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WE. [ B8] ATHIE ‘AFBEM Citrus suavissima ‘Seedless” E3 2 Z & 3854 W CsRNF217 st R F o9 vh,
KR R AL FE AT A K CsRNF217 ¢ 5:  B M3 Nicotiana tabacum, H AT EsTBEF M Hrh, [(F&x ] A Zm L
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Abstract: [Objective] This study, with an investigation into the transgenic plants of tobacco (Nicotiana
tabacum) overexpressing CsRNF217, is aimed to verify the effect of the E3 ubiquitin ligase gene CsRNF217 of
Citrus suavissima ‘ Seedless’ on male sterility. [Method] First, an analysis was conducted of the pollen
viability of wild type (WT) and the positive plants of the 1st generation of selfing of transgenic plants (T,) with
the employment Alexander staining and pollen germination in vitro. Then, the seed setting rate was obtained via
selfing and reciprocal crosses between transgenic plants and WT. Finally, semi-quantitative Reverse

Transcription Polymerase Chain Reaction (RT-PCR) was used to analyze the relative expression of CsRNF217
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in T, positive tobacco plants. [Result] CsRNF217 derived from C. suavissima *Seedless’ was efficiently
expressed in T lines. The pollen dyeing viability and in vitro germination rate of T, lines, selfing seed setting
rate of T lines, and seed setting rate of T lines reciprocal crosses with WT were significantly lower than those
of WT (P<<0.05). [Conclusion] T, plants overexpressing CsRNF217 had a severe decline in pollen fertility
and partial aberrant of embryo sac, suggesting that an up-regulation of CsRNF217 could play a negative
regulatory role on male and female fertility of C. suavissima ‘Seedless’ . [Ch, 5 fig. 3 tab. 22 ref.]
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KELHH Citrus suavissima 5 R TR C. suavissima “Seedless’ J& i i 2F AR L FPIRIFHY ,
HARSToK, wtetRE e, SN, PIE e EM Y, (0 TP A5, AR
BOR AER DB, TS A9 R W /INMET BRI MR 2 0 R R AT &
SRR Z PP BT K TR M K E R AL 2 S S R P B R A T A R R W] . 2 S
PG pE F 2 S BAE RN R AV G N BEEAE YRS UFoR N Z R ATl B8 . CsRNF217 [
SERAT S CTCFRRA RN BRI SR R A Y G R R VIOCER Y AR, HRRATTA T
REE N TE R N B WA i R B R RGA s CsRNF217 5 [ B 24 3 1R )3 8] v 47 1E RING-
HC_RBR F1IBR 2 A45H38, J& T #0119 57 5 RING-HC E3 WK, &0 T4,

2R EZAEY R BRI R B S, A SR O EHAREA . AR . RO P EAR
FHFNZR AL 2 B A D RETRG Y, 12 ALK TR 2 3 PSR AL : E1 2 RINTG I . E2 2 R4S G AN
E3 1z R G, Hrb, E3 2R EEMEA DEN 2N, BUI0E TIRY RS, JFER T 405
TN R AL B3 2 R EG O N B RN 2 W 2 . BRI 2 R 3 2 SR AL
RING. HECT AKX U-box S5 %, CsRNF217 H:[H BV J&@ T8 7 2 RING 455 ik . B3 2 K%
FERFAER AR KR B B i A O A, 04 A MR PP PR T RN ws B A8 S it L AR R
A1 I AR R R L BB R BT A R B KRR Oryza sativa™™ . U RIY Arabidopsis
thaliana™™ . 1 3% Brassica campestris ssp. chinensis'"” Wf % ¥ i) RING %! E3 72 2 7% 4% i 5L [ DSNP1 .
DAF . Bra015092 SF1EAE# K B ik R il s 2B H .

AT L IR TC R CsRNF217 W5 FE B Nicotiana tabacum FEAR M AF KL, 38 o XJ FE A
FIRHT . R A28 1 ARERR (T)) ARG 7 . S DRIAR AR 1 28 B 5 B A AR B0 1 S A8 I 45 S 38 A5 58K
BN , ZrHrid ik CsRNF217 X G RERR RA R B PRS2, it — 204878 CsRNF217 JEHTE o+
DA MEMEN A ot F v i AR TR 2

|

1.1 &

DU A= AR &L (WT) VE XTI, SRR T Agrobacterium tumefaciens 475154451 23k CaMv 35S
CsRNF217 1 FHPE G FE R BB (To) o B Ty H ASFIF 7R A SRR S B UM 5 [ 22 1 AR R (T REE
T, FHPEMHECAR PR 64, 35#. 63#kk R MM i M S AL R W AE 2y, S BIVE T WA P s %R JF T80 °C &
17, HT ¥R RT-PCR 5347,

1.2 DNA REUKPRIEHEREE

K 42 WF A R MH R R T MR FEAE AR 9, SR CTAB A 42 B DNA, LA pCAMBIA 2300s :
CsRNF217 FURIAE R BHYEXT ], ddH,0 SAFATEXT IR, FI 35S_F MILF4FS 514 CsRNF217_R838_SPI(F 1)
HEAT PCR K6 0 30 B ME AR Ak , PCR AL 94 °C, 5min; 94 °C, 30s, 55 °C, 30s, 72 °C, 1 min,
35 RAEH; 72 °C, 10 min; 12 °C 4%

1.3 TEMiE KN E FEE RT-PCR 7717

FHE K 10:00 SR A M0 5 & G RF B AETET . SR Ll R4 €0 3 PO Xof B A AR R R 28 PCR %5 1Y

T, BRPEAR R HEAT A0 Ge (005 J A, SR AR B A RE F2 121 6k 4040 G 435 ) Wil 28 T B ) R PR bR i A 7
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% E /E o %*ﬁ*j%ﬁgé y‘j J/"%‘QI @ E/:J UI_LI; ﬂf] ﬁ (:LrT jj E"J 742*}’3\ Table 1  Specific primers used in this study
K, FEM K R TESE TAE R AR i & o 519 Rk SIYFII(S—3")
yia *j} g@ @ bin jj :ﬁ @ Via *5:[\ *j éﬁ /1% E} |:F| H(J yia *ﬁ *ﬁ Juy CsRNF217 R838 S GTCGACTTGCATAGAGCCAATAAA
ﬁ x100% , ﬁs*ﬁﬁﬁ ﬁzﬁ=ﬁﬁ ZVL\ ﬂa*ﬁ*ﬁ%&ﬁﬂﬁ EF' E/‘J 4%43 35S F ACGCACAATCCCACTATCCTTC
*5]\ *ﬁ 24 ﬁ %100% CsRNF217 qL2 ACGTGCGAGGGTATGAAAGA

PO 0o

.. . . CsRNF217_qR2 TACCCTCCATGCCACTTCAG
{#H MiniBEST Plant RNA Extraction Kit (TaKaRa, * -4
EFla-F TGGTTGTGACTTTTGGTCCCA
“*Iﬁ B FEU K] AR R N

HA) Rl e S SCEF 2 R A0 JAE i ) i 2 EFla-R ACAAACCCACGCTTGAGATCC

B T, 00 5 PHAMEAE AR 162 RNA, R EASYScript
one-step gDNA removal and cDNA synthesis supermix (TransGen Biotech code#AE311- 03) i 5] & #t 17
cDNA & ., /] CsRNF217 FEH X5 YRR RN S 5 EFla F¢ 572519 (% 1) #47°F & & RT-PCR 43
B, ¥R 94 °C, Smin; 94 °C, 30s, 55°C, 30s, 72 °C, 1min, 29 &KfE¥H; 72 °C, 10 min; 12 C
(e
14 BFAERMEBEREHRRET, WEERZZEZGN

THER 10:00 WA AERIA T, AL, EARBUSRMRIVIEZ TR0, 4 C TS TH g
P /NG 48 25 BRE T BB RS B9 AE AR AR o Y H 10:00 BEBCAERY 32 s C - IR Y HE L, B4,
BT 3 FRAEMIERCHE , 3dEMERT . ERCHGHE D, EACHN LI IEF MR L
A, BRAERUNREA; RSBk LN E RO ACAS, FEBER RN REAS . 7 GBI e T4 B R MY 35
B, MRS . P SR BT
1.5 HELBS5SITHH

K SPSS BAXI AT KA BRI YL OIS T . AR B IR R IR KR T RO SR AT T
HRZE T 245387 (one-way ANOVA, LSD),

2 HEREAM

2.1 T, MEEAE#RBA MR
To MRAPFCEAR ARG 137 kR, Hh %2 B4RE T, MEEKANYRSEHLE

6HFKZR 16 BR, 35#FK AR 80 Bk, 63#FkAR 41 tk, LIEF =P

EE ﬂ& TO ﬂéﬁlq ?Tﬁﬂq g}'(,f%‘; E"J J;g [H— H— DNA j\j;rﬁ *}i , Table 2 Positive rate and pollen viability of wild type and T, tobacco
JA 45 H- ‘/53 J H plants

28 PCRAGIN, JEARAG 68 MR AVER bR (3 2). Hrf, o K AR WAW EREEE)
6#PR R 10 Bk, 35#tk & 338k, 63#kk R 251k, T W MM MR H9{11/%
B3 5K 62.5% . 41.2% . 61.5%, ot 16 10 62.5 195427 b
22 EMENRFEE RT-PCR &R 354 80 33 412 31.9+2.8b

T, BHPE AR B AR AR AE A I Ok it 5 B A A AP A 22 63# 41 25 61.5 21.8£2.3b
5 (E D, BPAEREMAAA TG, BEZ, Al wT 3 0 0 945242
R AE R A T AR Bk S 5 T, BEE A A e £ Vil . FFRRFZRE R R AR R R )G 1 2E 5 8

. ¥ (P<0.05). WT NEFERIBRA

NPT E, BobaD, LTI WAERm . &g
LR B AR & 53R (8] 2): T, BHME AN REAR R ALK e (3 ) B 38K T 17 AR RUA B (18] 3, P<<0.05).
A TTRAER R Py I R G 0 J5 SR 2R 2160, TOIG I Aek b R Ecas (o, WA BUAR AR 28 Dy L Kt s
R R Z R0 (94.5%), FHMEMEAR S R4 G000 b 8RB 35/ TR AR (8] 3, P<<0.05), Hrf
GHIR R I 14 5 Hibk (6#14) . 35#FR RN 4 5Bk (35#4) . 63#bR AR MY 4 5 HER (63#4) MAEAT Z I Iy 11K e
a5 ORIEAL, 2518 9.6%. 12.0%. 9.7%. A 1% S BAER R BEAEE B B IR T &, T, FHIEAR
PRAE K5 BL ) B 28 b 21K T 2 RO AR (60.3%) . Horf 6#fk R 1Y 9 S ERBE (6#9). 6#PE R AT 14 5 bk
(6#14), 63#PR R 1Y 4 Z bk (63#4) BIAEMI AL K RIEA R R TTERAL, 730900 30.6% . 29.0% . 33.4%.
7€ RT-PCR 43#Hr k7R (K1 4): CsRNF217 BERTEE IR bR R h ¥ akik, Hirh, SMEEERTE 63#1k
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WT FoREF AR 6#9. 6#10+ 6#14 73 B R T, bk 6# PR RINEE 94 104 14 S50k 35#1. 3544, 35431 73l
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Figure 1 ~ Anther morphology and pollen release of wild type and T, positive plants
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Figure 2 Pollen viability of wild type and T, positive plants
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Figure 3  Pollen vitality of wild-type and T, positive plants
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6#10 6#14 35#1  35#4 35#31 WT 63#4 63#13 63#41

WT FREAERNE; 649, 6#10. 6#14 7 5IFRN T, fHAR 64 FRRIIEE 9. 10, 14 S Hkk; 35#1. 35#4. 35431 4
FoR T, FF 35# FRARIEE 1. 4. 3175%% 63#4. 63#13. 63#41 RN T, MKk 63# MR RINES 4. 13, 41 5k,

A4 FARRKT, FMEMAKF ZF RT-PCR 547

Figure 4 Semi-quantitative RT-PCR of wild type and T positive plants
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Table 3 Capsule and seed number in selfing and hybridization test

b3 B& HiR S/ mm PR/ mm Fh PR/ ki SR
WT 9.2+0.2 a 15.8+0.2 a 15257199 a
. 6 8.9+0.1 ab 14.940.1 ab 1030.4+105.2 b
H 35# 8.4+0.1 bed 14.940.1 ab 948.5+37.3 b
63# 8.4+0.0 bed 14.640.1 b 1006.7+£36.0 b
WT (Q) x 6# (2) 8.5+0.1 abed 15.20.4 ab 845.5£69.4 b
R WT (Q) x 35# (J) 8.6:0.2 abc 14302 b 924.6+26.7 b
WT (Q) x 63# (&) 8.1+0.2 cd 15.00.4 ab 1049.8+8.0 b
6# () x WT (&) 8.6+0.2 abc 15.140.5 ab 1103.4£119.8b
FEd 35#(9) x WT (&) 9.1+0.3 ab 14.8+0.5 ab 992.3+185.9 b
63# () x WT (&) 7.8+0.3 d 14.4£0.4 b 914.4£90.7 b

Ui WTHOREF AR [R5 AR 7 REFR IR bR R (0] 22 57 .35 (P<<0.05)

649 WT(Q)x6#9(F)  6#9(Q)xWT(J) § 6#10  WT(Q)x6#10(F) 6#10(2)xWT(Z) W 6#14 WT(Q)x6#14(F)  6#14(2)xWT(D)

LA

WT(Q)x35#1(3) 35#1(xWT(JI) /T 35#4  WT(Q)x35#4(F) 35#4(2)xWT(D)| /1 35#31  WT(Q)x35#31(F) 35#31(Q)xWT(3D)

[HELAAAL

WT(Q)x63#4(3) 63#4()*WT(J) 4 63#13  WT()x63#13(J) 63#13(2)xWT(D) W’ 63#41 WT(Q)x63#41(J) 63#41(2)xWT(D)

|ALAZAALE

WT FRBFERIER: 649, 6#10. 6#14 S 5IF0R T, Hibk 6# ¥R RIS 9. 10, 14 S 5bk: 35#1, 3544, 35431 535
FOR T, MFE 354 BRARIIES 1. 4. 31 SHAKR: 63#4. 63#13. 63#41 70 MR T, Hibk 634 MR R0 4. 13, 41 S Hikk.

A5 FAAL T btk A LEL H AR ER SR G 0938 R BT

Figure 5 Capsules and seeds of wild type and T, positive plants after self-crossing and cross-pollination with wild type
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ARV W FRKIK CsRNF217 BMHERERRIEAC R YL 75 7 . 4B A% . IR KON K40
P BT AR, BB R CsRNF217 BRI T 56 3L R R/ NE T B 1, EEXTINE T A e —
SE R

AR . RING B B3 17 ZIE ML NS5 TR EH £ T, 200 e g &0
Sk Ayt P, KA Y RING %) E3 72 2 14 3 DSNP1 5 /K Uik 45 245 Ft v (R 56 2 43 4 R 21 25 A ) 5
HEHKREY), HRAM dsnpl I AR E [ FCXT AT 4158 O i d b, IR ZT8 BG TR AR A 48
B, R, St 33k B3 12 B IEBEMIE N Bra015092, LA T %6 i R 1S B AE R UL 6,355 ) Al &
R, IHFETMINBILAWRIEY, frAnrR RN TC TR ek i Y T ) R B AR R R
Y0 BT R, HNMETFREAEE A 25, CsRNF217 FGATE/ MET & B 83 LRP,
A 5T i 3R IK CsRNF217 W90 546 M3 85 A B A S8 BF AR AU ) — 2, fERy Qe o 0% J I T AIG . 4 DU
CsRNF217 H:[F A G i R 45 /M FREE I A8 o 24 B 2 5 LR ek & . RIT
E3 17 R ESE N DAF eSS h A 58, IR IE m AR SR AR A Y & s R R UEAE 25 7 24, 3l
o 95 SR A ) R A AR N R B AN E Y, TR FREA T A H AR TR . Ok =K,
SR E A PCR 25 /R . CsRNF217 JE I 7EMESE 3548 F 8 1o 2 TR B, AW, ks
CsRNF217 WG JE R B R B A SR EBOM B 5 e, HE CsRNF217 MTRES S T L2240 IR F

DL A= BUAE R XK FEAS B 9 A8 AR dsnpl AT 820y, AR IRANRESS 50, RUIR BRI ZHEAT
1y, WRIBHEEATY, X RING B E3 {2 R %441 DSNP1 X /K A HERE & HEAA 52 mm . ARBF5E
R FEILPRFAER G ) B3 TR, HA P8t B 2080, Uil CsRNF217 (8 & 38 7E T
FEAC B EIE, XHREE R B YA — I E ] . FEA =50, TEFREME 78 R FF
FEAE S AR AR BB R I TC R, IR E 2 TR REL T EZ R, Kt CsRNF217 %f
TR RS M 0 R (A AR — 2B 5T

4 ik

E3Z R &M N CRNFR21T W RN M EN B AR E 2w, dRE T TR
CsRNF217 B9 T, MR 5 BHPEAE PR M 5 P2 B 38 R, $EN CsRNF217 XF TCFRRM B9 E MEAEAE ol
fEH .
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