¢ %% Chinese Traditional and Herbal Drugs 35 46 % %520 #§ 20154E 10 A +3065 -

. BHERR -
ST R R MR E K B S B R R A

FHRFIE 5k omY ok B3,k 4R 2EW ARG &N B b s,
Sk b2

1 AN K B N 8 52T KB S TR L, ik KF 130118

2. MR RS BB, AR KB 130118

3.0 MR R 2 e, AR KB/ 130118

W OE. BRY wBEAEM TP RA DR (aspartokinase, AK) J:R IR IACF FAR K BN PRI FREE. 7% R
PR AE I S 20 S BT A Bk 5 201 R AR IR BN (CtAK) AT S Unigenes, T34, LLLAERIT 5 RNA MR,
KA RT-PCR 7701 CtAK JEN Fr BT ER R s 8k |, 2 PCR MBI %, THikFHIE e AT (8 ) A 5¢
JeE# PCR F AN HHAT IR RIE R T R Tk 7446 CtAK FER IR0 BE, 5551 486 bp MEERF 4. HRIE
CtAK K Bt 514, XSRS [F) % & IR ZL T8 Fh 73R4T 2 2 & PCR 4347, CtAK BERITEZLTE AP 1AL 1 SHI4E
JG 13dRIEEEE. HiE RAREGWATERE, ZEEF SR AK B FE A5 1 R

K. OAh: RAHARWNG, SR vopE, [FEM, HREXE

PESHES: R282.12 MERFRSRS: A XEHRS: 0253 -2670(2015)20 - 3065 - 06

DOI: 10.7501/1.issn.0253-2670.2015.20.018

Isolation and expression analysis of aspartokinase gene fragment from
Carthamus tinctorius

WANG Yan-fang"**, ZHANG Na?, ZHANG Ling"*, ZHANG Wei%, LI Xi-ming’, LIU Wei-can’, YANG Jing"?,

YAO Na" 2, LI Hai—yanl’ 2, LI Xiao-kun"*?

1. Engineering Research Center of Bioreactor and Pharmaceutical Development, Ministry of Education, Jilin Agricultural
University, Changchun 130118, China

2. College of Life Sciences, Jilin Agricultural University, Changchun 130118, China

3. College of Traditional Chinese Medicine, Jilin Agricultural University, Changchun 130118, China

Abstract: Objective To clone the aspartatokinase (AK) gene from the seeds of Carthamus tinctorius (Ct, safflower) and study its
expression in different developmental stages of seeds. Methods Primers were designed according to CtAK gene segment which was
selected from transcriptome sequencing results of safflower. Taking total RNA of safflower seed as template, CtAK gene was amplified
by RT-PCR and connected to pEASY-T1 carrier, identified by PCR and enzyme digestion, and positive cloning was screened and
sequenced. Results The fragment of AK gene is cloned from safflower, and PCR primers of safflower are designed based on CtAK
gene fragment. PCR analysis is performed in the safflower seeds of different developmental stages. The sequence of 486 bp was
isolated. The expression of CtAK gene in DAF 13 in Chuan-hong 1 line is the highest. Conclusion The gene has higher homology
compared with the AK from other species.
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ZI4L)® Carthamus L. XCFWAEY), J&—MEE254
MR TR — B R A EY) . e, Xl
eI NE S A e )t 38 R AT T ) 2 IR
WS, T 2R F A R BB AT FUAR 2D DLARE .
ZLACPP -1 H 78 R B T BRI UR AR A
AR 2 IR L R R = . (A2, HErf ok
ZI e 28 SEMRA IR TR 42 R ] P 40 i A DL

Rz, HAEULRAERAIRY), (ERA
TR (aspartate kinase, AK) 4L T B-K
K2R (ASAD, Bl 5 8 R A2 IR 1 19 i & il
(ASADH) T 3 AZ R B- R4 %1% (ASD),
I BE N G B 2 I 55 A e 24 5 IR (R AR i A4 o
AK AU @A AR, 2 2 B
Wt o AK PRI 22 BE DR 500, 0 40 T R e 9 1Y) B 3R
EE, HWCOMAIE Y. K. KRG, M{eSHE
Pyeb oy B ok, AR LD AR P G R L SR
WA AK 3 YT DL 2 2 S A ) A
W EIERR P,

AT FEMANFILL T2 23 vy 30 00 7 3R A R 2 4R
Mg SO, TG RILL e 1R R RIA ) 158 4%
Unigenes /741, MIX 158 457 7RSS 24 3

-
2
=
il
2

KA R K E R (CtAK) FERAMSCFA, st
BlastP LLXHfi 72 CtAK [1] Unigenes JT51, &it514),
KM RT-PCR J5 i i &40 16 CtAK FER R0 Fr B
IR e e 7 PCR BRI T R FRIA 0T, A
Vi) I 2% DR A 0 A R R A Y 4 1 23 A AL
T 5L E LA

1 #E5IRF

1.1 ##

LA FIE B FT R ARG R PR AT, &k
RNV K 27 v 2 b 2 B i i B8R 5 e O 4k
Carthamus tinctorius L., S0 54 R =41
TS LS AR KR A R N
BEZYTFRBE T LR OISR E, 5 AYIEHT
o, FAEE IR REEA R A AR I
T FWEGER, N80 CUKFE T RIESH .

1.2 EgRALRT

B4 9 DI . DNA Marker DL2000. LA Taq
DNA 4. T4 DNA ZERRIE B 5 B AY A RS
Al OWERRAE (159 RR420A) W HFAY)
TR CRIE) ARZAR; PCRFHIAFG. KA
TR OB RO & H Axygen AEWHiAR (Bt
M FHRA T pEASY-T1 Fupg#ik. KWt
Trans-T1 B2 41 008 B AL XS AW ARG R
AF]; RT-PCR sl & B A6 A R A
HARAH .

1.3 FrA5IY

T 51903 e At S MER A DR A BRA 7 &

B HARGIYIWEE 1.

x1 PRSI
Table 1 Primers of experiment
Bl B S il
AV &L 5’-TTCCTTGGAAAGGGTTGGAG-3’ 5’-AATCGAAAACACCTTAGCC-3’
YT =LY 5’-AGAGGTGGCAGTGACTTAAC-3’ 5’-CTTACTCATATCTCTTGATT-3’

WZ L5

5’-CTATTCTGCGTTTGGACCTTG-3’

5’-TCCATTCCCACCAAAGACA-3’

2 H&E
2.1 & RNA BY$ZEUK cDNA BI& A

B FE-80 C UK T IRAF LI AR 7, 4%
RNAisoPLUS ¥ W]45, $2IZLIER 1 RNA, i H]
NanoDrop2000 i &A% & £ A WA, 4l By 42
RNA Rl Sk ;s FHIE AR R H bRl RNA 1158
B, JFMPE RNA FER N — D s Ak
cDNA 55— 8% T T AR (1) FH 4

2.2 CtAK ERMHE

cDNA 2 —HE G i i Bt sl ) vl W] -H e
7o VAREES G cDNA AR, wilbE CtAK 2,
PCR W AKZ: 7F 200 uL PCR & hii N R 21414y,
LA Taq i 0.5 pL. 10X pfu Taq Z&% 5 pL. dNTP
Mixture (2.5 mmol/L) 8 pL. AKmF (10 pmol/L)
0.5 uL. AKmR (10 pmol/L) 0.5 pL. cDNA FAK 1
pL. ddH,O 38.75 uL, &AFR R 50 uL. PCR J Vi:
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94 CHiAEE 3 min, 94 ‘CAZE 30s, 55 ‘CiB K 30s,
72 “CHEA 30's, 25 MEH; 55 72 ‘CLEAH 10 min.
PCR W) 1.0%ZEIERHREAT S rLvk , 880 it
POEERAE H W R B, AR RO G H I
BOAT [RIOR2liAY, , FARERAT A0 SR FE U B 5 20T
2.3 TRIRFFEER M E

¥ pEASY-T1 wifE#tA S H 1 v Bz i)
L 1D 4RE, BRI, =il RN 10 min.
FEER IR 50 uL Trans-T1 KIHAT B sz 4
S, VK 30 ming 42 CHUK 40 s; VK 2 min.
BN 250 UL B #5573, BRI, 37 C, 180
r/min, PHIEFE 1 he KRB Z R AR
(Amp). 5-W-4-50-3-W|W-B-D-F- FLBE T (X-gal)
RN IE-B-D-ACKFLRETT (IPTG) (1) LB [A fAK:
R L, 37 CRAEE TR IKHIEIR AT REE, &
PCR %7€, WEHPH M o R R ALk, Wb % 5e
R, A6 R E R AT B A 1T .
24 CtAK EE R EBRFSI S

B P IE R CtAK JERIZE NCBI M) AT
Blast 73041, IS5 AR AK BEAT [RIJEE LLER -
2.5 AESRMRARRLENE CtAK & F ) FRik
DT

DLZLAE 4 MRS LR 4015, Ha 1
T L1 S RANFER B IR (E)E 1.
3.5 7+ 94 11 13 d R MIFFIRS,
CtAK FERIPRE R . JEMUAF A AR E I
WIZLAE RIS RNA, M A RNA 7=, ROk
B cDNA. LL B-Actin /A N2, 4l CtAK ZEH
BLw it 9%t e # PCR 514, AKF: 5-TTCCTTG-
GAAAGGGTTGGAG-3", AKR: 5’-AATCGAAAA-
CACCTTAGCC-3’. % NAHIA AL H] PCR SV :
SYBRPremix Ex TagTM (2X) 12.5 uL; AKF (10
pumol/L) 0.5 uL; AKR (10 pmol/L) 0.5 uL; cDNA
PR 2 uL; ddH,0 9.5 pL. SKH 2 2Dik, FEARIN
S 3 NEE, ROX ENRIEDE)E, B-Actin
KNS 2 1 PCR & AR HERE 7. AR 95 °C\
30s, 95 ‘C. 5s, 60 C. 30s, 40 MEH.
3 ZER59H
31 O#FT S RNA BIREEEE

MINELL 1 S LEERD T rh 32U RNA, ZBERH
VKA, 455 R 28 S TRNA AT 18 S rRNA 4571k
W (B 1), B AE G5 1 2 4%, BT
(1) RNA SE8EPER T o A% R B (R S 73

188

1 IEMFE RNA B KE
Fig. 1 Electrophoresis of total RNA in safflower of seeds

Aze0/A230=1.99, Aas0/Ar30=2.02, FW] RNA 4l EF#;
&, T RT-PCR ¥4,
32 RT-PCR #iZ

PLETAE RN 1 0 RNA 55 5% 19 310 28 — %
cDNA MN#itR, H AK K514 AKmF 1 AKmR
HHAT PCR Y1 382 R BAE 486 bp /i
A1 AR (K 2), H BRIk, XY
LLAEHE AR PHEAS B H 1) v B B — 3

M-Marker 1,2, 3-RT-PCR 9" 1 CtAK = %01 B
M-Marker 1, 2, 3-amiplified by RT-PCR core fragment of gene encoding
CtAK in safflower

B2 CtAK ZEE#%F B RT-PCR Rk E
Fig. 2 RT-PCR electrophoresis of core fragment of CtAK

gene

33 BMRBRIEE. BURNFESF
XFH R BT O R R, Wit v B S

pEASY-T1 sel#fkiZ4k, ¥4k E. coli DH5a, M§;
PR B HLERE 5 A v BEREAT RV PCR %55 (&
3), AR 2 ANETE s H A, SRBUTRLE T
BEDI%E e, YIS/ B B i BN AR —
OB 4, FREOE .
34 CtAK EEREBIFSISH

FIF Vector11.5 #AFH CtAK LR F Boll P43
BN 75 5 LU e e s A b i E 2 1Y) Unigene J7471
HEATLERT, WA B RAL, B P45 e 4 IE i
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2000 bp

1 000 bp
750 bp
500 bp
250 bp
100 bp

M-Marker 1,2, S-EBHTETERE 3, 4-BH el

M-Marker 1, 2, 5-false positive clone 3, 4-positive clone

3 pEASY-T1-CtAK E4HFRFIE &K PCR £F
Fig. 3 PCR identification of pEASY-T1-CtAK recombinant

plasmid

2000 bp
1 000 bp

500 bp
100 bp

M-Marker 1, 2-Spel/Xbal XU % &
M-Marker 1, 2-Double digestion of Spel/Xbal
4 pEASY-T1-CtAK E4HRHEEIEE
Fig. 4 Enzyme digestion identification of pEASY-T1-CtAK

recombinant plasmid

CtAK FER FBLK Sl 486 bp (&5), £ Blastn 4y
Frai: CtAK SR AK JEFEEAR &1
FRAE:, BEWTZIEDR B B SEAFAE T A AR T,
¥ CtAK 5 ILARh ) AK BT LR 51 [A) P
ELi o3, FIFH MEGAG6.0 ARG A HW (K 6),
R CAK 5 ZREG R ARG, 5 I AE R
35 UEMFARIAZERE CtAK EERFIES

P A ALA RS AR & R A e T
& RNA, J#:5% ¢cDNA, LA B-Actin fE 4N,
KM 2t 5E 7 PCR BORK M CtAK JEKIEZL1EA
[ b b RN B AN R B I A R R =, SR ILK
7. 8. MAHXTRIEE AT KL, fEIFAE)E)IA 1
SR CtAK FERIR A e, A4l 1 511 2
UL b, HUCHEH LD 1 50, =41 SiHER
AL, AREAR S ED RS, a1 5
G L BRI — 3, feiR, AR EAY,
WRFEL LSBT 1S, NkgsHELYy
RN R 2 AN, EEIL 1 S
PP FOZIE R I S R IK LA kL. RAETE SR
AN TR ) SR, T8 5O i B 4 BT R A A
JEH 13 K, CtAK SR RE Bz, &ff5 7 d
T 6 i, BHEFIFAKIKE, JHEERLERR
B TR ST E s, TS 7 Rik 3
fiK, AR,

TTCCTTGGAAAGGGTTGGAGAACTTGTGCTGTGACTACATTGGGCAGAGGTGGCA
GTGACTTAACTGCCACAACCATTGGTAAAGCACTTGGTTTGCGAGAAATTCAGGTATG
GAAAGATGTGGATGGTGTCTTGACATGTGACCCTAATATATATTCAGGTGCAGAACCTG
TGCCATATTTGACTTTCGATGAAGCAGCTGAACTTGCATATTTTGGTGCACAGGTCCTA
CATCCACAGTCTATGAGGCCTGCAAGAGAGGGTGATATACCTGTCAGGGTTAAAAATTC
TTACAACCCTAATGCTCCTGGTACCCTAATCACTAAATCAAGAGATATGAGTAAGGCAG
TTTTAACCAGCATTGTTTTGAAACGTAATGTAACCATGTTAGACATTGTTAGTACTCGCA
TGCTGGGTCAATTTGGATTCCTGGCTAAGGTGTTTTCGATTTTCGAGGATCTGGGTATAT

CTGTAGATGTCGTAGCT

FLGKGWRTCAVTTLGRGGSDLTATTIGKALGLREIQVWKDVDGVLTCDPNIYSGAEP
VPYLTFDEAAELAYFGAQVLHPQSMRPAREGDIPVRVKNSYNPNAPGTLITKSRDMSKAV
LTSIVLKRNVTMLDIVSTRMLGQFGFLAKVFSI FEDLGISVDVVA

El5 41k CtAK EFEZL R RFTIREERFT

Fig. 5 Core fragment of CtAK gene sequence and amino acid sequence in safflower
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CtAK S #5125 b 75 A FE R A B J ) % e
g, HET, LS Z%EERNAE B YR b2 4 B

KL DAL (189 75 9% 2 2 A o e e A S PR R S O Rk AT
DRIt AHIE AR LLAEH S AL e 53 i (1 3
fili BN S YT s MR R 2y B B CLAK SR
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Fig. 6 Phylogenetic tree analysis of AK gene encoding

protein in safflower
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Relative expression analysis of CtAK gene in
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Fig. 8 Relative expression analysis of CtAK gene in
different development periods of safflower seeds (Chuan-

hong 1 line)
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