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Abstract; In order to identify the significant association loci and the favorable alleles that are responsible for
spike-related traits , genome-wide association study (GWAS) was conducted in this research using an association
panel consisted of 132 elite wheat varieties and their advanced lines mainly from the North Huanghuai River Valley
Wheat Region. Wheat 55K SNP array was used to perform marker-trait association analysis. Four spike-related
traits were evaluated at 8 environments, involving spike length , total spikelet number per spike, kernel number per
spike and spike compactness. A total of 121 significant association SNP loci were identified , containing 38 sites sig-
nificantly associated with spike length, 15 sites significantly associated with total spikelet number per spike ,47 sites

significantly associated with spike compactness,and 21 sites significantly associated with kernel number per spike.
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There were 8 SNPs detected in multiple environments, including AX-108730544-1D, AX-94755570-2A, AX-
111703851-6D ,AX-111235532-2A ,AX-110926142-2A ,AX-110378404-5A, AX-108730544-1D and AX-110963299-
1D. Geographical distribution analysis indicated that frequencies of the favorable alleles at the 8 significant associa-
tion loci were divergent among theprovinces in the Huanghuai River Valley Wheat Region. The pyramiding effect a-
nalysis showed that the phenotypic value of spike length, total spikelet number per spike and spike compaciness

were increased with incorporation of the favorable alleles. These results provide a fundamental basis for gene mining

and marker-assisted selection breeding of wheat panicle traits.

Key words: Bread wheat; Huanghuai River Valley Wheat Region ; Spike-related traits ; GWAS ; Marker-assisted

selection breeding
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Tab.1 The names and district origins of the 132 wheat accessions investigated in this study

A N VS b3 TR TS Ve SRR P T VA 3

Code Varieties/lines Origins Code Varieties/lines Origins Code Varieties/lines Origins
1 3 38 b 45 B4 2011 B[4 89 K 6878 1oy
2 11 4185 mdk 46 Rl 8024 tCE]d 90 BEE 2233 1]
3 AFRE8 S Tt 47 R4 8162 tGE]d 91 R 618 ]
4 A% 15 Tt 48 B4 1002 1N 92 K 170 v
5 A7 19 ik 49 W 4 % Ak 93 #8798 ]
6 Ak 20 mrk 50 W7 % Ak 94 K 10604 ]
7 A 22 Ak 51 B 13 = e 95 HH 47 17
8 G 18 [k 52 B 6172 e 96 HHH 719 117G
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s A 2 IR RS2 b/ 2 HeR k=2 b/ Z& f: 3
Code Varieties/lines Origins Code Varieties/ lines Origins Code Varieties/ lines Origins
9 1 4366 i 53 HE 7086 e 97 %6 % i
10 15 26 it 54 i 4564 e 98 it 8 = |
11 1 4195 Wt 55 HE 6012 e 99 Itk 7287 1y
12 i CG15-009 At 56 & 6 % e 100 TEH 1718 B vy
13 i 5139 it 57 137 028 e 101 % 16 B vy
14 fi7 28 e 58 W7 6005 Ak 102 /IME 22 (S ]
15 £ 6650 e 59 fiZE 02-1 e 103 PaR 928 (S ]
16 2 5265 it 60 4K 912 e 104 Pk 556 B vy
17 ## 585 it 61 Kk 825 e 105 Pk 538 B vy
18 Bk 325 it 62 T4 6049 e 106 PE4R 558 s}
19 W 418 b 63 #3210 5 mr 107 JA% 16 R
20 # 867 L 64 A 18 Jbat 108 JH# 18 O]
21 = 120 B4 65 HAE9 & Jea 109 JiZE 22 O]
22 Bk 738 e 66 175 b= 110 JH 7 24 T P
23 B 518 e 67 Hh 2 415 b= 111 JHZ 26 T P
24 #3181 L 68 Bk 987 Jbat 112 % 27 O]
25 w7 161 e 69 Bk 518 dJbat 113 BE25 O]
26 W& 631 b 70 3k 988 dbxt 114 HBR6 5 R
27 L 403 b 71 14 836 KR 115 BRI 5 R
28 i 35 e 72 JHAR 0428 %R 116 KRS O]
29 17 4399 Miipa 73 A 21 IZR 117 HBE 11 g
30 17 136 b 74 ok 14 5 TR 118 HE13 R
31 7 5299 b 75 5 502 KR 119 B 21 R
32 7 0628 B4 76 B 19 Iz 120 L 15 O]
33 7 6632 B4 77 55 20 Iz 121 BRYT 58 O]
34 1 5366 e 78 T 21 iz 122 #%# 66 5 T Fe
35 45 5835 e 79 T 22 iz 123 LIRS T P
36 5 1589 B4 80 Z&1l 21 Iz 124 #9023 O]
37 #7 9966 ik 81 Z&1l 22 12 125 K37 004 N
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39 7 11-6021 Wt 83 K2 99 1IER 127 FRF 7698 T P
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41 £ S13-5022 e 85 EREEIS 7R 129 18 5 O]
42 B 9204 e 86 K 6359 LG 130 & 195 T Fe
43 B4 199 toE(d 87 K 4738 i) 131 20 = R
44 Rl 2009 e 88 K 4640 174 132 265 ]
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Tab.2 Descriptive statistics for spike-related traits of the mapping panel

iR PESLTT Descriptive statistics

J7 S Variance parameters

I

Traits E%/J.\ﬁ RKRME FH{E Ji 2 EREE % Vo'V, vV, /v v,V
Min Max Mean s CV (h3) T T
K SL/em 5.15 12.39 8.41 1.12 13.26 0.56 0.36 0.04
B/ NFEEL TSNS 14.50 32.90 18.22 3.60 20.04 0.60 0.35 0.05
TR KNS 29.86 88.20 49.42 8.73 17.65 0.51 0.41 0.10
T SCN 1.52 3.25 2.28 0.25 10.97 0.54 0.27 0.19

R T A R R (K 3) , BB/ MRS R
W BEAHOCHEA B 241, HoAb MR Z [ ER B VIAR G ,
I T REER PR 1 BE PR AT BEAFAE — I 2R IR
JINFZ TR AR 35 R I % 1 B A 0
* 3 BEEIMERZ ERYEXES
Tab.3 The phenotypic correlations among the spike-related

traits investigated

LIESERN E8S BUNEEL MR BRI

Related traits SL TSNS SCN KNS
K SL 1.00
SN TSNS 0.364 ™ 1.00
B SCN -0.594" 0.026 1.00
FARLE KNS 0.376 0.663°  -0.117" 1.00
T AE0.01 AKCF R IERIE,

Note: ™. Significant correlation at the 0.01 level.
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T RHRA 14, ( Marker-trait association, MTA ) , HiH,
K I 5 38 A, 5 R/ VBRI ek
AIDOL A 15 A, 51 B2 2 A DG AL 6 47 A, Sl
B SRR A5 21 4, 8 AN I 35 IRV S5 7E 3
DRI R T E SRR (F ), Hor,
SRR W E R 3 ML A T 1D 2A Fl
6D Y o ik I, 4 Bl ] f# BE 9. 00% ~ 15. 70% ,
10.50% ~15.80% ,9. 40% ~ 11. 70% HY & K28 5
55 RN B OCHER 2 AT 2A e adk b,
AT IfERE 11.10% ~12.80% ,10.40% ~ 14. 80% F)55
RVAR S SR 0 3 OCHRY 2 ML T 1D Je
A AR AR 11.00% ~24. 53% R RIS
SRR & IR Y A AX-110378404 31T 5A Gt
ik 580 Mb {7 &, A f#589. 70% ~ 14.10% KR
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Tab.4 The repetitively detected significant SNP loci associated with spike-related traits

EZN FRic AR LY/B LA El E2 E4

Traits Markers Chromosome  Physical position PVE/% P PVE/% P PVE/%
SL AX-108730544 1D 19527431 1.30E05 15.70%

SL AX-94755570 2A 15236737 9.00E05  13.20 3.70E-04 11.10
SL AX-111703851 6D 3849796 8.50E04  10.20

TSNS AX-111235532 2A 125453487 8.00E04 10.50 2.60E-04 12.10  5.20E-04 11.10
TSNS AX-110926142 2A 754163703 3.20E05 14.80  2.80E-04  12.00

SCN AX-108730544 1D 19527431 9.62E04  11.12

SCN AX-110963299 1D 19368528 5.31E04  12.21

KNS AX-110378404 SA 575602867 4.10E04  11.20 1.30E-04 9.70
lEIN ES E7 E8 BLUP
Traits P PVE/% P PVE/% P PVE/% P PVE/%
SL 1.00E-04 9.00 4.80E-04 12.60
SL 2.00E-04 12.10 6.70E-04 10.50 8.00E-05 15.80
SL 1.40E-04 9.40 2. 60E-04 11.70
TSNS 4.90E-04 11.20 7.40E-04 12.80
TSNS 8. 80E-04 10.40
SCN 9.71E-04 11.00 6.21E-04 11.77
SCN 5.61E-07 24.53 2.30E-04 13.57

1.40E-04 14.10

KNS

1 E1 ES. IREASE ; E2 F4 \E7 Al ES. & A 4% ; BLUP. E1 ~ E8 (1 iR A 4k M 0 Tty
Note:El,ES. Low nitrogen environments ; E2,F4 ,E7  E8. High nitrogen environments; BLUP. The best linear unbiased prediction of E1 to E8.
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EATEET NS 65 JiE 24 FEfFE 1 5%
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s A M RS S %A s B AT S
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TR 1 28 IR 1 AX-108730544-1D HAN BL 25
PIAESHR GG, - A 2. 26 4/ cm,94. 49% F it
AR A S ST L K, AX-110963299-1D A3 .
IO B SR A8 SR AA SIS R 2,25 4/ em,
95. 27% WIS A& AR S S5 A

THORIB i 35 IV 1 AX-110378404-5A B4R B 45
PAESFN GG, SEIRERIEL 50. 0 4, S5 KRR
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Tab.5 Frequency of the superior alleles at the significant association SNP loci in the mapping panel

SRR Allele type

FHUE Phenotype value

ity AU Number of varieties/lines  SFA AR/ % Allele percentage

PR NP Jefafh

PESFAAEN RN RSN RN RSN REREEN EREEN

RN

Traits SNP loci Chromosome
Superior alleles  Inferior alleles  Superior alleles ~ Inferior alleles ~ Superior alleles  Inferior alleles ~ Superior alleles ~ Inferior alleles
SL AX-94755570 24 GG €6 9.4 8.5 5 126 3.82 9. 18
SL AX-108730544 1D Cc GG 9.3 8.4 7 120 5.51 94.49
SL - AX-111703851 6D T GG 8.6 7.6 116 10 92.06 7.94
TSNS AX-111235532 24 1T cC 18.4 17.7 30 ) .59 75.41
TSNS AX-110926142 24 CC 1T 18.7 17.7 13 112 10.40 89.60
SCN  AX-108730544 1D GG CC 2.3 2.2 120 7 94.49 5.01
SCN AX-110963299 1D AA CC 2.3 2.2 121 6 95.27 4.713
KNS AX-110378404 S5A GG AA 50.0 41.3 115 11 91.27 8.73
2.4 FEEMPIRBE XA R FECERMSS AL AT BT A B 2R (IR 1) R 3 R

Xl R A I B ) S DI A I 7 S v

AB.C F1D. #K &

SIS AE LV BRPY | R A5 i o PR 5 2
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o/ IEBAC R BE AR D 5 A DS S L ZE N S DX AR A1 SRR s TR (. LSS SN i 0. A S 2 N

A,B,C and D. The distribution of the superior/inferior alleles of SL,TSNS,SCN and KNS in the Huanghuai River Valley Wheat Region,
respectively ; Deep/light colour. Frequency of the superior/inferioralleles of corresponding traits, respectively.

E1 FEHMERBEZEXEK SNP (R AREMERERRETRI/ BRFNSH

Fig.1 Geographic distribution of the superior alleles at the significant association SNP loci

of spike-related traits in the tested varieties/lines from different provinces
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LB 50 5726507 B PR3 5 185, 1T -5 9 it ol RS EENR SR
ERIRKAEL, Tab.6 The pyramiding effect of the superior
2.5 FEERMERREXB AR RS CERBEAME allees related to TSNS and SCN_

St 22 SR T K B £ 5 O I o ﬁ:gﬁ %ﬁfﬁmﬁ %fgﬁwN
308 ach 2 e LA 00 S 26 6 R TR 11 3R R, & Number of  Phonotypie  TFEE oL R
3 A K B3 G S (AX-108730544-1D .,  superior alleles  value ’ value ’
AX-94755570-2A 1 AX-111703851-6D ) W11 5 26 fof 0 1597 1S T 0o
SEPR R A BRI I, P AR B B I IE A DG C R 1 19. 65 2.30 - _
HIZERBCH 0.908 (] 2) , /N Al il 5 o 6 Y 2 20,14 2.0 205 0.25

{6 il 35 DIE 5 25 o2 5 PR 2R & 00 A 34 s 2 B V- AR

%%E"Jﬁ%( %:2 6) ) %’fE&ﬁ ) 4\%%‘* , i%%{g‘l‘é Note: —. No matching value.
HERMER B E LB A i 2
R L (3 54 o7 2 [ 1 2 4 1 2 2.6 %..._\nllTivlkf‘_‘%‘aéﬂiﬁ,mﬁiﬁ%h%E*—Hﬁ
RINERHIEE

| JET %/ 4 ASFREE PRI B AR PR

of I R S B R G R AR RN

gd; B/ IVER SRR S I (57 25110 01 5 6 i 3 4

2 | 0600 Tavt 208 2 P (£ 7) BRI 9204 FIRMK 199 7EREK SEIE A7 5

6f #=0.908 4 RO 506 (3 3 PR 03T 2 g 33. 3% IE T Lo AR B 3

L | ‘ , 38 3 LA/ INFEBSC RIS, B0 106 37 25 119 11 57 37 35 PR o

S nwbmmn ’ SN 50. 0% I 100% , 35 f 5 26 37 35 K 4914 3%

Nomber of superior alleles SRR, 5T I R T R X I R R

2 BREEZXBRAASMBREMERNRES A %20 FIRLAE 99 A H  RHA 8024 FIRMK 1002 2 435
Fig.2 The pyramiding effect of superior alleles at R NS A e Al E N ET T

the significant association SNP loci

KT BHBEREZXRACAAREMEERERRRIVNERNSHIRER

Tab.7 The frequency of the superior alleles at the significant association SNP loci in wheat Kenong 9204 and its derivatives

A/ F S Ry B/ KA ER K/ % BNEBU % TR %

Varieties/Lines Cross combination Registration/Trial SL TSNS KNS
877 38 Jimai 38 - [ 1 % 980003 66.7 50.0 100
14 9204 Kenong 9204 IS 38 x SA502 =5 2% 2003037 33.3 50.0 100
B4 199 Kenong 199 B4 9204 x £7 4185 [ % 2006017 33.3 50.0 100
L4 2011 Kenong 2011 B 9204 x PZW-9 BLH & 2016003 50.0 50.0 100
B4 8024 Kenong 8024 B4 2011 x L4k 16 b X IR g 80.0 100.0 100
B14¢ 1002 Kenong 1002 47 5027 x Bk 2011 WAL A iR 100.0 50.0 100
B3 22 Jimai 22 - [ 7 # 2006018 66.7 - 100
K A2 99 Liangxing 99 - [ # 22 2006016 66.7 - 100

TE 3257 38. BIAC 9204 HYRA T A2 22 KR 99. WA DXL 44/ N A2 I g IR R 5 — . RA I B 08 S S5 L 1A
Note; Jimai 38. The maternal parent of Kenong 9204 ; Jimai 22, Liangxing 99. Two control varieties in the winter wheat performance trial of the North

Huanghuai Regional Nursery of China; —. None superior allele were detected.
3 ’Lﬂ' i’@ PEAIAT, J A TR ST 2235 4% 2 A 14 45 %8 ( Genetic
diversity index) 4 0.377 , P 25 MA B & (Pol-
GWAS JE RN WS IR ZVERIE R A 2T ymorphism information content, PIC) 24 0. 341, S5B&
B, FESER A IR T BEARLEHIXT AT A5 50 T A AR XN SR AT T B A L st
R B T EEEN, Zhang 552 R Affymetrix  ZREVERGR | REAS 7T 43 S WA DX 30/ 22 b AR
Wheat 55K SNP .05y Xf A B AR RER EAT 38005 20 BE1E R . REARSSHr Hrai RE W, & 3 SRR AT
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A3 2 AR BN 3l TR B DG b 2R ) A —
WA, DA S R A P AR AL SRR R A
BAES A AT R SR A B HT

PR RN EEER EMARZ — AR R ™
e iEEEEEN, S AFREE RN, B 1D
4D SR GL AR A S TR QTL My, 4
e, BK S B ARIC AX-94755570-2A (15.2 Mb)
SRT A PIE 24 ek 1o A 1 A B AR AR
it gwm359(24Mb) H1 RACS75 _c74 _204 (24 Mb) H
A AR Y AL B, B id AX-111703851-6D
(3.8 Mb) 5 Sun 257 7F 6D YL fa ik A& IR 19 5
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