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Cloning and expression analysis of aldo-keto reductase gene
BcAKR4C9 from non-heading Chinese cabbage
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(College of Horticulture/State Key Laboratory of Crop Genetics and Germplasm Enhancement/
Key Laboratory of Biology and Germplasm Enhancement of Horticultural Crops in East China,
Ministry of Agriculture, Nanjing Agricultural University , Nanjing 210095, China)

Abstract ; [ Objectives ] The purpose of this study was to explore the expression pattern of BcAKR4C9 gene of AKR4C subfamily
under different hormone treatments and stress conditions,so as to analyze the possible role of BcAKR4C9 gene in growth development
and stress in non-heading Chinese cabbage. [ Methods ] The whole ¢cDNA sequence BcAKR4C9 gene was cloned from non-heading
Chinese cabbage ‘ Suzhouqing’ ,and its amino acid sequence was analyzed by bioinformatics,and real-time fluorescence quantitative
PCR technology was used to explore its expression pattern under different tissues, different stress conditions ( high temperature , low
temperature , NaCl stress, wound stress ) and different hormone treatments ( salicylic acid, methyl jasmonate and abscisic acid).
[ Results ] The sequence analysis showed that the BcAKR4C9 gene contained an open reading frame( ORF) with a length of 948 bp,
encoding 315 amino acids. The amino acid sequence multiple alignment and mapping phylogenetic tree showed that BcAKR4C9 gene
was highly homologous to the AKR4C9 genes from other plants and highly conserved. Real-time fluorescence quantitative PCR analy-
sis showed that the expression of BcAKR4C9 gene in the leaves was higher than that in the roots, and it was up-regulated at high
temperature and low temperature and had similar expression patterns. Its expression increased with the increase of salt concentration
from 0 to 20 g+ L™". The expression of BcAKR4C9 also could be induced by salicylic acid, methyl jasmonate and abscisic acid.
[ Conclusions ] The non-heading Chinese cabbage BcAKR4C9 gene can be induced by different hormones and is involved in a variety
of stress responses.

Keywords : non-heading Chinese cabbage ;aldo-keto reductase AKR4C subfamily ;sequence analysis ; abiotic stress
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FEAE AL KR T AN B B, M 2 S ] sl 0 8 31— 2k A AR AR M aa L B ST R A A A
AR A P e 3 S T LK RN, S EGEY F R S B T R AR A P R A
TV TR OISR B R, M SR R A AR S M i S R B B B RN &
BRI KA A4 T T 38 D ( AKCR ) 1 300 T RS | T 288 T i LA R LAt e 3 Ak A i 3 S
AKR ZEEAE 13 5e B 400t o AR T, BB 4 2 Fh ot e ool i 7 7AW R B A TR 3 SO0 Mk i 2 B
25 HE A SRR R AR A B S B

AKR 815 , /2 LA NADP (H) k%l B 17 4 Ak — 22 90 B A PS40 A SR AR SR RN, BT 2 ML) (/B ) 8 il
RIT B FEdb b DR RS, H, (a/B) 8 AIREEH B FL 01 3 138 (LooP A LooP B LooP C) FJAR
LRI/ i T R A RE S 1) AKR AL 6 PR A7 5 2 FH N K 35 ( AspS0. TyrS5, Lys84 ) T #4
BT AL PUBR A ( AspS0 . TyrS5  Lys84  His117 ) A b S I B i Jir il 61 5% iS4 A 1) S B iR 1 5 5
A, BB C AT S 1R B AR ST I R R BRI (Ser271, Arg276) TEHE R 45 & i BRI

AKR4C WK S Z A DED) . AKR4C BERS#E =) CO, MR IE RIS IR R A SRk, i i iy
A AR AT PR SRS E B AKRACT B Ay 2 T A G 0 B 1 R 8 B TE TR
WRFRIL " AKR4CY H AKRAC R A B3, 76 3960352 e v BE A ke S i e )/ FHT ) Bk S AR
YA e 3 N R AL B B R R D FE K EE it A IR ST AKR4C9 FER TT LR S AR 3 AN
M 3 AR TR i B S, R DR R AR IR U SR BRI, S 38 3 e i Ok Fe A s i Y 5 LAY
WP ARG T AL RO 2~ 4 4% HT S PR A A R A5 80 B e Y

ARWFTELIARLGEER (A3 R RN iR A kL, 5EbE T AKR4CO [RIJRFE I, I Bk AT T AHC I A9
TR, RIS 9 B PCR AR B E T i AR  NaCl | 40 35 AbBE R A 56K 238 7K 7, A
K AERTE TR A FT TR F IR K A BR P R AL PR JE R 828k, BAEIE—25 T /i BcAKR4C9 FERTEANSEER
SRR

1 #MR57F=E

1.1 #ERAE

PR L R AN EEER 152 ( Brassica campestris ssp. chinensis Makino) finFi ¢ 50, RS A0 Rz P 752
BEANGEER SRR IR, K RN T PR TR AR K2 N TR S TERIRR 4 1F 1 OB SRR K8
F—B LRI R, DL 42 CHIEM 4 CAURAAIEL T, A BRI £ R RXZ B RER N TR 3748,
JEIEGRIE H 100 wmol »m 25" ZLFEJT 0.4.6.8 124 h BUEE, F:40 3 10 bk, 3 WREE . 724 A 14T 3 AL
(PREA TR ASEBEES , FLAR KN R 1 em) VEN AN ARFTFLAOVE XTI, 43 5I7E 0.4 .8 .12 F1 24 h JEHURE,
FRAAPE 10 #k,3 WEE ., 43314 5.10,15.20.25 ¢+ L™ 1Y NaCl ¥R 51518 , LA /K T IR SR 15 B
SRl EE B AR ACHE 12 h JEHORE  BEALEE 10 R, 3 WREEE , BEFH 2 mmol - L7 /KA% R (SA) .50 wmol - L™ S A iR H
B (JA) F1 50 pmol - L™ B V&R ( ABA ) VT4 BMTiE 4 1 1 AT B, SR FHLE G SR 8 AT | A BRI |] Ay
0.4.8.12 F124 h, f4b3 10 #%,3 WEE . MPRMUE SRR, 77-80 CIRFFAH
1.2 RNA H#RELS cDNA BI& B

RNA $EHGAGR G0 B RARAE AR A BRA R, BT 72 8 RpPureNApre AH41.50 RNA $2 07 G 15t
B IR AR RNA AR, #% PrimeScript RT 187 25 ( TaKaRa ) 168 R 55 5% 5 78 cDNA .
1.3 FZBKEE BcAKR4CY EFEREE

HRHE K 1 32 B HE 22 (hitp ://brassicadb. org/brad/searchGene. php ) %) & [H ¥ 31 45 5 Bra000018 , ] FH
Primer Premier 6.0 X {F:1% 1T 1 XF 5|4 , 51 W43y 58 AKR4C9-F . ATGGCTAACGCAATTAGAT, AKR4C9-R;
TTATATCTCGCCATCCCATAAGT,, DIAZEER IR G305 - cDNA VR AREAR AT PCR RN, WA 3R
i {8 TaKaRa AR rTaq BEULEH S 2ET . RN FRF 47:95 C 5 min;95 C 30 5,58 °C 30 5,72 C 1 min,
35 MEFF ;72 °C 10 min, 4 CLRAF, PCR WA T BrOiw e e v KA, DNA 388 i [n1 e 551 &% H Y
FrBetEAT IR glidk, [T T,-DNA 7 35 il % 4 51 pMD18-T-simple M4, 3% 45 77 W) % AL KA T 14
DHSo( ARSI 847 IR TR H B RPUIEN LB VA 37 C IR 12 h, PREFH I 8 e e % 1) g 5t 4
g A R A B W 24T
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1.4 F3aH

HI BioEdit ZRAF2E ALK I3 BeAKR4CY FEH 3 51 B PR EHE (ORF) o ARRIHIFI AKRCA9 9%
R 751 N NCBI (http ://www. ncbi. nih. gov/ ) GenBank 45 & oh 38 R K45, RIVEME T8 0] H NCBI X 3k
BLAST B2 ¥, 2 W2 9 % 1 25 1 SRR AT 43 ot i | B0 4 r e AN B 98 20055 i 72 4 3R Protparam
tool ( http://web. Expasy. org/protparam/) 5¢ B, Bi 7K 1 ¥ U >R H ProtScale ( http://web. expasy. org/
protscale/) , {5 5 KT % FH Signalp 4.0 (http ://www. cbs. dtu. dk/services/SignalP/ ) , 5 & [X 388, 7 1 >R FH
TMHMM 2.0 ( http://www. cbs. dtu. dk/services/ TMHMM/ ) , £ [ J5t . 2% 4% ¥4 5090 >k I SOPMA ( http://
pbil.ibep. fr/) FEFEL T H, 8 H B = 45 70 B il 52 SWISS-MODEL ( https : //www. swissmodel. expasy.
org/) SEML. ZHIFHI X T DNAMAN 6.0 377, AL M T MEGA 5.2 24 47,
1.5 LEPSLEE PCR

S E B PCR R R 2B SYBR PrimeScript RT-PCR Kit [ i&7 & ( TaKaRa, Japan) 5045, N2
FER N Actin (555 AF111812) , NS 51 W53 N Actin-F ; GTTGCTATCCAGGCTGTTCT , Actin-R ; AGCGT-
GAGGAAGAGCATAAC ; AKR4CY 519 £ 511 % qAKR4CI-F ; GCCGCAGCTGTTAAGATCGGAT; qAKRACY-R ;
GGTCATGATCCGTACACCAG, PCR FE/F KM A 1%.95 C 30 5;95 C 55,60 C 30 5,40 PMEIHF; &
65 CH| 95 Crofafmhde., BARKEFRILEMTHEILIR AAC, 15, MXFRIAEET 270 RIAR X &2
TR BAAL PR 6], H ARSI N S LR ek i i LUAE . BT £ ] Excel 2010 245047

2 BRGNS

2.1 FEIKEZE BcAKR4CY ERE R TEREFF 54547

{ﬂlJf?,n%%%Eﬁ%/nﬂEEﬂe BeAKR4C9 FE IR 540 9 IF 7 5 B — B, T 5 AL EE K 88.7% , (5 1 A4
KR 948 bp HFFHNBI EAE (ORF) |, 4 fi% 315 A2 LR, 10 & AKR FM5 24T 1 4 16 DU 4K ( Aspa7
Tyr52,Lys81 His114) (& 1), TR0 12 K i 25 1 B AR X 3 B 35.126x 107, BB LN 6.61, A8
FROEFRHCH 39.81, )8 TAREHEH . ProtScale 5/Bi /K ME N /s X E A E THKEEA (K 2), BF

| ATGGCTAACGCAATTAGATTCTTTGAGCTCAACACTGGCGCTAAGATCCCGTCGGTGGGTTTGGGAACATGGCAA
| M ANATIRTETFEETLNTGATERKTITPS SV GLGTTWQ
76 GCCTCTCCGGETCTTGTCGGTGATGCAGTCGCCGCAGCTGTTAAGATCGGATATCGTCACATTGATTGCGCTCAG
% A S P G LV GDAVAAAYVE KTIGTYTRTEHTI[D]caQ
151 ATCTACGGCAACGARAAAGAGATTGGTTCAGTTTTGAAAAAATTGTTTGAAGACAATGTAGT GARACGGGAGGAG
51IEGNEKEIGSVLKKLFEDNVVKREE
226 TTGTTCATCACTTCCARACTCTGGTGTACGGATCATGACCCTCAAGATGTGCCTGAGGCACTAAAAAGAACTCTA
% L F I T S[KJL wc TDHDPGQDVPEHA ALTEKTE RTL
301 CAGGATTTGCAGCTTGACTACGTCGATCTCTATITGATACATTGGCCTGTACGGATGAAGAAAGGTTICTGTTIGGA
0 Q@ DL Q LDYVDTLTYTLTI[EHW®PVRMETEKTE GST VG
376 GCTAAGCCCGAGAACCT TATGCCTGTAGATATTCCTAGCACATGGAARGCGATGEAAGCACTCTATGATTCGEEE
120 A K P E N L M P V D 1 P 5 T W K A M E A L X D 5 G
451 AAGGCACGGGCCATAGGTGTAAGCAATTTCTCCACCAAGRAGCTAGCTACTCTCTTGGAGTTAGCTCGTGTTCCT
5 K A RAI GV SNFSTZ KT KTLATTLTLTETLA AT RTVFP
526 CCTGCGGTTARCCAGGT TGAATGTCATCCTTCTTGGCAACAGACTAAGCTACGAGAGT TCTGCARAACCARAGGA
7 P AV NQ VECHTPSTWQQTZ RKLTRETFTCE KTEKG
601 GTTCACCTCACCGCATACTCT CCATTGGGTTCTCCAGGAACAACGTGGCTCAAGAGCGATGTTTTGAAGARCCCT
200V HL TAYSPLGSTPGTTTW®WLZ KT STDVTLTEKTNFP
676 ATACTGAACACTGTTGCTGAAAAACTAGGAAAGTCTCCTGCTCAAGTCGCACTTCGCT GGGGACTTCAAATGGGT
226 I L N T VvV A E K L G K S P A Q V A L R W G L Q@ M G
751 ARCAGTGTGCTTCCTARAAGTACCAATGAAGGAAGAATTAGAGCGAACTTTGAGGTTTTTGACTGGTCAATACCC
5l NS VL PKSTNETGRTIRANTETETYTETDTWSTIFEP
826 GATGACTTGTTTGCCAAGTTTTCAGAGATTGAGGAGGCTAGGTTATTGAATGCTTCCTTCTTTGTTCATGAGACA
26 D DL FAKTF SETIETETABARTLTLNASTETFETVHET
901 CTGAGCCCTTATAAGTCTCTTGAAGACTTATGGGATGGCGAGATATAA

%L S P Y KSLETDTELTWDGE I *

B 1 AEIKEX BcAKRICY BERRIZERF I RERBNEERF T

Fig. 1 Nucleotide sequence and its encoded amino acid sequence of BcAKR4C9 gene

from non-heading Chinese cabbage
J7HE P A 48 Ak DY BB {4 (Asp47.,Tyr52 Lys81,Hisl14) v 5., The box is a catalytic residue ( Asp47, Tyr52,
Lys81,and Hisl14)locus.
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PIHiKIEEC(GRAVY) h1-0.440, % ATfE S IR, IR &E A, I BB BRI, & 9450
TS5 SR R TR o BRBE, TR, 43 39.37% M1 31.11% , HAx R B 4 RAEfieE . LIRS
I% AKR4CYO W25+ R iR I SWISS-MODEL #E47 [R] Y5 &5, Wi T = 4 zs M 254, &l 3 W LA
i AKR4CO TEASEBR (32 50 I+ o B AL = 2 2= (Rl 454 | AR 1A TR 8 J i Fr 545 19 8 > (a/B)
8 AR AT E L4 SR BEALE SN, Pr S e HOH , Th DB L — Bk g5, H RS 7R T IR 4SS G008
TR RIS B 5 T2 BRI AR SE )
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Fig.2 Predicted hydrophilic and hydrophobic properties of BCAKR4C9 amino acid sequences

from non-heading Chinese cabbage
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Fig.3 Tertiary structure prediction of AKR4C9 from non-heading Chinese cabbage and Arabidopsis thaliana
LooP A LooP B.LooP C 43124 (o/B) 8 HARGSHIFR B 3 1 FR, T, LooP A,LooP B,LooP C represent the three rings of

the carboxyl terminal of the( /)8 barrel structure ,respectively. The same as follows.
2.2 AEEIKEX BcAKR4CY BERRBHSERF 5B IR M REHL S

FIIH BLASTp ¥ BcAKR4C9 FERE T 2L 1R 1 A T RE R R 5 2 FE e 2558 (K 4) B, S
B N (XP_018465613.1) BRI (CDY64988.1) 1K 3% (XP_009133204. 1) AU I8 95% LA L, SHIFEIF
(3H7U) | MV JFR 57 ( XP _010509278. 1) A 6L ¥4 73 1)  90% H1 89%; 5 1 il ( XP _012458618. 1) | 37 2R
(XP_008387826.1) HFHI%AE ( XP_004302704.1) %% ( XP_002273035.1) . 7] 1] ( XP_007026918.2) FIAHALIMEY
TE 80% LA I, R IRI B W) 1 2 S 10 1 B AE AL BE 950 v o 126 DR EL AT DR < iR 254 DX, I L L xof &5 2R % 1L
LooP A LooP B LooP C iX 3 /M FRTEA 6] W b h A7 75 2 B R AN R (8] 3) , NG5 8K 38 5 M T A H 3%
LooP A " 117 {7 fiAb i TN & BR 78 N 4R R , 1F LooP B HANZEBR (3% 5 U I+ A A7 AE B IR (19 48 5, i
LooP C W1 %A 291,292,293 ZHREMR AL A Ak h 52 B R KA WM . TN 2R I3 0 B0 R 4 IR A = IR AT H 2
M2 SUAEFRE O e A A A T ) R S A T AR i HEA AR 45 2R (181 5) B T AERH R It
MEIRRTT K ANEEER I3 45 FRIEAE ] — 20 3Crh Mg i~ i B s g [l e SR AR AR Rl — 0 30
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PNEES B. rapa ssp. pekinensis 70
RNEEER3E B. rapa ssp. chinensis 70
AN Raphanus sativus 70
ks Brassica napus 70
PIFEIT Arabidopsis thaliana 70
RS Camelina sativa 70
kg Gossypium raimondii 70
nAf Theobroma cacao 70
KB Manihot esculenta 70
SRR Malus domestica 70
[ogis Fragaria vesca 70
* Ziziphus jujube 70
i Vitis vinifera 70
foyidn Arachis duranensis 70
Consensue
PNEES B. rapa ssp. pekinensis (553 140
AEEBR A3 B. rapa ssp. chinensis 140
E N Raphanus sativus 140
WIMh=%  Brassica napus 140
I Arabidopsis thaliana 140
TP JFR Camelina sativa 140
A Gossypium raimondii 140
) Theobroma cacao 140
AR Manihot esculenta 140
R Malus domestica 140
Ligok Fragaria vesca 140
kS Ziziphus jujube 140
ﬁ%ﬁ Vitis vinifera 140
Eyie Arachis duranensis 140
Consensue
PNEES B. rapa ssp. pekinensis ARV E 210
REEER S B. rapa ssp. chinensis ARY & 210
E N Raphanus sativus ARVE & 210
FRMIMSE  Brassica napus ARVE = 210
I Arabidopsis thaliana ARVE e 210
W RRTT Camelina sativa ARVE = 210
A Gossypium raimondii ARY = 210
) Theobroma cacao ARV CHE=SH = 210
A Manihot esculenta 2 CHE=SW = 210
B Malus domestica ARV CHE SW e 210
Lags Fragaria vesca ARV CHMSH 210
kS Ziziphus jujube ARV = SW 210
ki) Vitis vinifera v =S¥ 210
ek Arachis duranensis =S¥ 210
Consensue
PNEES B. rapa ssp. pekinensis 280
REEFR 13 B. rapa ssp. chinensis 280
# N Raphanus sativus 280
WRPINEE  Brassica napus 280
I T Arabidopsis thaliana 280
TERRTF Camelina sativa 280
el i Gossypium raimondii 280
Gl Theobroma cacao 280
K Manihot esculenta 280
R Malus domestica 280
Y RRE Fragaria vesca 280
kS Ziziphus jujube 280
ik Vitis vinifera 280
S Arachis duranensis LRWGLQE( 280
Consensue g 1 qg
KA B. rapa ssp. pekinensis [ag 314
REEFR 5% B. rapa ssp. chinensis F 314
ECRN Raphanus sativus FS 314
WRYHINEE  Brassica napus }3< H] 314
I Arabidopsis thaliana E NN MU TESEL 314
W RESF Camelina sativa ES RN UTESE 314
el i Gossypium raimondii T 43 3PN LRENS 314
Gl Theobroma cacao ESSIRCINIMVREKSE 314
A Manihot esculenta ESRIROIIMVKETS 314
SR Malus domestica ESPR IR IRCAT 314
[hgx Fragaria vesca F, N IRETS 314
" Ziziphus jujube ENRERCIYMM IRGES 314
% ] Vitis vinifera 3= i Ele 2, RISV I 314
A Arachis duranensis ESR IS VRETTE 314
Consensue k ecarl h t

E 4

ALK A3 BcAKR4CY 5 E i Fh S BB 5 5 =R 14 b XF

Fig. 4 Alignment of amino acid sequences of BCAKR4C9 and homologs from other plants
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99 = KFI3¢ B. rapa ssp. pekinensis

%9 REEERZE B. rapa ssp. chinensis

94

¥ N Raphanus sativus
100 ————— KU Brassica napus
ARSIT Arabidopsis thaliana
% WRST Cameline sative
"R Gossypium raimondii | 51 2%%} Malvaceae
90 A A] Theobroma cacao | ¥EHiF}: Sterculiaceae

+F4ER) Cruciferae

K3 Manihot esculenta | X3F} Eupharbiaceae

66 W% Vitis vinifera |35} Vitaceae

64 Arachis duranensis | 3 F} Fabaceae

%) A Ziziphus jujuba | RZ5%) Rhamnaceae

WY&} Fragaria vesca
0.02
5 AEPKAFESHMEY BcAKRICI SEEF 51 R G ik b it

98 SR Malus domestica
—86| %R} Rosaceae

Fig. 5 Phylogenetic tree of BcCAKR4C9 of non-heading Chinese cabbage and other plants
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Fig.7 Relative expression level of BcAKR4C9 gene in non-heading Chinese cabbage under different stresses
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& 8 W UL . KA R L TE R SR AT R F G 2 RE 15 P AN SE R 1138 BeAKR4C9 FEH 3k, KR MR
FIR I EEALFE T | iZ 5L B AR Rk e BI7EAL T 4 h G RA R I, 2R EE N, £ 24 h
NaThE . YERRACER 12 h B %P AR X 3k 8 2 mIHE I, 24 h B 3CIA g R R

25 25 25+
- SA JA ABA
g 20 20F 1 200
=}
=}
f‘g'g 15 15F 150
(9]
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B ol 10+ 10}
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=
3 st st s5h
0 oL C1L ], 0
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Fig. 8 Relative expression level of BcAKR4C9 gene in non-heading Chinese cabbage under different hormones
SA . KR Salicylic acid;]A:%%ﬁﬁfiq}WH Methyl jasmonatc;ABA;Hﬁ‘?gﬂfi Abscisic acid.

3 itig

ARG IT AKR4CY9 FERGHA N EHIY) AKR FE - — R G2 7 3 SR A T a0 A Ei B A e S R T
XL E) J1 2 SBT3 AKRACO 1T LATE AL S8, B AR 25— R AU IR W B S AL &, Xoray FhiARZS
PR AR R T B T BRI AE , O EL A AKR SV R % 51 A 5 0 B B A A A 1S P
ST RE AKR4CO [RIRFER T LI N 4 B EY 8 & Z b0 iy HAr™

AHFGE MASEEBR (135 TR 75 h R RE 3 BeAKR4CO JEDH | R 30 5480 5 7 5L R 5 9] EL A e v TRl s | G
FE RIS Ay 88.7% , 551 ] Y L 4 26 B AKRC49 PR BAT IR SF RO S50 X 2 1 b AL 43 b R B
SEERAFSFE T HFAER S N S B ST, FLIRE T —AN40 32, A8 T 35 0B} 0 3 5% A iy
REPE B W —43 % FIF H SRR A A H X R A SRR S, RS T80 2% B RO 25 B i S5 48
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