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# . B SERZLAE Carthamus tinctorius PAL JEH KR AEYIE B0, wfE 1 %4048 PALA ZE RIS X /751, it
RATHE N SHIT77:, 2 CtPALA FEA e BRI b it ik, 3k AN AN FER L, XSH1E PAL Kk T 43
RIS, FIHZEER PCR (RT-PCR) J7iksilE 1 454048 PALA 4ifid X751, FEakAT40015 B2, FIA clustalwi.83
WA R GG, 75 CtPALA FERFF 2 i3] NBEVILL X Bgl 11 F1 BStE 11, ##SH 35 S jBs)FIEYBRIAH A
pPCAMBIA3301-CtPAL4, FFTELL{LEIRMM P AT RIE, AR AALIFATERR 6 1 PAL £, /TR /R 5 MR
B B2 N SRR AR A Th B 45 M S A A, FRIEAT )3 B PRI 43 BT . CHPALA B[R4t 707 MNEIEIR, AHX 4
TFIREN 76 820, BAMMKKNAIRMEET (PAL) EF KT 4 M SG A &, MmiSE AN =448 5 PAL i X 4t
LRAT MRS R EL. KRG VIRY, CPALA EERGISME A SR I NEG R R L. GUS Yeft g JUFsk, i)
AR MEAL A AR, PP SEIL T CtPALA BRI TEA AL BIFAMME il Rk . i BThTilE 1 %416 PAL4
gt X LR CtPAL4, FEHEE THIYIRIAHik pCAMBIA3301-CtPAL4, 1B /R4 46 Bivdiffe b sz Bl 7 Mk ik, NWFFT CtPAL4A
FERTE A AR R R 10 Th A B e 2Ll
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Genome analysis of PAL gene family from Carthami Flos and its expression in
suspension cells
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Na, LIU Xiu-ming, LI Hai-yan

Engineering Research Center of the Chinese Ministry of Education for Bioreactor and Pharmaceutical Development, College of Life
Sciences, Jilin Agricultural University, Changchun 130118, China

Abstract: Objective The bioinformatics analysis of the PAL gene family from Carthami Flos were performed, and cloned a sequence
encoding the PAL4 gene of Carthami Flos. The overexpression of CtPAL4 in Carthami Flos suspension cells was analyzed, laying a
foundation for the study of the function of CtPAL4 gene in Carthami Flos flavonoids metabolism pathway. Methods On the basis of
Carthami Flos genome sequencing, the PAL family of Carthami Flos was analyzed. Coding region of PAL4 was cloned by RT-PCR and
bioinformatics analysis was performed. The phylogenetic tree was constructed by clustalW 1.83 software, Bgl Il and BstE Il restriction sites
were introduced to construct over-expression vector pcambia3301-CtPAL4 containing 35 S promoter. It was overexpressed in suspension
cells of Carthami Flos through agrobacterium mediated method. Results Six PAL genes were annotated in Carthami Flos genome
sequencing. The analysis showed that five genes of PAL gene family had typical functional domain and active site of phenylalanine ammonia
lyase, and promoter and evolution analysis were carried out. The CtPAL4 gene encoded 707 amino acids with a molecular weight of 76 820.
The CtPAL4 gene had typical functional domain and active site of phenylalanine ammonia-lyase (PAL) gene. The three-dimensional
structure of the coding protein was similar to the crystal structure of the X-ray protein in PAL family. Phylogenetic analysis showed that the
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protein encoded by CtPAL4 was the closest relationship of Arabidopsis thaliana. GUS characterization results confirmed that the genetic
transformation system of Carthami Flos suspension cells was established successfully, and CtPAL4 gene was expressed preliminarily in
Carthami Flos suspension cells. Conclusion Coding region gene of Carthami Flos PAL4 was cloned and a plant expression vector

pCAMBIA3301-CtPAL4 was constructed successfully, which was initially overexpressed in Carthami Flos suspension cells.

Key words: Carthami Flos; PAL gene; flavonoid biosynthesis; genome-wide; suspension cells
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KA. F 5, 0. . SME, wies. B4
TEIEZ, B IERIIR. FIRAH. HE. BB
i BN A IR (AR H ) 1084 qe
HEIMFEZE, “MEET S ik, @ raK. 20
AT, ANFRI” @ BAREIE, IRPREF IR, 41
TEEAY KM . Pustin. Primke. PiRsm. fiE
o B RYLINIIE . CRIRES . BRI R
oL SE TR0, LR B A A 2 B o) 72 1
FREYD, FE AEIE., EEEE., A
PN — S B . B BRI 2L AE s a3 (SY)
7 1/5~1/3081, SR FEEA RNy, B
I F5KTEIRBHIK PO/ IMREESE « fE ik MEEA
Préadl. iR SEZF/ERTL,

AR AR EAE (phenylalanine ammonia-
lyase, PAL) 47 P 2 IR I 2 % A B I SR BRI
1% RN A LA B 2 AR ) 6 OB AR I RS 46 RN
RN R A AR S8R . PAL fEREY R E I
TR T, 0 2R3 P4 bt o AR AU P W gk AT 4,
o 22 b I 15 ) A e [ 10131, AL A& HH
() 2 FE IR 5% e g ig (12, PAL JE R K i 8 & A 11 2~
6 MHEMER A (PALL. PAL2 F1 PAL3 %5) 7EHY
H RIS B H SR RS, HARX > TR R
220 000~340 000, s&—FiH 4 4> 77 000~83 000 V.
FERI R IR REUA15], PAL 52 AR 1. TR
TRV, £—MiESh, SHEMEZE
IR MU SRAMRIRST . EhormE . fE
Vi (O FOCSERNEE, PulRER oKk
755 PAL 4t [ () IA 08,

I FH A% 5% S A i 9T — 1 B R I AEAR
W E G I, 2D TN S MEY NS A
REsSBIT, I HA A A RIS Y E EBE, 0
TEAEFRZ B AT B 18 R EAEAR
FEAE LIRS [n) ST, (R, SHAEAELE, FE
YRR A AR PP B ORI A I A I A R S
CIAERERRIAE KR 1~2 48, MUE SRRk T
TR R R A, T A R A P AR AR AR U
B I AFAEE AR I AN P AR 2RI (] ARI20-2, G Al K

BRI T 204 hREIE R 78 RN 2116 3 i A= 0 75 J ot 7
ERE . ARG 0 S 52 1 TR AR 77 0
AT A SRS, w A BRI . B
HARFRGE ., BET SE0W . 2 EELr . nrksg
VEH 4502 55, O SRR AAR =)
KA BE AR A T, A DR RS RS
AR AR =01 RAF A I B2

Ak, BENLEFER A ERIF AL R R, ik
— DRI ARG AR A B R . H
A, CA I TR B4, (EIE i p KT
T RERRIA, WOR PR RS, A AR,
SRyl Rl SERRETRANN, B ThREEE
EAEKRE . RAERERIESE N I ERRY, (HA2,
T LT AC AT AT TR A e S U A AR DB g 2 R
O E ST SV i e 8 1= P N ST AR AW A28 AR L[ 2 S
fii b, WA PAL SOBRHMT &SR T, JEEL T
LIACETFAINIBEF AR R, BROIAEE T X4 4% PALA
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MS FERtEFEIE (RERE 20 /L. MS #5 4.33 gL
JLEE 0.1 g/L. BAHLEFTEM 3.4 mg/L FIEER 8 g/L),
BHVEFFWRCT (HER 0.4 g/L. MR 0.1 g/L. bR
M2 0.1 g/L FIEIRERER 2 0.08 g/L); BT
FRE (MS FRbRE7EH. NAA 2 mg/L 1 6-BA 05
mg/L); 4RIEFFREE (MS JEalE R NAA 1 mg/L
F16-BA05 mg/L); =IFAIMIRIARRFRE A INEE
K MS JERtE: 7755 \NAA 1 mg/L F16-BA 0.5 mg/L);
YEP £5373E (BERERY 10 g/l 2K AN 10 /L FIEUALEN
5g/L, 754 YEP WAk 8 g/L): LB K577
B EAM 109/l L8 10 /L FIEERERY 5 9/L).
2 FE
2.1 4217k PAL KikEERFE T

M Pfam %4l PE T 4k PAL 25 [R5 45 Myt i 2
IRBIRAERISCAE (PF00221), DL PFO0221 ARER, Fil
F HMMER3.0 XA/ e R A e R A 1451
RAIFE B DNAMAN #1617 2 81 L34,
NCBI ] CDD (conserved domain database) ¥ 2 %t
EETR T D RE LG T /A TN . FREFE S
A 0 2000~200 bp 731, FIH plantCARE 7EZE
ARSI B X I CE FH oo, R TBtools 52
I A B AR F e AR AT Ak o BT . R CLSTAL
X1.81 fl MEGA 5.2 #H7Z E 7 HI LU T AR IS5y
BT, FIRELAE PAL SR RGR B UM
2.2 #1722 RNA $2EUK cDNA &Rk

e (GEA—5) BAAHEIED RNA FEEUE
F RNA 2RI & (BioTeke 2], 43 B 4553t
ITERE, SNG4 R cDNA 58 185, k%
5 cDNA 1Ey CtPAL4 JE R 7 AR .
2.3 CtPAL4 EER = [E

MR L AE R 2 P 45 5, SR1S 4148 PAL H:H
()2 ik 41, #feidkry)S NCBI #ds 22 HoAth
TR IEAT RIS LU, % [R18 1 = () 77 91 (CtPAL4)
VE R B R AT S b, JERRE 575N
5’-ATGGATCAATACATGAGCAATGTTATGAAGA-
AATAGGAAGTGG-3’.

PAZIAEAEE cDNA SRR AT ihs X 5 51 g
1, R TIREE RS PCR, $R13 18 K . PCR
PifAZ: cDNAT pL, dNTP Mixture 8 uL, 10X LA
Buffer 5 uL, _FJi#5|4) CtPAL4AF (10 pmol/L) 1 uL,
RF514 CtPAL4r (10 pmol/L) 1 uL, LATaq 0.5 pL,
/K 33.5 uL, SMAF 50 pL. PCR MZktE: 94 CHi

AP 10 min; 94 CARPE30's, 55~60 ‘CiE/k 30s,
72 CHEf190's, 30 KAEHS; 72 ‘CHEAH 10 min. &
HIYKEE IO 2 T3 3RAF H (5 o 3738 =il [l s 1%
e T HAAFATINT o
2.4 CtPAL4 EEREMMERZE SR

FIFH WOLF PSORT HHAT 4 A7 0 #T, 4
HF|H EXPASY-SOPMA i #4:F1 EXPASY-phyre2 it
FEAR &SN =N B H
DNAMAN #AFEAT 2 P71 Eext 234, A Conserved
Domains Search CInterProScan) il )5 /5 41 (1)
ThfeLErbR, FIFH CLSTAL X1.81 #HT RSk tb it
S 8T. FIH Tmpred TRINEE A I E5 S5 4, A
ProtFun202 #F 17 Th #€ ¥l I , ProtParam %X 4
(http://web.expasy.org/) 73 B 4w ht & [ (1) 28 5 1R 51
(RZE s AHSKT 201 o A 5 e S P A
2.5 CtPAL4 EREEMFRIATARIIE

PL pCAMBIA 3301 (K 1) 1ENEMRIEE A
B, BIE ERR) CtPALA P32 5l 51 NEE AL
&Bgl A BStE 1, B4 i b B4 S0 1 i
HHEFE (GUS), WEMWRIEEM. LIRET
CtPAL4 J:[A T #fR MMk, #47 PCR &3, #3
FEVIEERE B S R T RTINS )
1A CtPALS FE R T # A& F1 pCAMBIA 3301 %%
Py B AT Y], #7200 uL BEVIA R, St
4 hiEgVIE, SRS 1.0% KB IR 5K
HLPRARE I, )P s [t r s DD R IRl CtPAL4. H
(LB BRI pCAMBIA 3301 #idk . #43K43 1
CtPAL4 H [ K Fr Be il pCAMBIA 3301 #0446 H] T4
DNA Ligase BERS . ERWHAL KIHHT
Transl-T1 EAZZS40M, . kH, BRIt
% 10 mL LB A FRIEME F, 200 r/min,
37 C, ¥:3%8h. REUTKLEEAT PCR FIBFY) 4,
it 1) %5 7 T 00 R ROEEA T
26 TITIERTEAFEK

UGAF IERAAOFORL 1 ul, I\ %] EHAL05 A AT B
B AR, UK 30 min. AR 5 min, 37 °C
K, i 5 min. 78BN L mL Anbi
R0 YEP WA FR3E, IR T HEIK, 28 C,
200 r/min #&3% 4 h. 5000 r/min 5.0 6 min. &0 )5
B 200 mL YEP #ifaRi Rt T EE. WERE
FIEARRTE S 10 mg/L FIAE T YEP [ AR 7%
Fedp, 28 CHi#F 2~3d. FFKHEEE, PR
%, T 10 mg/L FIHEF-1) YEP WA R: 75 38 (1)
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1 pCAMBIA3301 FiAFH rEHREE
Fig. 1 Structure of pPCAMBIA3301 expression vector
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[T 0.05 mol/L IR ELZZM (pH 7.0 AT 30%
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k745 A0 ) AAGAA-motif, ANt B, FB 5 E IT ( AT3G53260.1,
FIFI DNAMAN %45 6 N4 PAL KSR AT2G37040.1) REEMFERI /S, L5
5K PRI RUKREE AT RVEE LRy BT PAL BRKRENRE R R0, Hd, CtPAL4
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CtPAL4 90 CtPAL4 90
CtPALS 72 CtPALS 72
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Fig. 2 Analysis of functional domains (A) and cis-acting elements (B) of Carthami Flos PAL family genes
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Fig. 3 Phylogenetic tree of Carthami Flos PAL family genes
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B

B4 ITEEilF (A) & RNARE (B) Eik&h
Fig. 4 Total RNA agarose gel electrophoresis and petals
from Carthami Flos
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FRAE I R 43R5 1) CtPALA JE (K 4w i X 541,
DA I SR IR LT AE A6 cDNA B, & kAT s 5
B PCR 58AIE (18] 5-A), F|F CtPALAf K1 CtPAL4r
k51 iE4T PCR 4, 4B E R, BKIRE
58 ‘CIf, 7E 2000~4000 bp f7 &3 14 H! H 1) EL,
S RS ELURE S U BT IR0 5| PR e 1 R AT
HHPEER A BREWES T IR T
B, B PCR HLPKIGIE (B 5-B) 5 H 2k B,
XA B B R A RS EUI R, ) BamHIF]
Ecrolfid WG] . = ikksill (& 5-C), ¥
Y8 TR IR B VRO TN S MERT A J T, DU 25 R
AT 2124 bp W H BIF 1, MFas R EEFHIVIE,
DA e Hodim 44 2 CtPAL4.
34 CtPAL4A EEMEMERZE NI

B e IEWRY CtPALA JE K Fe HIHEAT A= W15 B
M BT, CtPAL4 JE K i 5 5 HE
(ORF) A 2124 bp, 4%ifY 707 MR (K 6-A),
FXT TR RN 76 820, AN =4E4i Mk 6-B
Fis, SRR RNE X 5285 A iR g /)2
ftl. H Conserved Domains Search (InterProScan)

c M 17 18
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<— 2000 bp
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A-TRERAE PCR M3k B-HW PCR M3k C-FURiBEYI LIk M-Marker 1~6-JE N 55, 564 57 58. 59, 60 ‘C i PCR 7~

16-#¥ PCR  17,18-F ki)

A-temperature gradient PCR electrophoretogram  B-bacterial solution PCR electrophoretogram ~ C-plasmid digestion electrophoretogram
M-Marker 1—6-55, 56, 57, 58, 59, 60 C gradient PCR 7—16-bacterial PCR 17, 18- plasmid digestion

5 CtPAL4 EE4RASX &
Fig. 5 Cloning of coding sequence for CtPAL4 gene

TN A A 57 5 ThRe 45 e 3k gt SR 7R, CtPAL4 &
DT LA 3 7R (10) 24 TR G I At 2, il 2 R ) D e 48 ) ik %
TEPELL p (B 6-C) 0 2 T8 1 i 44 e, B A WOLF
PSORT fEZ /M fF, X CtPAL4 JE (K gt £ 133t
AT AR E S B, HEMAEA R A, 45
TR, HATREEAIE ARG, 5 PAL E
PLF20H R — Lo A g (rhapik. Rk, i
TLBgA) V4.

3.5 CtPAL4 EEMR G

FIFH DNAMAN #fF CtPAL4 H:[R 5 H Al )
PR AT R G0k & 6 0r. FI A clustalw1.83
BT Z ER AL BROH, B RSGR
HW. 4R B, CPALA R PH 5/ I
(AY303130.1) HJ PAL JEPRZRAEAHFIN 7030, Ui
Mtttk F&, 204% CtPAL4 FIDLESTT PAL FE[I 5G4
KAERIE (D,
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A MDQYMSNGHVNDDNKDPLNWGVAAAALSGSHLEEVKKMVAEYRNPVVRLGGETLS
IGQVAAVAATHDAKVELSESARGGVTASSDWVMDSMMKGGDTYGVTTGFGATSHRR
TKEGGALQQELIRFLNAGIFGTGAESGHMLPQSATRAAMLVRINTLLQGYSGIRFEILEAI
DTGFFELQPKEGLALVNGTAVGSGMASVVLFEANILAVLSEVLSAIFAEVMQGKPEFTD
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Fig. 6 Amino acids and protein structure of CtPAL4 gene
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Fig. 8 Construction of plant expression vector of CtPAL4
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Fig. 9 GUS staining of transgenic callus
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