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1l 50A L ogu CMS 1 £&435 £ #ir il 50B LA K& pol CMS
MRS 2N 409,
1.2 HEFEHE

2 P TMHMM R 3 (http: //www. cbs. dtu. dk/
services/ TMHMM/) #i (1) ORF 138 (14185 5 X 35k, LA
Wit 50A 1 gDNA SR B , 373 0/ 138 A [ FE 1Y
T R B, 8 BamH | 1 Hind Il BEY) 7 52, FraRoa
F B 4 B A% R AR pET-32a I 5 43 51 LA #i i
50A F1 6-102A 1 gDNA by 5 Kz , ¥ #4 orf138 Al
0rf288 AN R BE (R B, O ) B S SR il PCR
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[N, I % 122 3135 A R 35S Ji 3l 1 R R A
AR pS2300 1o S W% A KW AT 7 DHSa BRI
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Kt N pET32a % pET32a™ pET32a* S HI PS:
Rip138¥71%  PS: Rip138*71%  PS: Rip2881*#%  PS:
Rfp288"##% PS:Rfp288'5+%# PS: Rip288'*#%,
1.3 E#FE

L) LD 1) A 3R 3k 2 A ) ) R 255 2 kL
KT B 235 H AR BL21(DE3)pLysS, i ML, kB
BT R, PR TR, PCR ARSI 44 119 B oo e e Y hn K p H
T —80 CIAAF# A . 1 1000 A9 L 11 B 100 pl.
M A E] 100 mL & A& Bt e B 50 pg/mL &~ &
B 2 M 30 pg/mL 575 R IR LB H Fe Sk, 37 °C
PR (200 r/min) 5 3% 2 OD A4 5] 0.6 i, 4 T W 43
B 2 By, 1) L 1 A28 B 0.5 mmol/L 1)
IPTG T HMEARE, 5 1B AIMIPTG; Z )55
B 30 min F] UV1601 24043 O B2 R 1k B
ODfH.
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PAGE Loading Buffer (CWBIO, %% 5 . 01411/
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WFJEHC10 pl FREFEAT SDS-PAGE BERCHL UK . A< B
FER 12% 4y BORE A 590 MR 4 e o v vk 58 B L
BERC AT Y0, (0, ISR B 1 2% o
1.5 ETTHEERL
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PR IT 4 A L 4L DNA L DUREUAY DNA R f
B, 143884k L a9 1 43 I &6 09 51 9 k17
PCRYE (BIYFHIILFE D) . PCRIARME 1 pl
Bt .3 pl ddH,O. 51 #14% 0.5 pL.. 5 pl. PCR Mix
(% Fl) . PCREEF M 95 °C 5 min; 95 °C 30 5355 °C
30$;72°C 1 min, 3 34 MEH ;72 °C 5 min. 1%
BN A F UK A PCR 74
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K H] Eastep® Super & RNA $& U5 & (3%
FA% (AL Y HE ARG IRA A, 585 :0000465711)
PEUU p ST AE7E B RNA
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S S5 7 W A R SOAEAE B, SR 5 TR 514,
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WS . qPCR EMREAE L S % R e 2 /0 5 % .
i 2728 C kP S IR B AR X 2 1k o
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DEA RN . 78 TMHMM K 35 (http: //
www. cbs. dtu. dk/services/ TMHMM/) X} ¥ 3% ogu
CMS B A& K orf138 % 5 i ORF138 HE4T 15
H2UE TR , %z B H: 22~44 aa A AFAE 1A 15 R 02 e
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Table I Primers used in this study

JHi& Function AR B 44 K Name J¥41 Sequence(5'-3)
ET32411% 5" CGCGGATCCATGATTACCTTTTTCGAAAAATTGTCCAC
32"
P 3" CCCAAGCTTTTATTTTCTCGGTCCATTTTCCACCTC
pET32a"% 5" CGCGGATCCATGATTACCTTTTTCGAAAAATTGTCCAC
3" CCCAAGCTTTTAAATGATAGGTGAGACTTTTTTCGTC
ET3248515 5" CGCGGATCCATGAACAACCAACATTGTTTACGAACCATGAG
b Rt

3" CCCAAGCTTTTATTTTCTCGGTCCATTTTCCACCTC
PXF AACTGCAGATGGTGTTGAGGACACAGAGAT
PXR35 TATGGGCCATTCTATCGCTGGTGAGACCAGA

PS:RIp13871%

HAsph
Vector construct e
PS:Rfp138+#

PX35F CAGCGATAGAATGGCCCATATTTGGCTAAGCTGGT
PX138R CGGGATCCTTATTTTCTCGGTCCATTTTCCACC
PXR45 GGTTGTTCATTCTATCGCTGGTGAGACCAGA

PX45F CAGCGATAGAATGAACAACCAACATTGTTTACGAACCA
PXR104 ACGAACCCATTCTATCGCTGGTGAGACCAGA

PX104F CAGCGATAGAATGGGTTCGTCTGGGGAGATAGTG
PX288R CGGGATCCTCAGTCTAGATAATGCCGGG

PXR134 GCCCAGACATTCTATCGCTGGTGAGACCAGA

PX134F CAGCGATAGAATGTCTGGGCGTAGCTCGTCGGTCAATC
PXR164 CTGCTGGCATTCTATCGCTGGTGAGACCAGA

PX164F CAGCGATAGAATGCCAGCAGCTCAACAGCAGAATCACC
PXR194 TCCTTTCCATTCTATCGCTGGTGAGACCAGA

PX194F CAGCGATAGAATGGAAAGGATTATGGCGGCCTG
qRT-5'primer AGCAGAATCACCTAGATCAACCAGC

qRT-3'primer CATCCTCGAGAGTTATGCCAAGTTG

PS:Rfp28g! "
PS:Rfp28g!#
PS:Rip288!H
PS:Rip28g!
PS:Rip288!+ %

qRT-PCR
Actin

qRT-5"primer TCAGCACTTTCCAGCAGATG

qRT-3'primer CTGTGGACAATGCCTGGAC

(K1) o AR 5 R () 2 8 X o138 AT ARl
JE T B 3 R R TR A pET 3221 (4
) \pET32a"™ (# 25 C 3 &8 43 )5 51 H £ B 15 i 02
JiE ) F pET32a% ™ (O & A7 5 B I2 e ) , 1 H BL21
(DE3)pLysS kR #FAT A% RIE o 810 I H I OD
(R, RINAIPTG 5385 1 A I, BT A 7 AR
[F]H BE AHR 1 0r/138 B R AT o 1 A i 34 5 28 28
Xt HE LA AR, (H A IPTG J& L e A b fr 5 IR i
) pET32a ™ F1 pET32a"™ i K #T B A8 A K 7 )
T A T A 2 B R E 1 pET 3221
MR E A RKEARNZZm (K 2) ., £
ORF 138 A2 M DX Il 76 75 B R 14 N 3y, i
C ¥

2)HE A FRINEAE . S BE K AT B A A i
W SRANHEB SR, #H SDS-
PAGE % i f KA U 2 Y R0k (1 3) o &S 3 pET -
32a 4 IPTG % T ) , %1k TrxA | S-tag fl 24> His-tag
PR H , KN 20.4 ku, FH ExXPASy ProtParam
tool (http: //web.expasy.org/protparam/ ) 715 A= [7] #

K JE R AT i, pET32a" "  pET 322" Fl
pET32a%1%8 73 51| 36 1k K /N2 36.4,31.4 F1 31.2 ku [
[ A = P T oY el Sl R S S PRI R EaE et A S )
TOVE TR 2 1 2 A O X & . PAGE R4
Yen, Wi, BEMEL B A IPTG 5, KRR pET-
32a fpET32a" g K ik T ik, e 1A nT v
PR WA AT R 23k 5 I TEIe & Lyl 2
UUVE , B e b #0843 0 %% 31 B 12 1Y pET 322" I
pET32a" ™ Xf i K/ B 1454, rT R B E AT H
A BN AT T 1A A2 LE SRR 1 L3 3k, D
TR AL, AL LUE R PR AR AT UL A 2R A 45
2.2 ARKEEE orf138 B E R IEIE
ORF138 (155 35 M2 H M A A 7E 1A AL 4R 25 1
T (ATG) , 5B FHERMZE R, ARWF5E LA pol CMS K&
SR Rfp BT 159 bp 75 R SRR 5 kAl 2 2 4>
U Ak PS: Rip138% 7% Hl PS: Rip138%75%, # {k 411
BT AT W B ST 50B . 55 KL IR B 1 R TR
WA E R AL, FHW D LR G €0 Y0R I T 1 21 G T
S IDS EON BN iR i SN )% TRk
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Fig.1 Prediction of transmembrane helix in ORF138
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WA ST AL R T o JE % PS: Rip288' 7%
PS: Rfp288'#2% FI PS: Rip288!5%% 1ty {1 4 4k v
PUHEVE AT R PS: Rp288™4 25 1) [ P A ik 4230
AHEER2).

—e—1-138(-)
sok 1-138(+) 1 22 44 138
—o—45-138(-)
—o—45-138(+)
s O —e—1-9300) - 45 138
A g e 1.93(+) A B e
1.0
*————o o —0 1 22 44 93
0.5% N
0.0 1 1 1 1 ]
0.0 0.5 1.0 L.5 2.0 25 [ B EIX B Trans membrane

Fs 20t /b Culture time

A KGR A G E B AIEEENY 0r/1385 () IMATPTG; (—) : RIMATPTG. A:The growth trend of E. coli; B:Different trunct-

ed 0rf138; (+):IPTG was added; (—):No IPTG was added.
2 RIEANEEE orf138HIKIFHT R E KB

Fig.2 Growth trend of E. coli expressing different truncted orf138

Marker  32a(=) 32a(+) 1-138(=) 1-138(+) 1-93(+) 45-138(-) 45-138(+)

ku Marker 32a(-) 32a(+) 1-138(-) 1-138(+) 1-93(+) 45-138(-) 45-138(+)

ku

10

AR ATE RIS AR B R AETIE P IFRE () A IPTG; (—) AR IA PTG i3k 48 H A . A:Protein expression in super-
natant; B:Protein expression in precipitation (+):IPTG was added; (—):No IPTG was added. The arrow points to target proteins.
3 ARE#EORFIBMEARIEER
Fig.3 Protein expression of different truncated ORF138

F2 AEEEor288 HEF IR ITIHEEN T ELEE
Table 2 Fertility identification of transgenic Arabidopsis
thaliana of different truncated orf288

HZR L/ P/
mpp PUERIRR O RIEEUR
Antibiotics Positive .
Vector . . Male sterile
screening seedlings

PS:Rfp288!H#8 36 31 12

PS:R{p2881##% 48 45 7

PS: Rfp288!6+#% 45 31

PS: Rfp288!1H#% 24 14 0

1) R RN T A bR R 1 . 5 BT A TR AL R O
(WT)RALL, Fe R T AN RE ™ AR A 2R IR AN,
HABERALAE KA BROS WT T 222 5 (1814) .

2) RN T B MEE . 5 WTAHILL,
PS: Rfp288'™7%° ity i 5 e 7 1E %, ELIE 5 iy 46 22 W]
WARSE AE Y RS R T e L RISk L A
YN TT 2, FER R TG B, AN BE 58 WU 5 PS:
Rfp288™5° iy Ml 35 ¢ 7 1E %, AHJFUA NI K &
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Az B BRI ; B PS: Rip288! Y258 #; Jk BRI 8L g I ; C: PS:
Rip288" #8 5 FL U F IF ; D : PS: Rp288'“ S L SL NI IF .
R =3.7 em. A: Wild type Arabidopsis thaliana; B: Transgenic
Arabidopsis thaliana of PS: Rfp288'"#%; C. Transgenic Arabidop-
sis thaliana of PS: Rfp288"#%; D Transgenic Arabidopsis thaliana
of PS:Rfp2881%2%, Scale bars=3.7 cm.

4 FEEE orf288% EEINE T
Fig.4 Transgenic Arabidopsis thaliana of
different truncted orf288

AE 2 FIAE 22 21 )01 e S5 72 I 1 158 R 78 18 P AR A6
g, BB TR I RS T AE 25 9 7 A T 4L, T
ILIEH B, A S BUEIEAT (J5) .

A B

| —

A B E AU BEITAE2Y s B PS: Rip288I M S #E JL N MBI IF 4L 25 5
C:PS: Rfp28HH S FIL R FI ST L2 . bR =1 mm. A:Anthers
of wild type Arabidopsis thaliana; B: Anthers of transgenic Arabi-

dopsis thaliana of PS: Rfp288'*#* ; C: Anthers of transgenic Arabi-

dopsis thaliana of PS:Rfp288"#%  Scale bars=1 mm.

E5 AREEEorf288ERABIEIFEZ

Anthers of transgenic Arabidopsis thaliana of
different truncated orf288

3) e L DA ST ALK 16 TR o ASBF 59 fuff Y 2
X LR ST AL TG ) HEAT R . R R A
S5 1L R Y AR AR AT e, e IR AR B S A
LR I 0 A8 25 v B R Y I T D B AR R R (LB
WT [ 74 hE BE B Y i 55 2T (@A), PS: Rip288™ %%

Fig.5

PS: Rfp288" %5 1 PS : Rfp288' ™5 ity 48 3 4o A okt Y
A (1 6) . eI 3R SE R R I b ok A
TG IAER , I 2 T BUOUE .

A B

cadagie

A B R T AR e (55 B2 PS: Rip288! ™ 55 KL DI DL g T+ 4L 3
ety ;C:PS: Rp288"™ S H L FRM B ST AEM Y f6,; D : PS : Rip288 1+
LR ST e 5. FR=50 pm. A:Pollen staining of wild
type Arabidopsis thaliana; B:Pollen staining of transgenic Arabidop-
sis thaliana of PS: Rfp288'0+#%
Arabidopsis thaliana of PS : Rip288™¢ ; D . Pollen staining of
transgenic Arabidopsis thaliana of PS: Rfp288'*5, Scale bars=

C: Pollen staining of transgenic

50 pm.
El6 AE#E orf288% EENFEITEMER
Fig.6 Pollen staining of transgenic Arabidopsis
thaliana of different truncated orf288

4)Rfp288" S B Fe IR IIE . R KAE MR
B2 W H M HE M ERIL G ERN, B PS:
RIp288"** R Hlv] & 0 pg I MY 4675 HE 47 B R 3%
KK . ANF R Rp28S ™78 iy 2 ik i
T BB 7)), 450K, Rp288" S TEAH R 1Y
ZRIR AT LG L RIEEAT .

400
300
200
100

T
==

2.0r
1.5F

1.0k —

M RIE &
Relative expression
I

0.5
0.0

EiN=) Fertile AE s',erne
WIFF ST Mtk Arabidopsis thaliana plants
R INTE0.01 /K 3. ** shows significant at 0.01 level.
E7 WEMAEREI P Rp28g™ >
B X RIZE T
Fig.7 Relative expression analysis of Rfp288'*~*%
in fertile and sterile Arabidopsis thaliana plants
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R R 22 11 R 7 35k PR I BH 2 s — el LA 1
K FF A& Ky &E A, I £k T-CMS 1y
URF13'%) [fi] H 2% Per] CMS 1y ORF522'%%) JK # Bt
CMS () ORF79 .HL CMS 1) ORFH79 . WA CMS 1
WA3522 | Tetep-CMS Yy ORF312'%)  Jih 3£ pol
CMS 1 ORF224% | hau CMS ) ORF288" | Nia
CMS i ORF 3462845 | ji 2 b fA 2 i 5 A% LR 3t
A B JEARZ A A A N, AR B IR
FE PR G % 1) 5 2R 1 DA S RUEE 3 R B 1 O =X
2 I SRR = A s, R 5 | R R
RIY 240 i J5 e 1 N A AL A9 7 B PR . {H Luo
25 VR Heng 4511 i f 9% %6 B, WA352 FIl ORF288
KB AR SE R T IR LIS
IR MRMEYEAR T, 5 8 R UL A TE . A5
i A K N ORF 138 25 A Ay Rk ik i 1
R X a7 T4 5 B R A N .t TEE 0
1245 S MR g A S P K SRR AL AR 2 R, AR5
5 Duroc %318 i 428 FE R 1Y 3% 51 K M4 ORF138 1
A i 58 A R v X R B R] . 5 WAS52
FTORF 288 A ], 2245 ORF138 4 N it #5840 )5
AT BB ARES R EIEA T |, X 514 RAVK
52 JE IR AT B A RE T orf138 %5 S 5 v il 2 AH A
AT 58 B EE MR B T N SRR 4 & ORF138 &
FEYEART BT 8. ORF138 Ay N i A 15 512
WE, LS RIRIE NAETE T K E A, tE b iR N
Bt bR — LA E RN . AR, Bk T-
CMS 1 URF 13 [ 3£ R A4 ] LLTE SR (A I L T 5%
KL A DAY 11 375 1 52 380 5% g, 2 7 196 A0S R T
BCRE T FRE R, ATP A B R A, Fe 28 7 B
PEART Y K ALY B B 51 i T B2 e Y A7 A
ORF 138 114 25 [I5 82 5E 7] BB & T BOR & 1Y 2 A
AR5 45 5 22 BN w450 75 5 245 g 1) 7 M 3 0 o2
ORF 138 5 [ HEEAN T BT a1y, A X — X EUEAT
BEPEFNES RS A RE A, T ASRE AT B A ORF 138 32
FEfE R UG, J3 40, 2 K B oW 52 21 19 28 1
BEPE SR 15 2 H 5 R E 3 A T A T 1 o S
PR, ORF 138 42 75 345 25 25 B U DA S 125 R e 25
¥ 5 8 R Z I8 0 6 R AT Ry ik — 2 ST
3.2 0orf288HItZIL TN BE X 15

FATRTIIA) TAEIE 077288 J2& 3% hau CMS g
B AL, H 245 N o s 58 70 1) ORF 215

AT AT Aol 7 35 [N Ak 2B e vE R 1, {H ORF 215
PR B — BT F 2 15 o HE AN 7 51 5 R Ak
ANEEA—PIIE. AWFFEE 2 R U 2
TR B8 A5 5 AR, 0 28 UE W 07288 5 | JE A 400 I
ANEH WA DI E X I 028847, H.164-194 aa 1]
RESE SR AR T A — A S BEE H X . Luo 259 %
I L5 R WK R WAS52 5 COX11 BAERY 2 /4~ #B
G240 B | AR A R A AR B VE R T . Tang %%
9T R W] WA352 (1 7 51 AL % scl sc2 il se3 =
ANEBAy, Horbrsel 75 5 COX11 BAE, BAERR /1A
BB AR 25 H AR AR | sc2 Fl sc3 X ik Fp 4
B — AN S 1R T, Aok A 35 R 1Ak A £ B 10
BT scl J7 40 B9 08 B8 5 D BB AR ~F 19 5C &R . Omukai
A1) 1) F mitoTALENSs 4% A& Xf /K # RT102-type
CMS IAE I 01352 #4748, & L ORF352 11
179-210 aa A GEXTHEMEAN B AL S HEVE o 1 Kasaha-
ra SR T 8 (U S0 R A T S AR
A EAR R Bkt . XSS ARIE BN B R A 0
DI BT . TR E M SRR K Z 2
BE PR 20 T I B ek B B B T — SN S P )
B 1% A A3 SR YRR AR R 1Y, S BT T Z A —
w6 P58 M o haw CMS 1Y 011288 Fil tour CMS 1Y
01263 L K pol CMS 1 0rf224 . shan 2A CMS 1y
orf224 R RE TR . DRI, M R CMS B ISR T
FRE S F LA 4 25 507 e 2l AN & R 4%
OINRE X A DI RE 2 5 S8 AT EREZL
Tige X B i e 2 7T i AL CRISPR/Cas9 il TALEN
SRR AT I g QR AT B AR R S
AR T R R P 2R O . A ke bl B B8 e H
Wi 5E 3, W AZ U IR DX BEHEA T DR <1 45 4 S w0 43 A
W T LA FT S R AN B A9 F LB %
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Functional analysis of cytoplasmic male sterility
genes orf138 and orf288 in Brassica

WEI Qiangyan, GE Xiaoyu,ZHAO Lun, WEN Jing, YI Bin, TU Jinxing, FU Tingdong, SHEN Jinxiong

National Key Laboratory of Crop Genetic Improvement/ National Engineering Research Center of Rapeseed ,
Huazhong Agricultural University, Wuhan 430070, China

Abstract Two CMS genes were truncated in different lengths , expressed in prokaryotic cells and ge-
netically transformed in Arabidopsis thaliana and Brassica napus. to determine the relationship between the
toxicity of the protein encoded by the ogu CMS sterility gene orf138 and male sterility and the core func-
tional region of the hau CMS sterility gene o0rf288. The results of truncated male sterile gene orf138

1-138

showed that the growth of E. coli expressing pET32a""* and pET32a"” containing transmembrane helix

was significantly inhibited after the IPTG was added , while the growth of E. coli expressing pET32a""*
without transmembrane helix was not affected. It is indicated that the toxic region of ORF138 is located at
the N-end containing the transmembrane helix. Results of genetic transformation showed that PS:
Rip138¥"* and PS: Rip138“"* did not cause male sterility in Arabidopsis thaliana and B. napus , indicating
that the complete N end is necessary for ORF138 to induce male sterility in plants. The results of genetic
transformation of different truncated 01/288 in Arabidopsis thaliana showed that positive seedlings trans-
formed with PS: Rfp288'“** PS . Rfp288'*** and PS: Rp288'*** were male sterile, while all the positive
seedlings transformed with PS: Rfp288"*** were fertile. It is preliminarily proved that the core functional
region of 0r/288 is orf288'*** indicating that the 164th-194th aa of ORF288 may be closely related to the
cytoplasmic male sterility in hau.
Keywords Brassica; cytoplasmic male sterility ; orf138; 0rf288; toxic protein
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