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W EASEHAA PR TARM KRR AN EEFF AR EHERLEZET PCREK, S
MR T &4 SIC3H64 F= SICIHE5 438 & & L M4 5., B 30 F A4 5] 1 BT & Wit vf B2 70 70, A
B2NARMEREZEX LAY MBEEHTAEEENER, £R AW & SICH6 =
SIC3H65 #9& & AR L H 2 FRK; BE T HINSMHEAL2AARF 254K 11 Me 7T ARE
) 18 vfy B ST, L =% T TCrrich repeat TH-A8 Bl 4, 4 U439 R B ; SIC3H64 F= SIC3H65
AP HR 6 TR E Rt P HRARR, ARETFREAZRB SN RAABALELHT,
SIC3H64 v i KA BR (SA) Fo & B A 22,/ SICSHGS AR vf 5 o B AL 32,

KE#IR  Fin ; CCCH RUEEFE T H s 2K ; HLU b b 3 Rk ot

RESEKS:S641.203.6 TEAERIRAG:A
1985 4, MILLER 25 7E 4R JIE (Xenopus laevis) B
BRI R 7 TFIA R BSHEEH , R EHE
HA RSN RN+ e RIE ZHFE T3
Y R B P, R Y) PR R R H T RIEZ
—U2 IR ARYE e 45 4 F B N Th BB I R TR, W]
B EA S INAKRE . GH,.G.CG.GHC.GHG
C,.CHG .GHC R ER, H ARAAR , K
CH, M BHEEHNERZ, TR BB AEA, X
CCCH #UEHEE AR MR W, H EBE R Y
WA Y CCCH RISHEE QIR BRI EE A IR,
VT SB4ESR WM CCCH BUSHE R AT B4
FAEPIRIIT (Arabidopsis thaliana) JJKFE (Oryza sativa) .
A8 (Gossypium hirsutum)ZAEY ., WANG 25609 58 i
AEYE Bk X e R B Y LR 3T (Arabidop-
sis thaliana) FERH & F 68 4~ CCCH BIsF5EHEN,
Hrr AtSZF1 F1 AtSZF2 8 H 2 5 m I %8 3 38 i 4
A I A2 SOMNUS 38 i 8 # T i % mRNA )
R M S R LR 2T AR A A B R AR 5 ACTZFL
B E W] DA S 40 5 P 2R, i H 5 DNALRNA
#AEL AT . /KA CCCH $HEE A E OsDOS it &%
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KJE AT LVIEZE I B I ; OsLIC FE PR 4% A 28 2
KR NERN A AR 7, 7] LU e R NER &
BB/ TR B 5 T, T AR B A E# R
OsC3HI2 A —FP I BREE & 2 1, BB IS IE TR /K R XK
FEMHRE NPT . FREENBEF B S
#) 14~ CCCH #¥48 % % H T GhZFPL, B F LU@E A 5
GZIRD21A GZIPRS #H A 2 A ) Tf v A0
PO, 22 FRFIR, CCCH RUEHE 2 (M 3 N 7E A O B 38
HRPITHEEREENIIRE.,

Fe i (Solanum Lycopersicum) 2—IE T B RK
BRI, B AT T A MW o8 L MOR BR A, Tl
CH, BIEHEE HEH SICZFPL Rk Z KR . T F
b B .55 % SICZFP1 e AR T 8K F8 H
H AT 5 B PR R IR O T 32 8B 7 , R B SICZFP1
YIRS R R EEEADY . Bl FME L%
A4 R D A ), 3F H B 7E i 45 %2 3] 80 4~ CCCH
RIGEHE T B iR 38 CCCH BUAHEE 1 145 Mo b s AT
LKA CCCH SHE 8 HEER 43 12 M, R TE 1~
12 S QK b, RGEHE A 20 7T LI CCCH 2 A 5¢
Wo3h 8 MKW, 43 5 W K T~ I, H v W 5K
VI f45 12 RN . Fi COCH £E48 2 1 K G 5
82 (02 BRI HE B BB T AR T4 51 2 DX i) 4 5
H5Ihaesrtr. wtR B EWN F A CCCH # B H
SIC3H64 F1 SIC3H65 & H i = 4454, i g sh 7%
5 o A B T 38 e L A, AT AR AR e SR
SIC3H64 F1 SIC3H65 115 % 3R XM 5, I X HoAE R A
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ML E R IRACEHEAT R, DL 4 )5 B e i
CCCH #VEHE 2 H 5 X i) Zh R 2 it — & Ay BB 4K 48 0
BRI,
1 #Me5H*®
L1 sk

BEXFEA AR 6 57,0 F ILARR M K2 FhF
#B s RNA 2 F 150 & Trizol 357 & (Invitrogen,
Carlsbad,CA, USA), & % iR 5f] & & Qiagen one step
RT-PCR kit; ff {45 & Bio-rad CFX 96 LRt E &
RCR 1%,
L2 Kok
1.2.1 SIC3H64 #1 SIC3H65 W AY= 8% 0t FIH
SWISS-MODEL (http://swissmodel. expasy. org) 7F £k i
M7 SIC3H64 #1 SIC3H65 HF46 7 M i FTE = 4E4544 5
FH PlantCARE %} SIC3H64 F1 SIC3H65 #: X 8 #Y
1 500 bpja 3+ XIHAT T b8 e B TT 5347
1.2.2 FBAmFEEMELAE FHHPHE6 S FHTFH
50 ‘CHUKE e AT REIHEE 10 min, RJFERF 10 h, ¥
RANER BT F TR A RS I, TR
28 CHEEFMEH 3~5d, BHBEMYBEKZE2m &
ERALEFRIE, A K 4 AEBOLR LR, KA
RGFRAET 80 CRIRIRKME &M, ¥EK4LH
BT S 2 B AT T 5 (200 mmol « L' HEE B .k
BHR (1L mmol « L), Z 4 H] (200 mmol « L) ZRFTBR
FITiE (100 mmol « L) FliEg i (37 "CHALHE 6 h, Hi 4 Fpib
K BEAbTE 6 h A Xt B, 43 H UG 3S B G 4
B U JE ARG T —80 CRAERH.
1.2.3 SIC3H64.SIC3H65 HIZHLIFRNM B Fishis
MR 25 RS [R) i b B 3 i 4 i SR A Trizol 3K
&4 B R BRI RY & RNA, A RNase-free DNase 1
B34 DNA J5, 80 4 pg B RNA 515 3] cDNA,
FITF qRT-PCR FE ik tr. RIETE plantGDB database
(http://www. plantgdb. org/) F #; i) % 7 CCCH B 4%
TR FHED 3 9 50 SE i 9% ' € B PCR(qRT-PCR) 4
S5 (F D, RNk HE S B SYBR® Green Realtime
RCR Master Mix UiRH 45, BB E , BAHEHE T
WRAENSRRY 8, SR 3 IKEE.,

*1 gRT-PCR Er A5 #1F 31

Table 1 The primers used in the qRT-PCR

AR LG8 THsIHG-3)

Gene Forward primer Reverse primer
SICG3H64  TCATAGTAGAAGCCGAAGTCC CACCTCCTCCACCTCCTC
SICG3H65 AGCGTTTATTGGGTTCATCATC CGGCATCTTTCTCGTTTCTG

Slactin CTTCGTCTTCCACTTCAG ATCATACCAGTCTCAACAC

L3 HlEath
B 3T R PR Y 283, 1P 2 2 ik B A

2, Excel fERE . FIBFIH 224 KBOTHE S5 W
SMNTRIEE,
2 HRESW
2.1 Fii CCCH #l4E 45 & H SIC3H64.,SIC3H65 ) =
e i3y RN

FIF SWISS-MODEL A ¥ % 8 fh £ & Wl T
SIC3H64 i1 SIC3H65 g A E AR =445, 1
ZEE Sk SIC3H64 T = 4454 , & o BRHE R YT
ToHLNI i, A SIC3H6S [ T = 4k 45 #4 WAL 7
A BIrEMEMNE, HEZRGH. —HWEH =4
SHMEERK. EHRRAGEWHE-REHYeE, X
YerE 1% H I DIRE, O 45 SR Ui B — 35 AT BB 7ETh B R 4%
HEEANFRMER.

1 ## SIC3H64 #n SIC3H65 SHEB A = #TN £
Fig.1 The predicted three-dimensional structure of SIC3H64 and
SIC3H65 zinc finger proteins in tomato

2.2 SIC3H64 F1 SIC3H65 FEPH {9 38 i B TT 5

WS A B, TR 1 H37 I8 3h 7 X e i sk A
R, 2% I & A ) A IR X B8 e XA e
TEREYIAR N AR e ke IR 5 3k B T 1445 & A T R 452
HNRBBW TR BEML., REASE T SICGH64 Fl
SIC3H65 #:H _F¥# 1 500 bp #F %1, ] ] PlantCARE #
X ENTIT & WoTEsEAT T B8, Ik 2 B
N2 AR IS 3T KIS A TE 21 a8 me i T4, 20
ABRE.HSE, LTR, MBS, TATC -box, TC-rich repeats.,
ERE.GARE-motif . TCA-element, L) | JT44 43 51| 2 Wi 17
##E ABA IR KR T2 RS R B PiE . 2
FEZRKBBE I TCIE, SIC3H64 1 SIC3H65 K 4y
FEA 1L AR 7 AR A B E e T, e HA
TCrrich repeat JG{4AH[F .
2.3 Fhi CCCH BB 1 H N SIC3H64 , SIC3H6S
HIZHZRIB b

J153Hr 2 AF i CCCH #leF45 8 H AR SIC3H64
M SICBH65 1A FI#RE IR FIL , AT A R4
F) cDNA SR , F1| I 55 B 2¢ ' € 8 PCR AR K H
MR R i R IB KT, B 2 AT, SIGBHG64 F
SIC3H65 TEMR 25 it ¥ Rk (AR IBKFE AR, R
AL, SIC3H64 F1 SICBH6S5 163 i 4 i iy -
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WHEBRKPHRE, REBHEER THEHASS  ERNRREIEWRE T SIGHGS ;2 N NTEZEPHRIL

B2 MERNER PR REEB M RR, B SIGH64 B, HRIBEMIE.
2 SIC3H64 # SIC3H65 B ki 8 3+ FF 51 9 il i iz 7o 4
Table 2 Stress-related elements in the upstream regions of SIC3H64 and SIC3H65 genes
Juff B HRE TLiEIF 5 g DNA % HEHEHT
Element and function Element sequence Location Strand Gene-promoter
ABRE (Cis-acting element involved in the abscisic acid responsiveness) TACGTG 746 — SIC3H64
AAAAAATTTC 344 + SIC3H64
AAAAAATTTC 793 + SIC3H64
HSE (Cis-acting element involved in heat stress responsiveness) AAAAAATTTC 536 + SIC3H64
AAAAAATTTC 346 — SIC3H64
AAAAAATTTC 545 — SIC3H64
LTR (Cis-acting element involved in low-temperature responsiveness) CCGAAA 903 + SIC3H64
MBS (MYB binding site involved in drought-inducibility) CAACTG 597 — SIC3H64
TATC -box (Cis-acting element involved in gibberellin-responsiveness) TATCCCA 719 + SIC3H64
ATTTTCTCCA 109 + SIC3H64
TCrrich repeats (Cis-acting element involved in defense and stress responsiveness) ATTTTCTCCA 1146 + SIC3H64
ATTTTCTCCA 1150 + SIC3H65
ERE (Ethylene-responsive element) ATTTCAAA 249 — SIC3H65
GARE-motif (Gibberellin-responsive element) AAACAGA 1 300 — SIC3H65
GAGAAGAATA 1098 — SIC3H65
CCATCTTTTT 1 390 — SIC3H65
TCA-element (Cis-acting element involved in salicylic acid responsiveness)
GAGAAGAATA 1151 — SIC3H65
GAGAAGAATA 1 460 + SIC3H65
200  SIC3H64 200 SIC3H65
g g
‘@ 150 z  1.50 -
1 % I 4
98 A
®E 1.00f ®E 100+
- m ol
0.00 L L 0.00 L

¥ Root =X Stem I Leaf

VAL Position

## Root 2X Stem I Leaf

VAL Position

2 &0 SIC3H64 #1 SIC3H65 BEEERRAL R RIES T
Fig. 2 Expression analysis of the SIC3H64 and SIC3H65 genes in different tissues in tomato

2.4 i CCCH #4488 H 3N SIC3H64 ., SIC3H65
2w NN ISER: S L NS
T Kl CCCH #Y 4% % & H 3 A SICG3H64 .
SIC3H65 it ZZFpaEA: Wi e ae f& 3 A B2 KR » 1)
LAtk B PCR #AR , /il CCCH R4 45 H H 3 W
SIC3H64 \SIC3H65 7 H B EE JKF R LI F SR Fi R F
B RIREA S RG S N FRAEEN T HREKE,
G5 RFMW,2 4 CCCH RIgH 48| H I N AR R E 12

3.0 r SIC3H64
25+
20+
15F
1.0 +

A%k &
Relative expression

05

MR CHEERE KBIR MR SRR i

CK  Man SA ETH HifigMeJA Heat
LB Treatment

FARA Y KBS . SIC3HG4 [N i 35 1 K W R
MRt G 2 Eohiad, B ERB B, Rk BERL
BSOS 2.5 5 AL 76 H SR B HIZRFT IR Y i 4k 21
G RIBBWA —ERER EI BRI ZHFIAbE
JEBAZEA, SIC3H6S FENRRIXEZ H BN ES
BOAWIE, RIXE 5 MAHLLIR® S 2.5 5 K
R IRFARP R AR R BA —ERER B, H
VR MR B G RIA BT A 3). 45

3.0 SIC3H6S
25+
20
1.5
1.0 |

iERO PSSPy
Relative expression

05

X CHEERE KGR MR RFR il

CK Man SA  ETH HifitMelJA Heat
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B3 ZF#i SIC3H64 # SIC3H65 B EZER FME &4 THRIE S
Fig. 3 Expression analysis of the SIC3H64 and SIC3H65 genes under different stresses in tomato
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RFEW,2 AFHh CCCH R E H RN X 2R AR £ Y
W8 B N RN .
3 itig

COCH BEHEE AWM T — M RN E A %
HWFRIE, CHFETERAY . HS5FEZNEL
R AR B2 2 BTN 1k A DB SE A A N
BEKE SR, FBMEZRE ERUEFRTE.
R EEW B, S EEE T FE MK SRS &,
P, Xt B TS R s th A A E T, R
SRSt E & PCR £#ARH kX F il CCCH B8 E H
FEP SIC3H64 F1 SIC3H65 #ATFR B 40 F A
LRI IT o 1) 2 200 58 B 38 Ak B S 358 K 9 2B Ak
GERFEI,2 ANFF OCCCH B8 1 SR ZE B4 i
FIAR 2Rt R A R R R B R 1K, 9F B SIC3H64 .
SIC3H65 FHIAEM h Rk B R R, ERPIKZ, ZEH
A, WH 2 AEE M FLBEZIH FEE KGR,
SRR FF 6 R 1 YA [R) 396 5% 36 A 2 A 2R R R R AR
FERITHR , BRE X 2 A3 P AT BB 7E 7 7 0 Rz Bk 2045 A
SMAEE YA F S KSR AR RIEE L ABIEA. 2
NERFEZ B IR R G Rk BT, MR E X 2
ANFEPILEM R 2,47 F) A A W a8 15 5 % Ak 2 R AT R
AEFEREER. P 2 MREAERRMHL KRS
R R 5 P a8 35 45 1 R Rk K A R S R
AN A LM  EF MM E K Z T SRR EE
EAHFMIEA. X505 BB T % CCCH #EEE
EH R SIC3H64 ., SIC3H65 W H 4 F38, IFFIEL T
CCCH #H8E A T RE L S 53k A Y e i 115 S 3R 38,
VIAHH T HA S S NAEA Y a¥RGE S RE.
TR — T T HBUs LB, DA 3R & R AL b
PR —E B IKIE R R IE S .
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Characteristics and Expression Analysis of Two CCCH Zinc Finger
Genes SIC3H64 and SIC3H65 in Tomato

XU Ruirui, CAO Cuiyu
(College of Biological and Agricultural Engineering, Weifang University/Key Laboratory of Biochemistry and Molecular Biology in Universities
of Shandong, Weifang,Shandong 261061)

Abstract ; Taking ‘Zhongshu No. 6” as test material , using the methods of bioinformatics and quantitative RT-PCR, protein
structure of SIC3H64 and SIC3H65 CCCH zinc finger proteins were analyzed,several known stress responsive elements in
the promoter of these two CCCH zinc finger genes were identified, the expression of these two CCCH zinc finger genes
was analyzed in different vegetative organs and under five different stress treatments. The results showed that two CCCH
zinc finger proteins had the almost completely different protein tertiary structures. Two CCCH zinc finger genes contained

eleven and seven different stress response element, respectively. These elements were different between SIC3H64 and

113

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn

- EYEAK -

wF @ ¥ 201619):114~118

DOI.:10. 11937/ bfyy. 201619029
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ook, RFZS IR,

A, R HE D

(L. PYHE 8 AR ARE 24 BE BRSEHTIE AT PURE HIg% 85003252, UMK 2 AR B . T #kZ 860000)

O EARLRRAGERERGERABTARXM RAFR T 2BENRRERARTHE,
ME T ARBEEREAPHUBE BR . RBENHALAK TGP h, BT RRBLE L LW FHR
BT s VAR g 08 IR AR e W I T R L B By e A B AR . 2 R AU 51 AR F s 0 JE % 9
AR E A B BEEER Phytophthora infestans (Mont) de Bary, B H B2 A K ZHZHRA LH 4k
RIFAK, AP RARAEARETHLARA TR, B LA R FROZERALRA 18C, &
#FAKPpH 6~T; A LR BAA A ATHERIHDRGT  EFBERLE;ERBANAS @, B LEU
AR A RRAERIZHRA LA KRR, EHAR LABR P EE EREK, BT EOLE

55 °C,15 min,

KRR B s R BEIA T 5 20 B 5 HE0E s AR WA A

hE4SHEKS .S 436.412. 172

B R 2 th BUREEE B (Phytophthora infestans
(Mont) de Bary) 5| H)—FhEE 20 F , & P mhI B= AR
LU RE « H W45 X Rt T Al A 7 R E R ED . %
H.meEX.EVHESERXYEZR™ERERNR
BE, REE . BN WA B )1 L
WL AR T MR R & A . TEE 22 2 PR R Il
SARFREE , I 3 A R i S E P e & R R , 4
FELRIC , B T6 BRI 3R , 25 7311 M 3 7E 7 B 2 2 B 4R I T
S EER T —ENEEHK. BELEA
AR 22 1l X308 28 4 W62 v T 1140 0 9 A LA o e
A BN 434k 45 4B B 22, (EL T e IXC X 20 3 1Y
TR A, 23 56 3 Ao o 7P 7K 15 it 2 7 e 8 s 1A R A T

F—1EEE M A Q986), B AL HEMALR . AEZNEFHE
LHMFEP SRR T4, E-mail:xiangd666@126, com.
REEE A7 %0968, B .48 AR AL ENFRHEHY
FRELELSBEEHR I, Email:daiwal968l@126. com.
BEEWR:®RAEK ARAFALTEA B A343),
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NXEFRINAG A SCE4E:1001—0009(2016)19—0114—05

A3 KB TR R B A W AR AT R A T B RN
VG 7B 152 i B S e 8 0 2 A B VA B AL B 0 S Al RN R
T,
1 #MRS5F*
L1 Rtk

2015 4F 3—9 A, FEHIEE M L 1L L H W 45 P
BRSE T, X R A HORIE KM A A T e
MRRER I & A B AT T VR 2, R B B A BE BE R 1Y
FeHRRE  HHE R MR 2 7 K AR R 2 B A
YRR AE SR Y S AT PR A N S B A it —
o E K lifk,
L2 RErk
L21 WEEMNSBEMNER SBOHEREY RE
ET Ay B Al Ak T vk, SR R e it 43 S 1k, 5 B )
TR SRR & e B, FE B TAE & B, TR e
ZFAEBYEL 5~10 mm® /N, BRICHE - TCALAR R 45 1)
HEDRELE AREAREONES, E8S T/ER L
W1 em BRI SHER . 2K EiRK 5~10 mm? /)

SIC3H65 CCCH zinc finger genes,except the TC-rich repeat element. The existence of stress-related elements in CCCH

zinc finger gene promoter regions provided further evidence in future research. Expression analysis showed that two

CCCH zinc finger genes expressed in root,stem and leaf in ‘Zhongshu No. 6’ ,with the highest expression level in leaf,

similarly. Under five different stress conditions, SIC3H64 was up-regulated under SA and high temperature stress

treatment, while SIC3H65 only responsed to mannitol treatment.

Keywords : tomato; CCCH zinc finger proteins;gene;tissues;stress treatment;expression analysis
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