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Genetic Mapping of a Male Sterility Mutant 4167ms in Wheat

LI Zeng-hui, WANG Shi-yin, PANG Yu-hui, MA Zhi-hui, LI Jia-chuang, WANG Li-ming, DONG Pu-hui
(College of Agronomy, Henan University of Science and Technology , Luoyang 471003)

Abstract: As a very valuable germplasm resource, the wheat materials showing male sterile is of
significance in the study of wheat hybrid breeding and heterosis utilization. In this study, we identified a male
sterility mutant 4167ms from a wheat high generation line 4167, followed by the phenotype classification,
genetic analysis and molecular marker mapping. The anthers of the mutant were shriveled and not exposed. The
pollens were irregular in shape and failed to be stained with 1% 1,-KI, indicating complete sterility of the pollens.
Gained from the outcome of field trials over several years, the male sterility were stable without affects due to
light and temperature conditions. The F, plants derived from crosses between 4167ms and a number of varieties
were completely fertile. The segregation ratio (fertile vs. sterile plants) in F, populations fitted to 3: 1. The
F,plants (KD342//4167ms/4167) , which were derived from reciprocal cross, were fertile, and the segregation
ratio (fertile vs. sterile plants) in derived F, population of segregation was 3: 1. These results indicated that the
sterility was controlled by a single recessive nuclear male sterile gene, temporarily designated ms/¢. By taking
use of a 4167ms/Chinese spring F, mapping population, together with bulked segregant analysis (BSA) and
mapping with SSR molecular markers, the msi¢ was delimited with five markers (Xwmc617-Xkd661-Xkd696-
ms1t-Xkd495-Xkd393) on chromosome 4BS. The genetic distance of the closest flanking markers Xkd696 and
Xkd495 to msit were 3.9 cM and 1.9 cM, respectively. The comparative analysis based on the physical map of
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Chinese Spring suggested that ms/¢ was allocated to the same genetic interval of the former classified ms/ locus,

implying ms/¢ in mutant 4167ms as a novel recessive allele of the MS/gene.

Key words: wheat; male sterility ; genetic analysis; molecular marker
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Table 1 Primers for genetic mapping
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Xwmc617 CCACTAGGAAGAAGGGGAAACT ATCTGGATTACTGGCCAACTGT
Xkd393 CT(24) ATTCCATCCCGCCTCTTT CACGCACTCAGTCATCTTTCTC
Xkd495 TC(15) TTGGCTGTGGCGACCAATC ACCTAAATGGGCAGGCTCACA
Xkd661 ACCAA(6) CCACCAACCCAAGTAAGC GAACAACGCAAGGAAAGC
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A Spike type; B: Anther type; C1-C2: Pollen grains
El1 AEZ4167Tms FNEFAERIFRAY
Fig.1 Phenotypic of the sterile line 4167ms and its wild
type (WT)
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Table 2 The fertility segregations in crosses of 4167ms and 4167
HE SREL R NEHE IrE TRy L R PH
Crosses  No. of plants  No. of fertile plants No. of sterile plants Segregation ratio  Theoretical segregation ratio P value
PI/P2F, 49 26 23 1.13 1:1 0.1837 0.50~0.75
P1/P2F, 413 306 107 2.86 3:1 0.1364 0.50~0.75

Pl: 4167ms; P2: 4167ms/4167; s ,=3.84, P>0.05 F/R7E0.05 /K AR &%, FIH
P1: 4167ms; P2: 4167ms/4167; X20'05',=3.84, P>0.05 refer to not significance in the 0.05 level, the same as below

R®3 416Tms 520 M NERBMIELF,

HBXERREF,NHFES B LG

Table 3 F, seed set ratios and F, fertility segregations in the crosses of 4167ms and 20 wheat cultivars

n BIH%) FURE TAWE  AAWE AW IRAEL i
- Seed setrate  No.of F, No. of fertile No. of sterile Segregation Theoretical v

Crosses ) . . P value

of F, plants plants plants ratio segregation ratio

4167ms/H 7 26 81.3 206 157 49 3.204 3:1 0.1036 0.50~0.75
4167ms/E1E 1298 84.9 150 114 36 3.167 3:1 0.0356 0.75~0.90
4167ms/PG4K 22 85.1 157 116 41 2.829 3:1 0.0531 0.75~0.90
4167ms/ K 521 83.2 164 122 42 2.905 3:1 0.0081 >0.90
4167ms/JH 32 18 78.9 196 149 47 3.170 3:1 0.0612 0.75~0.90
4167ms/Pi4< 979 83.4 162 118 44 2.682 3:1 0.2963 0.50~0.75
4167ms/HZ 2111 89.7 218 167 51 3.275 3:1 0.2202 0.50~0.75
4167Tms/BH 55 83.9 126 93 33 2.818 3:1 0.0423 0.75~0.90
4167ms/3 3 22 81.5 151 114 37 3.081 3:1 0.0022 >0.90
4167ms/Fi4 1376 78.3 159 120 39 3.077 3:1 0.0021 >0.90
4167ms/ K& 198 78.8 207 157 50 3.140 3:1 0.0403 0.75~0.90
4167ms/JH 32 24 81.4 169 128 41 3.122 3:1 0.0178 0.50~0.75
4167ms/3 7 987 80.5 141 105 36 2917 3:1 0.0024 >0.90
4167ms/%&Pi 58 86.3 196 150 46 3.261 3:1 0.1701 0.50~0.75
4167ms/FF} 718 78.4 130 99 31 3.194 3:1 0.0410 0.75~0.90
4167ms/4& K 3486 87.6 141 106 35 3.029 3:1 0.0024 >0.90
4167ms/HF 6172 85.4 188 143 45 3.178 3:1 0.0638 0.75~0.90
4167ms/JH 3 22 83.1 185 143 42 3.405 3:1 0.4054 0.50~0.75
4167ms/K5Z7 0943 86.8 209 156 53 2.943 3:1 0.0016 >0.90
4167ms/Pi 4 20 84.6 203 154 49 3.143 3:1 0.0411 0.75~0.90




249 ZEROESE N IEVEAR T 2R AR K 4167 ms B 14 2 N7 361

Fz4 (4167ms/4167)F, 5RKX IR ZF, BF S S LG

Table 4 F, fertility segregation in the reciprocal crosses of (4167ms/4167) F, and KD342

SHRER AE AL AR ML

A . T e F AL - . X Pl
No. of No. of fertile No. of sterile . . Theoretical separation x

Crosses Segregation ratio . P value
plants plants plants ratio

Bl K 342//4167ms/4167 209 157 52 3.019 3:1 0.0016  0.90~0.95
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k=]

Xkd495
250 bp —»

250 bp —p

Xkd661
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=
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o

1:4167ms; 2: PR ; 3~12: REHER; 13~22: 1] F 4k
1: 4167ms; 2: Chinese Spring; 3-12: Sterile plants; 13-22: Fertile plants
2 Xwmc617.Xkd393 . Xkd495 F1 Xkd661 7E 416Tms/HP E & F, BHE S Bk EAI PCRITIBER
Fig.2 Amplification pattern of polymorphic marker Xwmc617.Xkd393.Xkd495 and Xkd661 in the F, individuals of the
4167ms/CS segregating population
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LA 52:4167ms;3~12: AT F bR 13~22 RN F HLbR
1: Chinese Spring; 2: 4167ms; 3-12: Fertile plants; 13-22: Sterile plants
B3 Xkd6967E 4167Tms/H E & F, B3R5 Bk I PCRY LR
Fig.3 Amplification pattern of polymorphic marker Xkd696 in the F, individuals of the 4167ms/CS segregating population

CS Physical map v1.0

() S
Xwmcbl 7. _
6.9 —— = 15.76 Xwmetl]7
. 14.65 Xkd696
_eT--1426
0.1 Xkd661---=="7 Xkd661
39— Xkd696+" 13.12 MS1
mslt - 1227 X495
19— i
Nkd495--~
--10.94 Xkd393
3.6 — L
Xkd393-""
s \/
cM Mb

4 RBEE4BS LIEERFEENS FIRiCEHEIE
Fig.4 Linkage map of male sterile gene on wheat
chromosome 4BS
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