#a R 54k 2023,38 (7): 761-771 http://www.fjnyxb.cn
Fujian Journal of Agricultural Sciences doi: 10.19303/j.issn.1008-0384.2023.07.001

RO, XY, WER, % REKRE mss 58 AU MR & R s EE RS2 (0], fi ol 2741, 2023, 38 (7): 761-771.
WU M J, LIU H Q, CHEN J M, et al. Critical Sterility-inducing Temperature of Rice Affected by tms5 Mutation Site [J]. Fujian Journal of
Agricultural Sciences, 2023, 38 (7): 761-771.

AEKFE msd REM LS X EEABERIREENFEI

ZOARL, ek, TRER, AHE, ML, RTW, kB, T %

A AR B2 e A IR OR BT S B s el Aol g A TR R S0 s, f M 350003 )

B E: [BWM) FRAFEKEE mmss 582800 5% MM A B R 5B M52, BTN B R TR s A R AR AR
[753%]1 77K TMSS 19 6 A5 F 1% 31 11 4> CRISPR/Cas9 %ﬁﬁiﬂﬂﬁ K A 4% 9 T501 — T511, A9 @ AE R
AR S N *ﬂﬁhmuuﬂ:%m% FRAGAS A S0 tmsS BB AE MR . R A AR R N TR (I H
422 . 24 128 °C 3 FREE ) St T 43T tmsS RARRMIAERY B S A A 4550, BE AT RAEE. [HER]
& H AW tmss %E%E@Kﬁ@ﬁﬁ&“%ﬂ: 28 °C, HFE B 86 (AN ] tms5 5878 RN B 2 IR BE O 22~28 Co b
Sh, AR, it TS01 ¥E S g T AR 1Y imsS-1 SRS AR KR B AR E 9 B R T TS02 $E A 1 im5-2 58
A, EmuﬂLmzmswe*ﬁx ﬁ%ﬁ‘?zmmaegﬁiﬁjfﬁm SN EE RSP RV, tms5-1 AR Ub,,,
HRNFXREBEMT ms-2 RAKRMEEE ., [EiL] KR omss BAKA TR LR E AN Z BT RHE0m,
tms5 B R 5275 (N g AN TR AR 25 5 0 R 35 A AR B ##%IJ;E T501 7 5 HRNN SR ARAAFTFESRELZRDE,
WEFE KA tmsS WIS AL SR B 1) 43T ML B R 3ok £ 181458 X 46 $2 (4L 77 SRk

F4#17: KAS; CRISPR/Cas9; TMS5; IRBIAT; AEELIRE

hESES: S511 XERFRERS: A YEHE: 1008-0384 (2023 ) 07-0761-11

Critical Sterility-inducing Temperature of Rice Affected by tms5 Mutation Site
WU Mingji, LIU Huaqing, CHEN Jianmin, FU Yanping, YANG Shaohua, SONG Yana, LIN Yan, WANG Feng*
(Institute of Biotechnology, Fujian Academy of Agricultural Sciences/Fujian Key Laboratory of
Agricultural Genetic Engineering, Fuzhou, Fujian 350003, China)

Abstract: [ Objective] Effects of zms5 mutation site and related genetic regulatory factors in rice on the critical sterility-
inducing temperature (CSIT) of the plant were investigated. [ Method] Eleven CRISPR/Cas9 sequentially numbered T501
through T511 were designed to target 6 exons of tms5 to create mutants of Nipponbare (NIP, Oryza sativa ssp. Geng) and
Minghui 86 (MH86, O. sativa ssp. Xian). Pollen male fertility and seed setting rate of the mutants were monitored under long
day and high temperature field conditions in early August in Fuzhou (NHT) or at 22, 24, and 28 ‘C in phytotrons to identify the
CSIT. [Result] The CSIT of the NIP mutants were higher than 28 °C, while that of the MH86 mutants between 22 “C and
28°C. The tms5-1 T501 mutant had a significantly higher CSIT than the genetically identical #ms5-2 counterparts T502, but the
other 9 rm5 and the tm5-2 mutants did not differ on it. Expressions of the 3 Ub,,, in young panicles were lower in the tms5-1
than the tm3-2 mutants of either rice varieties. [Conclusion] It appeared that the CSIT of #ms5 mutants was affected by the
genetic factors as well as the mutation site as the tms5-/ mutant T501 was shown significantly differed from the others.

Key words: Rice; CRISPR/Cas9; TMS5; thermo-sensitive genic male sterility; critical sterility-inducing temperature
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JIE (10 35 A% S AT 0F R 48, DXL I B o 5 R P S L A )
MAFRSREHITHR LG EZEZE L., LA A
Rk Y AU ARG R, EARRBET ST, fH
— AR E A EEH PR AT Rl R 0
AEEAEE 2R B—grm, W
T, AT AR ] K (] — thE AR [R] ik 8] 1 R & 3R
R 2 F B R B R SR A 4 iR
ok, WA C LI v lE T Photoperiod-sensitive
Male Sterility-1 ( PMSI) "', Photoperiod-sensitive Male
Sterility-3 ( PMS3 ) U1 Thermosensitive Male Sterility-5
(tmss) P Sterility-10
(MS10) " CarbonStarvedAnther ( CSA) "V FiMale
Sterilel (MSI1) " "V LA Pe g K RSB A B 1
REGFER, ] LUEIEA T R A& ks
PEFEA A F AL . o, ams5 (LOC_0s02g12290 )
i DR AR R A4 SRR A B R k) P,
TMSS 38 3L W FE Ub, 4o 55 RFE AR B 20 M v 9 3R 3K 5
BRI EE . FERIREAET, KR msS 8748
& UbL40 mRNAZR ik & 1Y 5, 7T 3 BOK 488 K
H, HMRE AT, UbL40 mRNA FisHH%, I
SR W EE, X —HLHE T msS /KFE R
TS T RV AT 7 B0 7 PR A e e . Tan 251
KL TMSS FERY ods. 71 & — DAL, TE48 KR
SOBRMWAERANE R, W AR T A H
TMSS 55 71 {5 Bl e I C 5] A iy B — 5 A8 B[R Y pe
P WIS N, RIF] ms5 R E Z ] B HEER
FRAEEES, HARBEESIRE, 5 msS R
A5 e P A 5 6 511 Zhou %51 F F§ CRISPR/Cas9
X 11 AN KRS b Bl TMSSO 5 R AT gm g, Tk
msSAHRZT, KEHATRNATRABEMSS
KR RNE RE PB4 7= PRER (23~24 C),
TR B BN 5 SR B A R, AN BESE I A 77 S PR
ok . Barman! | IR pRA M wpm
FE3E P Fang®! A1t ™ 45 o ) i CRISPR/Cas9
Xt 22 AN KU SRR 5 Fl TMSS 57 55 R AT ey, M
FE T FLAY omsS 58 A8 T PR AR S5 1R 5 2 3 v T RIRE
I tms5 SEAEUR, BUAL, AERIAS tmsS 275 1A A (1)
ANE SR EWIEAHE . [ARFFRIAST NE
HIE A WA KAKRE tmsS 28R R, ARFEHBF
FEHYIMEE B tmsS SE7E R T R TR E 2 AR %
TR R, (X R AR B VR T ML DR T
fift o LU S ) ] AR ST 11 4~ CRISPR/
Cas9-TMS5 JE K i 4B 484, B 1) /KAl TMSS Ji KA [
PLE T 0k 4 g A 2 AN et i ol A B Rl R

Thermosensitive — Male

FREATK 86, FRAS4HL 5 EAY tmsS FERS AR, 434
R AR B R R AE . U K FE tmsS RE
T A IR B T R ML % BF 5 AR A R 5 S
1 #H#E57*
11 R

K FE M R R RS & Bl BH K 86 54 A & A H A
5o IR B1 YA A R B PCR =4 i 247 i 4 1t
EEAR CREM ) A RA T TERE, HAl 5 5856
=3
1.2 RWHE
1.2.1 #ARAM R A5 4L

IKFRRBUZ AR F R TMSS 24 6 AN+, R
http://www.e-crispr.org/4: ¥ {5 B, 2% ™ 3 1% 11 CRISPR/
Cas9 #1855, £ TMS5 55 — b F b it 17 5440
MO TANR TR T 2N, AR 4R
TRV T 1AL, AR SRR 44 T501 —
T511, MAES 11 X sgRNASE 4 (£ 1), FIH
At 5 i S AR AR W EOR 2 FI AR BEAY VKO005-1 R AP
AN AR R &, LA 11 4 CRISPR/Cas9-TMS5 %
g 3R AR, KR A 44 o TMSS501 — TMSS11, X
A 5L K] s B0 A AL 2 AR i AR AT T4 LBA4404 T, 7]
FHARKFE AT 19 07 15 55 Ak B ACHE 5 Bk 86, il i fifi
VRS E , ARAGAH R AR L SE KRS, HIRS RS
MR 222 i Ty ik
122 ARALR

i il CTAB 3" A Ty, T, Al T, 40 45 80 Bk 11
JKAG I H 4R ICEE [ 4 DNA, J8 3 PCR 4 8 ) 85 %5
BEIRFL B ML (HPT ) S5 56 3L BH M A o 18231
JF4 151 TMSSF 5 TMS5R(3E 2), it PCR 4714
Ty T AT, RAHEAR TMSS JER R B, Bk
Y g LS ISR IS 1y IR PCR 729
ma A AR (FIM ) AR A 947 Sanger il
JP . M E A TR A tmsS SRABNE B, B Ty R B 284
B, T T AR BE P AR Y A I 58 AR A A [R] 19 4l
G, TR EELEE.
123 MM EERSLELAE

2017 — 2019 4%, FEAm M 75 103K 56 I oo (Jb 4
26°08", R4 119°28', Uk 400 m) i AE B K 86.
H A B 12 3 P A S Bl Y tms5 9878 4K L 2017 4E TR %
FhAE To 0. 2018 4EFPAE T, AR, £ B 86 il H A i
TET, B WK mms5 AR RS 34K
TRRST FORERY T AR R AT K HRIE . KWK 86 75
SR E TR, F5H 20 H#FER, HARR
TR AT W, T 6 A 20 HAER . Bl 25 d B
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F 1 ARIEFFFA sgRNA 51
Table 1 sgRNA applied

*2 #iAs9

Table 2 Primers selected

E AR JFH (5-3D W H Y EiL7ES P51 W H Y
Target Sequence Purpose Primer name Sequence (5'-3") Purpose
T501S CAGGAACAGCGGCAAGTCATCGC seRNAMIE/ HptF AGGTCAGGCTCTCGCTAAAC S 3 R B A S/

T501A  AACGCGATGACTTGCCGCTGTTC — SeRNA Construction

T502S  CAGCCACCGCGCCGCCACCGGGT seRNAMIZE/

T502A AACACCCGGTGGCGGCGCGGTGG — SeRNA Construction

T503S CAGCACCGTCGAGGGCTACCCCG seRNAMIZE/

T503A AACCGGGGTAGCCCTCGACGGTG — SeRNA Construction

T504S  CAGCCCATGTACGTCGCCACCCG seRNAMIZE/

T504A AACCGGGTGGCGACGTACATGGG SeRNA Construction

T505S  CAGAACCTCGTCCCCCTCGAGAT seRNAMIZE/

T505A AACATCTCGAGGGGGACGAGGTT SeRNA Construction
T506S CAGGTAGGGGTATGTGATATACA SeRNAHIEL/
T506A  AACTGTATATCACATACCCCTAC  SeRNA Construction
T507S CAGATCAAGCAGCTGAAGCTGTC SeRNAHIEL/
T507A  AACGACAGCTTCAGCTGCTTGAT  SeRNA Construction

T508S  CAGTGCTTTTACCGGAGATACGA seRNAMIZE/

T508A AACTCGTATCTCCGGTAAAAGCA  SeRNA Construction

T509S  CAGTGGGCACACCCATCTGTTTG seRNAMIZE/

T509A AACCAAACAGATGGGTGTGCCCA SeRNA Construction

T510S CAGTTCTGCTCGTTATACCGCAG seRNAMIZE/

T510A AACCTGCGGTATAACGAGCAGAA SeRNA Construction

T511S  CAGAAGTAGAGTTCATGCATTGA sgRNAHJ/

T511A  AACTCAATGCATGAACTCTACTT S8RNA Construction

WEAS AR B K M, PAARFRAE, AR 4R Rl 100 HE .
2019 4EFAE T, AT RE, 3B Fh I ] 5 2018 4F AH [ .
WIS 5 R 24 TS0 1A T502 $1 5 28 A5 (A RE 4% 3 4
o R HE AT A AR B K R R, H b AR R
154, Ba 1k, ATATARBEMAEESEE. KW
B F5 AR B 359 SR BCIE T [ AR A B 5 o0 L B
o To M T FRABHRATHEFISIHA, ELFA i
TSR] A 1 B b Bk 2 B AR IR TR BN T4 H 1
22 CRIRALEE, FhFES R 2R = B4R . B3I
tms3 G RAF VR TR SEAE R B HE M A 5% 5E
124 HHFHER

(1) HEARFETESEE

FEN 8 H i a) B RS T, 24 omsS 58 728 ik I BF
AR GEAR AR, SRRV T AL/ N E L b R
% 2 BAH A, 1% B L-KI X AE A k4T e (o
Wt MBS, SRR, ER 100, 25d

HptR  ACGTAAGGGATGACGCACAAT ldentify transgenic plants

TMSSHERIA 14 P
PCR and Sanger sequence

TMSSF CCATCGTGCTTCGTGCCA

TMS5R  GAGTTCTTGGTACATGAGTGC for TMSS
UBL401F CTACCCCAAGGGGATCGAG
Real-Time PCR
UBL401R GCAAGGCGGTCGATTGAACT
UBL402F TCGCTCAGGGTCCTCGCCTA
Real-Time PCR
UBL402R  CTAGATTCGGCATCCAGTAG
UBL404F TACACCATCCAGGAGCCCA
Real-Time PCR
UBL404R  GGTAGCTGGGCATACGAAG
ActinF CGTCTGCGATAATGGAACTG
Real-Time PCR

ActinR TCTGGGTCATCTTCTCACGA

JE BEMLERE 10 BRI A [ 58245503

(2) NTAMEFEEMEEE

M ELFK tms5 5L TG R B B A Y SR AR 2 2K AL F
AR Sl AR ZNi N RO S I Ry N N W ¥ ]
(iIn# K Conviron 22 Al ) A7 A A A2, ] —
BT, R AR EE 5 F . AN TR) I B Ak 3
B HFH 22 °CL 24 °C R 28 °C 3 FRRE &1,
MR 348 14.5 b, BAROG IR b R 2% 1150 2 HR SR 1)
seal gy A7 dJE, S EER AR AT
SR, IS EARICH AR Z) £ 1 em RORAR, 1
S A e R, IR A NSRS, b
TGRS L5, SR IE A R 5 [ 45 5%
B 28 SO 525 M5 7 2200 o
1.2.5 Ubpyy R B Z AN

WK 86 L H A g K U TSO1 il TS02 #4158 42
PRBE B2 N TR A 24 °C A1 28 CARFZE 3R 7 d
S, PR L 3~5 AN b T AR A BE A T B B 48 Ky
BEAN 0 R AR (K23 em), A
WAREN A, BRSO 3 NS . S
7 B & 1 RNA, H 2 pg & RNA fE B4, H
RevertAid First Strand cDNA Synthesis Kit JZ %% 5% 17 7
& (Thermo Scientific, UC, Lithuania) & i cDNA,
LAA U cDNA FEREHR , 1E QuantStudio3 5L i 58t i
i PCR & 4t ( ThermoFisher Scientific, Singapore) [
A ChamQTM SYBR ¢PCR Master Mix ( Vazyme
Biotech, Nanjing, China) #f 17 5Z i} & & RT-PCR,
LIZKFE Actin JyNZ, st 2V Ub, 0l . Ubpyl
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2 ZRE55H

AE TMSS B EIRE R AR B RTHE ST
¥ % 114> CRISPR/Cas9-TMSS5 3t [A 4 # 2% &
TMS501-TMS511, 38 RAT A7 07 ok 11 42k
T AR 86 5 H A (@i e 2y, RIS 4 k5%
LB Ty RKFEL T, 4 PCR Kl 25 Pt A,
HASBAVERG IR (3) . FIFREREL I (£2)
PR 11AS TMSS B8 B 0 S0 3 T I . I

2.1

ESR TR, AP 86 AN H ASHE AL 1S S PTA 11
AN BRI T AR, FRAE A0 s AL B R A T BB A 46
ABERGAS (£3, El1), Hr, TMS508 FTMS510
HRFE S RABZREAL, [UH 10%~13.3%; i
TMS501, TMS502, TMS506, TMS509 FITMS511 %5
NEARF R R AR & T 65%, A LMER TMSS 1)
i e 3 R G R0 s, BT KRR R AN E R 2 1 B .
WK To AR 7, Ty ARARSLHAT S AE N U, 135
(1) tms5 A5 SR TR Ze WAL R B T8 5 55 0E .
22 tmsS REGHBEHEE

A TR 8 A 15— 20 H PG5, W
FUS T T A AR R DAL B EREIE (18 2). T501

x3 BHEEL T, REKRRESH
Table 3 Mutation of T, transgenic plants

Bk B R S B LRI B RALRRAL RALH
Construct Target site Variety Numbers of transgenic plants Numbers of mutation plants Mutation rates/%
Nipponbare 21 15 71.4
TMS501
MHS86 18 16 88.9
Nipponbare 22 21 95.5
TMS502
MHS86 11 11 100.0
Nipponbare 29 11 379
TMS503 TMS55— AT
First exon of TMS5 MH86 9 6 333
Nipponbare 21 11 52.4
TMS504
MHS86 15 7 46.7
Nipponbare 21 6 28.6
TMS505
MHS86 21 7 333
Nipponbare 19 13 68.4
TMS506
MH86 24 21 87.5
TMSSH A BT
2nd exon of TMS5 Nipponbare 10 2 20.0
TMS507
MH86 11 1 9.1
TMS55E =/ T Nipponbare 10 1 10.0
TMS508 3rd 4f TMS5
raexono MHS6 18 2 11.1
TMS54 U4 57 Nipponbare 21 14 66.6
TMS509 ath ” Ef ;AL;;
th exon o MHS6 18 13 72.2
TMS55E TN Nipponbare 10 1 10.0
TMS510 Sth f 7l MS5
th exon o MHS6 15 2 133
TMSS 75 AMNB T Nipponbare 14 12 85.7
™SS 6th f TMSS5
th exon o MHS6 11 9 81.8
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A ATG
TMSS (LOC_0s02g12290)

Targets 12 3 4 5

L ]
CGGCAAGTCATACGCCGG(C
T501

CCGCCACCGAGGTCGGCCGAAGG

oo hetlen

T502

-
AGGGCTACCCGTGGAGGGCAT

T503

IGTCGCCACCGGGGCCTCTA

AMarfaarAAAAAAN

CCCCCTCGAGATTGGTCAG

T505 ? N ! F

T506 FAGGGGTAT GT GACACGG 1

T504

TAG

200 bp

GCTGAAGTGTCAGGTGTGG

Mt

v
TTTACCGGAGATCC AAGGG

T508 ?

h 4

CACACCCATCTGTTTTGAG

iy

T507

T509

v
CCTCTGTAAAATT GCATA

T510

v
TTCATGCATGAGAGAGAG
T511

A: TMSSHEH M R B, BOEBARR TMSSH 6 N/ E T, B b Prie 5 & ¥ A TMSS L B (W & . B:

CRISPR/Cas9 3 [¥) TMS5 58485240, FANE 5 H B H T —Fp AR 57,

T505. T508. T510 ¥ si41 (#0245 B 58AR, TSI #E AU MR

AS, R RF Il A5 A s B b = A AR D B 2R BRSO R AR A

A.Schematic tms5 structure; black rectangles represent 6 exons of tms35; short vertical line refers to position of each target. B. CRISPR/Cas9-mediated

tms5 mutants; only one mutation type is listed for each target; T505, T508, and T510 are listed as heterozygous mutations; T511 as biallelic mutation; and

remainders as homozygous mutations; triangles point at deletion and insertion sites.

El 1 CRISPR/Cas9 ZLG 4 FH) TMS5 BERE R RE
Fig. | CRISPR/Cas9-mediated genome editing of tms5

55 T502 8 47 A i AR AR LR 43 0 T FR A tms5-1 58
AR Y tms5-2 RAFK . H ARG RAETS 5L tms5-1 5
AR (R AE A W] 2l G 58 A8 LAY, 43 5l 4w 44 9 N-
T501-#1, -#2, -#3, F oGRS HFNRY] T % 4,
YIRIAL R ALK, ZHAE 8 1 T 24F
WOy, BEAml LR B BYL IR, T HASHKE tms5-2 5
AR (R4 AN R 4l A 2 A8 JL RS, 43 il 4w 44 1 N-
TS502-#1,-#2, -#3 ) S At 9 A HE £ 1) 58 A8 (R 35 R 90
AR B MBS, LEAS R R e ) K% ] — e B |
A A B WS B ] E MR B AR AL, B R AR
E o AR T WK 86 8157 LI tms5-1 FE7EK (KA
A A G AR BB, 3 il iy 44 O M-TS01-#1, -#2, -
#3) BYE R AR AR ) S B ARE, KT H
ARG tmsS-2 S AFR o TR U T B K 86 oAt L AT Y
tmsS FAFRMPIEART , FAas AT (K2),

WA RABIREL, B RBUE RIS T 10 78

2G| T3 4. HIF—3 5 F T502 — T511 448
SRR AR B R EAR L (&1 2), ATAR
K T502 5 TS11 48 5 98 728 1K (1 45 52 R 5006 47 40
BT I 4TI, BF AR RUBH PR 86 I H A 45 52
AR 87.5% 5 89.5%, HACLEIIRIEALH, Fr
H tms5 REAENR IG5 R AR TR A TR A, Hor,
HAHE tms5-1 FRABREE SEH R 44.1%~54.2%, KK
PLE AL SR FERR . T A 0 B AR imsS 58
AR B S8 NG S 5 A S S R L A I 4
HTARIREEASE R ZE SR, SRR E
G EE S AR R T BOG L (£ 4). W
MK 86 1815 15 5 1Y tms5-1 FE7F PRA MRt A7 7 38 43 &5 51
HRAARNERFEME, 5HAKG ST T502-T511 4
BBy SEEAR R BUARRL, WIPK 86 ¥ 5t T502-T511 40
SRR B LSRRI S RS (£ 4).
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A M-T501-#2

M-T502-#1

M-T505-#3

M-T503-#2 M-T504-#1

M-T506-#1 M-T507-#2 M-T508-#1 M-T509-#2 M-T510-#3 M-T511-#1
B NIP N-T501-#2 N-T502-#2 N-T503-#3 N-T504-#2 N-T505-#2

N-T506-#2 N-T507-#1 N-T508-#1 N-T509-#3 N-T510-#1 N-T511-#2
C

DA FIB: WM 86 (A) K HANWE (B) itk 15 5 mms5 5884 T\ ACHRHEM & 1M BN F 010 tmsS 848 R (KRR TS01 & TS11 #E AT
) HHEBUR A TR M 8 A1 A ALK H i A&tk MH86 4 Ik 86, NIP A FUAHS; M-#FI1 N-#43 5482 B 86 Fl A 1ot 44 15 5t

HIRAL o Co BIPK 86 A1 A I WY Tl A% 15 Se R P AL B L oms5-1 AR L tms5-2 FRAZARREFHEIFALHFAE . D2 M-T501-#1 [7]— B b Iy
BFHARABMHAL. Qb REKE: 80um (AL B), 05cm (C. D)o
(DAand B: Pollen fertility of #ms5 mutants in MH86 (A) and NIP (B) induced at 11 targets from T501 to T511; NHT was in early August in Fuzhou; M-#
and N-# are mutant plants of MH86 and NIP, respectively. C: Flowering characteristics of WT, tms5-1, and tms5-2 mutants of NIP and MH86
backgrounds. D: Both fertile and sterile spikelets were set on same panicle of M-T501-#1. 2)Scale bars represent 80 pm for A and B, 0.5 cm for C and D.
2 T K tms5 REFERBSRETHERE N
Fig. 2 Pollen fertility of T; tms5 mutants under NHT

i Bk, eI R 2 8 H v Ay ]
FUARZAME T, HARHE L 15 5000 tmsS RRAFIRAFIE R
1o FL B A6 B B K F AR 25 508, AR 56 Ay I
PEARE &, A TS01 #07 K AR K 5 T502 %5 HoAih 2
DL AR B AT BT AR, TS01 #0405 58 A8 1A Y
TEH TR YY R [ A2 5 53R A8 T502 45 HoA #7528 AR 1A
H7 o SRR T B 86 AL T 51 tmsS-1 87K R B
WAARE, HEMRIREAET, T502 % HAbL 10 4>
B tmsS KRN ER T EAREF . X —455%
W1, HASHE 5 W1k 86 B Fh A [F] 38t 15 15 5L tmsS5 5875
W EMERIIEAMIFE, Hrh HAE ms5 582211
TER3 W 75 A8 BE AR T WK 86tms5 58781k . b4h, BA

5 55 B 86 PHAN 1AL 15 5L 1Y) tmsS-1 53 RAEM B M
25 52 AR v T HABAE 7 A S AR IR . H AR A
HIK 86 PRI 5 T 1Y tms5 AEH IMCE FEEE AR IR], AT
RESZ tmsS BN T R SR AN F SRR, X 540
Sk E" Y i —E ., (AZERFR LTS R T, TS0l
B 5 SRR AL By e e A 3825 52 %2 5 T502 45
AT T AR AR, X — R R W RIE, &
B ms5 RAARANFRESREAL, WMirHE—2
AN TAUGERE HAT 9307 o
23 msS REBANISZRHEEHLERE

2019 4F 8 A, M &I H B AR, T4
MBI EERIS T, /CERL, H AR 5% 86 Wifh
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Table 4 Seed setting rates of T, generation of ¢tms5 mutants

GES 1 AT RS
Background Lines §Mutation sequences tAverage seed setting rates/%
MHS86 87.5+43a
M-T501-#1 T501gaacagcggceaagtcatAcgecgg 6.9+9.6b
M-T501-#2 T501gaacagcggceaagtcatTegecgg 40560
M-T501-#3 T501gaacagcggcaagtcatCegeegg 54+69b
B 186 M-T502-#1 T502ccaccgegee-------, ggtc Oc
MHS86 M-T502-#2 T502ccaccgegecgecacegCggtegg Oc
M-T502-#3 T502ccaccgegeegecaccgTggtegg Oc
M-T511-#1 T511gtagagttcatgcat-gaaggaa Oc
M-T511-#2 T511gtagagttcatgcatTtgaaggaa Oc
M-T511-#3 T511gtagagttcatgcatAtgaaggaa Oc
Nipponbare 89.5+2.0a
N-T501-#1 T501gC------n-=mn=mn--. gacc 48.9+22.1¢
N-T501-#2 T501gaacagcggceaagtca--geegg 542+158b
N-T501-#3 T501gaacagcggcaagtcatTcgeegg 44.1+122¢
N-T502-#1 T502ccaccgegeeg------ Cggtcgge 10.1£10.2d
Nilljlpjilﬁare N-T502-#2 T502ccaccgegecgecaccgAggtegge 8.84+10.1d
N-T502-#3 T502ccaccgegeegecaccgTggtegg 9.41+9.6d
N-T511-#1 T511gtagagttcatgca--gaaggaa 9.6+8.4d
N-T511-#2 T511gtagagttcatgcatCtgaaggaa 10.6+10.0d
N-T511-#3 T511gtagagttcatgcatAtgaaggaa 10.4+89d

O§HE AL B RS T BERRLRIZE 53 0 R R N S R AR Y - @745 522 0 1 0BRSS 922 (1 T £ A 22 . IR S Hit 5 AN R /N5 2 BER - e i

LSDZELILEE, [Fl—ist& 1 sobobhR) 10 28 ik B2 KF (P<0.05), R,

(D§ Capital letters and dashes at target sites indicate type of insertion and deletion mutations, respectively. @+ Average seed setting rates are mean + standard

deviation calculated from 10 panicles. @ Data with different lowercase letters on same column indicate significant difference according to LSD multiple comparison

(P<<0.05), Same for below.

WAL S tmsS-1 RASARIE R W] B PEFR = T tms5-
2R (5, BI3). FIMHANTA A 22 . 24
128 C AT B MRS A5 R, Bl b 3R T
[, tmsS AR H ALK BRI, A5 TORFEIR
(F5. B3), Hr, WK 86 1 mmsS-2 5748 (K H7E
22 C 41T IR AEN, BYLEH 93%~13.9%,
RN 1.5%~1.9%, EHAZRM THERA LA
B, UL T IR 86 1Y mms5-2 SRR T R 2
h1 22 °Co BRI, BAYK 86 Y tmsS-1 52 RYE 24 °C kb
BIEA KB AR, HSE %N 30.7%~
41.4%, ANEESEE ST 24 C, XEMEE 28 C
FUTAERHMTEEAT . HABHIPNZE tmss 5848 1K
BHERWMA LA, (1 msS-1 FERTE 28 C 5%
T AIR R I = W e Ry BRI % (35.1%~40.1% )
HHZEELER (13.1%~18.6%), HREHEEA
Ho X LR RVIKEE ms5 A RIAT R SRE
B T 52 B[R S AL TS SRy m Ak, TS0 v 2 i 5
SNV FALY tmsS RNE R IWA SR EA .

24 Ubp, ERWNEFRESH

i i1 Real-Time PCR A5l T B % 86 il H A< I 75
SCEFA R | tmsS-1 FAERRN tm5-2 BRAZNRE I RLS)
TR Uby gl . Ubpyp2 R Ubp 4 KK (K 4),
SERWR, WK 86 FI H A W Fh IS (%15 5L 1Y tms5 58
AR VRS Ubpyg R 19K 5 AE 28 C 5 F T3 5
FH T 24 C KR RFRIEKE, UL Ubp,y 3£
IR 2 B PR AR, 3R Ik A T I B R B (Y 8 R i
i, SXEELE G RT A MR E S, teah, AR
BEZMET, tms5-1 FEAERT Ubpyy () mRNA ik i3
B EALT m5-2 7R R I F A 5, JLHAE 28 € & AF
T, Ubpy B RAE tm5-2 58 728 (R 1 36 35 i 0 B i K
o, FE tms5-1 AR R IR O TR EKOE, R
RUNH B ik i I (B 4) . M F KRS tmsS =78
fA UbL40 mRNA FikH5w, T SBOKREERKE",
W tms5-1 RAAK G tm5-2 5 78 A [8] A [] ) UbL40
FIE KT AT BE 5 0P 2 58 AR O LE A AL S A5 1 N 3R
AN A 0 B PERRAE
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Table 5 Pollen fertility and seed setting rates of T, tms5 mutants
1Ek P e EREAE S
Rikkg = Stained pollens rate/% Seed setting rate/%
Plant ID SR 45 R5%
2c uc 8C Natu?a‘iﬂciﬁztion 2c uc 8C Natuﬁral ci‘jj;tion

MH86 86.7+7.8a 87.1£69a 87.2+58a 883+t7.1a 834+87a 83.1t64a 852+72a 85.9+6.5a
M-T501-#1  87.5+103a  61.6+135¢ 0b 20.5+11.5¢ 67.8+20.3 b 30.7£123¢ 0b 8.5+10.6¢
M-T501-#2  80.1+12.0b  62.7+104c¢ 0b 282+163b 6531t16.5bc  40.21+20.5b 0b 21.3£163b
M-T501-#3  83.3%8.7ab 71.2420.2b 0b 25.61+15.6 be 62.2+85¢ 414+17.40 0b 18.7£21.5b
M-T502-#1 12.1£10.6¢cd 0d 0b 0d 1.5+0.3d 0d 0b 0d
M-T502-#2 9.3+5.8d 0d 0b 0d 1.8+0.6d 0d 0b 0d
M-T502-#3  13.9%10.1¢ 0d 0b 0d 1.9+1.3d 0d 0b 0d
Nipponbare ~ 92.5%5.9a 90.6+73a 91.1+63a 925+65a 87.6t82a 88.1+9.3a 87.8+6.6a 90.5t23a
N-T501-#1 842+57b 78.2+204b 351%113¢ 674169 ¢ 84.1t83a 6641t10.6b 13.1£72¢ 452433.1¢
N-T501-#2 862%195b  80.2%£129b 37.1+8.8bc 75.7£152b 83.2+t78a 68.5£103b 14.8%£5.1bc 52.1£35.8b
N-T501-#3  82.3%212b  80.1%£18.1b 40.1+105b 69.1£9.6 ¢ 83.1£109a 50.5t122c¢ 18.6%£9.5b 50.7+28.3 be
N-T502-#1 822+6.8b 70.0+£20.2 ¢ 6.1+2.5d 252+19.0¢ 72.3£9.2bc 353+28.1d 35+1.6¢ 14.1+11.2d
N-T502-#2  855%63b 722+185¢ 7.6+6.6d 31.1£16.9d 75.8+£12.3b 334+169d 75+8.1¢ 18.6+10.3d
N-T502-#3  84.1%£9.2b 70.5£16.7 ¢ 9.2+8.1d 263%+27.7¢ 69.61+9.2¢ 2541203 ¢ 42+25¢ 17.6+163d

TERD BB S B AL G S A B A SRR IE,  FLARFATIRAR M8 H 4 (K1 gl 4 o
Data are means on 5 plants; NHT was defined as long day and high temperature in August in Fuzhou.
MHS86 M-T501-#1 M-T502-#1 NIP N-T501-#1 N-T502-#1

22°C

24°C

28C

NHT

®22°C . 24°C. 28 C. NHT 4352 RWIHK 86 K H A3t 4435 5010 tmsS-1 B tms5-2 FEAEMAEN T S04 22 'C 24 C. 28 °C AR 8 A
W1 AR i A E TR (NHT) (BI85 P . MHS6 9 W14k 86, NIP Jhy H ARSI, M-#F1l N-#4) 548 % W] ¥k 86 F1 H AN 44 15 5%
RAESE: 80 pm.
@ Pollen fertility of tms5-1 and tms5-2 mutants of MH86 and NIP backgrounds cultivated at 22 “C,24 “C or28 °C in phytotrons, or under NHT,
respectively; M-# and N-# represent mutant plants of MH86 and NIP backgrounds, respectively. @) Scale bars are 80 um in length.

3 T, tms5 REFERREEZ G TR BN

Fig. 3 Pollen fertility of T, tms5 mutants under varied temperatures
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Testing materials

A, B Coy il & 7n WY WKk 86 & H A W tms5 58 A8 & Ubpypl
Uby 402 T Ubpypd WRILFHAE, BUE R T8 L%, n=3.

A, B and C: expressions of UbL401, UbL402, and UbL404 in tms5
mutants of MH86 and NIP, respectively. Data are mean * standard

deviation calculated from 3 replicates.
B4 UbBEEWRIEEESSN

Fig. 4 Differential expressions of Ub; 4

HEAESEINR, 2 oE I R B B AR e 16 TR
WEAT KA T R SRR, L L ak A gfn]
B N 7 T IR B <3 A B ey P A DR R P,
PLAE K, 2 A BF5E A B ) ] CRISPR/Cas9
FeARXF ZARIAS SRR b AhREAT TMSS 7 5 w3k
B RKZERBIAT RESBEMRT 24 C, fF5MW

RESE AT, XA E PERHIEA REE NP 2R A & A Y
LR FT R LRSI R tmsS RN &A1
FHmEE RN LSRN BEERARNESAT
R, RERE AR AR E R SORE S, N REE N
R ML BRH S s 0,
) tms5 NE F 09 HEVEAS B R SR iR R K RS
FIARAETS R E, 5 tmsS RAFFEN ARG I K.

ARG T X — FR I tms5 RASARASE R TR
AT & B, MR AT S50 tmsS 287254, FERE Y 5t
T tmsS SRR T R AR EBARE &, X SR
MARE B —5 ., (EARBISERImRB, 7E 8
AR, AREAL 2 58 A48 R (1 R B R T A
JRANTR] . TR FERERS H A , IS 7 RIRS B 1k 86 5
SR, TS01 $E07 2 2 AE M (tmsS-1) WA B A I
R T T502 4 HABSE AT &5 E 7= A R AR R R F
AR, X W HAT MR W R . 3R
RO R, FEUIVK 86 B HARHE IS 5 R, 3 Ff Ubyy,y
() mRNA #2785 AR T A 5B 1Y tm5-2 58 A8 1k
HERIR R, R AN E R AR 1 tms5-1 5878
R FBREBAL, X —450 5 BTN B R SR
2 SRR

i G FE 5 T501, T502 K TS11 (#8425 {5 & w]
N, T501 48 45 7 %) &y 5'-gaacagcggcaagtcatcge-3 ',
Cas9 &5 11 Y1 #1 I 7= A= 4l A Bl 2R 1 28 25 o 5 B B
TMSS BHIFRIA N S ATG HA 22 M0l ; T502 #1 sk
J# % A 5'-ccaccgegecgecaccgggt-3', Cas9 25 H U #|
{7 B ATG v 5 57 bp; 1 TS11 #0552 30 TMSS &
R fe AR v, BEZC RS T TGA HAT 14 Mt ok
U8 F B 86 F1 H ARGy 248 R v, [A] — 845 15 51
tms5-2 S7AENRY tms5-11 575U 8] () e 5 1 R BLTC
Wi 22000, BT R B T R 45 50 R 8 e KT
tms5-1 2875 . 5 Zhou 2" i1 104~ TMSS5 FEH
% 4 #L AN (TMSS5a-TMSSj) A Fb % & 3, H
TMSSf #5558 ATG fe i, {7 T ATG T i 70 bp,
IR S T A SR T By TS01 F1 T502 #8850 1iE
UL, ETRTBEAR IR 2L tms5-1 8 AF R 28 A8 2
B TR tms5-1 Z272AR S tms5-2 5875 (R AR J2:
G, T H tms5-1 58750 & WHEE ATG, it
b T501 43 B Y FS A5 28 A8 X TMSS 2 Y i 3K T 1)
WS, AR ART tmsS5-1 53 A8 P 3 B O v A S SO B
U\ TMSS 25 H A & ok i BZ M4 o K4k,
Rossi”". Ma”™ . El-Brolosy”. Rodriguez"” il & 3k
M 1 A BB L /)N RRURIABL T S A i b A T



770 I R F IR

538 &

B AL # LN ((genetic compensation response ), 4
R S A SR e i NS S Rl B W e U
AT B v R B Y TAREROCR S, DAZE rhal
PRANEE R T R B R A R BB R . ARHESE T501 BEA 43
TC SRR Y R AN T RO R SR AL A A AR O
WAL AME? W NS Ub,, RE 0T E, 7EH
K 86 By H RME 1 5= K, tmsS-1 AR 30 Ub,y,
1Y 2R 5  H H tms5-2 SRASRAOAR, (H L B AR AU Y
i, R tmsS-1 SRR Ubyy /50T B30 0 B AR, 35X
AW R T T501 #4785 TC S S AR RAFAE B 43 15t A% #h
BERONE, A i — PSR .

g5 b, ARG AU AR AR AR 3 5 AR B
Tt tms5 FEASAAR, 1T H AR AR R AR S S OREARS AN
RS ) SR T tms5-15 tms5-2 M8, HA KRR
ANEEARERA, B -KH5HNMRAME, L
SRR AR ST, RFSRKAE tmss B RA
B IR BE Y 43 LI R a4 R N 2 B AL T —
By, HAEEE L,

4 sk

IKFE tms5 Wi AT R A E R AU EAUZ E
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