Ol R ( BRBEE) , 2022, 37(2): 320-329 http://xb.ynau.edu.cn

Journal of Yunnan Agricultural University (Natural Science) E-mail: ynauzkxb@foxmail.com

%lﬁ%iﬁ SRAE, XURNLE, SIS, 5. WA 5 B W4 K U TN IR A 28 (PAL) I A= 15 1827 B 3Rk 4y B [J]. mmi ARl K
2EAR (A ARERE), 2022, 37(2): 320-329. DOL: 10.12101/j.issn.1004-390X(n).202103102

¥R S BRI R A R ER R | B (PAL) AY
iwnu‘*“&%x_ﬁa\#ﬁ

kR, KT, KEE, ETF, MAAR, KEE, BHER
(1 AR KA AR 2 2EBE, i B 650201
2. nEA AR B ATHEYM T AR, FEETXPIHEEFILEZRWI TR, ~F Wik 652700)

E: [ BAY ] M0TRBES R B 4% 2 ABUR T &2 i 2 B (phenylalanine ammonia-lyase, PAL) fY%£5%, W5 A
KA RFEAEEIMNEHE FABET PAL LR FRIA, [ ik ] TR EMAYE % EmsR
PAL SERRVE (A FRE; FIAZEOEE B PCR KEEIE LI E kil aE PAL Feik & KAgE . [ 4558 ] wpErS 2R
B PAL FEKh 2 166 bp, EEWIS ML PAL FEPR2H 2 154 bp, 4154t 721 F0 717 D& R . Tl 45
FER: B PAL WRERZ AR, 6 ‘ﬁﬂFq:E’J%n PAL & [ FUM4E R0 . PAL PN . FHKIEMRE
B, FEEMTHE, ESKSEMEE, & 58 MRS . b I PAL A 151k, (HEEWA A7
HE—EER, EAFEREWNE, 2 FBM PAL 235K 5EE M EE eI & 5 2 RIRAL, B R
o3 B W BE RPN B MRS = T AT s Rl —3RBE AR AF T, WIBR PAL 323k 55 W0 M Mk v T B W 4 e
W HASIRISNE ) e — 2 I ] P PTSEmaieE PAL k. [ 4516 ] Wiss B WA 4% B # PAL 5 DURR PR
MUEAAFEZE S, FERMUER LT . SR MSNEY) B Ry A 2R .
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Abstract: [ Purpose] To analyze the differences between ShuanLa and Kunming wrinkled pepper
phenylalanine ammonia-lyase (PAL), exploring the change rules of ShuanLa and Kunming wrinkled

pepper PAL expression in different development stages, different environments and different exogen-
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ous factors. [ Methods] The PAL gene and protein characteristics were studied based on gene clon-
ing and bioinformatics methods. The relative expression level and enzyme activity of PAL were de-
termined by qPCR and enzyme activity assay. [ Results] The PAL gene of ShuanLa and Kunming
wrinkled pepper was 2 166 bp and 2 154 bp, encoding 721 and 717 amino acids, respectively. The cis-
element prediction results showed that the pepper’s PAL gene might be regulated by gibberellin, light
and drought. The PAL protein prediction showed that it was fat soluble, hydrophilic and stable pro-
tein. PAL proteins had no signal peptide, no transmembrane structure, and both had 58 phosphoryla-
tion sites. It was evolutionarily conservative, but there were some differences in subgroups. At differ-
ent developmental stages, the expression of PAL and enzyme activity increased first and then de-
creased sharply, and in most developmental stages, the expression of PAL and enzyme activity were
higher in open field than in greenhouse. Under the same environmental conditions, the expression and
enzyme activity of ShuanLa PAL were higher than those of Kunming wrinkled pepper. Different exo-
[ Conclusion ] The PAL

gene and protein characteristics of ShuanLa and Kunming wrinkled pepper were similar but different,

genous substances affected the expression of shabulipal in a certain time.

which played an important role in pepper growth and development, environment and response to exo-

genous factor.

Keywords: ShuanlLa; Kunming wrinkled pepper; phenylalanine-ammonia-lyase (PAL); bioinformat-
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KN R IR % Z B (phenylalanine ammonia-ly-
ase, PAL) JRT lyases i, it IVISHoY &
%0 BC 4.3.1.24 RN AR & ). EC 43.1.25
(1 S P it ) R EC 4.3.1.26 (TN & IR/ TR
i ), I A AL 2R T 2 R ) A AR T 2 3 S
N, oA AR AT NHSY, PAL R8N beiRte
RSSO, (R iR A Y B
RN BEE AR = A 1 vh R R B 2 S A 4 B
ZMEP IR AR B, AREIEEE . KR .
M . MYIPIEE R BRI
TEA P A K R B St Jy T ke A T,
I, WHSEARRIBAREL . & E B RS AR T
(1) PAL Bt Pk Ko 5 DR e R W AT SRR A=A Gl
Bt BURAR 8247 S 2NME

LR R AR LU Y PAL F2ikKF-F1
PG 1 e = ™. BALDI SECWF5R 3R B . R bR
FISE B A= 1 BORE G 5L DR T BB A IR S SR
KL EBFHEEEMEN, MR RL LT
i, PAL KRRV B, [RIME, 7Ema i)
TRH R —E M BB PAL R XHURS
IF PAL FER WG /R : PAL fEREIARK . KB
FUXE PR W38 1 s g AN AT skt i BT A,
FEASTR & B RSN, PAL 6 0% A [ #4835 R

RS —EMEH .. HRETF 2R R
PAL 2 3 PR o X6k 20558 ol 38 2 1o HP 32 31 AN [R] 1
PR R AR R TS R . IR
R RRFTIR LA R PAL FE IR (1) 335 5 A il
TEPEN,

MBI 2w P R COBORUR A, R/ IR £
B, AT oA . v SR gy 55
M, O ATRGE b E R B B, R
SEUTHE I AS 2 = IR PAL il T S B
R AR A3, R PAL 52 mikil B
MR R EZN R, ALK % 50 0 5 W
FL B4 B AR R A AR & i, s
BRI R R SR A L B A8 R BRI 42.4 4% (CBAE
KEFR), PHEFEN =AM OB, (B
B2 TR, PAL ME N2 BB A B 2
Ml —, RUSTERFLZ T HEAFRT PAL
YERAVFZ A CWESE, (BX) T b 75 RE B (a0
75 T v R ) AR 2R A R LA 1 4 T K T fi
R, I, AHIFFORE R L B 48 B A 7
X, BHAYGE RS A ERGE R EN, i
F qPCR SHRIA M PAL BEE M E 5, e A
R BRHH . AR T PAL REKTY
R TE M, I AN [ SR A BT IR PAL 3=
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KK, B TEMATINIER S REA S R ML PAL FE R R
EAMZESR, BAAFELEFE . SRR
T PAL RERFR KGR AR, SAFSE PAL
FE = B R O BB R LR TP i E R M 2 S5
E =

1 MR57RZ%

1.1 s Rk

TR B A 4 R AR VR T 25 ma ARl K2 el
Fel 22 B B MR L I %, TR R AR 2 FiAS
FFREEHIE R # K. LIEER 10d I 1 AN EF
B, BEEE 7K B G BOBUCR SE AR i 56 A
BE, AR EE 2 FhEAR A cDNA TR T PAL %
R TR . RS [F) & 7 B A A SR S . PAL
PRV BB, XPRBRAE S 30 d SR TR
[ ANES AL BRI E PAL F63ikKF-, B ika:
Yk 3 AR EA
1.2 ¥k
1.2.1 PAL R E 5%

fdFH RNA £ UK & b st e 2 YRk
7 BN A SRECRIR R 4 BUE. RNA, I H
Takara 2~ A )2 % 5 15050 G0 & BUER 1 8% cDNA, JIf:
DL SR B A, T KIM 45 US4 56 1 PAL RT-
PCR ¥ 51 ¥) (£ 1) #4T RT-PCR % kY
i, SRR PCR =ik AU R L A
FARF R EIHEA TN, {814 ORF Finder #X44:-ii
W PAL FFHCRIEAE, #E4k BLAST HEATHIIE

#z1 KRR
Tab. 1 Primers involved in the reaction
519 751 (5'—3") JRE
primer sequence reaction

F: ATTGATTTTTGCAAGAAATCAATTC
PAL1
R: GCTCCACTTTAGCCCCAC

F: ATTCGCGCTGCAACTAAGAT
PAL2 qPCR
R: CACCGTGTAAGGCCTTGTTT

F: GCCTAGAAATTTGAGCCTCATT
Actin
R: AAGATGGTATTGTTGCTGATGG-

PAL F: GGTTTTGGTGCAACATCACATAGGAG RT-PCR'™
R: ATTGTCAAAGTTCTCTTAGCTACTTGGC )

7E: PALL WIS EEHPAL; PAL2. WIEEPAL.
Note: PAL1. Kunming wrinkled pepper PAL; PAL2. ShuanLa PAL.

1.2.2 WIBS RO B AR PAL BRI o #
FF Pepper Hub 5 NCBI 28 H A5 72 25 $& 3
Hl (GeneID: 107843 098) 5 HAFHEY PAL 3

i) i 2 000 bp /¥ %1, 7E plant CARE 3 ff I+
m FEi e, Microsoft Excel 365 fifi i
# I, TBtools 3 (47 = o4k AT WAk o i
DNAMAN 9 X3 350 2 B 48 J2 i PAL J7 5 A 7
[l —Eo 8, (i MEGA X #4774 Fb X
1.2.3 ISR B O HUY PAL 25 FRR I 04T

fift HIAE LK/ MEME 4307 45 ¥ Fh PAL 222
2 ¥ %) motif, Ff7E TBtools ¥ {4+ #E47 vl #AL .
T 45 My N 5L T DART 5 PFAM T H.; fifi
Fl PORTPARAM T H X}l 3 5 F B 4% B2 L PAL
BT BT O 5 {5 SOPMA T i i 5t
5B A4S M PAL B R 5K ; 3T SWISS-
MODEL 7EZ& T E il 5 B W 4 K2 AU PAL &
F = RES AT T, A2 R 45 5 b L GMQE
(& SRR T Al ) {E AT QMEAN Z #5-43fi H
R HERGTE . GMQE AR i fe, HA kR
AT 0 F 1 Z AR, SR TN SRR
g AR ) U o 1 A S B AR OB S S L, B
TR, HIATEEMEEE s QMEAN Z 1349315 0 /2
A RV GE R TN KN B 9 25 4 2 ] R 4
—F, 4.0 LT R R A TR, 1] Py-
mol 2.4.1 FRAXT = REEBII AT 3D T4y ; i
SignalP-5.0, TMHMM Al NetPhos Fililll —.# PAL
EEAMGESIK, BEREMBERIA S ; B
PSORT Prediction T3 5 EL A 4 F2 Bl PAL 1Y
S E A
1.2.4 AL Ry

1£ NCBI BLAST ik #f A [R P A {H [R]—P K
T 70% 1% PAL ZEMR)T), i MEGA X 4
FEFA0 4579115 & Bootstrap method 47 1 000,
$& Poisson model BRI R LB, Il
HITOL 3R E
1.2.5 AEKR E N HIRIEES B9 %Y PAL %
3 K B Bl A U

FIF Primer-blast %11 qPCR 5|4 (% 1),
F qPCR M 5E PAL F&ik/KF, ffi ] KOUKOL™
e S5 R B 5 R IBOAN [ & 5 B 30 %) 3
IEE W 48 B2 ABUR 52 PAL g5 i 4 0BT
290 nm FillEH OD fH, PAL #&MDL 1 mL B
7£ 1 h P ODygg pm FIARFEZRIR o
1.2.6 AN [A] S8 R 5 4 3896 8K By PAL 3% K F
e

% £ L 75 R (ABA, 0.5 mmol/L), 7F % &R
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(GA;, 0.5 mmol/L), &% LA (Hy0,, 30% /KiF
W) . KA S MeJA, 0.1 mmol/L), /KR
(SA, 0.1 mmol/L) Fl4# & % (MT, 0.1 mmol/L)
6 FPHMIE) BT 53 IR SR S G RE A TR AL P (b F
BflE]: 0. 3. 6, 12 F115h), Hi 0 h AL E
R, DUERILN Actin fENFCIE, 5E PAL %
K,

2 HBRESH

2.1 WIES RIS AR PAL B 5 Ht
211 JRBORT B BH 4 R BT PAL & PRIBR 2 7 47 )
Ee o Hr

TR L W14 B2 L PAL 384T RT-PCR 45 51
PRI F S, 2 BLAST 5, —# 5 NCBI
B GenelD: 107843092 1Y ML PAL 25 5
R 81 [ — ik 99% LA b o JF s el S HE T
7% W PAL KEIH 2 166 bp, 4ift 721 D IERR
B BB A K L PAL JE A 2 154 bp, 4 5
TV ASEIEFRGR L W —PEaPrgs R e s Wi
55 LA 8% B AL PAL B 5 91 [A] — 148 98.71%.
W 55 R W14 F B PAL J55 PR 91 LE %o 45 R B
WIBRAEAE 12 3ESR A, FLRBE PAL 7775 16 4
SNP fiisf, Z84: 20(A-T). 53(T-G). 239(C-G).

Gene ID

452 (G-A). 771 (G-A). 786 (A-C). 1095 (A-T).
1527 (A-G). 1711(T-C). 1759 (A-C). 1917(T-C).
1992 (G-C). 2091 (G-C). 2103 (G-A) . 2104 (A-G)
12106 (T-C).
2.1.2 B HARTE WATEHEY) PAL i
PETRI

XER RSN bt . B . RIIBA
R R 0 AR S ) PAL FE PR oo A7 1
W, 25 FILT 2] 447 A TTf, Hb H4s
109 4, EABHITEAh 78 4>, EdEME 71 4, F
i 794>, B 109 A~ (18] 1), BFA F ) 1 i
JOIEA 11 Rl 280k . O o R shoc
. JashF RS T IX . 30 F R AR
@ MY E W N TCE . B TR (ABA), RER
(GA). KR (SA). AFIMRH T (MeJA) Fi4: K
% (Auxin) MR ICHF; @ FREEmRICH:: Bt
MBS | SEMR R TTE s (@) SR e N 25 A
B JEmIR MYB &5 A0 . RIS MYB 45
AL

FEBBUT BRAEAERZ O R S oo oh . i AE7E
LA GA R o, 10 AStma R oofEAn 1A~ 52
T MYB &5 50 5 HTRIES S T4 . e
W PAL SER BT, A2 GA MY E

2s06017 NI NS0 EE-B—1- A
07014419 JHEHE—EEH—HHE{—IEENE-THEH -8
107769203 —lE—II——-H—HHH1-H—-1-§
107843008 IR — T - -

nzo41051 {HH—EIRE—T-SEHE— NN 00—

5"

3

900 1200 1500

0 300 600 1 800 2100
ot 4 R i TG
- abscisic acid responsiveness light responsiveness
RS TR o RS MYB 45 AL
[ promoter and enhancer regions J MYB binding site involved in drought inducibility
7505 P 3L 7 [ IKAG RIS
defense and stress responsiveness salicylic acid responsiveness
| SRR R 1 o JEIRRL MYB 455
MelJA responsiveness MYB binding site involved in light responsiveness

- =30 e IR AT
—30 of transcription start
[ IR RN

gibberellin responsiveness

- AR

auxin responsiveness

W BB (102596017); WA (107014419); HHAHEE (107769293); —4FEAHHL (107843098); i (112941051).
Note: Solanum tuberosum (102596017); S. pennellii (107014419); Nicotiana tabacum (107769293); Capsicum annuum (107843098); S. lycopersicum

(112941051).

El1 EREEEMERARHEY PAL EE IR T

Fig. 1

Prediction of cis-element upstream of PAL genes in pepper and other Solanaceae plants
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DGR, SSAME T2 amnd s, MYB

FH A TS5 T R

2.2 RIEES ERRR YL B PAL & HARHE AT

2.2.1 AR[FEYIFD PAL & A R5F 45000
PRI HE R . T FEER . KRB R

4 AFHE 22 4% PAL 2B T 9 A TR SF motif 43

Br, 4558 (B 2) Bon: A5 5] 20 B ER S

motif, Forr, GLHERIEE B B4 R ARAE N A

YA S A 15, 4, 6. 16, 10, 9, 1, 3, 13,

2. 8. 5. 12 f1 7% 14 NATRMESF motif, Hitk

ATHED . DA E 14 S PRSF motif & PAL 8 H 4544
M E B NSy, BRI R AP Z 6] PAL )
BEAR LI P 8 PEE5H8) o X UM 5, BR Capsic-
um baccatum Z 5N BAME A 17 F1 20 BASFRAT
LR5F motif, T C. chinense. C. annuum FUHI B AH
X B B A B AR R A Y motif 19, 2R 1 S5 # 5
AT EE A R W BRORN R BH 4% B2 AL PAL JE T
c130215 #8 Z % PLN02457 {455 8 11 45 M 3 5%
%, FE7E PLN 0457 455 0 50, [AIFJ&E T lyases
K, W07 T REREAE

GenBank ID
= Eimjly QJB23723.1 | — e s wmi v emme w— - - - @ motif 11
E ?ﬁg%}ﬁ?ﬁgcaceae XP_023767814.1 | nems memm st - Sme—s — < 0 - = $22}£ ‘1‘5
B AR Oleaceac XP_024972932.1 0D SGES mEnl - GEDED GED @ <GS GEDES < - motif 6
[] %%} Compositae ﬂ - | - - =] $22£ }g
J& genus e e i @ motif 9
W HHUE Capsicum I — ST EsesEes s - @ motif 1
W ii)E Solanum JEnIGS e T»eseEE oo Ghes o @ motif 3
W FIACIE Lycium I s GseeEEcs O EsE ¢ = 22233
B s S AR | s
B 2508 Brassica / QIC52989.1 || sums pEEE S| NGNS IS . 0 = Eggi ?2
B ¥R Isatis PHT36452.1 || nomn e == S S8 0 oo .. ¢ motif 7
B KRS Osmanthus NP _001311946.1 | & s sems csi [ . ] e motif 14
[ 28 Jasminum XP_009629066.1 | somm pemm sl @G Emm®  CO@GBES 0 - moti 18
[ AtBHEJE Olea AOK32733.1 |1 emsem = emeseme ccames o @ motif 19
[ 3¢8i)& Cynara NP_001305567.1 | nemsem =si eBesess oeses = Eggi fg
S5 4458 Centaurea XP_015087665.1 | nemsmm e epesess e -
B SER Lactuca NP_001307538.1 | s e == emesems - ome -
AMKO01802.1 || iomsipmms sl DG G S ] % g
Kunming wiinkled pepper PAL | HeEDINGES oot emesess ccomem 0
ShuanLa PAL|| wessems == esesess coomes -
PHT71856.1 | memsas s ssessse oommes o
PHU06526.1 || i mmm et 8

0 100 200 300 400 500 600 700 800 900

e ARk T EEHL (PHU06526.1), —4FEAEHHL (PHT71856.1), HALIRHM (PHT36452.1), H44% (NP_001305567.1), #iF (AMKO01802.1), %
i (NP_001307538.1), HEARH % il (XP_015087665.1), HiAl (AOK32733.1), ZRARMAEL (XP_009629066.1), il MHE (NP_001311946.1), Jr 3%
(QIC52989.1); + FAERL . #LF IF (AACI8870.1), JF 3 (ACX31148.1), H#5#8 (ABF50788.1); AR A} . H:4E (QKF30901.1), K #i4E
(AIY26016.1), MMM (AHZ31605.1); 3§FF: 6 (XP_024972932.1), K744 (QIB23723.1) , #51F (XP_023767814.1); Rl

Note: Solanaceae: Capsicum chinense (PHU06526.1), Capsicum annuum (PHT71856.1), Capsicum baccatum (PHT36452.1), Solanum tuberosum
(NP_001305567.1), S. melongena (AMKO01802.1), S. Iycopersicum (NP_001307538.1), S. pennellii (XP_015087665.1), Lycium chinense (AOK32733.1),
Nicotiana tomentosiformis (XP_009629066.1), N. tabacum (NP_00131196.1), S. nigrum (QIC52989.1); Brassicaceae: Arabidopsis thaliana (AAC18870.1),
Brassica juncea subsp. napiformis (ACX31148.1), Isatis tinctoria (ABF50788.1); Oleaceae: Osmanthus fragrans (QKF30901.1), Jasminum sambac

( AIY26016.1), Olea europaea (AHZ31605.1); Compositae: Cynara cardunculus var. scolymus (XP_024972932.1), Centaurea cyanus (QIB23723.1), Lac-
tuca sativa (XP_023767814.1); the same as below.

2 FEY# PAL EEEEER motif D47

Fig. 2 Motif analysis of amino acids in PAL proteins of different species

2.2.2 RIS B AR PAL FRALIE 40 M 77.91 ku, FESFH L (IP) 4 6.26 A1 6.31, ¥k

R HERA P A 25 A s . WS R A
BEHUPAL TN Cs436H5533N06501 057532
1 C3418H5509Nos5901 051833, 23T 78.30 Fl

BERTE . R AKMERIRRE B o AN 2 7 U 25
RER: P PAL ENiAE IR EEN 0.700,
TERUAR Gt SR AL WA (0 2 10 0.300, TEN
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T IS b B E TR 0.200, 7EZRRIAR NI B
e R 0.100,
2.2.3 WIS RIS UY PAL B A ZRE AT
FIEE R (1 3) Bas: 2 AR PAL &
HS A 4T 0450, B o BiE . i,
BEEMAMTCI G, Horp o RE S5 TR M 5 &
B (R 85.02%; ELEAAE K HL: 86.19%).
LIS KB PAL 25 JC R #h -5 2 (i 22 1
B, o BRBEFN B A/ TWIBR PAL,

kel

k=i
g
S == PAL |
= f{ random coil = PAL 2
=
EE B 5
%5 ° beta turn
O
m & A
B 2 extended strand
= 3 s
é > o JEiE
5 alpha helix e
3 0 20 40 60
s i /%
proportion

TE: PALL. EEWISERZA PAL; PAL2. Wil PAL,
Note: PAL1. Kunming wrinkled pepper PAL; PAL2. ShuanLa PAL.

3 BIERS RPASKEHL PAL BH R4
Fig. 3 Secondary structures of PAL proteins in ShuanLa and
Kunming wrinkled pepper

2.2.4 RS BB A% AT PAL B =45
P

SWISS-MODEL Fiilll 45 5% (& 4) 7~ Wk
) PAL & 145 % GMQE & & 0.85, QMEAN Z
1353 4-0.66; B4 K BU GMQE {H 4 0.85,
QMEAN Z 1843 J—1.82, & HIAS TR (301 5 1
EL A A PAL 2R P15 = stk iy, At
CIETS

4 RIFER (a) 5 ERERIZRIHL (b) PAL
EA=REWTUN
Fig. 4 Prediction of tertiary structures of PAL proteins in
ShuanlLa (a) and Kunming wrinkled pepper (b)

2.2.5 ES RS AR PAL EEEE S K. B
L4654 43 BT RV R A 7 553 01

SignalP-5.0 5 TMHMM Server v. 2.0 Tl %
W (E5) Wom o TR RS B 4 K2 AR 1) PAL 25
BTG5 RS B R Z5 4 o ff ] NetPhos 3.1 Serv-
er X3 K 5 B HH 4 Fz HX PAL 2K 1 Wi R 1 7 o5 19
W, )X 5 A 0~1 X [RI N HEAT 4T 4, T
WA s v {5 FEREAS 20 AN 0.5 21 1 B hnmma s, )
RS IR B PAL TP KR T4ET 0.5 IUBEIR
RAr 53R 81 A4~ o X[l —f7 s, DA sids o iy
GILTRIRFLIST WA TR L , Wl R A 48
P T e 3] 58 A543t = I BEFR AL AV A 5 A
Brh SH 304, THI 214, Y 74 B4
Febrh S 314N, T AL 204, Y 874,

— Y25 R serine JNE % threonine
— %241 tyrosine — Il #HE threshold

a)
i |
R h w\ il
g ,5 00 100 200 300 400 500 600 700
&3
2T
o1t
E
- Ll ‘ |
e

0 100 200 300 400 500 600 700
LML
amino acid position

5 Bk (a) SERABIMEHL (b) PAL R
BRSNS R
Fig. 5 Results of predicting the phosphorylation sites of
PAL protein in ShuanLa (a) and Kunming
wrinkled pepper (b)
2.2.6 AFEYIFI PAL RGUK B WHIES bt
DA 3 B A 60 5 ) BRI L BH A B BUTE P Ak
22 % PAL JF AN it b B, 4558 (1] 6) B
PAL JPITER G LKA LRI 4 AR, BH
PUREHE, Horp, SRHEY T PAL AR Z
2o WERORN B B A% K2 L PAL 5 R BEEE 1 C.
chinense Fll C. annuum TERZHE K G LIRG R R
I, 5 C baccatum fix; ANFEJgEH, SimlEn
FG KRR, AFEBH, SKRBERHRE, 5+
FACR RS O R A
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[ /Bl Solanaceae

O +#4EF} Brassicaceae
I AZEFL Oleaceae

[] 24§%} Compositae

J& genus

W HHUE Capsicum

W & Solanum

W AR Lycium

O ¥R & & Nicotiana

W RS STIE Arabidopsis

[ Z522)8 Brassica

[ FAE)R Isatis

B KFEJE Osmanthus

O] F2J8 Jasminum

O ABHR Olea

[ 3%4iJ& Cynara

[ 53K 4-%4)% Centaurea
B S EJE Lactuca

6 T EIEY PAL EHRZELEN
Fig. 6 Phylogenetic trees of PAL proteins of different plants

2.3 IS B AR PAL 3R 05 K g v
N
231 AFEME SIS T PAL BRI ERIE BT
FE 7 B0 PAL FEDRAG R FE A R AR5 34
5o K 2 P (B 22 5 1oy B . PAL FEHTE
BRI SE & B Rk o Je g 18 T 5 2R
REAR. 7ERSZ BN (10 d), ZHH ) RBAL
TR B FERIEE I (20~40 d), 1ZFEH
R FRIRAL TR0, FE5S 40 RIKFIE(E ; 78 RH
RLLBEY, HEFMELLR TR, 5
70 RikBIRAL . [F—E T, WIBE PAL FikK
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