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T AR AL F A
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Genetic Effect of Sterile Spikelet Number-related QTL-¢Ssnps-5D and
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Abstract: gSsnps-5D, derived from the backbone parental line Jing 411 ( J411 ), is a major stable QTL for
sterile spikelet number per spike ( SSNPS ). This study aimed to decipher the genetic effect of this QTL and its
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use in wheat varieties. Two populations, including a recombinant inbred lines derived from the cross of Kenong
9204 ( KN9204 ) and Jing 411 ( KJ-RIL ), and a natural mapping population comprised by 314 wheat authorized
varieties or advanced lines, were involved. The experiment results showed that ¢gSsnps-5D was confirmed in an
interval of 3.41 Mb from 0.72 Mb to 4.13 Mb on chromosome 5D among 8 datasets. Excellent allele of gSsnps-
5D from J411 could increase spikes per plant but significantly decrease thousand kernel weight in both KJ-RIL
and the natural mapping populations. However, the genetic effects of ¢Ssnps-5D on kernel number per spike and
yield per plant were differing between the two populations. Two close linkage markers of ¢Ssnps-5D, i.e., AX-
110565536 and AX-86170796 were used to specify the breeding utilization characteristics of ¢gSsnps-5D in the
natural mapping population. The excellent haplotype for gSsnps-5D ( Hap-GG-CC ) was often found ( 80.60% )
in the foreign varieties. Among the Chinese varieties, higher rates of excellent haplotype ( Hap-GG-CC ) were
found from varieties of Qinghai province, Sichuan province and Henan province, but the rates of haplotype Hap-
GG-CC were lower in varieties of Shandong, Beijing, Shaanxi and Hebei. The rates of Hap-GG-CC in varieties
released from 1980 s to present were constantly declined. To facilitate the application of ¢gSsnps-5D in future
molecular breeding programs, we developed a PCR-based InDel molecular marker named as 5D-1620921.
Altogether, this study provided insights for the application of ¢Ssnps-5D in molecular breeding programs

of wheat.

Key words:wheat ( Triticum aestivum L. ) ; sterile spikelet number per spike; major QTL; genetic effect

analysis; molecular marker
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FET KI-RIL BERAG T 4375 119566 M 5 Y
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v2.1 (https: //urgi.versailles.inra.fr/blast_iwgsc/blast.
php) BB & T QTL &, XJ 187 4> KJ-RIL
REARMNAE /PSR MRAS 4 DI R A
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660K [1) SNP it i bRic 5 K U $ic 4 42 HR IciMapping
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Table 1 The markers and sequences of 660K and 55K chip in the interval of gSsnps-5D

Fric eSS
Marker Type

JP (5-3")
Sequence (5'-3")

AX-94938800 660K
AX-110009985 660K
AX-111475778 660K
AX-110565536 55K
AX-86170796 55K

AX-109913041 660K

CCCCGTGAGTGTGAGTGCGCGCTCTTTTGTCTATC [ A/G ]GTGTCGCTGCTGTTATGGTGTCTATGGATGTTTTA

ACACACTTGGCCTATCCCAATCCCGTTCCCCTCCA [ C/T JGTACGTCTCCTCGCTCTCATTGAAAATTCATCCAC

GGACTACATGTAACAGGATGTAACGAGATGGTTAT [ C/T | GAACGCTCTTTCTCGGCATGCTTCTGACACTGTCT
ATCAAATTTAGTAAGAAGAGTAAGCTTTTGTCCAA [ A/G | GGAGGGGCTAGTTTATAGAAAGGTTGCAAAACTAA
GCAGCACTTCTCCCGAACCTCATGCTCACAGCCGC [ C/T ] CTTCCACCATTTTGTGGGCCAGGTGACTGGAAAAT

AAGCCTCAAAAGCAGTGATAGTGTTAGCAAGTCAA [ C/G ] AAGAGTGGAAAGGGAAGGACCTGATCAATCTTGAG

1.5 SFiRicHAL

HHERLA 9204 FIgt 411 Fe PR 2H =0 48, 1k
FETHEIX BLAEAE InDel W75 8EF T 28065 15t
¥ % tHh—A> InDel 43 F-Fric 5D-1620921 ( iz 514
J¥%1 H} 5'-GACCAATTCACTTTCCGACG-3', F it
51 ¥ % %1 5-CTCCGACTTTCATGGACAGT-3' ),
IR IZARCNT 187 4~ KI-RIL K & A4 KH##E1T PCR
P 55 AR A SR DR M T P 5 e PR DK AR, AR B PCR
PP B E A K R A SE R A

2 ERG5HM

21 EFKIRILEBEABT/NEHSHMmTE]
R E)FE XS AT
FIF 187 A~ KI-RIL K R EMLA M = AR T

PIANT /RS BRI TR OB B bR
FRE WS dE B AR T L AR P R A IR R R R T
L e R T FOME, 73 500 0 T AN /DA
T MR 2 B a8 A A OGP, S5 SR L3 2, 7EAIR
A HAAE T, AN E /INEECS AR NSO Tk,
2 B BAFAEN 35 (P<0.01 ) IEAHE . A, ZEAIR
RO AARE T, R E /INEECS R bk = &
FRRFEALZ R Y fE el 3 (P<0.01) A e. R
B/ INEEES WSO SR A R B 2 B AR AE A G
ERARE T RBEEAAC, DT KIRIL
BRI AH M AT R B, AN B /N = A IR
IRBE 85 S 7 i bR AN AR B Tk EE RN AR
AR EMH, RS ENRCREINRZ
AR

®2 BRREARETAENMESEMTSEREXES T

Table 2 Correlation analysis between sterile spikelet number per spike and yield-related traits under high and low nitrogen

conditions
B85 TR Bk FARRTEEL T/ NEEL ThidE WOk E £k TR
Environment KNPS YPP SNPP SNPS TKW HI KWPS
KA LN -0.35%* —0.32%* -0.20%* 0.33%* 0.25%* -0.14™ -0.13™
2 HN -0.33%* -0.18* -0.17* 0.27%* 0.21%* -0.29%** -0.17*

*: 225K FN B E KT (P<0.05); % 2257 K B i E7KF- (P<0.01 ); n.s.: JCiE 2257 (P>0.05), R[]
*. Significant difference at the 0.05 level ( P<0.05 ), **. Significant difference at the 0.01 level ( P<0.01 ), n.s.: No Significant difference ( P>0.05 ),
KNPS: Kernel number per spike, YPP: Yield per plant, SNPP: Spike number per plant, SNPS: Spikelet number per spike, TKW : Thousand kernel

weight, HI: Harvset index, KWPS: Kernel weigh per spike, LN: Low nitrogen, HN: High nitrogen, the same as below

22 ABNEHEI QTL-¢Ssnps-5D ¥R ELL K
BZES PCR S FHriEFHE

455 10 BT /IMER B S R A BHE (187
A KJIRIL K & = AR A S 4589 3R A4
s B X6k 7 AR L 755 &L BLUE {5 ) B H: 56 R A 3k
1T QTL 43 Mo ¥ i A B /) 1 £ 1% QTL-¢Ssnps-
5D £ E1.E3.E5 I K LN-BLUE, E2.E4 . E6 [
S« HN-BLUE 3t 8 2= £t 4if 45 v 34 fi 4 4 0 2] ( 3%
3.1 1), MR A A5 bR 12 ) 25 6 HE AT 5D

Ye o K | 0.72~4.13 Mb 2 [6] 3.41 Mb (¥ [X. [6] P,
H A 6 & %4 4 1 LOD 1§ {5 ¥ £ T 2.71 Mb
Wb, gSsnps-5D fF R T AN /INEEECRE A 6 B AR S
% (1) 8.81%~14.13%, LOD {H } 3.74~6.03, [ %
B/ INEBR 57 45 07 JEDRR F AT 411, RN (8 A
0.13~0.21, % F QTL-gSsnps-5D RETE Z 5 T 8
RIS H XA E /IMEECAT 3 5 1 R A R
R, IZ QTL & —/MuE £44 QTL, il X itk
ATRE 20 ISR LAAZ A4 AN & /B JE
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R3 SWMETET KI-RIL 8K ¢Ssnps-5D ELLH 17
Table 3 The putative QTL-¢Ssnps-5D detected in the KJ-RIL across mutiple environments by IciMapping v4.2

T fir ' (Mb ) ZEMibRiC ApRic LOD BT (% ) TERON
Environment Position Left marker Right marker LOD score PVE Additive effects
El 2.71 AX-111475778 AX-109913041 3.97 9.39 0.17

E2 0.71 AX-94938800 AX-110009985 4.76 11.07 0.19

E3 2.71 AX-111475778 AX-109913041 4.16 12.35 0.13

E4 0.71 AX-94938800 AX-110009985 3.74 8.81 0.18

E5 2.71 AX-111475778 AX-109913041 6.03 13.80 0.21

E6 2.71 AX-111475778 AX-109913041 5.21 14.13 0.20
LN-BLUE 2.71 AX-111475778 AX-109913041 4.63 11.82 0.13
HN-BLUE 2.71 AX-111475778 AX-109913041 3.83 12.47 0.15

E1:2011-2012 4547 % FEAR S B2: 2011-2012 4F 47 Z B4 ; B3 2012-2013 4F 47 Z AR ; E4: 2012-2013 447 L ; ES: 2012-2013 4L
HUIRA; E6:2012-2013 4FAb 5T AL ; LN-BLUE : fIRAZRA AU {H ; HN-BLUE : (=5 & 3R B HUN(E , T 7]

E1:2012-2013 Shijiazhuang LN, E2: 2011-2012 Shijiazhuang HN, E3: 2012-2013 Shijiazhuang LN, E4: 2012-2013 Shijiazhuang HN, E5: 2012-
2013 Beijing LN, E6: 2012-2013 Beijing HN, LN-BLUE : Best linear unbiased estimate value in low nitrogen environments, HN-BLUE: Best linear

unbiased estimate value in high nitrogen environments, the same as below

r —EI — B2 E3 E4
\ —E5 — E6 —E7 — E8
61 LN-BLUE —— HN-BLUE

st
o 4
=B
a2 r
S8 |
2 37
2t

57 67 77 87 9.7 107 117127 13.7 147 157 16.7 17.7 18.7 19.7 20.7 21.7  PIBNIE(Mb)
Physical position

0.7 1.7 2.7 3.7 47

|

AX-89465863 ——

I
~
[o)
(=3
O
o0
v
(=)
(=
—

X-109312560 T

AX-94938800
AX-110009985
AX-111475778
AX-110565536

AX-86170796
AX-109913041

X-108942754 1

AX-89502620

AX-89390905 ——
AX-109391107 -

AX-89700472

X-109394742 —
AX-111060229 -
AX-109627790 4
AX-111065290 -

X-109689624 ——

AX-89602579

X-111489682

z
IR AR ARl 660K A5 SNP ARtk i i 75 TWGSC RefSeq v2.1 #HA7  ; FEUNHIT QTL SMHrflts Hdmic /i
Horp (A IX BN QTL-gSsnps-5D TENLIX ], ZLEFRIC N LOD EAMRT , 6 H T SLis 800 7347 .
E7:2012-2013 424 S AL E8: 2012-2013 4EHi & A
The abscissa of upper figure indicated the physical position of wheat 660K SNP array in IWGSC RefSeq V2.1, the following figure

A
A
A
A
A

shows the chip marker distribution for QTL analysis. The green segment indicated the target interval of QTL-gSsnps-5D,
and the markers with red color were close to the LOD peak, which would be used for the subsequent genetic
effect analysis. E7: 2012-2013 Xinxiang LN, E8: 2012-2013 Xinxiang HN
B 1 ZWETAE/NMES QTL-¢Ssnps-5D K LOD H5 G E

Fig.1 LOD score distribution of ¢Ssnps-5D in multiple environments



816 7/

A = 23 %

H A2 52 R 9204 R 411 X% 10 x FE A
LHEIN P (A REE R AR ) ST REEE T 751
FeXF, ZERRR 9204 LK ZH A KNSD: 1620921 #6100 %)
12 bp 1 InDel J¥ %1, #] F (¥ ¥ WheatOmics1.0
PCR Primers Batch Design ( http: //202.194.139.32/ )
B X ey 895 19, 71 & 4 1 4> InDel 43 FA5ic,

2_3§43586

7 8 910 Il 12 13 14

firh 5D-1620921, PCR 48 K | EA5 P B N I e e
HE I L VK 45 R W, SD-1620921 RS TERL R 9204
FIET 411 v 19718 332 bp F1 320 bp 1Y H 1
B, 43 6 B TG AR 7 /N 50 K]
LA RITE O, 0 AeuE , ol FH /N2 e bR s A
R FhricHBtsE s (E 2 ),

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

M: DNA J3FHitnifi, K: B4 9204; J: 5T 411, 1~30: #4) KI-RILs X5
M: DNA marker, K: Kenong 9204, J: Jing 411, 1-30: parts of KJ-RILs
B2 5FHRIE 5D-1620921 TERLAK 9204, 411 K #35r KJ-RIL KR PHIY IGEKER
Fig.2 Electrophoresis results of PCR products amplified with 5D-1620921 in
Kenong 9204, Jing 411 and parts of the KJ-RILs

2.3 ¢Ssnps-5D JFINEFFEMIRIBEE N ET
23.1 E F KJ-RIL B {F ¢Ssnps-5D 3t INEZ - 2
AR BERL RN FIH S gSsnps-5D B %Y
SNP bric AX-111475778 J i JF & 1 InDel 43 F #5
it 5D-1620921 F K #I %+ 187 4~ KI-RIL FEAK JE 4T
A RTINS PR RAR A AR AN . S5 R R, R
H 5t 411 (1% ¢Ssnps-5D i 5 5 A5 1 AE 2 /L ARA
I EE Y REA i 2 AN B /ML (P<0.01), P-4 1%
N 15.54%. BEAN, 2K AR 411 FHE S 55 7 3 R e
1 A RIS RE A AR 3 4 0 SRR, 244
R 4.95% , HLAE IR AP REAR S 25 1 i Bk 7
B R 2.99% . {5 gSsnps-5D )i 5 55 A5 Bk D AE
R ARE IS T T e 3 38O, -4 R
9 3.55% , HAE = A AR 2B R AR Ao 2, [958
2.35%, K H 5 411 [ gSsnps-5D 1 5 45 {57 5L K 78
[SY - (=828 WPOEET: YNV v @ Yr eI eI i
PIog s (1 3 ),

232 ETF BB ¢Ssnps-5D IPINEFE MR E
fERIRI AT FIFH/NEE 55K SNP U X 314 17
HARBEIRIEAT SL R AU 52 . 7F gSsnps-5D 1L X [1]
PN B 5 LOD Wi BE 25 S5 30T 19 1~ SNP R id
AX-110565536 ( AA/GG ) Fll AX-86170796 ( TT/CC )
1), MR HE AR 0 3 PR LA 740 4L, X 314 17
HARBEARIEAT qSsnps-5D BAERL 31, H45 55T 411
JE R RUAH ] () Hap-GG-CC PRI SR S B
A 5RM A 9204 3 AUAH [A] 9 Hap-AA-TT 545
FE SR AR 5 A A ff Hap-GG-TT 5k Hap-AA-
CC HAE AL O A ; J AU S AR R A2 A 1
Bre U AR, 25 R I IX BE N 5 5T 411 A1

[F] (%) Hap-GG-CC 53 545 L 5 Ll i 2, h 48.40%,
M 5FEK 9204 #H[A1 Y Hap-AA-TT JEA0 5843 50 K
FHA AR g (R 4), DLEgEIRER .
qSsnps-5D WSSO L TE 314 Iy B SRR (R )
SR CE I SN I (o 7 S e s g E N VA L R IR SR N
25 (8]

H3 2 W 7 10 AX-110565536 ( AA/GG ) Fll AX-
86170796 (TT/CC ) 3k K X} 314 fy [ 4R #f 4 iE
1744, b 5 a0 411 LR BUAH R 1Y gSsnps-5D
e 5 B A ( Hap-GG-CC ) X 72 Ptk ) 38 44 5k
Mo g5 FU, 55 411 M1 [F AY Hap-GG-CC 4%
RIFE A SRR P BRI I 2 BRI B /N, B iR 35
32.68% 5 [v] B i 384 i Rkr 500 AR R A , 448 i 43 1)
H 3.75% 1 3.96%; {H Hap-GG-CC B4 %I % T4
TR R 7 e 48 R R S TR R
R 7.74% N 8.27% (El 4 ). Zi L Frik, gSsnps-5D
HEE T RARE VA OC, W /NZ 5 B R
FH Y 2 PR
2.4 qSsnps-5D TE/NZEZ B T B IEFE N AR AT

HRAEARHE & A O 314 & A (R ) i
17572 (i 2 R — M sl St Al (R ) A2 10 403 19
FAEEL), S BT qSsnps-5D BAE RITE 45 WIS 19 &
T e PR B B RPN o 45 5 W, A1
XL S B Y A e BRI R e, 5 411 AR IR
Hap-GG-CC 1t 5 545 54 17 Lk Ky 80.60% ; H [ i Fh
TR A DY )1 A8 N RS 3 444 1 Hap-GG-CC
e S AR R R o ST, 4 R 52.17% . 50.00%
H1 46.88%; 111 748 AL T FIBKE Y44 %) Hap-GG-CC
OG5 BT U R R FH AR AR, 5 b4 o 21.74%



34

ERANEE : /INEANE /L QTL-gSsnps-5D it4% K B R LRS00 fiF b

817

B/

Sterile spikelet number per spike

LN-BLUE
wok

BRRE/INEEEL
Spikelet number per spike

24

22

20

18

LN-BLUE
n.s.

16
1.67 1.96 1.80 2.15 18.48 18.36 18.87 18.82
0 : : : : 14 : : : :
JAT1ZE% KINO204Z57  J41128H8 KIN9204257% JA11Z57 KNO204Z58  J4112578  KIN9204257
J411 KN9204 J411 KN9204 J411 KN9204 J411 KN9204
genotype genotype genotype genotype genotype genotype genotype genotype
70¢ 251
LN-BLUE HN-BLUE
n.s.
LN-BLUE E—
% 60F ey HN;lBSLUE P i
2 S. 2
5 = =20
(=¥ oy O
P 50F =~ o
& g &5
= B o
= 40p il
5 & 2 st
2 -
30} X
41.53 40.90 40.66 40.31 1.77 1.80
20 . — = — 1.0 : — ‘ —
JATIZEA KN920428%8  J411257 KIN9204257 JAT1Z87 KINO204Z51  J4112878  KIN9204257Y
J411 KN9204 J411 KN9204 J411 KN9204 J411 KN9204
genotype genotype genotype genotype genotype genotype genotype genotype
127 55 LN-BLUE HN-BLUE
HN-BLUE ok kx
k3
= = 50
2 10} 5
o
o} z
= = Bs 45
&3 LN-BLUE = g
*® s 81 wok & Z
B 3 ]
o - £ 40
©n 6 =
=35
5.94 9.06 8.60 43.01 44.38 41.70 43.44
4 : ‘ ‘ ; 30 : : : :
JA11Z55 KNO204Z5  J41128% KIN92042K7 JA11Z55 KNO204Z5  J41128% KIN9204257
J411 KN9204 J411 KN9204 J411 KN9204 J411 KN9204
genotype genotype genotype genotype genotype genotype genotype genotype
0.7 157
LN-BLUE HN-BLUE
n.s.
n.s.
1
0 E '
5 HN-BLUE =
:%E E o n.s. [ﬂiﬂ% 0 LN—*B*LUE
KU s 10]
Z B ALY 11, '3
=5 A dip- = 5
0.4+ o
0.59 0.59 0.47 0.47 7.92 7.69 10.71 10.47
0.3 ; ; ‘ ‘ 5 : : : .
JATIZA KNO20425H  J41128 KN920425#) JALIZER] KN920428%  J41128%] KN9204242Y
J411 KN9204 411 KN9204 J411 KN9204 J411 KN9204
genotype genotype genotype genotype genotype genotype genotype genotype

JA11 AL SRAERISN T 411 19250 KNO204 27 BARERIRLAR 9204 (2L R ARBR T AEC AR AN I BA AL 1 R AVER - XM, R W)
J411 genotype: The haplotype of Jing411, KN9204 genotype: The haplotype of Kenong9204, the number over the

abscissa represented the average of the phenotypic data of the corresponding haplotype, the same as below

B3 ETF KJI-RIL BHK ¢Ssnps-5D Xf 7= 8 MK i 5 U SR AR

Fig.3 Genetic effects of gSsnps-5D on yield related traits in the KJ-RIL mapping population
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Table 4 Haplotype analysis of gSsnps-5D using 314 authorized varieties or advanced lines
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MSEA5 R Excellent Hap 1.03 +0.67 152 48.40
B 245 Y Non excellent Hap 1.53£0.62 44 14.01
217 Recombinant 1.23+0.76 48 15.29
%2471 Heterozygous 1.69 + 0.65 17 5.41
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+ APECTRERA B/ MEECFIIE; + FECTEA B /MR E

The number before + represents the mean value of sterile spikelet number per spike, the number after + represents the standard deviation of sterile

spikelet number per spike
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Fig.4 Genetic effects of gSsnps-5D on yield related traits in authorized varieties
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