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AmPALl. AmPAL2. AmPAL3, Genbank %[5 737y KY086279. KY086280. KY086281. AmPALI. AmPAL2 fl AmPAL3
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1R, AmPALL 55 AmPAL2 Al AmPAL3 B NAFEIKF A, 925265 PCR M K8, IXEERRAER. 25, HrhRik
WA, ERTNRETEHHH AmPAL] MFRIAER . AmPAL2 FIRIERIRZ . AmPAL3 (IRIAERIK, R AmPAL2
MRIEKFEBEREIREH TR R —5 (R>ZE>m). 810 WEFEHE R EHEN AmPALL. AmPAL2
AmPAL3 2 ULR ) PAL JEH KRR, NSRS AR E S BETEEANFANIER, B AmPAL2 WES5 T £
AR AR

FEEA: HIEHE, RNABRMER:; SBRTE; REOPT LM%t e & PCR

FENES: R282.12 XEkFRERE: A XEMRS: 0253 -2670(2019)07 - 1669 - 07

DOI: 10.7501/j.issn.0253-2670.2019.07.026

Cloning and expression of three PAL genes in Astragalus membranaceus
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Abstract: Objective To disclose the molecular mechanism of calycosin-7-O-B-D-glucoside (CG) accumulation in Astragalus
membranaceus, we cloned PAL genes and analyzed the expression patterns of them and changes of CG contents in different tissues of
A. membranaceus. Methods PAL genes were cloned with the methods of homology cloning and RACE technique using the total RNA
as template and the analysis of bioinformatics on the cloned genes was carried out, gene expressions in root, stem, and leaf were
determined with real-time PCR method, and CG content in root, stem, and leaf were analyzed by HPLC methods. Results Three PAL
genes were cloned from 4. membranaceus. The genbank accession number was KY086279 (AmPAL1), KY086280 (AmPAL2), and
KY086281 (AmPALS3), respectively; The full-length cDNA of them was 2 508 bp, 2 401 bp, and 2 498 bp, respectively; And they all
consisted of 2 157 bp open reading frame encoding 718 amino acids. Deduced AmPAL proteins had typical active sequences of PAL
proteins, they were homology with other PAL proteins, and they shared the highest identities with PAL proteins of leguminous plants.
Phylogenetic tree analysis showed AmPAL1 belonged to the different sub-class with the sub-class of AmPAL2 and AmPAL3.

Real-time PCR analysis indicated that expression levels of AmPALSs were different from each other, the expression level of AmPALL1
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was the highest, the expression level of AmPAL2 was the next, and that of AmPAL3 was lowest in all detected tissues, and

only the expression levels of AmPAL2 was similar to the changes of CG contents in different tissues (root > stem > leaf).
Conclusion The cloned AmPAL1, AmPAL2, and AmPAL3 from 4. membranaceus were typical genes of PAL, each might have

different function in developing of different tissues, and AmPAL2 might involve in CG accumulation in different tissues.

Key words: Astragalus membranaceus (Fisch.) Bge.; phenylalanine ammonia-lyase; gene cloning; expression analysis; real-time PCR

PESETEE Astragalus membranaceus (Fisch.) Bge.
WAy, BARNEERS FKER AR,
PR AT o RS S A R o S AR A
K. ZREERR R, L R A MBS R
HHAA AT (calycosin-7-O-B-D-glucoside) &I #E
MR ER “brictka” 2, Bahik. siE
s PR CRFT RIS BT AR S 2 M2 R Y,
Bl v r Y AR BRI R, T AR T N AR,
R BT NATIAS T A 28 e 0 I ) 26 M A RO L
fil, HHAEM, FEAERRREERE RN B T R
WEPET S EARE. BT, PRI
BIREE O 2N FEER RO ik (HPLO,
WL AT HRA R ERf] SE R M ot ),

KN E R R Z M (phenylalanine ammonia-
lyase, PAL) M, L-ARNERIV AR, &4
HRORN R EIRE —2, MERE LR
R AT PR T P AL S  RE RE A A )
HRGER . R, EF R BER. KENKY
Ry 2 R TR SR PAL B RIAE AR o
DL/ JE R R T AL, Wbl B 7+ A7 (E 4 1> PAL
FE[ (APALL. AtPAL2. AtPAL3. AtPAL4), Hrf
AtPALI 1 AtPAL2 3Ry—2K, i AtPAL3 A1 AtPALA
TN — R, B s Y IR 3 1 o
BE—~ PAL 3£ (AmPAL), Genbank %[5y
EF567076, {HIFEA AT R BIZRE 04, WA 70Hr
AmPAL BRI FIERIE 5 3 R AARET = F 2 1)
[R5 5 o AN TR A AR e B AT RACE BOAR MIRSE B
EafE PAL BERIZRRL, FERAEYME B 22501
IX8E PAL FERIH P AIRFIE; I SER 26t E & PCR
FAME PAL PR SR EA R 2R (1 RIA R
PE, TR PAL BRI S R )8 5 i
BT S ERMIIRR, MR KRR
el 2 B AR BRI 2 D L B B AR
1 MRl RFIFES
1.1

I S i A T A 320 K S AR S o o R 2 [
FHAE 1 K 5% 4 55 0% 8 N | B Astragalus
membranaceus (Fisch.) Bge.o H—370 B AR . 2%,

M, AR AR T80 CHRIRKFE+, H
T RNA 480G A—80 T 50 CRIMTFad
M- Z e U, F TR s R A SR
1.2 RAFIFLEE

TRIzoL i) H Invitrogen A F]; &% cDNA
2B RT A E B Toyobo A #]; 5°Al 3 RACE
WAFIEE Clontech AH]; DNA #ER G
A PMD-19T #AARAFIGEE T E4Y TR CRE)
HIRA A X IR B 5 T A A (S
110907) g H it REARH AR AR, FES
KT 98%: LNEMHEAEIG, KAHAK,
HoAh k773 A ot 4l

T100™ % PCR 1% (Bio-Rad A#]); Mx3005P
B E B PCR A CZEEIR AT —80 CilE ki
UKFE GRRERIATRAFD; CR22G BImidA
ML (Hitachi 23 7] ); MI-78 A Y 73 [ 2%V K B 44 (it
HIUXAT AT Sy A % A (LC-10ATVP
Plus); Unitary Cg R AH 154 (250 mm X 4.6 mm, 5
pm), EIERHMCBHE A BR A 7] ; RE-2000B Y e 7%
KA C SR AEAAXESE T s DLSB-5/20 2R IR %
HBIEHE (LIBGRER U R &R IR A D;
KQ-500D Bz i i i e as (R LA A A
FRAT]D; BAO-250A BURE % 8 KT 48 (E iR
HUXRE A RATD; RHP-600 B £ HhhEky
PENL (Ao A A BRAF]D.

2 Fk
2.1 2 RNA 12El5S cDNA &%

Z M Invitrogen A [] TRIzol —PiEFEHLE
RNA, H 1.2%3E5 a4 &t LIk A NanoDrop 2000 C
TR 23 e FEE A Lo = AR 5 4% R Toyobo
AN F ORI ED IR A L cDNA 5 1 4k%E .
2.2 PAL EE{RTFXpE

M NCBI [1] Genbank H' %k £ & Fili () S RHED)
FAEE I A PAL FEN FEIVEE S, R
Primer Premier 5.0 % AFi% 1 7 1 %F AmPAL JE A (1)
9T 514 AmPAL-DF Al AmPAL-DR (£ 1). 5%
B EEEREVMEARGRAF A K. L& BT
cDNA 5 1 588, 51T PCR ¥738, [ AK R
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920 uL: 10X PCR Buffer 2.0 uL, 25 mmol/L MgCl,
2.0 pL, 2 mmol/L dNTP 2.0 uL, cDNA #4% 1 umol/L,
2.0 uL, _E3551% AmPAL-DF 2.0 uL, 2 pmol/L it
5% AmPAL-DR 2.0 uL, 5 U ExTaq i 0.2 uL, F|4x
FABAiKANE o SN 25AF: 94 CTIAEM: 2 min, 94 C
APE30s, 55 CiBK30s, 72 CIEff45s, 32 MG
85 72 ‘CHE# 5 min. HU PCR F=¥7E 1.2%B kit

& Ervk, DNA &ER BSOS E s, A
PMD-19T #iff. 1 HAH R AL 2 KIS
IM109, 8IS A PETE, PRI BE, FEREE A
AL DNA JEFRE 50 %), A M13 54 (& D
4T PCR Al PCR AN ) [ B4R R ANSAF ) ik
FiFE PCR, rill A B ) v B R AR dEA T, )
H_E IR AE M AR TR A R 58

1 519F%
Table 1 Sequences of primers
CIEVEL i EHRITY] (5-3°) Hi&
AmPAL-DF GGAATATTT(C)GGA(C)AATGGT(A)AC FREF X Tl
AmPAL-DR ACATCA(g)ATCAAA(g)GGGTTA(g)TC
MI3F TGTAAAACGACGGCCAGT PCR £l
M13R CAGGAAACAGCTATGACC
AmPAL1-gspl TCAGCCAAAACAGCTAACACGTTTGCTT AmPALI [¥] 5’RACE 7%
AmPAL1-gsp2 ACTGAATCCAATTGTACACTGCCACACA AmPALI [¥] 3’'RACE 7%
AmPAL2-gspl ACTTGGCTTACACAGTCCTTTACTGAGC AmPAL2 ] 5’"RACE g%
AmPAL2-gsp2 GATCCTTTACAGAAGCCAAAACAAGATA AmPAL2 ] 3’'RACE g%
AmPAL3-gspl GCCACACGCTGCCACAAAATGCC AmPAL3 ] 5’"RACE 7%
AmPAL3-gsp2 CAAGCATGGCTGCTCTTGTGGCAT AmPAL3 ] 3’'RACE g%
AmPAL1-CF ATGGAGGGAGAAGGAGGCAAT AmPALI1 F)%t5 X 5o b
AmPAL1-CR CTAAGAAATTGGAAGAGGAGCACC
AmPAL2-CF TCTCTAAAACATTTGTATTAACA AmPAL2 [ 4w [X 72 %
AmPAL2-CR AAAATATTTCTAAAAATAAATGAT
AmPAL3-CF TTCTCTCTGAACATTTTGCATT AmPAL3 [ 4w [X 7 %
AmPAL3-CR AACGTTTCCAAAAGTAAATGAA
AmPALI-qF CTTAGGTCCATCTGTTCTTTTGGC AmPAL1 F)5¢J%5E & PCR
AmPALI-gR CACCCAAAGTTATGACAAACAAATG
AmPAL2-qF TGGCGTCTTATTGTTCCGAGC AmPAL2 F)5¢J%5E & PCR
AmPAL2-gR TGGCTTACACAGTCCTTTACTGAGC
AmPAL3-qF CCATTTACTTTTGGAAACGTTTTCT AmPAL3 F)5¢J%5E & PCR
AmPAL3-qR TCCTCTTTGACATTGAGGAAACG
Am18S-gF CCATAAACGATGCCGACCAG Aml8 S 26 & PCR
Am18S-qF AGCCTTGCGACCATACTCCC

2.3 5’RACE #1 3’RACE # 18

HRAE 3 AN PAL B8 5K IR S 3 51 43 Sl ¥ it 3
Xf 5’RACE F11 3’'RACE HHF 575149 AmPALsGSP1
Al AmPALsGSP2 (£ 1), 514 LR AEDH:
RARAT A K. 5’RACE Fil 3’ RACE ¥ #1144
SR BN 245 B8 Clontech AR [ SMARTer™
RACE cDNA ¥ #{R & it B 54T PCR ¥ 5¢
B 53 e [R)_Bak “2.27 T,

2.4 PAL EREwIEX5pE

H Lasergene ¥fffim SeqMan 734X 3 4
AmPAL FEHIFSFIX . 5’RACE 1 3’RACE HIFF 5
HHATPHESRS T 3 > AmPAL KERI 4K cDNA,
Far BT T 3 X EFE TR BT TRURAE (ZwigIX)
51 (R 1. RMAER SR X b —8, RN
%A 94 CHANE 5 min, 94 °C A8 455, 60 C
Bk 4555, 72 ‘CHEfH 2 min, 35 MEIR; 72 CLEff



+ 1672« ¢ES

Chinese Traditional and Herbal Drugs 3 50 % 25 7] 201944 A

7 min. PCR =5l S5l 7[R “2.27 T,
25 HEYMERZESH

F Lasergene # /A Flill gm b [X & HAHXS 70+
JREFIZEH A 3EiE NCBI-blast AT FVE M Hr
R EILABAEY) PAL ZHEMT); FIFH ExPASy
ProtScale /g %5 #% 7> 8 (g /K 1% FIF PSIPRED
JIR 2% 5508 B 1 0 R S5 R EAT TN, ) TargetP 1.1
SR 55 5 TR 40 P e A 4B s FH SignalP 4.1 k%%
A TS 5 Bk ; i8I Lasergene #fF LU X} PAL 25
Kk, AT HARSF A, ME PAL LR
P A R4 K B AR
2.6 LAPREE PCR

BT 3RAFI 3 A AmPAL F RS 551 43
Wit 7 3 X kER PCR 514 (R 1), FiHNS
HEHEANEE 18 S & (Genbank %5 fifi 5~
AF359594, & 1), RMNARZRA 20 L, BT SYBR
10 uL A ROX 2 pL 4b, HARFE “2.27 O, NFE
FF: 95 'C FiAEM: 10 min, 95 'C A& 10, 60 C
Bk 10 s, 72 CZEH 20 s, 40 PMEHR. LLARAER
AmPAL F1 18 S JE[H#% T IR EUE AL AR, BA
WA CT (NP ARR, 22015 B bsiEiZ. 2
Ja, MRIEARFIFES T CT H, BPWTER H bR ih 2R
HAFBIRE S 1038 DL, FSRHARX TS A 18 S
PIAERT R A . BT 3 IRE SR
27 ELGRAMEEREEIEHNE

ERREIE AT S ERNE, RAZTFE
SR HPLC J7ykdt AT, RRAREN 3 IkE A
2.8 Siitoh

BE MK F SPSS 19.0 #E1) ANOVA 43 #r,
Z E LECKH Duncan FrE M ZEDE (P<0.05), #H
M MK Pearson FH< 245 .
3 GR5NH
3.1 AmPAL EF 2K cDNA RIESFIISH

DA 35 35 FEMREL RNA [ FE 57 1 cDNA SRR,
FFIELI T A3 7 1 26K 750 bp 1 Fr ik (B
1ykiE 1), MFaERER AmPAL S K EEA
752 bp [ 3 ALK K -

MR PR 5 X P 45 Rk it 7 3 %F 5’RACE
Al 3°RACE HIFE 75149 (R 1), PCR ¥ 45 R
Iy I3RS AmPALL ) 5°%5 551 938 bp (& 1 ¥k
iE 2) Fl AmPAL1 [ 3°3i 7 %) 1 989 bp (K 1
¥KIE 3). AmPAL2 f] 5’55551 1 739 bp (] 1
PKiE 4) A AmPAL2 1) 3’3741 1270 bp (K 1

M-Marker 1-% 3% PCR 2-AmPAL1 5°-RACE 3-AmPALI
3’-RACE 4-AmPAL2 5’-RACE 5-AmPAL2  3’-RACE
6-AmPAL3 5-RACE 7-AmPAL3 3’-RACE 8-AmPALI #wigX
9-AmPAL2 #ifif[X  10-AmPAL3 4hg[X

M-Marker 1-RT-PCR 2-AmPAL1 5’-RACE 3-AmPALI1
3"-RACE 4-AmPAL2 5-RACE 5-AmPAL2 3’-RACE
6-AmPAL3 5°-RACE 7-AmPAL3 3’-RACE 8-AmPALI CDS
9-AmPAL2 CDS 10-AmPAL3 CDS

1 BEFEEE PAL £F PCR &R
Fig. 1 PCR results of AmPAL genes

VKIE 5). AmPAL3 [ 5°%i)/7 41 601 bp( & 1 ykiE 6)
A AmPAL3 %741 1939 bp (B 1 3KIE 7).

{8 ] Lasergene #4014 SeqMan 735l %f 3 4
AmPAL FJEW 7 P38 T 3 4~ AmPAL Kk
(14K cDNA 741, BB IR 3 X645 4 i X
TEW G (3R 1), PCR &5 K53 713k 13 T AmPAL1
)2 157 bp /74 1 ¥KiE 8) AmPAL2 [ 2 210 bp
FF5) (B 13k 9) F1 AmPAL3 ) 2 215bp 751 (1]
1 Vi3 100, M7 45 R 591545 R 58 42— 2 Genbank
HRES 58 KY086279 (AmPAL1). KY086280
(AmPAL2) F1KY086281 (AmPAL3).

RN T Y s R B T S
AmPALL1 [#] cDNA 424 2 508 bp, HHgmts[X Ny
2 157 bp, S AERHEEIX (5°-UTR) A 81 bp, 3’IEEY
PEIX (3°-UTR) N 242 bp, LLJ 28 bp ] polyA &,
HEM L Hfid 718 N2 HERR: AmPAL2 1) cDNA 2K
92 401 bp, HHgmtsX N2 157 bp, 5 IERIREKX
(5°-UTR) ~ 105 bp, 3’ FERIPEIX (3°-UTR) A 110
bp, PLK 29 bp [ polyA J&, HEMIILGL 718 M
/R AmPAL3 f) cDNA 4K 4 2 498 bp, H: 14
f4IX A 2 157 bp, 5’ IEEHIEIX (5°-UTR) A 111 bp,
3 JERHREIX (3°-UTR) A 205 bp, LK 25 bp ] polyA
BB, HEMIH GRS 718 MEIERR . H IR T A
ST, AmPALI 5 AmPAL2 Al AmPAL3 ffj—
5N 79.8%F1 78.3%, AmPAL2 5 AmPAL3
1 — 8N 92.3%.
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3.2 AmPAL £¥{EBZF 0t

F Lasergene # - # Protean XJ T 1) & 2
BR 5 M 2 B, AmPALL & (A A2 7 i &
77 920, ZEHLAUN 5.86, BRPEREER 82 N, Bk
FIHEFR 66 N, WMZEIER 188 1, Bi/KMEZIER
259 /s AmPAL2 & AN 7 T & 78 260, Z5H
B9 5.92, BRPES AR 80 N, BMEE R 67 4,
Wt SRR 197 /S, B K 1 2 LR 257 /1> s AmPAL3
E AR T 78 430, S5 AN 5.98, BRTER
Eig 81 A, BAMEZEEER 68 4, WMEEILR 197
A, BKTERIERR 255 4

IERR 7 A AR 3 AR B, AmPALL 5
AmPAL2 Fl AmPAL3 [)— S50 88.1%F1
88.5%, AmPAL2 5 AmPAL3 [f)—314: N 96.4%. 1
NCBI Wi EgEAT R T TN 34T, 3 4~ AmPAL
B M ¥ & A phe am lyase . Lyase aromatic «
PAL-HAL. HutH 4 NME#5, J&T Lyase I like Al
PLNO02457 #5355 RN R IR il 2 B AR AE 7
% GTITASGDLVPLSYIA (200-216) 1, & IEme T
HILLXF & WKl 2 Bn, AmPALL 5 AmPAL2 Al

NNFNGGSFCLENSTINEISDPLNW

. D PGV AREAIKGSHLDEVKRMVEE YR PV VERGGE TLT I V2R
T G IKGSHLDEVKRMVEE YRT EVVRLGGETLT ISQVAATARRYDDGVRVELSESARAGVKASS 96
AmPAL3 MFI T T THNFHGGSFC LK T INGS D LNGVAREAMKG SHLDE VKRMVEE YRTEVVRLGGE TLT ISQVAAT

AmPAL3 22 [A] {2 5 4E N e K, At 3 4~ AmPAL
HEWEA PAL R I FEAL AL (L-208 V-209,
L-258. A-259) AUEAIEMERL S (N-262. G-263.
NDN-[384-386]. HNQDV-[488-492]) ", i H, X
FHEF SIS 1 DMRARKR-2 2 0R-H 2R =1
PRI R X, BT DL B A, @l L
WK, TERE MIO Hiffide, 1722 R FRIE MBI N A2
FAIFE R PAL 2R (A R AR ST RO AL .

BRI R, 3 A AmPAL B (¥ ASEK
PEEE A RTINS R, 3 A AmPAL &3
PL a-M2iE (54.1%~55.1%) FLE M (41.6%~
2.1%) ~NE, BB (3.9%~4.2%) SwllEib,
AFEEAE S IRT A RLAE40 s

NTHIF 34 AmPAL 5 HAhkE4Y) PAL [k
b2, FIF Clustal W 55 & 82 7 471 b
G, MET R, g K 3 poR, AR
BARRIEZE, 34 AmPAL 5[ )& T S RH 9 3
EEMRERR—R, (HAFEZ PAL AR
AU . 5HFETT PAL LA, 3 > AmPAL 1
L AtPAL1 Al AtPAL2 554K R 50, [Ff AmPALI

DECVBVELSESARRGVERSS 96

YDDGVRVELSESARAGVKRSS 96

AmPALL1 DWV}QISMIN-GIDSY'?WITEFGMSHRRTKQ’&GALQKELIRE'LN.“-“GIFGNGIESETLP@TAIKW&VRIHILLQGYSEIRFEILL'-\IIKLLNIINIIPCL 196
AmPAL2 DRvMNSMINGIDSYGVTIGEGAT SHRRTKQGGALKELIRFLNAGI FGNGTES SHT LEQTATRARMIVR INTLLQGYSGIRFEILERAT TKLINNNITECL 196
AmPAL3 DMSMDIGTDSY-WTTGEGATSHRRTKQGGALQKELIRFLNAEIF-ENGTESSHTLPQEATMVR@ULLQGYSEIREEILEMTKLIMWITPCL 196

HETITASGOLVELSY IRELLTGRENSKAVEESGELNAKEAF LA 1R F FELQPREGLALVNGTAVESRLAS IVLERANGUAvI eVl saT FaEv 296
S T1TASGDLVELSY I LLTGRENSKAVGE S CEYLNAKE AR JLAG INDGFFELQPKEGLALVNGTAVESALAS IVLEDAN ILVVLSEVLSAT FAEVY 296

AmPAL3 PLHTITASGDLVELSY IASLLTGRENSKAVGESG BIAEEAF')T“TFWGFFELQFWG1lTWIGTAV’:qN‘qWLFDMiILWLSEVLSAIFAE‘FH 296
% AA

AAA ok

AmPALL1 QGKFEETDHLTHKI,KHT’]PCJQIEAAAIaEHILDGSSWEAAEG&@DPLQKPKQDRYALRTSPQWL'SPI.-IEVIHFSTKSIEREIRSWDNPLIWSRNZ{A 396

AmPAL2 (GKPEFTDHLTHKLKHAPGQIEARAIMEHTLDGSSY {LHEMDPLQKEKQDRYALRTSFQWLGPLIEVIRFSTKSIEREINSVNDNELIDVSRIER 396

AmPAL3 (GKPEFTDELTHKLKEHPGQIEAMAIMEHT LDGSSYV HEMDPLQKPKQDRYALRTSPQWLGPLIEVIRF STKSIEREINSVNDNELIDVSRNER 396
AAA

AmPALL1 LHGENE'QGIPIGVSHDHTRLALI‘:EI.:KLHFAQFSELWIDEENNGLPSNLSESRNPSLD'\.’EZ"KGAEIM‘ASYCSELQ‘L’LAI‘IP‘FITH‘JQS;‘;EQHNQD‘FNSLG 496

AmPAL2 LHGGNFQGT PIGYSMDNTRLALAA T GKIMFAQF SELVNDF YNNGLESHLSASRNP S LDYGFKGAE TAMASYCSELQYLANFVT THV)SAEQHNQDVNSLG 496

AmPAL3 LHGSNFQGTPIS’u’SKJiTTRLALAAI‘SKLKF’AQFSEL'FNDFYIINGLFSNLSASRNPSLDYGEKGAEIAPASYCSELQY].EIIP‘-.’TTEIVQSAEQHNQDVNSLG 496
AAAAA

AmPALI LIssp;ﬂm:EIEImA{SSIHﬁAL-:QM3LpaLEENL%:ﬁmms-vamﬁgmsELHPsarcsmmminsﬁwmmpzﬂmylwﬂm 596

AmPAL?2 11SSRKTHEATETLKIMSSTFLIALCOR T DLRELEENL K SVH RISV S QVAKRTL T I SRNGE LEPSRECEKDLLKVVEREEVFAY IDTBCSATY PLMQKIR 596
AmPAL3 LISSRZ-{'IHEAIEILKLHSSIFLIALCQAIJLRHLEENLE@TFMHVSQ&KRILTI-'a'WGELHFSRF-.'.'EK'.‘LLEFNEREHVFAYIDDPCSAITEH{QPLR 596

AmPALI Qﬂwm&kzﬁﬂmmkmmﬂmmﬂmﬁam 1PNKIFSYFL%W@EELGI%LEGEMSEGEEFDKJ.HM::Q 969

AmPAL?2 QVLVDEALVNGESEKIMNTS 1FQKTSTFEDELKTLLPKEVESTRIAYESGNSE ENKINRCRSYPL {HFVREELGTELL TGERVISPGEEFDELETANC) 696
AMPAL3 QVLVDEALVNGESEKNGNTS TFQKTSTFEDE LT LLPKEVESTRIAYE SGNSE ] PNKTMECRS VP Y§FVREE LGTBLLTGEKVISPGEEFDRLETAMCY 696
AmPAL! GKTIDELLECLAERNGAELEIR 718
AmPAL?2 GKTIDFLLECLAERIGARLEIC 718
AmPAL3 GKTIDPLLECLGERNGAFLEIC 718

RO-FRARER  JTHE-PAL RIFHERFS] RS- fRT R R R AN

O ZHI-MEATE VAL S0 = 8- EIR- 22 &R - H 2R =k

Black color-difference of amino acid box-characteristic sequence of PAL star-conserved deamination site hollow triangle-catalytic active site

solid triangle-Ala-Ser-Gly triad

2 AmPAL S|EBRFF|ZEL T

Fig.2 Multiple sequence alignment of amino acids of AmPAL proteins
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AmPAL (ABQ63094)
AmPAL1 (ATY39966)
PRI T PAL (XP_003590471)
AmPAL2 (ATY39967)
AmPAL3 (ATY39968)

K& PAL (NP_001343985)
E44 PAL (XP_002322884)
Z% PAL (AFP24940)

}i7€ PAL (NP_001313878)
#i% PAL (ABM67591)
BT PAL1 (AAP59438)
T PAL2 (AAP59439)
B AL PAL (AGC23439)
1 JURTF PAL4 (AAP59440)
JURFF PAL3 (AAS18574)

T T T 1

T T
25 20 15 10 5 0

3 [RIEHEE PAL SEMEY PAL SEBRFIINRSH
et

Fig. 3 Phylogentic relationship of amino acid sequences
between AmPALSs and other PALs
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Fig. 5 Calycosin-7-O--D-glucoside content in different
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