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[ E] ANz £ TR AE R W E N 2 5 8 1 R AR R AH OG0 A B B RN TR, DL 4B 3¢
‘KUQ19-27" HiREe A pl it iiie (38 °C) Ab3E, Wit FrEs NG ISR P i pefd 21T 1HE B3 2 RIEH
FHFFHTEDZE R, HEHENTEEE PCR ARSI HRIARE. 4R ER: E3 2 REERBERM
ORF B34 1332 bp, Zifith 443 NEHLER, FHXTS- Tl 48.3 kD, SEHU/K M HT4E B 7EZ2 REEPEE 207 i
FHEMBT, FARMERS, 4 3.38; TERREEPEE 280 (S EMRAT, sk EE, N -4.23, BEUKMEH. HEEEX
E3 @R EHmRENARERFEY T, HC, Y, SHEB/NTO0.5, AFNEAEAESK, FETHOWEA. RS
WAL RN AE SR B3 32 £ E e RSE R S LA, thandblmg o . kg H 2R 4 S5 TP AR T SR M A
60% L) b, [T, asg. PR ST O R B, Mlsas . 28, v, diad. HISRMT . ZRRUKRS I
PR, SHMADM, WM. BE. HZE WESERTIIALIEERTE 60% LI . 2¢tE & PCR £
REERFA R 3 h i), HFIHESE E3 Z R ESEMILEFAR T 30% , WMl 12 h i F55 mHF5 T FRACH X IR T
20% . BESTAER AT A BE— B IRARNTE 3 £3 2 R SR = IR 8 na AT S A — 2 A e AR 4.
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A KRR T 2E, i ik £3 02 B R0 5 5L R B 7E 8, RERR A KRR T 1 25 0 L B
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A FAEREEAR, SECERES, i E3 12 2 E TR S Y S A hirE " R R
AL B, ABRFEA T A3 B3 12 R E MR BEAT e M R A (5 2 2 o i, R AR S R e
R IRENE, RIHZEETE SR IE A DR, DU 42 5 AR S el T e R A LS K.

1 #MR5FE®

L1 KB AA

DI CKUQ19-27" Jilmedtkl. ®WHLE N, Frohimi e, #7eiiha (38 °C) Abs, 4t
FEIFIAIA 3 h #1012 h, HAEE 3 . AR ORAE T 80 °C kAR #5 HH.

1.2 HFREE3ZZELEMmARY L%

PR F s RNA #3645 48 )5, R A TaKaRa 28] () SYBR® Premix Ex Tap™ 11 3] £ 52 7% 5% ¢cDNA 3
—lE. MR SCI L SR unigene B R IR 3R E3 12 & BRI 08 ST 45 8 U IR R AN BT R SR RS |
5| 9B EE B {F Primer Premier 5. 0 1%, (F: 5'-geatcttccagagatATGCCAATGTTTCAGCCGTT-3"; R 5'-ct-
geegttegacgat TTATTGAATCGTTGGTGCAAGC-3") . R AR & FIFLIT S BIE 4B 7 . PCR FE) 4
EeAb)E, PRk PHME SO T

1.3 FAX E3 2 FEB0AR A9 H A0 b

FIHT Protparam tool T H.FN 2 518 2 IR EE ) R AR AL . ORF K, S5, MXf o Fix. 40X
S50 F A DNAMAN T HAMr 2 IKEEI BB K. 8 K 1E SignalP 4. 1 Server Xt E3 32 254 #2 Hi i1 3 [
BATES IR T FN 7347, F GOR4 T, X gt (i —REE AT H.  F] SWISS-MODEL Fiill 25
=45, A1 NCBI-BLAST Al MEGAS # {4 #t47 85 H ¥ 51 [R5 bE o 1 2R Ge ik A e i

1.4 F33E B3 2 Rk B A W o) ZOA B IR

DI IE3E actin (B|¥F5) % : F: GACAACTTACAACTCCATCAT F1 R: CTCATACGGTCAGCGATA) W
INSIEIN, 46K B3 12 RIEHERG 2908 5 PCR 519)) 74 k. Fi 5'-GACAACTTACAACTCCATCAT-3" Fil
R: 5'-CTCATACGGTCAGCGATA-3', Wik R AR F 2 HAERALM L, PCR RMAR:  (M&E
40 pL), . R4 2 pl, 2 pl ¢ DNA, 14 L dd H20, 20 pL Taq mixture. " HFLTF: 94 C sk
5 min, 94 °C AZPE30s, 60 C ZP:50s, 72 C ZEH 1 min, 36 NMEFF, 72 C FEH 10 min. 5 F 2 74
P TR IE H AE X ik Ak

2 BREHW

2.1 FREE3 2F&EEmARG L%

Z PCRY MG HN 1 KRR 50 (K1), £ blast
FEXTSE S AR B3 12 RS ML, IR A ik
2 000 bp ——
BEJISEAE R 1332 bp, HET:4afid 443 DR

2.2 HAKE3 2R EBEMEARGFIVFEIN  1000bp —_y

HRAE Protparam # A 43t 45 KR (B 2), HIL  7500p —
3% E3 32 R E R AR X 7312 48.3 kD, 73K
j@ C2134H3509N5830630528 ’ Eﬂile%%% p[ :7' 13

PRBUKPE AT R R HKEAZREEILH 443 500y
AL, Hh Z IREE 5 207 fL RN, SROK R
B, N 3.38; MiZRREEhAS 280 (s LMRAT, miktE  1000P ——
I, N -4.23, ZHUKMEH. HIE B ZRERE
MR R T, HC Y, SEY/NT0.5, |
A BAESIK, ANETormER. R4l E1 RT-PCR SESHEE3 SEEEmER
BTN 25 2R BR %8 H IS5 o BRIE . R B AN
JCREN A b o BREERT Y B, b 41.99% , JCHUNAEINES 2, A 40. 18% , il JEEEFT i 1L
B/, H17.83% . ZHELEMTNEE R BRZE & W o BHE. B & Fl B 7% M55 iU T s i) =4k

.04 .

500 bp —p




ERA, & HEE ZEEEBERNERELM Y

L5k, FRIE BGOSR FEL 1.

1 CAATGTTTCAGCCGTTCAAAGGCGGTGGCTTCGACGGCCACGTCATAGATCTACAC
MPMFQPTFKGGGFDGHV I DLH

61 ACGGCGGTCAAAGACGGCGTCCTCGGCGGCGGAGATGGCGGAGAAGTCAAAACCGCGGCG
T AVEKDGVLGGGDGGEVKTAA

121 GTGGAGAACGAACTAGATCTCAAAACGATGATCACAAACCTTGAATTACCAGAAACACCC
VENELDLIKTMTITNLETLPETTFP

181 TCGGTCTTCATCTGCCCCATCTCTCTAGAGCCGATGCAAGATCCAGTCACGCTCTGCACC
s vVvFICPISLEPMQDPVTLTCT

241 GGTCAGACCTACGAGAGGTCCAACATCCTCAAATGGCTTAGCTTAGGACACCGCACTTGC
GQ TYERSNILEKWLSLGHRTC

301 CCCACCACGATGCAAGAGCTCTGGGACGACGCCGTCACGCCGAACAAGACGCTTCACCAG
pTTMQELWDDAVYTPNEKTILHRAQ

361 CTGATCCACGCTTGGTTCTCGCAAAAGTATGTAATGATGAAGAAACGGTCGGAGGATGTT
L THAWEFSQKYVMMEKE KT RSETDYV

421 CAGGGGCGAGTGATCGAGATCGTGGGGGCGTTGAGGAAGGCGAAAGGGAAAGAGAAAGTT
Q GRVIEIVGALREKAKTEGEKEK?V

481 CACGCTTTGAGCGAGCTTAAGGGAGTTGTGATGGCCCACGAGATCGCTAAGAAGAGTGTT
HALSELZEKGVVMAHETILIAKTE KT SV

541 GTTGACGAAGGTGGAGTCTTTGTCATCTCTTCTCTTTTGACTCCTTTTACTTCCCACGCC
vVvDEGGVFVISSLLTPFTSHA

601 GTTGGATCAGAAGCTGTGGCGATTTTGGTTAATTTAGAGCTTGATGCTGTTTCGAAAGCG
VeGSEAVAILTLVNLETLDAVSKA

661 GGGCTGATGCAGCCCGCTAGGGTCTCGTTGATGGTCGACATGTTGAACGATGGCTCGATC
GLMQPARVSLMYVYDMLNDSG GSI

721 GAAACGAAAATTAACTGCGCGAGGTTAATCGGGAGGTTGGTCGAGGAGAGAGGTTTCAGA
ETKINCARLTIGRTLYVEET RS GTEFR

781 GCAGAGCTTGTTTCTAGTCACAGTTTGCTTGTCGGGTTAATGAGATTGGTTAAAGATAGA
AAELVSSHSLLVGLMRLVKDR

841 CGGCGAAGAAGTGGTGTCTCGCCAGCTTTGGCCCTGCTCAAATCGATTTCGGTTCATAAA
RRRSGVSPALALLIEKSTISVHK

901 CAAGTTAGAAGCTTGATGGTTAGTGTTGAAGCGGTTCCTCAGTTAGTTGACGTCTTGCCT
Q VRSLMVSVEAVPQLVDVLTEP

961 TGTTTAGGACCAGAGTGTTTGGAATCAGCTCTTTATGTTTTGGACTCATTGTGTTGGGAT
cLGPECLESALYVLDSLCWD

1021 AACGAAGGAGTAACTGCGTTGAAAGATTCTGTTAACACGATTCCCAATACGGTTAGGTTG
NEGVTALKDSVNTIPNTVRL

1081 CTGATGAGAGTATCTGAGACGTGCACGGCCTACTCGGTTTCGATTCTTTGGTCGGTTTGC
LMRVSETCTAYSVSITLWSVC

1141 AGATTAGCTTCTCGAGAGTGTTCGTCTCTTGCGGTTGAACTTGGTTTGGCTGCTAAACTA
RLASRECSSLAVELGILAATKIL

1201 CTGCTTGTGATACAAAGTGGATGTGATCCAGCTTTGAAGCAACGTTCAGCTGAGTTGTTG
LLvIiQsSGeGCcDbhPALIKAO QRSAETLL

1261 AAGCTTTGTAGTTTGCATTATTCGGATACGATGTTTATTTCTAAATGTAAGCTTGCACCA

KLCSLHYSDTMEFTISEKT CEKTLATP
1321 ACGATTCAAITAN
T 1 Q *

B2 BREXE ZRERBERFT

2.3 FAER E3 2 s R A 89 B R OM A A AT

BLAST HXI A4 R & B, T AE3R E3 12 R EHBE LR T 5] 5 H i (Brassica oleracea) J751)'5:
XP_013612569. 1) . 1i3¥ (Brassica napus) A5 : CAF1716945.1) . [H3E (Brassica rapa) JFH|'5: XP_
009112205. 1) [HEFERR FIIRYE ST A 99% . 99% F1 97 % , 1% 1R Iy S AR UPE W ARLE 90% LA L5 5 HAh
WEIT (Arabidopsis thaliana) FF%]%5: NP_001330653. 1), B % ( Fragaria vesca subsp. vesca) P35 .
XP_004288267.1) . HZE (Rosa chinensis) JF3)5: XP_024179473.1) ., 3£ & ( Phaseolus vulgaris) %%
5. XP_007155812. 1), #ij44§ ( Vitis vinifera) F¢4)'5: XP_045812150.1) . #l|3g#ij ( Cynara cardunculus
var. scolymus) JEH5 . XP_024977973.1) . Z#k (Sesamum indicum) . JF¥l5 . XP_020554039.1) . /K#
Fi (Dorcoceras hygrometricum) ¢4\ 5. KZV29383.1) 1% Ik 12 W) Pl 43 1) & 69% , 65% , 66% , 65% ,
65% , 65% , 64% Fl 66% , 17T FNFHITERAE 60% LI L.

T AESRIZ R AR o) ST . e, 3. Bhmgr . hidE . J1gR L SR 4G . ISR
2R KFERESE YIRS MEGAS. O Bl @ e b AT 0 M, S5 R8T 3 Fios. [ T+ 5 1ERHY
HAR ., B, . BSRMREITHEOCRRIE, TR K3 b, RUIRFBHHEY E3 12 RiEH
MR EAROER RGO R, s, HZE KRG, A . RISEET. 2RO KRS S AL OC R i Py,
R Hy 53— R 53 3.
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KAEFEDorcoceras hygrometricum

IS8 Cynara cardunculus var. scolymus

W% Vitis vinifera

¥ Phaseolus vulgaris
HRfFragaria vesca subsp. vesca
HZ%Rosa chinensis

{UrG I Arabidopsis thaliana

M 3% Brassica rapa

5% Brassica napus
m%s%%&‘assica oleracea var. italica

‘H ¥ Brassica oleracea

3 BRXE ZRERBSTREELINT

2.4 FREE3ZFEZEKRAESEMET 6 RLRIESH

SRSk B POR H A ISE A ERA T 3 b 5, OBk Rl | FRE 0.7, Wb T
30% 5 ZEWNI 12 b ), PO AR FIE, SBME I 3 h G ek, DO 20% (14).

3 itie 12

F3 12 2 BP0 PR A K R R phchee 10
BEB. AP ARSI B3 2 LR, 508 :
LR C STE(E U-bos 2500, NSRIUACH ARM B840, =°°
TSI U-box 2T, JIREFF AL C ol 1 4 5 :
6~7 4 ARM BALLE WAL, IS4 1A Ubox e
B, L SRK S T U5 BN T, Atk kAL oean o g
AR, TERIERK B SRR Tk K R
PEARAIA T © . ARMODREBUR 2420 3 47 40 R Aem AR TR RS HHAES 47
FRAERT ARM Sy IR | MEBERTESEH. ARM (EZ0
W B R RIS 5 B3 B 0L, SR RIUAY B3 02 2 BRI R IR R L. G
SR RS LS BRI, S R R R AR AR O R R R, 3 5
24 ORI RIS B 58 A — 0, T 7 50 2R B F AR b SR e P )RR 7
RIEHERE B (I BT U-box 28 E15OMEBE P AL b HUBRARST . FLAURRR A MM ) 2 PR
TR RS RIEIE. ABSCTITAESR B3 02 255 B I3 APUB JEIA 61— Lk
, R H AR R AT

MR BF S B 7 1636 B3 12 RAEERGHED, WM ILIEB RO SUARAE | SRBUKIE . 520k, RS
R X KA S AT AT, A T 7 638 3 07 28300 B IR 7 /% 70 2 S M S b B ] T 25
SRR, 97 TR T A 5 R K 2 A PR B L B 0 1 AR5 W A6 3 B3 12 2 M et
PITE R IR T TR LR 7 16 S R R I T 4R — 2 RO e

[ &% 0k ]

(1] 3G, B, RFE2. TOH MRS B3 2 RKiEH#EG U-box SRR vElE KRB [J]. TIPRALRA=244R, 2018,
40 (2): 383-388.

[2] %A, L% U-box HHEEE VaPUB BYSEREFIZHRENTSY [D]. Jbat: shER R L g, 2017,

(3] Jsdh, wl2s, K. THEe ¥ SIRFP2 JEPIele KAEDS vt (D). rFAad e fl, 2018, 16 (9) . 2761-2767.

(4] 3k¥6T7, PNEGZF, SME, & W HE E ZREEMEFNMN SN EMMRBEE [J]. WILEY¥HR, 2018,
38 (2): 211-218.

[5] ZhetE. BINZR B3 SRR e KRBT [D]. A R IRE L2 A0E 5, 2014,

(6] PfUAL, Fz5E, widh, 5. WANZ KGN (TRIP-U-box A5 [J]. BUVEY B A ERE, 2013, 13 (27):

.96 -



B, % FIE E3 DR BRI R SRR S

5205-5208.

[7] TLE. KA SINA JZ R IEHRE OsDIST B ZhRE M M FIEIALAIBESY [D]. Kb: WIRR R L2 fg 3, 2011,

(8] Bii, ZHia, rilE, 4 KFE U-box 8 I STAEA [ A &7 MW 223k 200 (D] /B9 Aoy S5 AR Wy BILIE e, 2009,
36 (9): 1208-1214.

(9] A, XEM, SHIRE. “F=0" REFARSEEMIRERE (1], hEGSE, 2021, 383 (1): 3340.

[10] MORRONIF, TAROZZI A, SITA G, et al. Neuroprotective effect of sulforaphane in 6-hydroxydopamine-lesioned mouse mod-
el of Parkinsons disease [J]. Neurot Toxicology, 2013, 36 63-71

[11] BJORKMAN T, PEARSON J K. High temperature arrest of inflorescence development in broccoli ( Brassica oleracea var. itali-
caL.) [J]. Journal of Experimental Botany, 1998, 49 (318). 101-106.

[12] MURIES B, CARVAJAL M, MARTINEZ-BALLESTA M D C. Response of three broccoli cultivars to salt stress, in relation to
water status and expression of two leaf aquaporins [J]. Planta, 2013, 237, 1297-1310.

[13] AR#EE. fUBIIT U-box I3 Z RiZEHEAE PUBLO A W)= Tha R EAEE Q45 MFINaE Tt [D]. HUM . B RA i+
LB, 2015,

[14] FERBL, SRR, JIAE, 45, 5 AESRAERSMEES LD i e b S B R0 [ ], SRRl S50 A2, 2014,
33 (5): 1046-1052.

[15] W8, i TAEE RV SmCT BOSERe SAEYIE Bt (1], #WiRlkRlaE, 2017, 58 (11): 2029-2033.

[16] FEIRFL, FIXL, FAIBEHE, . FH1E2K BoSCL3 JE[H By JERE AN K A T AFRIBFHE M [T]. BAFWPGF Y 2,
2022, 9 (2): 195-200.

[17] SKHESC, WLAEIA, KR, % KE E3 ZRELMIER GmAIRPL B[R YR ve e R AE M h g shaE 4 e (V). MY
WA, 2019, 20 (4): 1011-1019.

[18] Hid. WETHRLE & E 0 PUIPA AU ME S K FHIIRERTST (D], Kb #ImgfOl RFm L2083, 2017.

[19] g, /NAZ RN TaPUBLS (it SI0RESMT (D] dbat: ROl R A Bl L A Anig 3, 2017.

[20] @FE. MY+ HECT I U-box BB RILEH SHEEHTTE (D] Bk PUALRMBHOR = 083, 2016.

Cloning and Expression Analysis of E3 Ubiquitin Ligase Gene in Broccoli

PEI Xuli', JIAO Peng', HU Wenting', GUO Pinran', JING Zange'”,
TANG Zheng’, MO Liling', XU Qian’, LIU Yuanmei'
(1. School of Agriculture and Life Sciences, Kunming University, Kunming, Yunnan, China 650214
2. Southern Zhejiang Key Laboratory of Crop Breeding, School of Agriculture and Biotechnology ,
Wenzhou Vocational College of Science and Technology, Wenzhou, Zhejiang, China 325006 )

Abstract: To explore the physiological processes and functions of ubiquitin proteasome involved in protein degradation pathway under
high temperature stress. The broccoli * KUQ19-27’ was treated with high temperature stress (38 C). And the specific primers were
designed to clone the E3 ubiquitin ligase gene from broccoli and biological information was analyzed. The expression characteristics
were analyzed by real-time fluorescence quantitative PCR. The results showed that the ORF length of E3 ubiquitin ligase gene was
1332 bp, encoding 443 amino acids, and the relative molecular weight was 48. 3 kD. The results of hydrophilicity and hydrophobicity
analysis showed that the hydrophilicity was the highest at the 207th amino acid in the polypeptide chain, which was 3.38. When the
280th amino acid in the peptide chain, the hydrophobicity is the highest, —4.23, which is a hydrophobic protein. In the amino acid
sequence of broccoli E3 ubiquitin ligase gene, the C, Y and S values were all less than 0.5, which predicted that it did not have a
signal peptide and did not belong to a secretory protein. hylogenetic analysis showed that the E3 ubiquitin ligase gene of broccoli had
more than 60 % nucleotide sequence similarity with other species such as Arabidopsis thaliana, strawberry, rose, grape and so on. It
had a close evolutionary relationship with cabbage, rapeseed, cabbage and Arabidopsis thaliana, and had a distant evolutionary
relationship with strawberry, rose, kidney bean, grape, artichoke, sesame and water orange. The results of fluorescence quantitative
PCR showed that the expression of E3 ubiquitin ligase gene in broccoli was down-regulated by 30% at 3h of high temperature treatment,
and the expression level was only 20% of the control at 12 h of stress. In this study, E3 ubiquitin ligase gene was cloned from broccoli,
and its expression level gradually decreased under high temperature stress. The results provide a theoretical basis for further exploring
the high temperature stress response mechanism of E3 ubiquitin ligase in broccoli.

Key words: broccoli; E3 ubiquitin ligase; high temperature stress; expression characteristics
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