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Genetic Diversity Analysis of Parental Lines of Two-Line
Hybrid Wheat Based on SNP Array

HOU Qiling, YANG Weibing, QIN Zhilie. HAO Xiaocong, YUE Jieru, YUAN Shaohua,
LIANG Yulong, PANG Binshuang, ZHAO Changping, ZHANG Fengting, SUN Hui

(Hybrid Wheat Research Institute, Beijing Academy of Agriculture and Forestry Science, Beijing 100097, China)

Abstract: Two-line hybrid wheat is currently the main type of hybrid wheat in China. To analyze the
genetic diversity and relationships between the parental lines of the two-line hybrid wheat, this study
used the wheat 90K SNP(single nucleotide polymorphism) array to conduct a genome-wide screening
of 123 parental lines of two-line hybrid wheat, and to estimate the genetic distance between lines and
reveal their genetic diversity. The results showed that the polymorphism rate of SNP loci on the 21
wheat chromosomes reached up to 82. 40%. The distribution of polymorphic loci on each chromosome
ranged from 895 to 6 165, and the distribution of polymorphic markers among sub-genomes ranked as
B>A>D, with the number of polymorphic markers distributed in 7 homoeologous groups in the or-
der of 5>>3>1>2>7>>6_>4. The genetic distance between the 123 hybrid wheat parental lines ranged
from 0. 001 to 0. 513, with an average of 0. 369. Among them, the genetic distance of the 60 male

sterile lines ranged from 0. 001 to 0. 499, with an average of 0. 324; the genetic distance of the 63 re-
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storer lines ranged from 0. 002 to 0. 513, with an average of 0.372; and the genetic distance between

the 60 male sterile lines with the 63 restorer lines ranged from 0. 225 to 0. 511, with an average of 0.

387. The clustering results showed that all materials were divided into four different clusters. Inte-

grated analysis of SNP and material types showed that the genetic distance between male sterile lines

and restorer lines was the largest, followed by the difference between restorer lines, while the differ-

ence between male sterile lines was the smallest. Based on the analysis of genetic distance and rela-

tionships, it was found that the genetic differences among the two-line hybrid wheat parents are gen-

erally small, with some parents showing inbreeding tendencies. It is necessary to broaden the genetic

background and increase the genetic diversity of the parents to improve the breeding level of hybrid

wheat.

Keywords: Hybrid wheat; Parents; SNP; Genetic differences
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Table 1 Parents for two-line hybrid wheat tested
KA G AR LR RAKTY KA G AR LR AERER AR
Parent code Parent name  Ecological type Line type Parent code Parent name Ecological type Line type
N . . HAR 5 - Ak R
B Y ENCES 05Y 4£ 68-1 2 7%
YS001 BS366-2 &4 Winter Male sterile line YF003 05Y hua68-1 Semi-winter Restorer line
25 NA R‘ V=3
YS002 BS102 4 Winter A ’% . YF004 CP1867 4: B fi V}?E%
Male sterile line Semi-winter Restorer line
. NE R 07Y 7 91-5 gk UEES
R, X
YS003 BS106 &1k Winter Male sterile line YF005 07Y hua91-5 Semi-winter Restorer line
. NE R 07Y £ 91-13 Ak LEES
R‘ X
Y5004 BS107 & Winter Male sterile line YF006 07Y hua91-13 Semi-winter Restorer line
i} . _ Ry #& 08Y 1€ 71-15 Ak WA %
_ P X
Y8005 BS108-1 &1t Winter Male sterile line YFo07 08Y hua71-15 Semi-winter Restorer line
2 e A2 e 4
YS006 BS109 A 4F Winter Lk YF008 CP2819 At A&
Male sterile line Semi-winter Restorer line
25 Az R‘ v =3
YS007 BS122 24 Winter A ’% . YF009 CP2939 4: B ﬁ VRE’%
Male sterile line Semi-winter Restorer line
2 NS =1
YS008 BS127 £ Winter RER YF010 CP2185 At I A
Male sterile line Semi-winter Restorer line
2 e W
YS009 BS143 K4 Winter ol /% . YF011 CP2343-111 < E': = l'i Wﬁf"{\
Male sterile line Semi-winter Restorer line
- EN-ES < R RS 3 SR
K, [ X
YS010 BS184 A Winter Male sterile line YFol12 CP2353 Semi-winter Restorer line
. ; . BAR 1 - < Ak A #
s 5 e e
YS011 BS138 &1t Winter Male sterile line YF013 CP4601 Semi-winte Restorer line
2 S & =
YS012 BS105 &k Winter Ok YF014 CP5011 R A A
Male sterile line Semi-winter Restorer line
- B .. Ak SR
£ : S
YS013 BS120 &1 Winter Male sterile line YFOL5 CP5447 Semi-winter Restorer line
2 N X e e
YS014 BS156 24 Winter AER YF016 CP7655 Rt A
Male sterile line Semi-winter Restorer line
J— NGRS . 55 F R
YS015 BS119 &1k Winter Male sterile line YFO17 CP8457 Weak spring  Restorer line
2 S A W
YS016 BS366-1 K4 Winter A /% . YF018 CP8471 . 4: N .ri WE’%
Male sterile line Semi-winter Restorer line
. . . HH N - Ak R F
Y N 14Y £ 26-16 EX VK
YS017 BS210 &4 Winter Male sterile line YEFOL9 14Y hua26-16 Semi-winter Restorer line
. NE R 14Y £ 26-26 Ak LEES
R, X
h ale sterile line 4 ua26- Semi-winter estorer line
YS018 BS1453 4 Winter Mal To i YF020 14Y hua26-26 Semniowi R i
At N-ES 14Y £ 50-2 A SR
YSo19 BS1086 Semi-winter Male sterile line YFOz1 14Y hua50-2 Semi-winter Restorer line
. . AEF 14Y 15 74-1 gt WE 7
_ P X
¥S020 BS1745-1 &1t Winter Male sterile line YFoz2 14Y hua74-1 Semi-winter Restorer line
25 Ny Wi e
YS021 BS93-32 4% Winter A A ’% . YF023 CP7651 + = .ﬁ V}?E%‘
Male sterile line Semi-winter Restorer line
N N 25 e A k=1
YS022 BS1252 4:.‘ Hﬁ Kﬁf% . YF024 CP7937 #\ H: V}—(E’%
Semi-winter Male sterile line Semi-winter Restorer line
NP 23 M & k=1
YS023 BS201 RALE Lk YF025 CP895 At I A
Semi-winter Male sterile line Semi-winter Restorer line
B3 EN-ES < Ak SR
2 ~ X
YS024 BS206 Semi-winter Male sterile line YFO26 CPozs Semi-winter Restorer line
) A A F : A W 5
Y8025 BS212-2 Semi-winter Male sterile line YFoz7 CPIIIS Semi-winter Restorer line
S A2 2 & =1
YS026 BS224 4: h ﬁ A ’% . YF028 CP1540 4: = fi V}z&%‘
Semi-winter Male sterile line Semi-winter Restorer line
oE o= 2 N =1
YS027 BS230 A AEAR YF029 CP1546 A AL
Weak spring Male sterile line Semi-winter Restorer line
- B . oA SR
2 5 =
YS028 BS236 A Winter Male sterile line YF030 CP1552 Semi-winter Restorer line
ry ZN=EA ok 4
Y8029 BS237 < HE Winter Male sterile line YFO31 CP1587 Semi-winter Restorer line
5 F M EN-ES . . . REE S A SR
Y8030 BS248 Weak spring Male sterile line YF032 CP8r73 Semi-winter Restorer line
== e W
YS031 BS251 £t Winter REE YF033 04]37 kAt WE"Z‘
Male sterile line Semi-winter Restorer line
2 Ny =1
YS032 BS252 K Winter AR YF034 CP730 At e %

Male sterile line

Semi-winter

Restorer line
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(4% 1 Continued table 1)
FARE | RAAR | EAX A AT FAHS TR AR AR
Parent code Parent name  Ecological type Line type Parent code Parent name Ecological type Line type
25 =3
: : . e o e
YS033 BS259 & Winter Male sterile line YF035 B2183 1 Spring Restorer line
- EN-ES - SR
YS034 BS260 & PE Winter Male sterile line YF036 D002 # 1 Spring Restorer line
S 3 B . Y . SR
Y8035 BS263 Semi-winter Male sterile line YF037 GLDS <A Winter Restorer line
M A2 2 NS Wi 4
YS036 BS265 RALE AER YF038 BY149 RAE REA
Semi-winter Male sterile line Semi-winter Restorer line
= =
2 N £ . Z: H /‘?\ > T £ . 'WE/%
YS037 BS270 Mk Winter Male sterile line YF039 C96-8 & Winter Restorer line
- N-ES P4 SR
g‘ X
YS038 BS271 A Winter Male sterile line YF040 PHI1521 Semi-winter Restorer line
S A2 25 G
Y5039 BS277 Atk L YF041 CA0533 4 M Winter L&
Semi-winter Male sterile line Restorer line
Y-S 2 N X =1
YS040 BS278 RALE OLE YF042 7Y855 Rt A
Semi-winter Male sterile line Semi-winter Restorer line
- N-ES A SR
42 _ <
Y8041 BS281 A Winter Male sterile line YF043 H11-5274 Semi-winter Restorer line
N < . HAR Ak R
& AHF X
YS042 BS285 & Winter Male sterile line YEO44 JM418 Semi-winter Restorer line
2 v
YS043 BS288-2 &4k Winter rER YF045 Js1 £ 4k Winter A
Male sterile line Restorer line
. iy . E & 5 < Py : &N
YS044 BS289 £+ Spring Male sterile line YF046 CP279 &Pk Winter Restorer line
= =3
. Y . AEFR . & : B
YS045 BS290 & Winter Male sterile line YF047 CP806 & E Winter Restorer line
S A2 25 A V=)
YS046 BS291-2 Atk AER YF048 TS046466 kAt WA
Semi-winter Male sterile line Semi-winter Restorer line
25 N8 V=3
YS047 BS292 24 Winter A /% . YF049 86E22 4: h fi V}ZE’%
Male sterile line Semi-winter Restorer line
- B 55 7 1 SR
£
YS048 BS293 &t Winter Male sterile line YF050 F3 Weak spring  Restorer line
A2 e Mz A2 =}
YS049 BS294 RALE OLE YF051 G35 Rt I A
Semi-winter Male sterile line Semi-winter Restorer line
At N-ES . B e 3 SR
YS050 BS297 Semi-winter Male sterile line YFO52 CMM Semi-winter Restorer line
. EEES S ENES . . RS S SR
YS051 BS299 Weak spring Male sterile line YF053 XM36 Semi-winter Restorer line
. < B3 ENCES 55 B 1 R
Y3052 BS413 Semi-winter Male sterile line YFO54 XM46 Weak spring  Restorer line
A AR A W 5
Y8053 BS414 Semi-winter Male sterile line YFO55 FN28 Semi-winter Restorer line
W & 2 N =1
YS054 BSI15 FAtt AER YF056 PA0518 A A&
Semi-winter Male sterile line Semi-winter Restorer line
NP 2 NY S e e
YS055 BS417 RAAE QL YF057 LX145 At I A
Semi-winter Male sterile line Semi-winter Restorer line
‘ sk R A : ) - WL 7
YS056 BS419 Semi-winter Male sterile line YFO58 JN13-105 €4 Winter Restorer line
S 3 R . A SR
Y8057 BS420 Semi-winter Male sterile line YF059 JEMI1 Semi-winter Restorer line
At EN-ES RS <A SR
YS058 BS421 Semi-winter Male sterile line YF060 IM596 Semi-winter Restorer line
. . L& FN - . : A - S-S
Y3055 BS422 Semi-winter Male sterile line YFO61 EA13 #HE Spring Restorer line
S ZNE . ) - SR
YS060 BS424 Semi-winter Male sterile line YF062 C13071 1t Spring Restorer line
04Y 1€ 23-5 Atk WA % . ) AW Wi V& ES
YFOOL 04Y hua23-5 Semi-winter Restorer line YFO63 CAlL2123 &4 Winter Restorer line
V=1
YF002 05Y # 101-2 597 s A

05Y hual01-2

Restorer line
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Table 2 Comparison of genetic differences between male sterile and restorer lines
ZAEME R SR L IR
Polymorphic information content Genetic distance
o
B {E RRMHE R/ME X H SEON: e /ME
Mean Max. value Min. value Mean Max. value Min. value
EN-EX /RS
Between male sterile 0.294 0. 375 0 0. 387 0.511 0.225
lines and restorer lines
KRE FR Male sterile lines 0.258 0. 375 0 0.324 0.499 0.001
W 4& % Restorer lines 0.296 0.375 0 0.372 0.513 0.002
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YI{H 0,291,484 0. 154~0. 386,48 5+ R ¥
J21.81%., 2 WEKA 6 MR AME R,
A B A G R B T B E 0. 277, AR
0.143~0. 409, 5 RE N 30.57%, 55 3 WK
B0 N R L IIE R &S E M, K
T4y M ORHE BY149 (Bl B & L it 5 1 B 4 (E
0. 236, ALFL R 0. 005~0. 373,48 5+ RN 34.81%.,
FAWKA 18 DMARHNAE R, LA
B, K42 BS366 15 HUE AN T F A9 5 AR5
Z AL B S B 0. 247, A8 4B JE F 0. 001 ~
0.352, 82BN 24.57% ., B 5 WHMLF 34
il %, CP2939,CP7651 A1 F3, ¥ MK E &R, k4
P ol 55 A L L IR B EME 0. 252,

Group 4 7% 156 DMEAR R 2 DWW, 51
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Table 3 Wheat lines and their genetic distances in different groups

AL HE B Genetic distance

% R %
Group Number of line Sub-group T4 Mean ik Max. b Min,  EREE CV/ Y
Group 1 39 1 0.265 0.372 0.105 59.61
2 0. 324 0.410 0.003 23.99
3 0.229 0.408 0.014 33.33
4 0.262 0.376 0.007 30. 75
5 0.294
Group 2 22 1 0.134 0.299 0. 000 76.93
2 0. 385 0. 481 0.157 17. 24
Group 3 47 1 0.291 0. 386 0. 154 21.81
2 0.277 0.409 0.143 30. 57
3 0.236 0.373 0.005 34. 81
4 0. 247 0.352 0.001 24.57
5 0.252 0.298 0.155 27.30
Group 4 15 1 0.233 0. 360 0.020 39. 36
2 0.226 0.010 0. 337 46. 15
2.4 HIAMBEEXRDWN ENE AR 2 S AR N RN NS ST o

T SNP fridiliid TASSELS. 2. 51 M2k . S5 R R, B b 8t 70 A R 2 [ 2% 2% 56
GRAR GHE.GHEMELRTE 60—/ REGE .5 MAORG R B 5 B AL i
RS — DB G — DHEAMMW Z MR EgZ R 2R -5



% 3

R IE A5 FE T SNP it i1 = R A /DR R A AL ZHEAE AT . 319 -

6 ETSNP =l GEFETRLER

Fig. 6 Visualization of G matrix based on SNP loci
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. 90.00%:07Y £ 91-13 5 60 N AE £ 8] 1Y F-
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Bk 0,388, KF 0.35 YA 54 4>, i H 90, 00%;
CP730 5 60 ™AH R MM BB AE IR 0. 395,
KT 0.35 A 584, 1k 96.67% ;JM418 5 60
AARE RB R FEE 8L E R 0. 409, K F 0. 35
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