ;TKW::F*EED HYﬁ;ﬁ,YCﬂ(E o
KN: Kernel number; SGW. Spike grain weight; TKW: Thousand-kernel weight.

Observed —log,.P
SR NWE LA

RURILIE

0123456
Expected —log,,P

~log,,P

O=NWhAUOAN

SR £
Observed

0123456
Expected -log,,P

O NWAULA

Observed —log,,P

PURLIETE

0123456
Expected -log,,P

O=NWRAUNA

Observed -log,.P

MTIE

0123456
Expected -log,P

7
6
5
F .
3
2
1
0

Observed —log,P

R E

WRE

Observed —log,,P
O=NWhAUIA

0123456
Expected —log,,P

HY: Huangyang environment site; YC:

5 BMAKZEEREEREXKAMTNERTEM QQE



759

Wi B2 45« R A F2 AR 2 MR A 4 B IR 2 DG I 43 A

6

V¢ v esedijoydsoyqq
VeV Bl 0227000 TTHENAMOH ML 50-A8L "¢ 90€8ETTT HETYD ) He

%TEGM ‘Hozh—mﬁﬂm aseayoad QUILIoS vﬂhmmlﬁmagom

HOE W L T e 7N )58 0PTF00OTIHENAMOH ML S0-A88 T 108280TT HEIYD X He AREV)

aseuly] uwj0id 9y1[-103deda1 YO1I-dUIaISA))

BRI R 2 W R

T wU@w@ﬁ uoneniur COCNEMQEOUDH 2AnEIN _

L EE U E G FE W 0702909 TTHZNANOH 5049278 008170697 Hz 1

upyoxd \N:Emtmajm momﬂoboma o:mLQmCL%b SPISOI[INN]

. (0% 0911
HEOE B = g 00 T HNANOH
uy01d 19 %:Em.ﬁ ummﬁdmcf:%mcuﬁmv
HE 19 M2 35 028S90DTIHZNAMOH MOS S0-d¢eT '8 686.7.ESY HeEU2 OX HZ¢ OT'TLD

uo1d \A:Emgﬂw&sm I0je}[IOR] uo.ﬂwE

HEY WL HE  08V$900TTHZNAMOH MOS 50-H89 *9 98€8V6677 TIZIY2 DX HZ COREo)
“““““““““““ worord Aquuey zq wetoxd [ewosoqry
HEY% 1271 HEYWKE 0889909 TTHZNANOH MOS SO-AST T L0€€6TS9Y H Yo OA HZ SRE)
C wejod Apuey Sunowmerwt eseunyp
EIEYOZ ) TR R 0112900 TIHZNANOH MOS §0-42L "€ §6€CZL697 HEYR OX HZ 91LD
O ssemord ewersho Apurey wredeg
il E 3 W e OE B BTN 089990DTTHZNAMOH MOS SO-ZT18 "2 2€205€€97 HaYP OA HZ ¢1LO
“““““““““““ wotord Aqurey gz wetoxd [rwosoqry
HEY% 1271 HEYWNA 0889909 TIHZNANOH MDS S0-AST 2 060L05597 HeIYo DX HZ VILO
“““““““ J01e[nSor [puONdLOSURL OYIWIBWOPOSWOL]
5 B 2 Y e (]| 08TL80DTIHTNAMOH MOS 50-AVZ "L 8697888¢S H 1Yo AH HI ¢1Ld
............................. OII 1010%) wonduosueny [exouosy
DI 4 35 2 [ 099€80OTTH INAMOH Hd G0-A8€ "6 1878522€S HI1Y0
. . . N S0-1€0 T
urjoxd A[Iwie} 9svIvfsurRI} [ASOJOR[RL)
EE YO A3 8E4  00L880DTTHINAYOH Hd G096 "¢ 26502€2€S HIYD OX HIT 2’1LO
umjoxd A[wey BIaq /eyd[e aseqIuks JIV Hd S0-A1L9 '8 [8€8692€¢ HIY
EIEAE 0/° ML ALV 0386800TIHTNANOH N 50125 "8
urotoxd Aqrwey 2z uwloid [BWOSOqLy v §0-492 °S
FEIEYIRE Lo EIEWA 0ege809 MHINANOH Hd G0-HL9 8 10£96928S HTIY2 DX HI 1LY
QCmHQuCCQG ﬁﬁﬂcmwuﬁjm QM wﬁme HMGH,H\ Q—JTWNV ﬁN M@&HQE HEMEQC.:.\:HMH QECmOECHF—mu wumm
HE M Al M YkH Hd Py Hrdr RS 5T

s[erIdjeW AJ[Ieq PIJsd) AY) Jo sjIed) dWouo.ise Y3 Yjim pajenosse sTLO 9 dqel,

STLO CHE ¥ BRI Z X S U EY R 9 ¥



Lo

®

il

%

760

19q
~wnu Sule(n [B10], *N LI fIPqunu I3[} aanonpoid N Ld ‘Y18us] a¥1dg 7S f1ySem [puiay-puesnoy] * MM 1ySem ueid oyidg : )OS fIdquinu [puiay] N {Y18us] umy 1y 1yseyueld fHJ
CRERALO INLL RO B NI SIS Tl MO HE T MOS R T N S5 IV B Hd

ury01d A[rwejrodns 9sepIxoIs ML S0-407 '8
HEHEREAN T 0507109 TTHINAMOH MOS 5027 '8 AH
UONIUNJ UMOUS[UN JO UTRWOP B 1m uLjold A[iue] Xoq-]
EIE 32 xoq- (gl riy ¥ B 066ETODTTHINANOH N §0-2S "9 66868862 H 92 OX H9 2110

oseaedas jo ojowoH

I ¥ T G 2

1y umoxd EEQ 18;:%:950& pajeroosse [ejowt Aavoy
1V EI G YA AT E  0SeTTIOTTHSNANOH NLL G0-dSZ T

urjoad A[iwejradns 103vyI[oR) 10N
HEHEW W T #E  092VITOTMTHSNAYOH N.Ld SO-AVE "L €69G8SEV9 HEIY OA H¢ 27’1LO

umroxd Ay eseunyp puv ¢ jonsoundpneydsouq
LIEHO2 SV 1€ AW 0572009 TIHVNANOH A0S C0-408 "6 06912861 TITAY AH HY 177110

“““““““““““““““““““““““““““ goseprowRES B
¢ G E A 0827209 TIHINANOH NV SO-AVE T 6¢2079£6¢ TGP XH HY 0Z1LD

ur01d %:Emiwa:m saseutayoxd w:mwkm%U

HE e HHM E @Yk 0808800 I HENANOH NLd G0-AE9 'S 58781VeZ9 HEYD DA HE 611D

 doopq Summuoognow N[y olqnod
Y& d BHL(F N-A[D xx & 0LFE00DTITHENAMOH

¢ @EOEOEOHLU NCT Jrmous )

YDHS ¢ VN BT 057009 TTHENAMOH ML S0-AE9 "9 SOVITI88 HEIYP D& HE STTLD

© peswupy upjoad ywpusdopopnsouoydsoyd- ¢
SR TN A A€ 0922800 TTHENANMOH IS S0-950 " L7790586S TIETY XH HE LTTLD

paieInw BISEIOAISUR[)-BIXEIY
FI BN 02V000DTTHENANOH ML §0-120 "9 TSTSZTT HETYD OX HE 91 1LD

uwjoad AJruepradns sosessjsuety 1esns-oydsoydip-opnospnN

LB B G S - — -Gl b 0992000 TTHENANOH S0-HT6 "6 0250189 HETY2
ujoxd Aqruepradns Jurpuiq-y N X1[oy-doo[-x1py diseq
HEYEm I Y YNA 2SS M 0292000 TTHENAMOH ML S0-290 '8 GLZT8L9 HEIYP DA He¢ STTLD
““““““““““““““ uplond Bummuoo-uRWop PWIRY
L G i [y 57 10u08Y & 099T00DTTHENAMOH ML S0-89 ' 618€¢9¢ HETYo OA HE¢ YT'ILO
........................................... zoumioxd wewop qAly
29 HEXg sz 44N 0S0V00DTIHENAMOH ML SO-AvE T 6L97.80T HETYR OA HE CT'ILO
UOIIRIOUUR [RUOLOUN,] (] Pus9) ey anfea g ISR JUSWUOIIAUS] QWOSOWOIY ) 9IS
R ar M YkH Hd oy B W9k 51

(9 a1qe) panunuo) 9 2 %7)



5 6 0]

Wi B2 45« R A F2 AR 2 MR A 4 B IR 2 DG I 43 A

+ 761 -

(NS e o e onyumiGosisio
[ | NN (N ) N N o I rorvursricosss
(NN [ U v N roomyunnricasszoo

(N v O siowusariGoozso0
I . || | ] I N :o:siricossiso
NN N N N N (N N N NN N B v Gooezz0

NN e W oo Goosso
NN [ e e M rcomvsrr Gussoso
. ([ S [ N sorrvsicorszso

5 5 D NS % Y oY L D ¢ L v
TS S F P o T

CARI15 #8545 15 KAYHFRL; CARS M5 45 5 KAYK KL ; EMB. 8 & J5 4 d fUIR 2 EPL. 2 03 U5 28 d B K i s ETT: B85 & 1 F
10 d B AELN BT INFL: 4B ¥ (5 mm) s INF2. 465 (1~1. 5 cm) ; LEA; 22 (10 cm 41 W BO s LEM: £ JF (OMFE 8RB 42 d); LOD: £ %
CER BB 42 ) sNOD: 2 BE S 3 49 s PAL B (N MG 42 O s RAC. HEF (FEMh . B HE 35 s ROO: B E 28 d BIAR;

ROOZ: F FARCZEK 10 cm, S B B s SEN B85 56 d B9 E I A

CAR15: Developing grain [15 days after pollination (DAP)]; CAR5: Developing grain (5 DAP); EMB: Embryos (4 d dissected
from germinating grains) ; EPI. Epidermal strips (28 DAP); ETI: Etiolated seedling (dark condition, 10 days); INF1: Young develo-
ping inflorescences (5 mm); INF2: Developing inflorescences (1—1.5 cm); LEA: Shoots from seedlings (10 cm shoot stage); LEM:
Inflorescences (lemma, 42 DAP); LOD: Inflorescences (lodicule, 42 DAP); NOD: Developing tillers (3rd internode) ; PAL: Inflores-
cences (palea, 42 DAP); RAC: Inflorescences (rachis, 35 DAP); ROO: Roots (28 DAP); ROO2: Roots from seedlings (10 ecm shoot

stage) ; SEN: Senescing leaves (56 DAP).
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Fig. 6 Tissue expression profile of some genes
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Table7 SNP markers for pleiotropism loci
78 N
S T . SNP #rid
Env1ropmemal etk Trait SNP marker
site
HY SGW & TKW chr6H_29889835
YC chrlH_532258527
PH & KN chr1H_532320552
chr5H_ 17076531
PTN & TTN chr5H_643585693
chr7H_638081934
PH & AL & KN chrlH_532696301
HY&.YC KN &. SGW & TKW chr6H_29889835

chrlH 532320552 FRic#E 7K B P55 0] [ B 42 1)
PR e PR S H G A 4K F Y chr5H_17076531 4
it chr5H _ 643585693 #x i f1 7H 4t 1k I 1
chr7H_638081934 7E7K & ¥R A5 [A] isf 45 il A5 250 57 BE
BORUR A BEEG TH Qe Ak 1Y chrlH_532696301 5
TCAE K B PR AT [] B o o bk v L 2 K RO B
A EAOR 6 H ek BB chr6H_29889835
B T FE B 2 A B P A R85 a5 (] b 45 o) R 4
R A TRL . AT O 4 T 3k 26 bR i AT B 2 —
N 2207 # SNP 7 5 (% 7). X EehRiC X ] P B
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