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THE: [H 1) L@ kA5 R 4% Eucalyptus urophylla KN AR 28 (PAL) Z=K 751, 41 HAEA [F K AR AR BT R i)
FIRBE S AT R A AR ) SEAZ IR 2 A5 1 (SNP), AR FIZ R 5 R A diif v A SC e AL B mt . [D7vk]
WR4E Bk E. grandis 1) PAL B 55111514, 181 B BR 5 B 7 3RAF )R ke PAL FEPR PP 31 SR Wi 5t e & 5%
G EEE RS (RT-qPCR) 7T EERTEAR F K EALBE T IR IA . (45 R 1PAL BFIZH 42K 4 507 bp, £4E 166 bp
1) 5 4EgmISX L 411 bp (9 3'AEZRIT X 2 172 bp MIE LR T )F 51 (HH 2 MMM T2 437128 422 F1 1 750 bp)
1759 bp A& T X3k PAL FERIE AT4 KB b R0k Sfe i, 76 ATS JCFE PRk Sk, M4 PAL FEDR 5 E k%
BA @A . A% PAL BERIIY) SNP i il FZEPE A & F X, 7T W% PAL BRI T R
PR BN . (S0 13RS R PAL K 4K 4 507 bp, %3 [N A A B Fa e v, H AT sere B g
e E B,
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FPE 535 ST18.46; Q943.2 SCERFRIRED: A CEHS: 1001-411X(2018)02-0089-06

Cloning, expression and single nucleotide polymorphism analysis of
phenylalanine ammonia-lyase gene in Eucalyptus urophylla

PAN Wen, ZHANG Weihua, YANG Huixiao, XU Fang, LIAO Huanqin, YANG Xiaohui
(Guangdong Provincial Key Laboratory of Silviculture, Protection and Utilization/Guangdong Academy of Forestry,
Guangzhou 510520, China)

Abstract: [Objective] Through obtaining phenylalanine ammonia-lyase (PAL) gene sequence of Eucalyptus
urophylla, to analyze the expression patterns of PAL gene in nine different water-fertilizer treatments and its
single nucleotide polymorphism (SNP) in E. urophylla populations, and provide a basis for studying the
correlation between PAL gene and stress resistance of E. urophylla. [Method] Primers were designed
according to PAL gene sequence of E. grandis, and PAL gene sequence of E. urophylla was obtained by gene
cloning and sequencing. The expression patterns of PAL gene in different treatments were obtained by reverse
transcription quantitative polymerase chain reaction (RT-qPCR). [Result] The total length of PAL gene
sequence was 4 507 bp, including 166 bp 5'-untranslated region, 411 bp 3'-untranslated region, 1 759 bp intron
region and 2 172 bp protein coding region (with two exons, 422 and 1 750 bp respectively). The expression of PAL

gene was the most abundant in AT4 treatment, and lowest in ATS treatment. The PAL gene of E. urophylla was
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highly similar to that of E. grandis. The SNP sites of PAL gene in E. urophylla were mainly concentrated in

intron region, indicating that PAL gene was stably inherited in long-term evolution history. [ Conclusion] The

complete length of PAL gene sequence in E. urophylla is 4 507 bp. PAL gene is stably inherited and plays an

important role in stress resistance of E. urophylla.

Key words: Eucalyptus urophylla; phenylalanine ammonia-lyase; gene cloning; single nucleotide

polymorphism,; stress resistance

KN R R iR 2 5§ (Phenylalanine ammonia-
lyase, PAL) /& 2 7 2 R A i A% 1) O Bk 1 A1 P ik
i, RAEEET A SHEYF . /£ PALIERH T, K
PR RACH 8 e 1 2 B, AE A IR B R PR
AT B 55 8] 7=, % e v ] P2 gk — 20 Aoy
HERMBER, TSR N LR CoA B, Fiik
— BN — RIIENREBNEY), KE
B A 5T 2 A AR (R, PAL BEPRIERE ) B4R
R AR .

20 fH 28 70 FEACLIOR, BORM 2 (B 7T &R
PAL F:R 5 A5 U AFAE — € A, A 20
g FEH PAL &S 98, S G IR 1%
B B IR I, AV 2 B R LR 15
A PAL & & KM&E3E 0, i HyE i A s . KA
T AU =) 22 25 58 TR A% 72 AR T 2R A A4, )
2 5P AR, nIVE R AR R R I e, 5 B AR
VIRTE RS B HH2E 5 R 2R AL S 0 iR A AL
YRR, A 58 W AR AR 98 B 4508 2 R 1 2 )
R peAh, PAL FEPE R Bl B b e 4
SR, WU 2 PR 0 R B AR S ), PAL
B TR, JF AR UL A AR BROT
Petroselinum crispum 1t 52 A7 5 505K 41 2% TS i
PAL R A=Y, 8% b Daucus carota
A2 F] UV-B BRI PAL B K6 R mRNA %
SN,

¥ W Eucalyptus 72 5 7= T BRI A0 F,
2 ) T A, B T A AR R A A
gkl 100 ZANNEK 5| F . HAET, B E. urophylla
S R g X A AR A s AR A Y, R —
o AR K L OR KRR A, HAT AN ZR AL IR B
RIThRE . HhAh, B BE SBT3 W] R g e R ik et
Sl UL B A B ROR . DRI, B 5T R R s
AEHERBENEG ESAH 2. BAHATEM
ZMEY e bE  PAL FEIA], B AE R f o i WA
K PAL R FIAH IR IE o« ANHH 5T CAR I A2 oA
PRk, TFRE R A PAL JE R 1) 5 B 5 3R 18 b, IF
BT DNA P51 R M R gt b S A E B %0

T R T 7C, AT PAL J [N A5 R M- A2 LI A 1)
e

1 MRI57EE

1.1 ResRt

2009 4, J7ARE MALRHA BT AR R AR
3 AR DA R it 5 LN I B B JE T BL &
RS 24 NE KL IX WL T 500 AN FEF BT
MR AR, P T AR R T I A Mg 23K
w bRy, @ESL T R R RN B B . AHIE ST T
FEEL DNA 84 R EL 12 5 R FE v 24 A FhiE )
35 NEERI AN

T4 RNA AR BT 218 ol RF 26
FLBE N 2K IR AL LI 16 /S H BRI A% 0 I R A&
ZQUA44 . JKAEALIE 732 2 55« /K o3 4o P Adh 34 A
FEor MR TERC B o oK o KR FE AL B A3 0 v BEE 1,
20%~40% HI T HE7K & B 2, 40%~60% H[A]RF7K
s BRE 3, 60%~80% HI [ RF /K & o 7770 1h FE Ab 22
Iy BRIE 1, B0 (PG EEREAL 250 g): A 2,
JE (E5BEmEAR 250 g), 8 H it 1 IRE &AL 150 g,
52 EFRRMEE AL 100 g; BHEF 3, FEAE (45 5
JIE 250 g+HANE 150 g), Fiid 2 > H JETHRE 100 g,
8 AUt 1 IRE &L 150 g, 26 2 SFHERIEE S
100 g HARILE 1,
1.2 REHE
1.2.1 % DNA ## 3K 5 DNA I3 EUEZ I Plant
Genomic DNA Kit #E47, 55 &0 B R AEL R
dbx) AIRAH .
1.2.2 RNA #3280 f= cDNA #4 % & RNA [
PLHL% I RNAsimple Total RNA Kit #E4T, cDNA [
4 1A% 8 Tiangen FastKing RT Kit #E47, 2 Fhisk5)
SN E R b)) ARA A
123 RFURABGKMF Btz PAL FVEHEF M
Phytozome M3k (https://phytozome.jgi.doe.gov/pz/
portal.html) E4% E. grandis 3R 7 5 508 N o
H5REMt PAL B [F VK cDNA I NCBI
Bz (https://www. ncbi.nlm.nih.gov/) T #.
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Tab.1 Nine different water-fertilizer treatments of
Eucalyptus urophylla clone

WTE AR AR SR
K BB 750

ATI M 6 | 1
AT2 A 16 | ,
AT3 M 16 | :
AT4  HH 16 ) 1
ATS U 16 ) )
AT6 M) 16 ) :
AT7 A 16 5 1
AT I 16 X )
ACK W 16 X ;
1.2.4 314kt % cDNA 2K f A B e Ky 3

FJH NCBI Primer-BLAST(https://www.ncbi.nlm.
nih.gov/tools/primer-blast/index.cgi?LINK LOC=
BlastHome) M3k, 145 E % cDNA 741 7E H Al GE Y
T IR GRS AR P iy A v 51 )
PAL cDNA F: 5-GTTCTCCCTCGCCATTCTCC-3';
PAL cDNA R: 5'-TCAAAGCAAATACCACTC
ACGG-3',
AR RV, B H A B 3 By . AR Bk [
VERFE R P 91, 78 R I 1A 99 o 43 0 et 51 420
PAL 1F: 5-CTTCGGTACGTTACCCACCC-3';
PAL 1R: 5-ATCCGTGACGTGATTCCCTG-3';
PAL 2F: 5-TGCGTCTTGTCAGGGAATCA-3';
PAL 2R: 5'-GCCGCCTTGACGTAAGAACT-3';
PAL 3F: 5-TGCAGCTATCATGGAGCACA-3';
PAL 3R: 5-TCGGAATGCTTTGTGCGGTA-3',
AWFFCRH 25 uL R & B4 U= B (PCR) &
&, LLEM Az B 5L K 2 DNA SRR, I Tagq
PCR Master Mix (2%, blue dye) 12.5 pL, 1 pL FE[X
ZH DNA(S pg-L™), 0.4 pmol-L™ FI1E % [H] 51975 2 L,
TN K E 25 Lo T 94 C %4F F 4 min;
35 MEFF (94 °C, 30s: 60 °C, 30's;72 °C, 90'5); 72 °C,
10 min. fELLRAEIR A T H 1 500 bp [
DNA 7 B, S8 58 P43k 15 DNA &K,
1.2.5 ## R FREH%KXRE (RT-qPCR) #
M PAL A B e Bt A bk & R B 432 0 89 ik A%
K. KH NCBI Primer-BLAST (https://www.ncbi.
nlm.nih.gov/tools/ primer-blast/index.cgi?LINK _LOC=
BlastHome) M3 & 147 3 K 22 200 bp ) RT-
qPCR 519, ¥ PAL 5 R 7E A [F] Ab 3 b ) 3R I8
B
http://xuebao.scau.edu.cn

PAL RT-qPCR F: 5'-ATCAGATTCTTGAACGC
CGGT-3';

PAL RT-qPCR R: 5'-AAGTCACCAGAGGCG
GAGAT-3'.

VINBIER 5L R Actin fE NN S, 5107 51A:

Act F: 5-CTCCATCATGAAATGCGATG-3';

Act R: 5-TTGGGGCTAGTGCTGAGATT-3’,

RT-qPCR % % 1% [ FastKing RT Kit #£47, i&
G H R AR b)) BIRA A . AR
MRE 4 MERESR, 4 MNASITRES . KK
A 2xTalent RT-qPCR PreMix 10 uL, 10 umol-L™" ¥
1E A 519045 0.6 L, cDNA 2 pL, ¥ RNase-Free
dd H,0 B4 AKFN 20 uL. RT-qPCR SN FEFF A
94 °C, 5 min; 40 ME¥ (94 'C, 30 5;60°C, 30 s;
72 °C,30s). FIMLE NG, @A &g
A7 MG e 1, SR 5 N 7500F ast #4453 Hr 46
1.2.6 PAL AR &yE 3% % A0 (SNP) o 47
PLIREL 35 ARAMAR AL DNA AR HE/T PCR 74,
X} PCR 9SGt AT 0N, SR e kg — AR v B
W E R 75\ Hf 4 i e B B K 741 . I MEGAG6.0
AR PAL B2 35 AN H1EAT EEX 23 A, A
1ZHER ) SNP. F)H] Dnasp4.90.1 Bt X 1% 3% K 3
1T 2 &M T, Fadk— 2 50 b i i DX AR i [X 1)
SNP Hi 2 I g X (1) [7) SCFEAR FNAE[R] LR IE I,
Fodp R [R] SRR N AT LRAZFNTE L RAZE

2 BERGTH

2.1 EM#% PAL EiR cDNA KI5 R HEEHIFHIE

NT 5y Rk PAL B fY) cDNA J5 51, A
Fo N B A B R 2 3RAT A YR PAL JEK 751 . LA
PN SEHE BT 514, IR P cDNA Hhr 7 3 Hy
PAL JERI R FE BRI 0D 7 51 o X2 510 s A
B A5 BN PAL 2y SRS 96%, P Li%
A BN B4 EuuPAL 3R F 5 . 1% 5 3t
2 748 bp, 45 166 bp ) S'AEmiG X, 411 bp [ 3'9E
DX, PAK 2 172 bp R FER ISP 3RS
(¥) PAL FENE SR Y H £ NCBT _EHEAT LUXT, JF R
AR A R P AR &= R A . xR T
Arabidopsis thaliana. K5. Clycine max- EA% . i %]
Vitis vinifera F1¥H A& Citrus clementina 55 21 M
AR IEIR PP A HEATBEA 704, AR A5 EA PAL
BRI RG R R, R RVEEEE (8 1),

R¥E cDNA Fr 35 Bt 514, AuF5e N
FHE R 2 DNA ok th PAL SR P31 4K, JF
X HEAT M. PAL JERH 4K 4 507 bp, BFE
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166 bp 1 S'AEHmAG X411 bp [ 3" AL 4w 15 X .
2172 bp WS LR D T4 (FH 2 ANIMRTHR, 7
S 422 bp A1 1 750 bp) LA 1759 bp B &% F X
5 (K 2).
2.2 EM#z PAL EEEARREIZKELIBHIFRIAE

T W E R M PAL FERAE R R 7K R 4b 3
HOE A 2 R ERIA, AT 2 9 AN
HH RNA Jf 3% N cDNA #4T RT-qPCR [V .
GER T PAL JERTE AT4 AP P RIA B iR i, AT2
PLI AT7 JbEEVR 2, ATS AbFRRIA R EAK (K 3).
2.3 REMi% PAL EER) SNP 717

MR AT 551, X 35 bR R ANk
BEAT PCR & 3G AT 51 43 BT o s EE K (1) &5 SR 4 B 53

BrJa KRB, PAL FER 4K 4 507 bp, 34 SNP fi /5
307 A, B 15 MRFEE I 1 DN AEEAL S TRiX L
SNP A7 55, SR e i i (7 bp ) HBLAE N &1 X 35k,
AR (194 bp ) HILTEAME T X3k (58 2). X
FTTA 1 AL D AE 3 8 T i [X 2 v R S8 — B
FEAN T X I 3E 24 A SNP £i7 &, Hirh 21 AN H[R X
RAZ, 3 N ARR LRAE (3R 3). BRI, PAL 2
HABKZEME, SNP REL o F1 0, 737124 0.036 46
H10.049 2. FERIA R I Z SR HERK
K, TR I MR TFREZEEILEDN, 28R
A6, 43514 0.064 85 F1 0.082 3; £ A& T-IX
WEBMEEKR, 28R 2 M6, 73514 0071 36
F10.099 1(% 2).

BRM Populus trichocarpa

JII¥ Populus szechuanica

I: E ¥ Populus tomentosa

A% Populus euphratica

BRR Ricinus communis

K2 Manihot esculenta
K Glycine max

Y& Nelumbo nucifera

K Ziziphus jujuba

3% Morus alba

22)\ Luffa aegyptiaca
AEHI=E Arachis duranensis

RIS Jatropha curcas

LRI Arabidopsis thaliana

HI% Vitis vinifera

W% 4 Camellia japonica

[~ E¥t Eucalyptus grandis

JEm % Eucalyptus urophylla

TIHEHEL Cephalotus follicularis
[ Ml Citrus clementina

L EHFE Citrus sinensis

0.02

E1

Btz R E 49+ PAL EERHL T

Fig.1 The phylogenetic tree of PAL gene in Eucalyptus urophylla and other plant species
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Fig. 2 The structure of PAL gene in Eucalyptus urophylla
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Fig. 3 Relative expression of PAL gene of Eucalyptus urophylla
in nine different water-fertilizer treatments

#2 EMiR P4L EF SNP 5517
Tab.2 SNP analysis of PAL gene in Eucalyptus urophylla

HE OFEFK SNPAIA SR

T L o
5'UTR 166 14 12 0.04808 0.0539
SMNEFL 422 15 28 0.06485 0.0823
WETL 1759 241 7 0.07136 0.099 1
SAET2 1750 9 194  0.001 84 0.0019
3'UTR 411 28 15 0.06733 0.0849
Bt 4507 307 15 0.03646 0.0492

R 3 B PAL EEHRBXA SNP RELKR ST
Tab.3 Mutation types of SNPs located in the coding
region of PAL gene of Eucalyptus urophylia

IR LR
B GIOE Kb [ SS
=P BRI
PAL 2172 21 3 0

Bk 2 A AE 2 PR R AL S 3 F I . %
i S VA 5 WA . [i) s 3 T N 5 T (] (1) SRR
FL i 2 PR A b g 2 (A () RAE . PAL B2 R A ()
307 /N SNP i s 45 202 ML 4E (89 4N A/G
B, 113 A T/C B4 A 105 MEIHR R 31 4
A/C Eiffe, 21 A T/G Hiffe, 28 4~ A/T Hitdf, 25
G/C Hifft).

3 WS

3.1 EMiz PAL EEWNHL SIS SNP 4
W v B ORI R A PAL SR (A LR T 4
£ NCBI HghAT bux), RILEM A% PAL B K5 Btk
FHAAME e, BIIE T R S5 B SE G OR R o X
ZIERHEAT SNP 73T K IAEAR 307 A2 AVENAL A,
http://xuebao.scau.edu.cn

AR . A2 BMEAL SN &
FIX I8 (RPAEGR TS X 3), % X 3k 1) SNP 28 55— A
SHBEUN PAL BH I IEH RiL 5 PAL IEH {#1k
Dee. SR T IX 4 24 N2 AL 21 A2 E L
RAZ, AN 3 AR LRAR, I B3 @ T2 W R A AL
Ao PR B AR U R I A PAL FEPRTE &K kb
FE R LB AR E B A%, X — 45 R 5T A A
#3{&[13]0

TEHR T, L —FLL Ef SNP RAE&Z T/C
Al RO A/G . NIEEE 3 A SNP RAE
HFEE 2 A2 T/C Bl A/G Feffe, /NERI T K R
H 45% 1 55% [ SNP 248 & T/C 5% A/G #4545,
RAEX =R EFELET R R C 75X
RIS, B 54 DNA RAE RN T, Ktk n]
DIARTE T/C B3 A/G 48 1) o A7) i 0 Wil 7 &5 2%
B AAE . N PAL JEH 2 PR AR e 7 K i
ST R I, A/G I T/C B # ) RAZ S (28.99%
A1 36.81%) 1L KT A/C. T/G. A/T Fl G/C Hidf i) 5¢
AFITE (10.10%- 6.84%- 9.12% F1 8.14%). T/C 1
A/G FEHH LA KM 5 65.80%, 5 A2k T/C Ml
A/G FEH I LA AR
3.2 PAL EFREEMEEE S EAER

KEW TR, PAL FE NS 5HY)0) 2 Fibris
TS, PTG RPN . R TR AT R A
PAL BR 5 HHrii e BAH G, kiR 7
2 NSRRI TR M PAL FE R 338 5 Hii 4 )
KFR. GRRY, PAL FERTE ATS R ERE
TR — 3 HOATS b2 R R 20 B 5 6 B — 3, Ul
B ATS AbFE TR &2 B A AR K 7K 3 F TR 43 1)
ToR. AT4 AbHiH PAL FE Rk S, UBTEK
Sy ABRME LR, 7520 [0 A0 B R R S e 8 I A 4 1 A=
KMEREERE. itk PAL BT RS 5 7 R
XoF S A B FE . AT2 5 AT7 AbFErR PAL £ [N
FKIEEIA L, B E TR 2 £, WX 2 F
Ab PR N 2 B — e AR FE N aa, (H B a R B AR T
AT4 Jb3E . R B AR K32 B K 53 FI SR 5 R &
YEM

P
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