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Abstract: Phenylalanine ammonia-lyase ( PAL) is the first key enzyme in the synthesis of
flavonoids and the rate-limiting enzyme of the phenylpropanoid pathway, which is associated
with secondary metabolites, growth and development, as well as defense of plants. In this
study, the mRNA of Arisaema heterophyllum Blume was used as a template and the full-length

open reading frame (ORF) of the phenylalanine ammonia-lyase gene ( AhPAL) was amplified
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by real-time polymerase chain reaction ( RT-PCR ). The structure and physicochemical
properties of AhPAL were then analyzed by bioinformatics. Results showed that the ORF of
AhPAL was 2, 184 bp in length, encoding a protein with 727 amino acids. Furthermore,
AhPAL had the closest relationship with PAL of Tulipa fosteriana W. Irving, with a sequence
identity of 88%. Structure analysis indicated that AhPAL was a homotypic tetramer, and each
monomer consisted of three domains. Among these domains, the MIO domain was highly
important for the activity of AhPAL, containing a conserved sequence of the PAL family and
Ala-Ser-Gly triad residues. The expression levels of three AhPAL unigenes in the roots, tubers,
and leaves were detected by quantitative RT-PCR (gRT-PCR), with higher expression found
for all three in the roots compared with that in the leaves and tubers.

Key words: Arisaerma heterophyllum; Phenylalanine ammonia-lyase; Gene cloning; Bioinfor-
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matics analysis

MK 5 (Arisaema heterophyllum Blume)
R ERIKE RN 2L Y, DSZEA
2y, EETIRITHOR ., W05 KB e
SRR ORI | BERE R R RS SE
SRS o, IR A Y R — s
W A 2R EY DRk A, BA
i . PoRFE MBS,

RINAIRIBEBAY) e 2 R AR 2
—, YRS YA Y 5 2P O RN
T R i 2 ¥ ( Phenylalanine ammonia-lyase,
PAL) AR P 24 1R 31 A Ak Mo 22 A= B s X R R 1R
A, BANRIZIEY S BEER IS — A Ok
FBR# ™ PAL B [ & BLLORZ B AT 2
KE, BRI PAL FEMEYIPL . B, AR
BMAFA S S BP A HEREEASY, M
SFUOVR I PAL FRIATh R AT LS R BT SR
M RE S, Zhang % HiE K F ( Glycine max
(L.) Merr.) PAL (1 3k 3 3k n] 14 i A AR X R 7 95 25
RRPTPE, ik, i B R AR T B om PAL 1Y
Fik, YA R, MHEYE KR
AEHARERDEEY,

AR, A5 2 N /INZE ( Triticum aestivum
L) M-HL( Coleus forskohlii (Willd.) Brig.) ™
HE ( Mangifera indica L.)M™ 248 4 v vo k& 4R 15
PAL SE[A, AH i A 78 S K g A b UL 3R G
fRiB . AT S5 K g B e DT 2
FIH RT-PCR ¥ 3 AhPAL B JF I8 B2 4, 4 A7
AhPAL 25 1 (4 340 PR B R 25 F 5 a5, DA
it — W 5E AWPAL 165 K g 2 Bl 2R b G0 &

Il P R AL B 5 L)
1 #EGE

1.1 #et

SR E R ATBR IR T2 Brh B 2 R 2l
R EZ R F I E, T 2017 425 12
H 3 0 RSB i 1 R . 2SS kA8, T
WZRKVER S, B TWADHEE, T-80°CrkA
HEfE
1.2 SRENRF

PRI S M R R AR A B ZE R Y R
RNA, &% mRNA, #i%%5% % cDNA, ### cDNA
X, A A lllumina HiSeqg-4000 (1 K3 A, &
PO AT A, A5 3 5 K g B A sk A 5
J%E (NCBI SRA ¥4, #5525 SRP118752)
R4S 1Y = BT i 1 2088 #5417 De novo # %6,
— B RER 7 REIEE . Nr (ftp: /ftp.ncbi.nim.
nih.gov/blast/db ), Nt (ftp: /ftp. ncbi. nlm. nih.
gov/blast/db), GO (http. //geneontology.org) ,
KEGG ( http: #/www. genome. jp/kegg ), Swis-
sprot ( http: /#ftp. ebi. ac. uk/pub/databases/
swissprot), KOG ( http: #/www. ncbi. nim. nih.
gov/KOG) FI Pfam (http: //pfam.xfam.org) , 3t
BT 72 287 /> Unigene, Hi, 4wh AnPAL )
BRI A3 A, BATIEMR . B2 fm b iy R A1
M., Bl FPKM ( Fragment per kilobase of exon
model per Million mapped reads) {3 1., FIfH
TransDecoder (v3.0.1) {82 Unigene )T LS
HE(ORF) . i EXPASY 3 F445 ARPAL 3L A 7
B AR TS, JF5 NCBI B 2 R
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&1 AhPALFER REMMBHRIEE
Table 1 Expression level of AhPAL in roots, tubers,
and leaves of Arisaema heterophyllum Blume

BN A i (FPKM) M(FPKM)  H25(FPKM)

Gene ID Leaf (FPKM) Root (FPKM) Tuber (FPKM)
CL4508.Contig1 1.54 1.25 1.14
CL4508.Contig2 14.29 54.97 4.40
CL4508.Contig3 14.50 413.50 37.43
Unigene43535 21.80 140.68 11.64
Unigene13257 0.57 2.39 1.29
Unigene14904 41.58 127.91 9.94
Unigene27466 0.00 0.00 0.25
Unigene27658 0.00 0.19 1.36
Unigene31887 0.00 0.27 1.18
Unigene6643 0.97 0.54 0.95
Unigene7064 0.21 19.52 1.63
Unigene18910 1.13 1.02 1.18
Unigene39424 0.00 0.42 1.29

PAL AT PHIHLXT, #3584 45555 AhPAL 1Y
ORF, 7B 3 iA 5t 5 i 1Y) CL4508. Contig3 4
K (AT 7k ARPAL) #5475l

1.3 5|¥i%it

i il Primer 5.0 #4-7E AhPAL Piviis it 1 %t
S S MY Y, AhPAL-F. 5'-ATGGAGGCCT-
TCGCCCCACCCAC-3'; AhPAL-R: 5'-CTAGCA-
GATGGGGATGGGGGCGC-3,

1.4 DNA &m#0 PCR # 1%

BRI St K A4l 2, $2HUE RNA,
Ll mRNA M#E 4R A 1 cDNA. R R B F
KOD-Plus-Neo & f H i ( ToYoBo *E 424 Fl) #
ExTaq fiti( TaKaRa A= ¥/~ 7l ) #47 AhPAL 1 PCR
P,

BRI R R ON 25.0 ub, fudE. k. F
ol W4 1.5 ub, 10 x Buffer Zh i 2.5 L,
dNTP Mix 2.5 uL, MgSO, 1.5 uL, cDNA 1 uL,
KOD-Plus-Neo 0.8 pL, W 254 k. 94°C 48 Pk
2 min, 98°CiEk 30 s, 68°CHLffi 75 s, k35 4~
P63, ExTaqg M MR RN 25.0 L, fLHGE: I,
T4 1.5 uL, 10 x Buffer ZEvpifk 2.5 uL,
10 mmol/L dNTP Mix 2.0 uL, cDNA 1 uL,
ExTaqg #f§ 1.0 L, /W44 K. 94°C i A8 #
4 min; 94°CZEPE 1 min, 40°CiBk 1 min, 72°Cit
it 90 s, 10 NG S 94°CAZME 1 min,

57°CiB K 1 min, 72°CHEff 90 s, k25 MEIF;
g 72°CHEf 8 min, RS AT IR 4l
1.5 EARHK pMD19-T-AnPAL R+ a1l FF

Halifb iy AhPAL SE A R Be 5 pMD19-T # {4
R R AL BRGZASAM rh R SR PR PR o pE
Y SR DT
1.6 EMERZESR

A A DNAMAN 6.0.3.99 H X AhPAL #% 1
A ELRR TS, KA EXPASY #ll AhPAL
AL BT SR FHTE 2 51k Motif scan (http://
hits.isb-sib.ch/cgi-bin/motif_scan/) , Prot Scale
Server(http: //web.expasy.org/protscale/) Fl In-
terPro( http: //www.ebi.ac.uk/interpro/) il Ah-
PAL 25K Rk ME B LU R Fh 2 565 R
H Clustalx1.83, MEGAS5.0 #1 Blast T. H.i£17 7]
FExF MRt R 00T s >R Clustalx1.83 FITEZLEK
1 ESPript3.0( http ; //espript.ibcp.fr/ESPript/cgi-
bin/ESPript.cgi) /r#r ANPAL 1) 225, fieJa K
H Swiss-Model ( https: /www. swissmodel. ex-
pasy.org/) Fil PyMOL # B4l Z: il AhPAL
=YL
1.7 EAREEE PCR

iz ] Primer 5.0 #4119 7t PCR 514
(%2), SR A B-actin B A2, 4359
DIAR . BeZE I A9 cDNA i A Al #F 47 96 % & &
PCR,

R®2 WHEEPCRUEHFMSIMER
Table 2 Target genes and primers for gRT-PCR

L SipA
Gene ID

Length T, value

FI¥#RR(5-3")

Primer name (5'-3")

CL4508.Contig2  CGGAGGAAAACTTCAAGAAC 20 54.20

AGCTTTGAGGAGCTCCTTCT 20 55.20
CL4508.Contig3 ~ TGATGACGTCCACCTACCTG 20 56.00
TGTTCTTCACGGCGTTCTTC 20 58.60
Unigene43535 GAGGAGAACCAGAAGAACGC 20 56.30
TGAGGTCCTTCTCGCAGAAG 20 57.70
B-Actin GACGTCGTGTGGAATCACTG 20 56.20
TGAATTACCACGTCCGTCCA 20 56.10

2 HERE5HH

2.1 AhPAL EEREMEES
2.1.1 H RNAREL, AhPAL EREMMEAHRILEE
SRR A R RNA B 258 (1.
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A) . ALK DL cDNA A, FIHEESMESIY 2.1.2 ARPALMFZER S

JE 138 —4~%4 2000 bp W R B, fin4ih AhPAL AhPAL ) ORF K. J# 2y 2184 bp, Zwti% 727 4~
(Bl 1. B), ¥y #MRrBEa PCREER, HWEA  AERE2), FIHXER TR, AWPAL 5%
AL E (& 1. C) . K AL S 4 8 e f CL4508. Contig3 % 1A fY

A B wu C BIL RN AR 1K 99.22% , S JL 18 13 51 A Bl 1 i

99.45%, FKMREM T, ZIF I L E Gen-

Bank s/, #5k5h MH729821,

2.2 AhPAL M5 BZFoH

2.2.1 AhPAL EBRIBL 4D HrFn g5 4aim Fum
TR, AnPAL AEXH /> i EE 2928 78 kD,

2000 bp
1000bp

2000 bp

750 bp 1000 bp
500bp 750 bp
250bp 500 bp

100bp 250 bp

100 bp
PG AEH R 6.39; NI A 22 FhaE R,

A SRR RNA Bk, B, ARPAL 3£ fy Hrhvadig 84 4, s (11.60%) 5 HixE

M, C. Wi PCR %5, > } . A =1 1ty ok

A Isolation of total %tNA, B: Gene cloning of Ah- FIJPRORIER L ARPAL 0 AR RTIOZEF L, €

PAL; C: Identification by PCR. 11 AWERAA A 6 S N-BERARA R 7 DR

E1 & RNARI, AhPAL EEHEMLTE FE [ BRRR AL AL 1, 13 A N-JR G5 e Ak AL s AN

Fig. 1 Isolation of total RNA and cloning N "
and identification of AhPAL gene 7 ANEE O C BRI s (R 3),

IMWEAFAPPTCUHNGHAANRGTV VES STV LTCLIEKTPAAMAPFPAV ASATD
ATGGAGGCCTTCGCCCCACCCACCTGCAACGGCCACGCCGCCAACGGCACCGTGGAGAGCCTCTGCCTCAAGCCGGCCGCCGCCCCCGCCGTCGCGTCCGCCGAL
36F L N W G A A AESLIEKGSHLTDEVI EKRMYETES ST RRPLYVYVZERLES®G
106 CCCCTCAACTGGGGCGCCGCCGCCGAGTCGCTCAAGGGCAGCCACCTCGACGAGGTGAAGCGCATGGTGGAGGAGTCCCGGCGGCCCCTGGTAAGGCTGGAGGGA
1A DLIEKISQV AAVY AASWY AEVYQVYELAESARAGYE KASSTD
211 GCGGACCTGAAGATCTCTCAGGTCGCGGCCGTGGCGGCCAGCTGGGCGGAGGTGCAGGTGGAGCTCGCCGAGTCCGCCAGGGCCGGCGTCANGGLCAGCAGCGAC
106 VM DS VY NKGTUDSVY GVTTOGTFOGATSHRRTIEKR RS GSGHALAR QK
316 TGGGTCATGGACAGCGTGAACAAGGGCACCGACAGCTACGGCGTCACCACCGGCTTCGGCGCCACGTCTCACCGCCGGACCAAGCAGGGGGGCGCCCTCCAGARG
141E LI RFLUNAGITFOGSGPDYGNTTLPEPPAATIERAMAMNLYT RY
421 GAGCTCATCAGGTTCCTGAACGCCGGCATATTCGGATCCGGCCCCGACTATGGCAACACGACGCTGCCGCCGGCCGCCACCCGGGCCGCCATGCTCGTCCGGGTC
18 T LLQGY S GI®RTFETILTEHMAKTITALLDNMHXDNYTEPCLTPEPLTR RGT
526 AACACTCTGCTCCAGGGCTACTCCGGCATCCGGTTCGAGATACTTGAGGCCATCACCGCCCTCCTCAACCACAACGTCACCCCCTGCCTCCCCCTCCGCGGCACC
21T T A S GDLVPLSYIAGMNTLTGRPEPUNAEKALTSTEPEDGEREHYVYSA
631 ATCACCGCCTCCGGTGACCTCGTCCCACTCTCCTACATCGCCGGTATGCTCACCGGCCGCCCCAACGCCAAGGCCCTCTCCCCCGACGGCAGGCACGTATCCGCC
246 E E AF RLARTISGGFPFTFELAO QPIEKEGLALYVNGTAVGS G L A
736 GAAGAGGCCTTCCGCCTGGCCCGCATCTCCGGLGGCTTCTTCGAGCTGCAGCCCAAGGAGGGTCTCGLGCTGGTGAACGGCACTGCCGTGGGCTCCGGCCTCGCC
281s vV VLFEADNILAVYLAEV VLS SAVYFCEVNQGEKTPETYTTDHL
841 TCCGTGGTGCTGTTCGAGGCCAACATCCTCGCGGTGCTGGCCGAGGTCCTCTCCGCCGTCTTCTGCGAGGTCATGCAGGGCAAGCCCGAGTACACCGACCACCTC
36T H KL KX HP GQIEAAAIMNMEMHRTITLTDGSSYMNMNIEKMAEKTEKTLHE
946 ACCCACAAACTGAAGCACCACCCGGGACAGATCGAGGCCGCCGCCATCATGGAGCACATTCTCGACGGCAGCTCCTACATGAAGATGGCCAAGAAGCTGCACGAG
31LDPFPFLQKPK@Q@DRYALRTS ST PQWLGPQQYVEVLIERKSATI KT SI
1051 CTGGACCCGCTGCAGAAGCCCAAGCAGGACCGCTACGCCCTGCGCACATCGCCGCAGTGGCTGGGGCCCCAGGT TGAGGTGCTCCGGCAGGCCACCAAGTCCATC
3 E R EI NS VY N¥DNPLTIDVARSE KALMHKGGDNTFQGTT FPIGYVYSHN
1156 GAGCGCGAGATCAACTCTGTCAACGACAACCCCCTCATCGACGTCGCCCGCAGCAAGGCCCTCCACGGTGGCAACTTCCAGGGCACCCCCATCGGTGTCTCCATG
421D N T RLATIAAIGEKLMTFAQISETLVYNDTFYNUNGLTPSDNLS
1261 GACAATACCCGCCTCGCCATCGCCGCCATCGGCAAGCTCATGTTCGCCCAGATTTCCGAGCTGGTCAACGACTTCTACAACANCGGGCTGCCTTCCAACCTGTCC
4666 G R N P S L DY GF KOGAETIMAMAAYTCSELO QTPFLGUNPVYTHUHNH
1366 GGCGGGCGCAACCCCAGCCTGGACTACGGGTTCAAGGGCGCTGAGATCGCCATGGCCGCCTACTGCTCCGAGCTGCAGTTCCTGGGCAACCCCGTCACCAACCAC
4991V @ S A E Q@ H N Q@ DV HKNSLGLTIZSARIEKTAEAYETILIE KLMNKTS ST
1471 GTCCAGAGCGCGGAGCAGCACANCCAGGACGTCAACTCCCTCGGCCTGATCTCGGCCAGGAAGACGGCCGAGGCGGTGGAGATCCTGAAGCTGATGACGTCCACC
626Y L VA LCQ AIDLU RHLETEU N QEKUNAVYEKNTVYVSQV AL KRVYLT
1576 TACCTGGTGGCCCTCTGCCAGGCCATCGACCTTCGCCACCTGGAGGAGAACCAGAAGAACGCCGTGAAGAAC ACGGTCAGCCAGGTGGCCAAGCGGGTGCTCACC
561 G V N ¢6 EL HP S RFCEZ KTDLTIRAVYDREMHXYFTVYATDDTPTCS
1681 ATGGGCGTCAACGGAGAGCTCCACCCCTCCCGCTTCTGCGAGAAGGACCTCATCCGGGCCGTCGACCGGGAGCACGTCTTCACCTACGCCGACGACCCCTGCAGC
86 A T Y P LNQ KLRQVYLVYEHALGUHNGETZ KTETE KEANT STITFAQQIZ KTI
1786 GCCACCTACCCGCTGATGCAGAAGCTCCGCCAGGTGCTGGTGGAGCACGCCCTGGGCAM GGCGAGAAGGAGAAGGAAGCCAACACCTCCATCTTCCAGAAGATC
631 A AF ED ELKXKMWMALTPIEKEVEHMSAARYAFEUDNGTT CATITPNRTITKE
1891 GCGGCCTTCGAGGACGAGCTCAAGATGGCGCTCCCCAAGGAGGTGGAGGCCGCGCGGGTGGCGTTCGAARMACGGGACGTGCGCCATACCCAACCGGATCAAGGAG
666 C R S Y P L YRFVYREQLGT S SMLTGEZ KVYZRSTPGETETFTUDIEKYVTF
1996 TGCAGGTCGTACCCGCTGTACCGGTTCGTGAGGGAGCAGCTGGGGACGAGCATGCTCACCGGGGAGAAGGTGAGGTCGCCGGGCGAGGAGT TCGACAAGGTGTTC
1Y AI SQGKVYIDPLTFETCLQQGWUHNGATPTIT EPTITEC *

2101 GTGGCCATCTCCCAGGGGAAGGTGATCGACCCGCTGTTCGAGTGCTTACAGGGCTGGAATGGCGCCCCCATCCCCATCTGCTAG

B2 AhPAL WHEEFFIFIHBEQNSEREFS
Fig. 2 Nucleotide sequence of AhPAL and amino acid sequence of AhPAL

—



55 2 1)

il IR BT 45 < S5 K A A o R N 119 e 15 2 1 45 A8 0BT 225

InterPro FNZE 3 Bon, AnPAL &M JE T 241i%
fiti 1 JSW %0, H C oA PAL bRk 4 a3k (540-
654 AA), N R 2H PR Z5F B (34-273 AA) L
K PAL i <F ) %1 GTITASGDLVPLSYIAG ( 209-
225 AA)

2.2.2 AhPAL EBZREH, ZREHMDW

1 ARPAL 5 HAth O FAEDI Y PAL 2 (T2
BRIy IR Xt (£ 4), JEXF AhPAL & 1 D35-
C715 5 43 ) e 5 W itk A7 53 Hr, 45 R Wos (I
3), TEZXEILA 22 4 o« e, 71 B TrE
ghfy, 84 TT &5F AN 1 4~ TTT 454, ZEABRH
# PAL W IFRZ 751 ( G209-A225, GTITASGDLV-
PLSYIAG), ] AnPAL H.f3 %5 &5 By 5 51 Fl 45 7
PRSFIE,

PARK Fr- ( Petroselinum crispum Nym.) PAL i
(PDB ID: 1w27" ™)) iy S A 45 ¥4 SR AR (5 510 AH B
Pk 80.65%), T AhPAL () =245 ¥y, K
AhPAL JELL o-8805E Ry T 18R 1, 2SR 4544 2 3R
4 AU TR SR 2 A ) MO BR R i ) 284 g

RIK(E 4. A), BARAEAE 3ADLEMEL, 5518
A-H BL-BRme-5- ( MIO ) 5 #4355 ( A26-A274) | #%>
ZEK I (V275-E540, 1663-C727) Fl 5 il 45 #4 15k
(E541-R662) (Kl 4. B), Hrr, MIO J2UE Ah-
PAL 5 Il & M a5 A 30, 5 PAL Big 5% 1
SRS ( GTITASGDLVPLSYIAG ) Fl il A4 1 14 o0
(Ala-Ser-Gly) (Bl 4. C),
2.3 AhPAL HRIBMER RS X RS

PAL EHFHI) BLAST X4 R R (£ 4),
ARPAL 584 # . FRIR T . TP A5 T Al
VIR PAL 25 A —EE 53] 80% LA [, AhPAL &
Gie Ak T =W (18 5), AhPAL S5AR4: & st 14 1E
2.4 AhPAL EREABHELPHRIESH

M 1 ik FPKM > 2 H 4wt 4 52 8%
) ARPAL 5K, FIH R IS &I, 458 %k
#i, CL4508.Contig2, CL4508.Contig3 #1 Uni-
gene43535 W TE M Hh ik i fe i, FERF IR
BAL(E 6. A).

% 3 AhPAL Z#E 94
Table 3 Analysis of AhPAL domain

LRI
Function of domain

ZER IR B
Position of domain

N-BEEEAL AT
il 2 11 R 1L AR AL

N-PA T2 AL 7 5

N15-V18, N159-L162, N271-A274, N453-G456, N623-1626, N654-C657
S49-D52, S84-E87, S153-D156, S244-E247, S391-D394, T588-D591, S691-E694
G16-L21, G99-S104, G119-F124, G149-G154, G209-S214, G225-R230, G272-S277, G324-

A329, G409-T414,G449-L454, G468-M473, G484-N489, G505-R510

A C BRI S45-K47, S61-R63, S95-R97, S128-R13, T228-R230, T316-K318, S508-R510
P e A1 A3 w R662-Y669
F4 AEYHIE PAL EEXTER
Table 4 Homologous alignment of PALs in different species
HEHIREIHRE ; AHAIE
== % =1 72
i B Classification of YRR Identify
No. GenBank ID : . Source
protein function (%)
1 AKN80396. 1 PAL fik4: 7 Tulipa fosteriana W. Irving 88
2 AHG06397.1 PAL R JTAET Ornithogalum longibracteatum Jacq. 87
3 BAG70992.1 PAL W7 # Musa balbisiana Colla 85
4 XP_009392118.1 PAL THHEWF Musa acuminata subsp. malaccensis (Ridl.) N.W. Simmonds 84
5 ATG23645.1 PAL Vi Metroxylon sagu Rottb. 84
6 XP_020259774.1 PAL f1-1k4 Asparagus officinalis L. 84
7 OAY76951.1 PAL W Ananas comosus (L.) Merr 84
8 PKA59591.1 PAL WYL 22 Apostasia shenzhenica Z.J. Liu & L.J. Chen 84
9 BAM28964.1 PAL ZeAH A Lilium hybrid 84
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al a2 B1 a3
TT QQQQQQ 200000000000 —_—
1 10 29 =9 49 a0
Ah «++e++-+... .MEAFAPPTCNGHA. ..ANG[IVE|s .[LELKPaAAP AVA S ARFFINDIG ARWNES[T K[EERBAD N K RIG E E SINRE LIYR LEEERD K T s[AZSNZIAl
5 +eeeereraeeseeses.s .MEN.......GSAPDG.LE®LS..........;ESAHRYVKESNFAIT T[ERR:SADIAYK RIEIVEE Y)IIKIJTYR LIAFATIAK T S[OAW NPT\
] +eceeseseeesesesess..MEQ..NGNGVANGNG.F@®THAEA. ... .. .BRBANRGARYAEQT S[ERR:8ADIAYR REIVAE FIARIVIK MIAEFASIAK T S[OAR- VN FAM 2
3 .MEFAPKAQVVEN|G[EA . Bios o omians DP LNWhSSA AJEIENG S HLE vESIMPSRBI R INP M VESAE G AL il O VA A V AN
§ PP nEERREARREREREEDEEEEESEE SN E| MEIN . [T[@MKTKQA. . . ... D P LINWiela AN G S H LE vESIMPSEba RN P\ VESAE G Al LIS#E O VA AV ANId
4 .MEFAPKAQVVEN|G[E|A . B oo it 8 DP LINWhSSA AIEIENG S HLE vESIMPSRBI R NP [V 3AE G AT il O VA A V AN
B .MES. LHANGNG .|L@VP|ID. . ... ... DP LNWeIAA AJIEIANG s HLBE VESIMPSRAIR & p V) 3AE G A LIS O VA AV AN
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SRR YT IR 45 Ah R KRR BREMEHEN FRFIFS], FRILA A FE L Ala-Ser-Gly =ik,
Numbers corresponding to species are shown in Table 4; Ah represents A. heterophyllum; Signature sequence of
PAL and conserved “Ala-Ser-Gly” residues are boxed and underlined, respectively. Secondary structure ele-
ments for AhPAL are shown above the sequences with helices as squiggles and strands as arrows.

3 AE4FE PAL EEXtEF0 AWPAL ZREMTE
Fig. 3 Alignment of PAL in different species and secondary structure prediction of AhPAL
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A: AhPAL [FBIPUR{K; B, C. AhPAL Hifk,
A: Tetramer model of AhPAL; B, C. Monomer of AhPAL.

4 AhPAL =454
Fig. 4 Structure of AhPAL
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L Musa acuminata
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Ornithogalum longibracteatum
Metroxylon sagu
Asparagus officinalis
Apostasia shenzhenica
Arisaema heterophyllum A

Tulipa fosteriana

100 Lilium hybrid

FIJE{E A 1000, 0.02 fR A,
Bootstrap = 1000, 0.02 shows genetic distance.
5 PAL MZRG&F LR
Fig. 5 Phylogenetic tree of PAL
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Fig. 6 Expression analysis of AhPAL genes
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