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Abstract: In order to understand the role of UBEL gene in self-incompatibility (SI) response of Citrus reticulata
“Wuzishatangju’, a WUBEL gene from the self-incompatible cultivar ‘Wuzishatangju’ was transferred into tobacco
(Nicotiana tabacum) mediated by Agrobacterium tumefaciens. The results showed that the WUBEL gene was
integrated into genome and expressed in transgenic tobacco. Some pollen tubes of self-pollinated transgenic
tobacco with WUBE1 became twisted and could not enter the embryo sac. The number of pollen tube entering into
ovules in self-pollinated WUBE1 tobacco was fewer than that in wild type (WT) and cross-pollination (transgenic
tobacco <WT). However, there was no significant difference in pollen viability, germination rate and seed number
per pod between transgenic tobacco and WT. Therefore, it was suggested that only the WUBEZ1 could not regulate
S| response of ‘Wuzishatangju’, and it was possible to form a complex in Ub/26S pathway involved in the SI
reaction.
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(UBE3)Z 51 H1 Ub #4745, Bl JEHRICHE A1
26S I B AR R AR S, 0 X AMEIR, Ub/
26S IB1E 2 W 2 B A TR 1) B RO E 9
W EE. Ub/26S @it et ma e —E Ak
Rz —, S 5EMBENEET, AR
RAECL A E N0, R G g2
JCIEAS R, TEk i R AER & RS B3
ANSEAN R A DO . fEREY) A A SR AN W
H, Ub/26S i@fen] DABEME—Le4F B i, %%
EAEH T 32 B F0 | Bk B 4 LR AR IS8T, H Y
A2k Ub/26S i 4% 5 BB I i 75 32 Z 45 Th /£ UBE2
MUBE3 I, MMixiT UBEL KIRFAIRIERAD . B
£\ M F #E (Musa nana).  #5 A< JIL (Carica Papaya).
Z& 7t (Lycopersicon esculentum). £ >K(Zea mays)~ /s
# (Triticum aestivum). #L\F57+(Arabidopsis thaliana).
M . (Nicotiana tabacum) #1175 #% (Camellia sinensis)
S5y E 2 UBEL 25, {H UBEL MIZh e A
ER. AWFERYE, UBEL HlAeS S5 T i 5
JpE A N S R B DL R S O R -2
MM 9% UBEL E:RIFEREYII H 28 ASSE R IS ) T
REMT FLib AR WARIE -

TCHF VD HE RS (Citrus reticulata “Wuzishatangju’)
e AR AT FF VD oS 27 A8 i & 8T pp 22,
J& T HC A 5 A AN A3, AT 1 HiT BB FE R B,
WUBEL & K 7E ToFF VD HE RS 4 25 A1 F 28 5 3 d RIAE AT
I FIRRE, TERAZRME 3 d it L
AFKIE; BERERISAIGIER, ASME WUBEL &
] DL 2 H0 ) TERF VD BEAS B TE R B R e, AR
WUBEL 1RF] 25 | TOFFDRERS B ASASER R R4,
AHIFEAUR T AAT A B RIE T B AR TG
FROBERS ) WUBEL K 3 AN JHEE, A1 ] WUBEL
TETCHFIDHERS B AEASSE AN s N A ()4 FH 25 € Al

#* 1 TR 5190 PCR S MAR R

Table 1 Primers and PCR procedure used in this study

1 MBI 75

1.1 #k

DASEFRIE MS 557720 E 1%L (Nicotiana tabacum)
W38 Akl FiRiA pBI121-WUBEL [WUBEL
B DR R VR T B A8 AN 58 F0 b JC R Y0 B A (Citrus
reticulata ‘Wuzishatangju’), 4% AT 1 (Agrobacterium
tumefaciens) EHA105 F#k, 5 HA S =R

1.2 JFi

S BB A AL 4 A T 1 AR e AR
B A1 PR 00 B I 2 % 40 2 250 pBI1121-WUBEL #%
TRIHEE, SRAGPIMEAE R . SR CTAB VEIRILME
R F A DNARS, DL pBI1121-UBEL ik A FH
PEXTRE, AR B RE AR I IR R R ZH DNA S B 14 %
18, FATZESIY(NPT I 35S, WUBEL Fll ChvA)
ff) PCR A&:I(3% 1) XF PCR 6l A B 1 (OB MR I [
24 DNA FH EcoR | W IR 37°CKIHEEVIL R, FH
0.7% i Ji W 5% Jiz PR VK J5 5 4% 21 JE e B[ s .
PCR-DIG R Fric a7 G £ Hb S 2 Aw it i NPT 11
TEFFBL SRIGHT A58 B, A
PRI A Y RNA B0 & 3 B WUBEL
LR B LR RRHE F 2 RNAL I M-MLV 155 5 il
HHAT 5 —%5E cDNA A AP IRS R
P DUHEL B-actin NN SHF (R 1), SR
JER PCR (qQPCR)ASE I A Ik PR 7 A 7] 7 225 PR Rl Ak
H RIS T BT

BERNPAEREREEIMEFRNE
TEH B 5135 4 1%E5 I +0.01%H0 R + 0% b (1) 15
&L, BT 25C~30CH#MHRIE 6 h, £
B T ML AL BTG IR 2. AL E
23, BANEIUE 3N, BN AST

514 Primer 7751 Sequences (5'~3") PCR 27 PCR procedure

NPT II-F GTTCTTTTTGTCAAGACCGACC 94°C, 4 min; 94°C 30s,55°C 30s,72C 60s, 35 cycles; 72°C 10 min
NPT lI-R CAAGCTCTTCAGCAATATCACG

35S-F GAGGACCTAACAGAACTCG 94°C, 4 min; 94°C 305s,57°C 30s,72C 60s, 35 cycles; 72°C 10 min
35S-R GTCTTGCGAAGGATAGTGG

ChvA-F TCCATCAGCAACGTGTCGGTGCT 94°C, 4 min; 94°C 305s,60°C 30s,72C 90s, 35 cycles; 72°C 10 min
ChvA-R GTGGAAAGGCGGTGAGCGATGAT

WUBE1-F CGCGGATCCATGGCTGACACGG 94°C,5min; 94°C 40s,61°C 40s,72C 90s, 35 cycles; 72°C, 10 min
WUBE1-R CCGAGCTCTTATGCCCCACCAG

Q-UBEL-F CAAACCTAAGCCTACCAC 95C, 1 min; 95°C 10s,58°C 155, 72°C 355, 40 cycles

Q-UBE1-R TACAACACGCAGTTTCCT

Q-actin-F CTGGCATTGCAGATCGTATGA 95C, 1 min; 95°C 10s,58°C 155, 72°C 355, 40 cycles

Q-actin-R GCGCCACCACCTTGATCTT




410 P BT A SR 07 %
30 e fiti ik A AE AR BE 77, K18 T 132 kBl I8 & (KanR)

AR HE RN A S R s ZH
i S R8I 5 N ZE SR ROV v A RS . AP AR
A H A WUBEL JE R B 5 58 Je S S8 #5080 e A
[ B () RO ME S (R Sk« FEAERI 135 ) L, 2 Sl 7E
MG 1. 2. 3. 4. 51 6d RERT IEH KM,
R R EE | (EKER © UKBSER =3 1) 5E
12~24 h, [E &R PR E AT I I B 281K
ik, MERSUYIJEFH 4% NaOH &b,
AWK, BETEIA B, 0.1%ZKIEHE Y gt
30min, & EEEI . 7875 % B (OLYMPUS
BH2-RFCA, HA) %L, HEHS &M EAH RS
(OLYMPUS DP70, HA)#HA T

HEFAMEREFRMTFHE 16 B
ERIR A AR R AT B AR50k AR AE 3240 (% WUBEL &
DRIMH B < AR UM B, DS A R BE [ AE42 8 T
M, P RS, BRI AR BN — S0
RIE, 3Gt AR P MR

2 R
2.1 ¥ WUBE1 &K K4 T

H IR AT T A 54 & WUBEL R
M FRBHAEAAE, iR gy, HIEFR, itk

M P WI1l 2 3 4 5 6 7 8

2000 bp

500 bp

2000 bp

500 bp

2000 bp
500 bp

2000 bp

500 bp

FiFk. FH NPT II. 35S, WUBEL Hl ChvA (T 15 &5
A E R 51 0% KanR FE 34T PCR &, 4 103
PR KanR MR 38 (104 57 2% 5 55 E M BE T 386
RS A — 8, BT RTE , map R
(YR AR AR U 38 A e S PR 2 s R IR (B 1) X IBR
AN R UBEL CV & B S R 4

X PCR %5 5g 45 it — Ik, BHIE AR UL DIG
FRICH) NPT 1 JE RN EREF 1T Southern 43758 . 45
FH, HMNEFEER WUBEL L 1~3 M5 DU A BN B
FERH (] 2)0 IX Ui B AMJE 2R ) WUBEL Rl Dy %
EEEEIDUSI e 3PN EA s S

A3 B WUBEL i [R5 5 4% DUAE AR A T
AR AR ) RNA, IS i cDNA 35—
B, DUBHEL g-actin ANZ LA, H qPCR Aillfs Kk
AT R S0 B A RO E o AR WUBEL R R AH
XrRiEE. HE 3 A, WUBEL 7543 R0 B
PRI R A8 RIA, TR B AR B B A B R

2.2 ¥ WUBE1 ZR BRI EE IR EF T
GERFNT, B WUBEL 5 PR 55 7 AE 7R 0
AER T LAIE S 85 % HA W /1. %% WUBEL %
(IR A3 JIFNR 23653 3l 82.6%FH 69.1%, S5HF
A R B AR AL TS TR 2E R B 2 (R 2).

9 10 11 12 13 14 15 16 17 18 19 20 21 22

B 1 JAEEART) PCR A& . M: DL Marker 2000; P: PHHEX I, WT: AR, 1~22: #% WUBEL JERFiMEREE; A: NPT 11 5[4; B: 35S 514%); C: ChvA 3]

#); D: WUBEL 3|4,

Fig. 1 PCR analyses of tobacco. M: DL Marker 2000; P: Positive control; WT: Wild type; 1-22: KanRtransgenic plantlets with WUBEL; A: NPT Il primer; B:

35S primer; C: ChvA primer; D: WUBEL primer.
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Pl 2 %% WUBEL : KRB HIAR Y Southern 324553
Fig. 2 Southern blots of transgenic tobacco with WUBE1
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Fig. 3 Expression of WUBEL in leaves of transgenic tobacco
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Table 2 Viability and germination rate of pollen in transgenic WUBE1 and

WT tobacco
Eid) ERCY)] REH
Type Viability /% Germination rate /%
B 3LA Transgene 82.6a 69.1a
9721 71 Wild type 81.3a 67.8a

I BB S5 A IR 5 B R 22 5 AN i 3% (LSD A& il) (P >0.05).

Data with the same letter within column indicate no significant difference.

2.3 ¥ WUBE1 2 HER M ZRE I ENE
RGBT, FARMEEAT. BN
L ] A R A DR 0 > A TR A B S S PR S AE K
b R A, TENE S Y E RN K H S a0,
A WA B S ut R A S TR iz . B0 1d 5,
H AR A AR 38 L A, SR AR B B
Sk AL AR B Al B gt A FE 2L (B 40 AL~C1); &2 d
G, BRI R B R, B 1)
TR EH O HEATEAE (B 4: A2~C2); #2H 3d Jm 4%
WG AR, B e E Finises
Hi(P 4: A3~C3); 2 4dJE, NERARXIERR
ARy, A E B S A K (K 4 A4~

C4); #¥n 5 d Ja 1ok & BIIA AT 545 (K] 4: A5~C5),
{H¥: WUBEL H:[R 1) H A2 58 241 & BiA A HE A
W EHED TR MEARATHE, B
SR E HIE AR LA (] 4: BE); 4 6d
J&, BRSRZMAHELCHENTHE 4 A6~
C6). HIMLAT WL, # WUBEL K [ A2 17 A5 /)
1K R HE 78 AR A A o

2.4 ¥ WUBE1 ZR/EEMFFHE

A 5 T4, % WUBEL JERIAHE B 28 fl 5728
B 5 T SRR il IR JE b K R 2 B AR R
T, TREES.

UBEL 2t HiZ R 75 1M, 72 Ub/26S
BAETREEEERN. UBEL Bf 1 METFHI 5
REEN Cys A, SR 1MRTFIE RS
AL, ATLLE ATP 5i AMP-Ub 454 . UBEL I35
PEAR =, R0 B R R AR A R B gt o] DALBOE 22
3, B KR ATP RIRERE &, FRiE i g A &
P Jik B R TR R 5 1 3 TR R R R i T i v R T I
S5z 2%, &5 UBEL ¥z X4 5] UBE2
P22 ARz . BJa, @it UBE3 RIKY)E
H, 2R HEREIRYE D B R o2k
PR TV RS IR B, 4 H As B 32 26 AR [ A 24,300,
Ub/26S At/ FEUHEY) H AZAEA I E 24T, H
' UBE1. UBE2 Al UBE3 £:3L[FEIVEM, @idifs
559t SO BT LR R A i S-
RNase, Ml fe4n 8 i AR K 5 2 6181, 7E g
TARARAE R N, SLF R A4EH S Hl T, B
EH 1 F-box Z5#43k, F-box # /& SCFE3 B4
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Fig. 4 Pollination and fertilization of transgenic tobacco with WUBE1. A: WT <WT; B: Transgenic tobacco x<transgenic tobacco; C: Transgenic tobacco <WT.

Bars=100 pm

1200 -
1000 a a
800 -
600 -
400
200

Frf Number

WUBEI*WUBE1 WUBE1=WT
Zv77 4 4+ Cross combination

WT=WT

5 JHHE RS T D T R

Fig. 5 Seed number per pod of tobacco

PRI ) B 1 BY  7E 4 #1 2 (Antirrhinum majus)
KA K, AhSLF-S2 5 Skp. Cullin-like 2 H
it JEHLT SCF Z &4k, SCF AhSLF-S2 x4~ A
A UBE3 Wk E A2 54E3R S-RNases JEFF5H
PEHLZE A, {1 S-RNases #7172 # Ak, /5 @id Ub/26S
#AEH S-RNase PR, Tem & 13 DA4Ra K08, 7E
%222 (Petunia inflata) 1, FTH 1) SLF #i< H 2L
5] $% R 3 BT A IR E R S-RNase, P BIAE A 3K S-
RNase [z =4k, HEMBEARRA, fEfF18 522
RN, B RING UBE3 ARC1 (arm
repeat containing 1)/ 1EMIAZEETFEESEEZ
—. ARCL ) R BZAEAE SIS
ZEIMERG. EIEBME, SRK 24 SCR/SP11 i
1k, BERR A SRK BIlEE A ARCL iR, )5
Wi 1L Y ARCL 22 5 Exo70A1 H A 45 &, il
U-box 45t 5 A UBE2 1EH, Kz &=, it

T3 B0 E A A SRR RE ) R AR 331, 3k e 72 3 1
Ub/26S &4 ) UBE2 fil UBE3 &5 T ifiiHEY)
HAASERR N, . UBEL fE4 Ub/26S &2 115 1 4
Z 5, AT E AR N H IAE A

NE
EEE.

AR IR R IR FU 45 AR B, UBEL 1R AT AE
Z 57 TP RERS 1) B AR B, AHE FE
AR AR A T A R IE T B A BT R
PREAS ) WUBEL JEPR B AL S, 3153 T %% WUBEL 2
R ERERR, 4 PCR. Southern 1 qPCR #ill 2 H,
HMJEHE R WUBEL T84 B 0H w5 R 4 v 115 B3R
1Ko X WUBEL 2 PR R B85 6 52 K i R (1 L 52 3
B, ¥ WUBEL & R JH 55 [ A2 168 B TR AR A A (11
R, A ERE T KK, X SEERERE
UG 25 R — 5024 (H 4 WUBEL JE R0 5 H A2
R Ak B YRR e Ak i, HPI Rk
BRI Rh PR S B AR RN R T B 2 R, XU
WEFT 45 B, B A WUBEL JE RN RE i 425 oK
YORERS B AASER N, BRI RE@EE Ub/26S i&
FH R UBE2 f1 UBE L [FIE 2 5 T TGk I bEss
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