2 % W 2014, 41 (12): 2465 - 2473 http: // www. ahs. ac. cn
Acta Horticulturae Sinica E-mail: yuanyixuebao@126.com

A B RERFREE KE Cso-04ATH = & 5 R IiE
VAR il
TR, BB.L, HLEMK, REE, TEH

CR AR R F AR M R AR SEIT, Al 210095)

B OE: RO YRR ENE (3-0AT) MRS FPFI B 514, JFFIH RT-PCR 1 RACE £
M RE AW BESRAS SRR AL, Ar k) Cso-OAT, H: GenBank ¥ 3% 504 KI641844. %kt
[X cDNA 4K 4 1 865 bp, Zfith 473 N IERR, FRIBAEHNN 7.19, #EWH T 5K 52.3 kD, 54 LS4
Wr & AR, CsO-OAT - U REI LR T PERL &, AA(E MR PLP 25547 mils RV 28T 7R, Cs8-OAT
RTS8, S HARXCF iR R A R . qRT-PCR 2B 45 REW], Cso-0OAT HH
MLIEAEAE W I AH SRR e, fEfbh R, Hoodmfr, M2 2238 B vh RaA 8 k. B4,
Csd-OAT HeHZmh. KR 5. ABA FAbBNa b )%, RS 5T AR A & TR 441
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Cloning and Expression Analysis of Ornithine-d-aminotransferase Gene
Cso-OAT in Camellia sinensis

WANG Wei-dong, SHU Zai-fa, DU Yu-lin, LI Xing-hui, and WANG Yu-hua"
(Tea Research Institute, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: Degenerate primers were designed according to the known conserved regions of Ornithine-
d-aminotransferase gene (J-OAT), and the complete cDNA sequence of §-OAT was firstly cloned from
Camellia sinensis using RT-PCR and RACE technologies. The ¢cDNA was termed Cs§-OAT (GenBank
accession KJ641844) and its full-length was 1 865 bp encoding a protein of 473 amino acids. The
molecular weight of Csd-OAT was 52.3 kD and theoretical isoelectric point was 7.19. The BLAST results
showed that the functional domain of Csd-OAT is highly conserved with a typical PLP binding site.
Phylogenetic analysis of plant 3-OAT reveals that the evolution of Csd-OAT corresponds with traditional
biological classification. QRT-PCR analysis results showed that the expression of Csd-OAT has obvious
tissue specificity, and it was higher in flower, followed by leaves, but lower in other tissues. Moreover,
we found that the expression of Csd-OAT is induced by different abiotic stresses, including low-

temperature, high salinity, ABA, drought and oxidative stresses, implying that Csd-OAT is involved in
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responding to abiotic stress in plants.

Key words: tea plant; ornithine-d-aminotransferase; Csd-OAT; cloning; expression analysis

7MW [Camellia sinensis (L.) O. Kuntze] 2% 7y 8% 15 ARHEF 138875 Y455 [ W AEAE Y iha,
SR P R G, ISR PR S (BRI, 2003) o ik, K
RWTPUHERE R, B A B R A R .

W2 M 2 5 MY 2 Mg B i aa i N, e S A b v R E SRR (R S,
2011b; WL %%, 2011). a5t 2R 1 & AR A A 2R (Glw) SR (Om) Pk
AR, Al - LRI - 5 - FRIR A R (PSCS) A EIR G USRI RS, SRR AN (3-0AT)
e LR RA BOR I SN (458K 45, 2007; BEmE 45, 2008) . VFZHFFIERM, §-OAT x|
a2 B EEAEH, Roosens 25 (2002) KRG IFI 0-04T WL RiL B MWE T, B
FRIT R R S R, HPUR AR R E RS Wu 5 (2003) HIURTITI) 6-0AT itk ik
ZAKREF, BER R TR A8 )1 Roosens &5 (1998) [IHFFLE M, 5-0AT [HIFIE 52 2 H
BHES . HET, 0-04T M LEGIF (Roosens et al., 1998). H i GGRAHAR %%, 2009) . i &, ( Stranska
etal., 2010) FUHE (FE% 45, 2011a) FMY SR, A K 5-0AT Dine IR 5 AR S »
FL2 5 A4 30 5 ) 137 () 4 AL A1 P AN 42 o

AHFFT R M b SRR T Cs5-0AT FEH ) cDNA 2K 7480, FI A W15 B2 T B i
TAZIER I EE R AT BE, 30 S 96 % 52 i PCR SRS HT T %58 RAE 25 Fh IR A= M i e v 1 3 T8 A
K, DRI Cs6-0OAT S5AM LB ERIOCHR, AW Pridi LD TR b e LR R, A 2 om) 73 1t
FEE P PE BRI -

1 MRS A

1.1 #EYR5a1E

FEDR v o DU AME IR I 3R Ze ek I kL, TRk R RIS 5% 5 1 2 2% R e 55
(2011) prik. WriasbBlss T 2013 4 8 H AL AR R A R FUIT AT, A3 4
A AT RETOM BRI T KRR R R, B AR EI 2% Wan 45 (2012) k. FKER R T
JEHREE AT BORE 25 °C/22 °C, JGJEI 12 b/12 h, JERREREE 240 pmol - m? - 8™, AN
75% ~ 80%) T F7 M G HEAT R A b B, AARESR (4 °C). NaCl (600 mmol - L), ABA
(50 pmol - L™, PEG 6000 (20%) H1 H,0, (100 mmol - L™, 435 7F 0. 1. 2. 4. 8. 12 f124 h
BT HC—ZE P25 0.1 g, R ITIUOM BL B TR AT E R, - 70 CUKFITRAE %M

SAIE CMFRT AR ZEL rh L ARG 0.1 g, JRBATHOM B E TR AR, - 70
CUKFRIRAT, F T IR AL 2R SRk 40 #T

1.2 ZERNAIZHEFIcDNAS A

H RNAiso Plus (TaKaRa, HA) $#REUEEFRE K240k B M AR 20 B RNA, JfFH
DNase 2 3E K20 DNA ¥54%. JJ ONE Drop ™ OD-1000 + Spectrophotometer (ONE Drop, USA)
I RNA R EERUT R, BlR e A bRl RNA (o 5e s vk fis e v . 61 PrimeScript™™ 1st Strand
cDNA SyCshesis Kit (TaKaRa, Ki%) #1T cDNA 5 1 #[1)5 . 2 SMART RACE cDNA Synthesis
Kit (Clontech, JE[E) [HAED A K RACE 71451 FH (1) cDNA.
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1.3 FHCss-04ATRI 5= BE

FIFi| DNAMAN %t GenBank Hh £/ 7 ey ol EE
e e St e . able equences of primers in this study
3 7 (] Ny J
E’J/ﬁ—:ﬁjx l:b};ﬁ{\ q:lﬂﬁﬁﬁ%\ %%*ﬁ\ }:E\ El E,,M@%ﬁ,‘ )?ﬁ” (5,_3,)
s HEMHEE . WUR IR 8-OAT R 2 Primer name Sequence
. PSRN . 3-OAT F GTYAATCAGGGACAYTGYCAYCCWA
HERRTHIEAT IR ST, S8R ARG 0-0AT 2 3-OAT R AGCATNACDTYTTTRTCDGCRAG
(AR X BL, A Primer premier 5.0 4k {F¥% 11 3'GSP1 ATGAATACTGGTGCCGAAGG
s . 3'GSP2 GTCTCGTGTTGTGGCTGCTT
— XA 3514 6-OAT F 1 8-OATR (£ 1), ¥ saGspi CAACATCTGGGCGAACT
ML R PR 5'GSP2 ATGGAAGCAGCCACAAC
S B 680 bp ZEATHY ) B, ARAE Cs6-OAT F AATCTACAACTTCATCGCTCAGCGCCCT
RGP Cso-0AT FER B a) | B 51 i Cs3-OAT R GGTACCCAACAAAATTTTATTCACAAT
L . . , - qCs3-OAT F GCGGTTAATCAGGGACAT
3'. 5RACE 5|%) 3'GSP1. 3'GSP2, 5'GSP1 il qCs5-OAT R ACACCTTCGGCACCAGTA
' eI ARG 2 qB-actin F GCCATCTTTGATTGGAATGG
S'GSP2 (R 1), JFA B 511 T A i s qB-actin R GGTGCCACAACCTTGATCTT

FEDRI ) 3R 5% P 1 o R T AR IR I i 41 5 eh
() B A A B R A K, Wb — XA K514 Cs§-OAT F, Cs8-OAT R (3% 1) iR ILY 1Y Hi L
R P 5 | 320 v et < 0 i AR 0 R R A BR A W) 6 o

W2 1.0% ) B IERERER VKR S, ¥ H 257 2 1 Gel Extraction Kit (OMEGA) fif
AT [, %423 pMDAI1S-T Vector (TaKaRa), HiRg 514 Wik DR A R A w AT

14 Cso-OATEMERFE S

M NCBI BEAT I H BR AN 28 FE 1 1 41 EX MR ST S5 A6 38050 A H] ProtParam Flil &5 H 57y 1~
FIPRISSEHL 5 H SMART (http: //smart. embl-heidelberg. de/) HEATIR 4853 H71; H DNAMAN 6.0
AT 2 P S R SERR R Lh S i MEGA 6.0 3 4B AHIZE YL (NJ, Neighbor Joining) 4% &
434 ; H1 WoLF PSORT Chttp: //wolfpsort. org/) HEAT V41 i & A7 7 ; H TMPRED Chttp: //www.
ch. embnet. org/software/TMPRED _form. html) ¥l £ 71 1% fi5 45 #4935 ] NetPhos 2.0 ServeChttp: //www.
cbs. dtu. dk/services/NetPhos/) TR £ [ it i A2 (s I SWISS-MODEL Chttp: //swissmodel. expasy.
org/workspace/) T [ )5t =K 4544

1.5 Cs6-OATR K EEPCRH T

LAZRB -actin (HNESE 45, 20100 1E NS IER, S SYBR® Premix Ex Tag™ I (TaKaRa,
KIE) BV X Cs0-OAT JED R 75 BREAT 986 52 B PCR 73#7, PCR /£ % Jj: SYBR® Premix
Ex Tag 10 uL, b, TFUi5I4#4% 1 uL, ¢cDNA S5 uL, RNase Free ddH,O fN% 20 uL. 7 Eppendorf %%
J6E i PCR A EIEAT RNV e R NFRF N : 95 CHlEPE 60s; 95 C 15s, 60 C 15s, 72 C 45,
40 NI IR o S 45 T 43 M 9¢ S A A8 A i 2 R it th 28, SR FH 27TV A 43 M & L (Livak & Schmittgen,
2001), FEANFESY 3 IR . A H Primer Premier 5.0 11 Csd-OAT 9¢ 6 & T i 1514 qCs3-OAT F.
qCs3-OAT R Fll gB-actin F. gf-actin R (& 1),

il Excel 2010 F11 SPSS 19 A HEAT R4 33N Ge v 2% 0 W, TS 1 BB ST 223233047 2

2 HiR 50

2.1 Cso-OATERE=IZ5FH 94

651647 PCR §748, 3743 1 4 680 bp IRl B (1, A1), %K B4 NCBI Lbxt s
HA C AP 0-OAT A AE B PR TE, B AT A 258 0-OAT K cDNA [FE843 1751 o AR $iE 3k
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R E B AT RACE $ k5 | kAT 20 PCR 971, 5-RACE ¥ H3R 15 1 4K 80 761 bp
(s S B (&1, B3. B4), 3-RACE #3545 1 4K 20 1201 bp (045 B (& 1, BI.
B2). ARG ot Kn1Y), SmfrE PCR T HIIRHHC S 1865 bp 142K ¢DNA J¥41 (4 1,
Cl), 7% 1422bp 1584 ORF, %iht 473 NaBE1R, FLEM AN 7.19, H#ENS &8 52.3 kDo
¢ Blastp LU 45 S 7, BT A DRI 9 Al 1) S R 55 LA AR 8-O AT 1) 2 IR 7 41 B AR i PR [R5
L3k Acd-OAT (Actinidia chinensis, ABR45720.1) [RIJE 4 89%, 51 1] Te§-OAT (Theobroma
cacao, XP_007025036.1) 4 85%, S5iidbifE5E MhS-OAT (Malus hupehensis, AEO51063.1) 4 82%,
L *E Nt§-OAT (Nicotiana tabacum, ADM47437.1)  82%, 5%47 Ht5-OAT (Heliacshus tuberosus,
AHJO08571.1) 24 75% . LW B ve [ [¥) cDNA FP 310 25 W & 2 IR A M I, KEiZ L N iy 44l Cs0-0AT
(Camellia sinensis ornithine §-aminotransferase), J#fH 55k 3] GenBank, 354 KJ641844,

2000 bp 2000 bp 200t 2000 bp 1 865 bp
p
1 000 by 1 000 by 1000
750 bp 750 bp T61bp s ﬁ
500 bp 680 bp 500 bp 500 bp

1 Cs6-OAT i PCR ¥ =i ik & R
M: 2000 bp DNA marker; Al: "FJa] B 894550, Bl. B2: 3-RACE ¥ #4450, B3, B4: 5-RACE #4450, Cl: 4K g,
Fig. 1 Electrophoresis results of PCR amplification of Csd-OAT
M: 2000 bp DNA marker; Al: Product of segment; B1l, B2: Product of 3'-RACE;
B3, B4: Product of 5-RACE; C1: Product of full cDNA.

2.2 Cso-OATHRBEERAMEMEEZSR
2.2.1 Csd-OAT 8445 # 3 TR

FIFH NCBI X} Cs3-OAT &bt fgh 4755081 (K 2) KB, Csd-OAT J& T L1 = 2 IR = ik
HBERGE, ZE SRR (PLP) M RA AR R TS B 5 . AL 2 AV T 5%
BT PLP 45547 Sl 8 MNEUERREL (GPPAPFIPHIED QMK Mk, i 290 £ (1)
IR (KD sy, PLP 4565 & F M S AR T s e = s vk o FI R 1 25 6 A7 A el 11
/l\g\‘%@ﬁf% (T137G138A139F173H174R176E228D2611263Q264K290) *@’ﬁo

1 75 lSp 225 300 375 450 473

151 Sequenc. S
A {EERIE Catalytic residue

A A A M A SBERRIEMEREES A LA
Pyridoxal 5-phosphate binding site
1 ) 1 A A RIS B S A 0 A%

Inhibitor-cofactor binding pocket

WIHAPCAL Specific hits —
HHF IR Superfamily | HE M' I Sami]y

£ 1, Multi-domains B

B2 Csd-OAT fEDEEERMRT XEB A MEHE

Fig.2 Conserved domains analysis of Cs3-OAT deduced amino acid

2.2.2 Csd-OAT 8935 i 45 M T m)

1t TMPRED X Csd-OAT it (1) 28 51 e A BEAT B I X Tl {27, 7 164 ~ 185 F1 285 ~ 305
TE R BT e S RS E , B 43IA 1119 43, @ik KT 500 (BEZIA K KT 500 43 RIAFAEA = X
(5 BT TiE ), 3 WY M PO B S 2880, DRI ORI 2 6k R 4 50 (1 Tl Ay 5 M A 1
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2.2.3 Csd-OAT 4y BEER AL, B TR

FH NetPhos 2.0 Serve Tl Cs3-OAT & H IBFRAA il (B 3), 5 RRW EH LR TR R
PGSR AL 21 NMEIRAAL i, Hoh DL2 2 i 2, 1 114, NIRRT 2R A7 2153 A 4 ANFI
6 o HHUEHEN] Cs8-OAT £ [ 3 PR v] 58 52 2 R A0 A H I 45

= 4 &K Serine fis %% Tyrosine 75 4% Threonine
5 {8 Threshold
=]
e
82z
T 2
- | | | [
@£
B ‘ ‘
5]
A 0 il [ | ‘ | ; i 5 | I |
0 50 100 150 200 250 300 350 400 450

P HI{E S Squence position
E3 Css-0AT EABBELAATAN
Fig.3 Phosphorylation site prediction of Cs3-OAT protein

2.2.4 Cs3-OAT 4§ = L& HyFam|

F SWISS-MODEL X} Cs3-OAT # [ ] = &5 My AT Fildl], 7331 Cs8-OAT A1) =YE4htt). 4h
H5 Stranska 5§ (2008) FRIFIITIL. §-OAT [ &5 MR EAAL, 475 5-OAT S PLP
B 25k, AR SR Csd-OAT N Gnfth & (18 T4 f PLP (1) S 2 TR L RS I o

2.3 RZEHAKOH

WEFE 1T NS B Csd-OAT Gt 25 (A [R5 = 1 8-OAT B /741, FIH MEGA 6.0 #4444
NJ RGIAEH . Wik 4 Fros, LL0.02 A 45 ] LOKAEY) 5-OAT 43 A AN KHE: 55 T R AXT A

FRAEBE Actinidia chinensis Ac8-OAT ABR45720.1

ZEM Camellia sinensis Cs8-OAT AIC77166.1 ‘

WAL Malus hupehensis Mh3-OAT AEO51063.1

# 2 Vitis vinifera Vv8-OAT AAG09278.1

253 Helianthus tuberosus Ht8-OAT AHJ08571.1

M &L Nicotiana tabacum Nt3-OAT ADM47437.1

JL — Hi% Brassicia napus Bnd-OAT ACA63476.1
H3E Brassicia rapa Br-OAT BAF81516.1

38 — K Glycine max Gm8-OAT ABA86965.1

B 78 Medicago truncatula Mt8-OAT CACS82185.1

100 —  HiE cago 13-O £
100 \— B G Pisum sativum Psad-OAT ABZ10818.1

100 [ W3 & Aegilops tauschii AtS-OAT EMT21668.1

N2 Triticum urartu Tud-OAT EMS55823.1
100

100 f IKFG Oryza sativa Os8-OAT AAU90265.1
IKFG Oryza sativa Os8-OAT ABF97848.1

53 HE Saccharum officinarum Sod-OAT ABP38411.1
100 E K Zea mays Zm3-OAT ACF78539.1

FEALHR Pinus sylvestris Ps§-OAT CAJ76070.1

0.02

4 Cs3-OAT SHAthiEH 5-0AT BAMRZEHLXER
Fig. 4 Phylogenetic relatedness among Cs3-OAT and other plants 3-OAT proteins
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YY) 8-OAT BEALIR AR, Foh 2k CsS-OAT 5 BRMEBE AcS-OAT JR& Rk R i, W REN HLARFIEAE M,
H OO WA GRS R i SR R GOk RO, RINZRM Cs3-OAT 5 XU 1~ HHAEY H IUAA
FYIPRERARBIL, 15 EAMPIRG R RBOL; B NI TE AR FAEY 8-OAT
BEACRR, R ROy iR, RYILHFE AU k. B, ARG 3 A a]
B i 5-OAT YRR R HHEYILE Y Er R R 8 WL T Cs8-OAT H 1 Y REAL KA
FPIRI RIS 20k R A

24 Cso-OATHIR K EERIEST
2.4.1 Cs6-OAT 9 Iia 4 32 F K 5547

7E NaCl e AR BRI (], Z8pfit i of Cso-OAT FERRIA T 1 h JFEEZ# N, 76 12 h ifiA
Py, HXTREE) 2.64 fiF, ZJEIFMAFRIG, SIS B ERACMARMES (B 5, K&
BT DL S AW Csd-04T JER 3Rk

7 ABA 5 SACFRIIE], ZRA I Cso-OAT JEIN R IE B AE 1 ~ 8 h RILL S8 N, £F 12
h IR I XS IR 3.1 6%, 2 G R R 1.5 57 (B 5), F W ABA A LLE S 2wt
JH Cso-OAT FERIHZIK R I R R PR 15 N PR R £

300 NaCl 357 ABA
o t I M = t ]
ERES E 3.0
g 207 w5 25|
il X F |
® &8 157 ® g 20
7 3 ® 3 | -
EF 2 10} E 2 15
3 = I
& 05) 2 10}
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0 ‘ ‘
300 e 250 mo, -
S I S
E 25 N P -
W 207 T g &
2 g X E 15t
® o8 15¢ ® &
' 8 ® 5 1
E L2 10} z2g b
5 5
& 05h S 05y
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0 ‘ ‘ ‘ ‘ ‘
) 0 1 2 4 8§ 12 24
3.0r  PEG 6000 P
5 2.5 - _ Control BH/h Time
E T
g § 29[
A 7
® o2 15f
" 8
E 2 10}
5
0
& 0.5f
3 ‘ ‘ ‘ ‘ ‘
0 1 2 4 8§ 12 24
X HR
Control

FiffE]/h Time

B5 Cso-04T ERETREBAE THFRIEE

Fig. 5 Relative expression of Csd-OAT under different stress treatments
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16 4 CRIR MO AL BEIIA], M Cso-OAT JEIR 2Rk F M BLA R e, JLrp 2 h (R4

HOUXTIRIG 2.2 fi%, 12 h (IR E XTI 1.9 6%, 2B 5 ETHE BT LT 15 BRI AR At 3
(K 5),

T R AR, AR Csd-0AT JERMFRIE R 1 h FFREEn, JAE2 ~12h
YERFAERS KT, HLRIE B ) 2.2 54547, 2 G HLRIER TR, SRR BTG
BRI AR (B 5D,

7E HyO, Wi Kb BRIA], 2S5BS F b Csd-0AT FEIR ()2 B LM , 23 5900 4 h Rl 24 h,
HRIE T3 xS R 2.3 £5H1 2.0 £, 34k 2L SETH s G BRI F (ARt #se (| 5), KW
H,0, 1] LU 215 S5 W o Cso-OAT FERI IR IA

B2, 96 PCR TS R IZW Cso-04T FEE— D2 msh. ABA. (K. T 5/
AME 5 SRR, ZERTRES 5 T 2 Mg Hba R wn A zi@E w g .

242 Cs0-OAT #9484 M R A A7

DAZEPIAR . 250 I 28 JEAISLSIE) cDNA AR EAT 9% 6 8 & PCR 70 #r, 45 KW Csé-04T

fEAEh RIS Sy, U R, MiEH e AR MRERAY, HAAXNRE (K 6).

FX R R
Relative expression level
(5]

T

A I | B

it E3 it #* EiA R
Root Stem Leaf Bud  Flower  Fruit

6 Cso-04AT BEREFMTRERDHRIAR
Fig. 6 Relative expression of Csd-OAT in different tissues of tea plant

3 B

R K9 NG I B e T AR R TR im0, W2 R . B RBERE S, 1E /N T IRisiE
Ry, o ISR AL A o) 2 B IE 157 (McCue & Hanson, 1990) o §-OAT 1E A%
PR 9 G TR O & AR R I DR, S RIS B e B 3 DI AOC (Slama et al., 2006) , {HAERH I
EEATRKT 5-OAT MIWFFTIRIE. AWF5Thilid RACE HiRwBESRAS T AW 5-04T JEH, S5He
T 8-OAT HATE =i (0 IR, SLAmit i 25874 547 5-OAT JLAU (¥ PLP 454547 a5 R4l
TEEN, JBT OB R IREIE R RIR, W40 Csd-OAT. Xf Cs8-OAT 55 1115 IR X il & 7
ZE ARSI 1, SRR S TS5 R R Cs8-0AT | AN ZARIRMAL S, WhES
Cs3-OAT & MG PERPEGE O5. MR, BERRILA LWL i ABA {5 5 1l i b SCB vk ik
P, ARMEL . TR SR A BT I e A (L B AR N ABA SN, Sk AL EE SRS RE R 111
WAL, MM s A I S SR B W E (1) Y. (Yamaguchi-Shinozaki & Shinozaki, 2006) ,
DK AN CsS-OAT 25 [ H R R A A7 i nl g 5 S Bl 3R (s Mk 9%

CA IR RN, 0-04AT LS5 TR 15 & b AMEIR 25354 MW (W9 B ( Armengaud
etal., 2004) . AEHSE (2011b) MWK 5-0AT FERZ T 7. mEh. (KIEF ABA oS
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ik ZME (2009) MHFFRRHBES 5-OAT JEH 52 T2 Wpia ik 38 E . AFFLH qRT-PCR 45 I8
RIAHEM 6-0AT KNS5 T 2R b SRR e Cnsdh. T2, K. ABA A AbIRED
(Y o FCr, ARTER AU I 35 0T PR I e, TP R AT IS AR, X AT BB ke R I 2 R A R
ISR DG H T DC T AR A 1 Jolp X o e 2 R R e o 7 4% B g A oy 2 5 AT P 1 S0 LU
Ko Delauney 55 (1993) Fl Sanchez &% (2001) [WAFFERN], Wrid T Mli2d BRIV & o Ae S Y1k N
IR E KR . Ieah, BRPERI A R (1999) IS RIL, EhMMAET 8 h i 21
PR RERRR I, MR SEMREE S LS A. B, 0 TARENE T Cso-0AT 1EZRH:
it I AR B 0 b AT v A — 2D B

AHFTH, It QRT-PCR X Csd-OAT DAL WA R 23 Rk 22 7 o3 i B, %8 Cso-0OAT
SRR AR P RIE A RS, bRk atim, Hoogmt ), maELmA i
R RIRAR, 1% 5 IR R AR (2009) 4R 3E (19 H E 9-OAT HEKILE &)y 1 % 20 2 b e ik B AHAL, DL A Armengaud
2 (2004) HUBEMIEAE 5-OAT SERAEARATIF i KT8 SR, £ R B 38 77 v K08 BRI
SERGAE, RYIAFEAEDH R 6-04T SER MR IEAFEEZE ST Ah, ST AW Css-04T 3
TEAEAS B HARDN B R R IE,  DLRCHT I 5 D 36 B B I 2R 2 5 T IR0 a1 2545 26k i R FAE A
BRI (Wang et al., 2012) , HEN Cs5-OAT FERIAE A AER A U A v N o 3 35 5
B, EAME—D.

References

Armengaud P, Thiery L, Buhot N, Grenier-De M G, Savouré A. 2004. Transcriptional regulation of proline biosynthesis in Medicago truncatula
reveals developmental and environmental specific features. Physiologia Plantarum, 120 (3): 442 - 450.

Chen Xuan, Peng Ying, Hao Shan, Wang Yu-hua, Fang Wan-ping, Zhang Cai-li, Li Xing-hui. 2011. The study on pollen germination in vitro of
tea plant (Camellia sinensis) . Jiangsu Agricultural Sciences, (6): 233 - 235. (in Chinese)
MeoomE, 520 %, M W, ERAE, BN, SRR, BENE 2011 FSRAER IO BARTTR TS, TLARREE, (6): 233 -235.

Delauney A J, Hu C A, Kishor P B, Verma D P. 1993. Cloning of ornithine -aminotransferase ¢cDNA from Vigna aconitifolia by trans-
complementation in Escherichia coli and regulation of proline biosynthesis. Journal of Biological Chemistry, 268 (25): 18673 - 18678.

Jiao Rong, Liu Guan-shan, Liu Hao-bao, Wang Shu-lin, Hou Na, Wang Quan-zhen, Jin Yi-rong, Liu Zhao-ke, Feng Xiang-guo, Hu Xiao-ming.
2011a. Cloning and expression analysis of orn--aminotransferase gene Ntd-OAT in Nicotiana tabacum. Journal of Plant Genetic Resources, 12
(4): 588 - 593. (in Chinese)
O, XIBTl, XUGEE, CERAR, B 88, Bl B R, MR SRR, S0 201 1a. E BN 5 ER R MHER Nio-04AT
P TERE 5 RIE . R AL B AEAR, 12 (4): 588 - 593.

Jiao Rong, Liu Hao-bao, Liu Guan-shan, Wang Shu-lin, Hou Na, Wang Quan-zhen, Liu Zhao-ke, Feng Xiang-guo, Hu Xiao-ming, Jin Yi-rong.
2011b. Discussion of accumulation of proline and its relationship with osmotic stress tolerance of plants. Chinese Agricultural Science Bulletin,
(7): 216 - 221. (in Chinese)
O X, AEhh, ERAK, g g8, B4l XIEIRL SRR, SR, 5730 20110, RINAR R SEWLSERG.
[ A 22383, (7): 216 - 221,

Livak K J, Schmittgen T D. 2001. Analysis of relative gene expression data using real-time quantitative PCR and the 2*T method. Methods, 25
(4): 402 - 408.

McCue K F, Hanson A D. 1990. Drought and salt tolerance: Towards understanding and application. Trends in Biotechnology, 8: 358 - 362.

Quan Xian-qing, Zhang Yu-jie, Shan Lei, Bi Yu-ping. 2007. Advances in proline metabolism researches of higher plants. Biotechnology Bulletin,
(1): 14 - 18. (in Chinese)
AR, K, B W, HEEAP 2007, A RIAIR AR IT ST . AR EORIAR, (1): 14-18.

Roosens N H, Bitar F A, Loenders K, Angenon G, Jacobs M. 2002. Overexpression of ornithine-3-aminotransferase increases proline biosynthesis

and confers osmotolerance in transgenic plants. Molecular Breeding, 9 (2): 73 - 80.



12 3] TR AW SRR AR N Cso-0A4T 1) il 5 RIK B 2473

Roosens N H, Thu T T, Iskandar H M, Jacobs M. 1998. Isolation of the ornithine-6-aminotransferase cDNA and effect of salt stress on its expression
in Arabidopsis thaliana. Plant Physiology, 117 (1): 263 - 271.

Sanchez E, Ruiz J M, Romero L. 2001. The response of proline metabolism to nitrogen deficiency in pods and seeds of French bean (Phaseolus
vulgaris L. cv. Strike) plants. Journal of the Science of Food and Agriculture, 81 (15): 1471 - 1475.

Slama I, Messedi D, Ghnaya T, Savoure A, Abdelly C. 2006. Effects of water deficit on growth and proline metabolism in Sesuvium portulacastrum.
Environmental and Experimental Botany, 56 (3): 231 - 238.

Stranska J, Kopeény D, Tylichova M, Snégaroff J, Sebela M. 2008. Ornithine-3-aminotransferase. Plant Signaling & Behavior, 3 (11): 929 -
935.

Stranska J, Tylichova M, Kopeény D, Snégaroff J, Sebela M. 2010. Biochemical characterization of pea ornithine-3-aminotransferase: Substrate
specificity and inhibition by di-and polyamines. Biochimie, 92 (8): 940 - 948.

Sun Mei-lian, Wang Yun-sheng, Yang Dong-qing, Wei Zhao-ling, Gao Li-ping, Xia Tao, Shan Yu, Luo Yang. 2010. Reference genes for real-time
fluorescence quantitative PCR in Camellia sinensis. Chinese Bulletin of Botany, (5): 579 - 587. (in Chinese)
INGE, Er4E, BAFE, HYS, ms, 2%, B OF, ¥ OVE 20100 ZEMSENSOEE R PCR S Th A SRR . AT
i, (5): 579 - 587.

Wan Q, XuRK, LiX H.2012. Proton release by tea plant ( Camellia sinensis L.) roots as affected by nutrient solution concentration and pH. Plant
Soil and Environment, 58 (9): 429 - 434.

Wang Xin-chao, Yang Ya-jun. 2003. Research progress on resistance breeding of tea plant. Journal of Tea Science, 23 (2): 94 - 98. (in Chinese)
LB, BIEZE. 2003, ZRHUEEMOITOIVR. ZHFREE, 23 (2) ¢ 94-98.

Wang Y H, Li X C, Zhu-Ge Q, Jiang X, Wang W D, Fang W P, Chen X, Li X H. 2012. Nitric oxide participates in cold-inhibited Camellia sinensis
pollen germination and tube growth partly via cGMP in vitro. PLoS One, 7 (12): ¢52436.

WuLQ, FanZM, GuoL, LiY Q, Zhang W J, QuLJ, Chen Z L. 2003. Over-expression of an Arabidopsis 5-OAT gene enhances salt and drought
tolerance in transgenic rice. Chinese Science Bulletin, 48 (23): 2594 - 2600.

Wu Yang, He Li, Li Wei, Zhang Mu-qing. 2009. Cloning and sequence anaylisis of 6-OAT gene from Erianthus arundinaceus. Bulletin of Botanical
Research, (5): 577 - 584. (in Chinese)
Bk, WO, & A IKORIE. 2009, BESF 0-0AT HeBH v B BT B AT, RITESE, (5): 577 - 584,

Xie Hong, Yang Lan, Li Zhong-guang. 2011. The roles of proline in the formation of plant tolerance to abiotic stress. Biotechnology Bulletin, (2):
23 - 27. (in Chinese)
WML M 2, FEOE 2011 IERRAAAEY AR EMIE TR T Sh R R AR BoRIE R, (2): 23 -27.

Yamaguchi-Shinozaki K, Shinozaki K. 2006. Transcriptional regulatory networks in cellular responses and tolerance to dehydration and cold stresses.
Annual Review of Plant Biology, 57: 781 - 803.

Zhang Ji-sen, Chen You-qiang, Guo Chun-fang, Li Wei, Que You-xiong, Ye Bing-ying, Chen Ru-kai, Zhang Mu-qing. 2009. Cloning of a water
stress-induced J-OAT gene from sugarcane. Chinese Journal of Tropical Crops, (8): 1062 - 1068. (in Chinese)
SRR, BRig, FEERDY, 4 A6, BAOME, WHUKEE, BRGEL, SKORTE. 2009. TREK R PRE M K 8 - 1w R R B IR ve b R A T
FRIES AT, A ER AR, (8): 1062 - 1068.

Zhao Fu-geng, Liu You-liang. 1999. Advances in study on metabolism and regulation of proline in higher plants under stress. Chinese Bulletin of
Botany, 16 (5): 540 - 546. (in Chinese)
BARPE, XA 1999. Wrf 4 fF F A R o P I 2R A S35 AT Xt . A28 4, 16 (5): 540 - 546.

Zhao Rui-xue, Zhu Hui-sen, Cheng Yu-hong, Dong Kuan-hu. 2008. Research progress on proline and its biosynthesis enzymes in plant. Pratacultural
Science, (2): 90 - 97. (in Chinese)
BETT, AR, TRERZ, HETELR. 2008. HMIMEM S S REE RUT AR, FOLARE, (2): 90-97.



	茶树鸟氨酸转氨酶基因Csδ-OAT的克隆与表达分析
	王伟东，疏再发，杜昱林，黎星辉，王玉花*
	（南京农业大学茶叶科学研究所，南京 210095）
	Cloning and Expression Analysis of Ornithine-δ-aminotransferase Gene Csδ-OAT in Camellia sinensis 
	WANG Wei-dong，SHU Zai-fa，DU Yu-lin，LI Xing-hui，and WANG Yu-hua*
	（Tea Research Institute，Nanjing Agricultural University，Nanjing 210095，China）
	1  材料与方法
	1.1  植物材料与处理
	1.2  总RNA提取和cDNA合成
	1.3  茶树Csδ-OAT的克隆
	1.4  Csδ-OAT生物信息学分析
	1.5  Csδ-OAT荧光定量PCR分析

	2  结果与分析
	2.1  Csδ-OAT基因克隆与序列分析
	2.2  Csδ-OAT编码蛋白的生物信息学分析
	2.3  系统进化树分析
	2.4  Csδ-OAT的荧光定量表达分析

	3  讨论







