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FAYt ,ms20s2 B TARIE L m b LR EAR %, L2 M AR B e, eI E &0, 55 AR AL, 9 vt 41 8 T AR ms20s2 49
T 2h F RIIRE) AL WA 5 R s s e R KA BP0 A BT R, MR R B B XAk 25 M . WA R
FlRFH MBI 200 btk A I, J2 S6-ST -, 5 97 A A AR YL, ms20s2 B EARIL 3 P 10 BA R B R A8 52,
FEAH B MmOk B AT R B, RA RIS ML T, P AR R T AR, BESEN, RE K
ms20s2 PR H AR % EA AR B 38, F) A 20K 10K SNP % B 3t F, AL BRAR 347 3L B A o7, 0 F 02 8 AL 5
FALEER2 T L EARKE E62IMb RE AN, #t—FHdm ez R a4 5 T 590 kb, R ] 64—/ Tsnth & O bk
B MS32(Zm00001eb106620) . *F MS32 3 B 3470 K- 5047 , £ R R MS32 KRB 455 2F LA I T —8 3166 bp 49 K 71 Fri6
N, THF T MS32 & G, AR ms20s2 9L H LT FF Ao e R R 09 £ A . a2 R 2, R T AR ms20s2 A Ak
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KA 2R R E AR ms20s2; R F s R A AL R A 5T

Phenotypic Identification and Genetic Mapping of
Male Sterility Mutant ms20s2 in Maize
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Abstract: The maize male-sterile 20s2 (ms20s2) is a pollen-free genic male sterility mutant that was
identified in maize inbred line KWS49. Compared with wild type (WT) , the mutant anthers were small and
whitish without pollen grains. The scanning electron microscopy (SEM) observations showed that no pollen
mother cells undergoing meiosis were observed in the anthers of the ms20s2 at V9 stage. The anther cuticular was
abnormal, and failed to generate ubisch bodies on the inner surface of the anther wall of ms20s2 at tasseling
stage. By analyzing the paraffin sections of anthers from different developmental stages, some middle layer cells

and tapetum cells of the ms20s2 anther underwent abnormal division from S6 to S7 stages compared to WT,
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leading to the anther wall shrinking, abnormal meiosis and death of the pollen mother cells, and finally male
sterility. The segregation analysis in an F, population revealed that the male sterility of the ms20s2 mutant was
controlled by a single recessive nuclear gene. By genotyping with the maize 10K SNP chip, the causal gene
was preliminarily mapped to the 6.21 Mb region on the long arm of chromosome 2. The physical interval was
further delimited to 590 kb, where a known protein-coding gene MS32 (Zm00001eb106620) is present.
Sequencing analysis of the MS32 gene revealed a 3166 bp insertion in the exon 4 of ms20s2, and this insertion
might result in abnormal anther development and male sterility. Allelism test showed that the ms20s2 was a new
allelic variation of maize male sterile gene MS32. The MS32 gene was expressed in maize anthers at S6 and S7

stages, which provided additional evidence in regulating the development of tapetum and middle layer of maize

anthers.

Key words: maize; ms20s2 mutant; male sterility ; gene mapping ; phenotypic analysis
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Table 1 Primers for ms20s2 cloning and RT-qPCR

GIE/EAS SIWFHI(5'-3") JHE
Primers name Primers sequence(5’-3") Purpose
ms20s2-F TGTCATCAGTCCACAGCCAG i
ms20s2-R GCACAAACACTCCACCGCT
ms20s2-insert-F AGCAGTCCACGAGACAGG
ms20s2-insert-R TGCTTGGGACCTCCACGA

ID1079-F ATCATACGTCTTGCACGGTGG
ID1079-R CGTTTTTTTTCTCCGATGCC
ID1086-F AATTGAGGCACGAAATGACATG
ID1086-R AATCCGATATTCCAGGCTTCA
ID1146-F TTGGTGATGTGTGTCCTGTCTG
ID1146-R CCTGCCACGCCCTCAAT
ID1147-F TAGGTAGTTGCGGCGGTCT
ID1147-R TAAGAATCCTCTGCGATCAAGAA
MS32-gPCR-F  GAGTGAGTCAGTGAGGCTGGGAT qRT-PCR
MS32-qPCR-R TTGAGCACCGAGTCGACGAAG
Tubulin-F GTGTCCTGTCCACCCACTCTCT

Tubulin-R GGAACTCGTTCACATCAACGTTC
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B ms20s2

ms20s2

—

AR IR B RS C, D:/MEE, F:WIBUEZS G, H: ALK L-KIJ4 8, WT: BFAE RS, R [A]
A Plants at the anthesis stage; B: Tassels ; C, D: Spikelet; E, F: Broken anthers; G, H: 1,-KI staining of pollen grains;
WT: Wild type, the same as below
1 REEms20s2 SEFERERIRE ST
Fig. 1 Phenotypic analysis of ms20s2 mutant and wild type plants

R2 REME ms20s2 5EFEBERREIREER

Table 2 Comparison of plant traits between ms20s2 mutant and wild-type

Motk Bi#5 (cm) AR (cm) BTl A (om) HER S S8
Trait type Plant height Ear height Total tassel length Tassel branch number
BPLER WT 156.93+8.42 39.67+10.03 25.04+2.66 17.67+2.15
ALK ms20s2 Mutant ms20s2 149.20+11.69 40.40+6.81 22.3243.31 16.20+3.79

P {H P value 0.078 0.848 0.04* 0.25

*FIRAE P<0.05 /K P 1 .35 25 5
* indicates significant difference at P<0.05 level
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V9: Vegetative stage 9; VT : Vegetative tasseling stage ; Msp: Microspore; PMC: Pollen mother cell;
Tds: Meiosis tetrads; Ub: Ubisch body; The same as below
2 BT ms20s2 5EF ARG R BRI

Fig.2 Observation of the ms20s2 mutant and wild-type anthers by scanning election microscope
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Stage S6 Stage S9
S7 I S10 I
Stage S7 Stage S10
S8a i S11 I
Stage S8a Stage S11
S8b HiHif

Stage S8b

B3y~ S N | 7Y s :
EP: £ 25 MaE  EN: £ 25 P4 s ML : FTR] 245 TA : GBS 28 Dy iU 24 00 S6 ~ SO IR A7 Y 1 PRI PP JOK B4 20 pm, S10.. S 11 1Y
AVEY) R P AR RO B 50 ume ZLRERRIRTR 3 88K ms20s2 AL 2% r (6] 2 FIERS )2 200 IEL S 8 328 DX Juk
EP: Epidermis; EN: Endothecium; ML: Middle layer; TA:Tapetum; Dy:Meiosis dyad.The bars are 20 pm in pictures from S6 to S9, and 50 pm
from S10 to S11. The red circle indicates the region of abnormal cell division in the middle layer and tapetum in ms20s2 mutant

3 TR ms20s2 SFHERARE L BT AET W E

Fig.3 Transverse section analyses of anthers in ms20s2 mutant and wild type at different developmental stages
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Fig. 4 Fine mapping of ms20s2 mutant
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3166 bp

I 1
]7‘1_&'203’2 AAAGGCGAGCAGGATGTTGTGA T(i(}T(i{TGTTAGCTACTGCTAG e TACTAACATGGTGL?AGCTAAGGAG(‘CTCT'
WT AAAGGCGAGCAGGATGTTGTGATGGTG GAGCTAAGGAGCCTCT"
Z58 AAAGGCGAGCAGGATGTTGTGATGGTG GAGCTAAGGAGCCTCT

| EXON4

ms20s2 ( Zm00001eb106620 )

7e Py MS32 HEIRI S5 HE Ko ms 2052 G7E L AT BN BT AR T G AEIR ms20s2 K 58 =FIBH T Zm00001eb106620 8K 491 7 B
BB F K I 5 1. KWS49; 2. 588K ms20s2; 3: ¥58; M: Trans 2K plusll DNA Ladder
The left figure is the gene structure of MS32 and mutation site in ms20s2; The right figure shows the results of agarose gel electrophoresis analysis of
the full-length gene of and Zm00001eb106620 in WT, ms20s2 mutant and Z58. 1: KWS49; 2: ms20s2;
3: Z58; M: Trans 2K plusll DNA Ladder
5 MS32HEREHREE T ms20s2 FIRELLR
Fig.5 Structure schematic diagram of MS32 gene and the mutation site of the ms20s2 mutant

2.6 ms20s2 REGHEMNB SLERICHE A ms32-refims20s2 +/ms20s2
W55 % B Zm00001eb 106620 J2:— 4~ .1 ) I
PEARF R MS32, ik MaizeGDB KM T i hE A
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TEES s Wﬁ{+ﬂ(%*ﬂ$@4ﬁ%‘l&#ﬁi%ﬁ%%ﬁ s A: Tassels; B, C: Spikelet; D, E: 1,-KI staining of pollen grains
LEAEI i L D AT BEAEAE 25 b s S 3k . 1l il %ot 6 FAIMWEER B S A HERELRES

AT MS32 FE DR A B A TR B A A RR AR Fig. 6 Phenotype analysis of the spikelet from sterile and
P R RS 45 6 ) .9 [H“E,H VHIREIGRE LRI & fertile plants in the allelism test population
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Fig. 7 Genotype identification of plants in the F, mapping population using new-designed functional marker
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Fig. 8 The relative expression level of MS32 gene in
different tissues
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