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Thermo-sensitive Male Sterile Line Created by Editing TMS5 Gene in japonica Rice
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Abstract: [Objective] The breeding of thermo-sensitive male sterile rice lines is a key step in the breeding of two-line
hybrid rice. TMS5 is the key gene that modulates pollen fertility of rice at different temperatures and has been widely
used in rice breeding. In order to accelerate the breeding process of thermo-sensitive sterility lines, [Method]
CRISPR/Cas9 technology was used to edit TMS5 with a japonica rice variety Wuyunjing 7 as a material. [Results]
Sequencing analysis showed that six homozygous mutants screened from 22 strains of T, generation produced the same
genetic variation, and one base “A” was inserted between 44 bp and 45 bp of the second exon of TMS5 of all the six
mutants, resulting in pre-maturation of translation. Cytological observation and artificial pollination confirmed that the
pollen of tms5 mutant was aborted and the development of female gametes was normal. [ Conclusion] These results
indicated that the thermo-sensitive male sterile lines could be obtained rapidly by knocking out the thermo-sensitive male
sterile gene TMS5 in japonica rice.
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Table 1. Primers used in this study.

ClE7Ey i 51¥751(5-3)
Primer name Primer sequence(5'-3')
TMS5-U3-F GGCAAGCTCAAGCCAGAGTATCT
TMS5-U3-R AAACAGATACTCTGGCTTGAGCT
U-F CTCCGTTTTACCTGTGGAATCG
U-R CGGAGGAAAATTCCATCCAC
Uctcg-B1’ TTCAGAGGTCTCTCTCGCACTGGAATCGGCA
GCAAAGG
gRcgot-BL AGCGTGGGTCTCGACCGGGTCCATCCACTCC
AAGCTC
SP1 CCCGACATAGATGCAATAACTTC
SP2 GCGCGGTGTCATCTATGTTA
TMS5-TF AGTTCCTCTTCATCTCCCAC
TMS5-TR CAATCTCAGGCACCGTCAAT
Hpt-F TCCGGAAGTGCTTGACATT
Hpt-R GTCGTCCATCACAGTTTGC
Cas9-F AGCGGCAAGACTATCCTCGACT
Cas9-R TCAATCCTCTTCATGCGCTCCC
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ANFEAR R To AR B A S5 5L 5
FAFH Ty AAAFRE T A R RHA B R = K
Wl o B PRI Ty AL LRI AR 24K 4H DNA,
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FRHE TMS5 &K (1) 2w ts X J7 51, 454 CRISPR-P
X3k (http://cbi.hzau.edu.cn/ cgi-bin/ CRISPR)#E474E
LA HT . Zadifig, 78 TMSS JEFSE 2 4h e
FXIESE T — MR R AF 1) 20 bp BEHET 5
TMS5-1 1 2 R A7 S 1 (K] 1-A). i Bsa |
A1 T, DNA EERELYILE R 554 TMS5-1 %4z
F| pYL-U3-gRNA L, i@ Pt 55X PCR ¥ 1415 3

TGA

AAGCTCAAGCCAGAGTATCTITGG

#1541 Target sequence PAM

BR

A-4EJFFILE TMSS BRI AR AL B 40 (07 HEIR R PAM £5#4; B— pYLCRISPR/Cas9-TMS5-1 £ ik#ifk .
A, Target sequence in TMS5 gene; PAM structure is shown in red box; B, The expression vector of pYLCRISPR/Cas9-TMS5-1.

1 TMS5 ¥EFFIHLEF pYLCRISPR/Cas9-TMS5-1 FRiAE 1A

Fig. 1. Schematic diagram of the targeted sequence in TMS5 and pYLCRISPR/Cas9-TMS5-1 vector.
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Table 2. Mutation rate in T, transgenic plants.

53745 2% Mutation type ¥R# No. of plants 5RAFZ Mutation rate / %

449874 Homozygous 27.3

6
et A Heterozygous 3 13.6
WA A Bi-allelic 9 40.9
4

B4 A Wild type 18.2

Tmss I - = -

_______________________ 100 bp
WT AAGCTCAAGCCAGAGTA TCTTGG
SLFF 5| Target sequence PAM
tms5 AAGCTCAAGCCAGAGTAATCTTGG
1 10 20 i 30 40 55

WT MANSGKSSPAATSTTAPPPGRPKAKAPPLTVEGYPVEGISIGGQETCVIFPTLSA
tms5 MANSGKSSPAATSTTAPPPGRPKAKAPPLTVEGYPVEGISIGGQETCVIFPTLSA

56 70 80 90 100 110
WT AFDIGRCPQRAVSQEFLFISHAHLDHIGGLPMYVATRGLYRQRPPTIFIPACLRD
tms5 AFDIGRCPQRAVSQEFLFISHAHLDHIGGLPMYVATRGLYRQRPPTIFIPACLRD

111 120 130 140 150 165
WT PVERLFELHRSMDQSELSHNLVPLEIGQEHELRRDLKVKAFKTYHAIPSQGYVIY
tms5 PVERLFELHRSMDQSELSHNLVPLEIGQEHELRRDLKVKAFKTYHAIPSQGYVIY

166 180 190 200 210 220
WT TVKQKLKPEYLGLPGSEIKQLKLSGVEITNTLTVPEIAFTGDTMADFILDPDNAD

tms5 TVKQKLKPE-----------—--—~

221 230 240

250 260 275

WT VLKAKILVVESTFVDDSVTIEHAREYGHTHLFEILNQCDKLENKAILLIHFSARY

) = T e R e

276 290

302

TAEEIDIAINKLPPSFRSRVHALKEGF

*RLAEEG T
* presents the termination codon.

B2 FEBEMRTANIERFIIER

Fig. 2. Amino acid sequence variance between wild type(WT) and tms5 mutant.
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23 HHEAERTHIEBFHITH
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B8 6 MNP S NN E T, ek 303 4
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BT AEN—ARIEA”, SECE 175 R IEIR Y%
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Cas9bric 8l Detection of Cas9 marker

M-DNA Fric; +: PHPEXIR; -0 HAH.
M, DNA marker; +, Positive control; -, Nipponbare.
3 T,RIEEZHFE T-DNA HEHKHI PCR #5FiE
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M + - HO1l 2 3 4 5 6 7

B F bR Detection of hpt marker

Fig. 3. Screening for T-DNA-free plants of T; mutation lines by PCR analysis.
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ARemEgete, Horp 90% LA AR, H A3 4 B K
(K 5-C. D). [k, fEZ5IEERIER 1,-KI G
LEIRHFHLE 28°CME T tms5 RABKKIA TR
A A IR . CARISHE 7 5 ARG 9311 1)

I 10 cm )\ |
*—(‘,—_M_”‘ = 3
WT tms5 WT tms5

4 FFERFMREFHRE
Fig. 4. Phenotype of wild type(WT) and the tms5 mutant.
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A, Anthers of WT; B, Anthers of tms5 mutant; C, Pollen grains of WT
stained with I,-Kl; D, Pollen grains of tms5 stained with I,-KI.

Bl 5 B4 RIFD tms5 RITKTEM B L

Fig. 5. Comparison of pollen fertility between wild type

(WT) and tms5 mutant.

A-tmss KA 9311 2528 Fy iS55 L ; B—tmss RAMA Y KiE

HE 7 585 B IS L

A, Seed setting of the F; plants derived from tms5X9311; B, The seed

setting of the F, plants derived from tms5 X Wuyunjing 7.

6 tms5 5 9311 MBI 7 SHI F WEIHER

Fig. 6. Seed setting of the F; plants derived from
tms5>9311 and tms5>WNuyunjing 7.
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