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Cloning, sequence characterization, expression profiling of hormones response of
phenylalanine ammonia-lyase gene in Bletilla striata
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Abstract: Objective Phenylalanine ammonia-lyase gene (PAL) is one of the key enzymes associated with stress resistance in secondary
metabolism pathway of plants. Exploring its sequence information and expression profiling information in stress response could
comprehensively peep at the protein structure, functions and signal network of plant stress resistance. Methods The full cDNA length of PAL
from Bletilla striata was cloned by RT-PCR and RACE approaches. Physicochemical properties and conserved domain of BsPAL protein
were determined by a series of bioinformatics tools as Protparam, SOPMA, SWISS-MODEL, etc. Multiple alignment and phylogenetic tree
were achieved by DNAMAN and MEGA Software, respectively. The qPCR was employed to examine the expression profiles of BsPAL
under exogenous hormone stress. Results The full cDNA of BSPAL was 2 708 bp, encoding a 797 amino-acid protein with a molecular
weight of 86 216.94 and an isoelectric point (pI) of 6.24. The BSPAL protein included the typical structural domain and active site of PALs in
other plants, and without transmembrane region, which was more homologous with PALs of Dendrobium officinale and Phalaenopsis
aphrodita. The qPCR results revealed the expression level of BSPAL in roots was much higher than that in leaves and stems. Under MeJA
treatment, the expression trend of BsPAL was first gradually ascending and then descending, while SA treatment had the reverse effect.
Conclusion The BsPAL’s sequence characterizing, expression profiling and responding patterns against SA and MEJA provided a research
basis for elucidating the metabolic pathways of phenylpropanoid and hormone signaling research in B. striata.
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H M Bletilla striata (Thunb.) Reichb. f. &3 [EH
g2y, BA 1Mk, Wi ENLZ ThL,
FialigiZ, s, e, BiE. TR,
PR i 2 B E A AR B, A KBk
HRCREREENY), BAPIE. EHWR. JuE.
S B i AR R IR LR S 15T AR E
IR A A P W 2 B OR824 B 5 D) 30 YY)
A, HoA, TEFESR. FER. BRI Wk
WeEie H T3t I AL, EATH S A
NERARREIEHE BV R R Hp A FER
B H& s 3 2l il W 2R & Mk AR
PRI & BOS RSE B Y, SEEAS AL
YRR N RS 2 KR L& s a i, B
R B ZE RS E AN, Wik, SRR
R AR FBIE 70 T 3 M 3 B2 R AR B AL
W B A R S, T AR @ A i o
FERR P EEP R —.

K W = B O = B ( phenylalnine
ammonialyase, PAL) &4 2K P b AL i 42 1) i
W . ERNEAEEET, L-RANARE PAL
AR A S N AERR, B el s N R R AR ik
FEMR. B . T RS PR ™Y, XL
— N RE G R BRIERR, TR OB A B
&, WAl HsE— A KREIAARNE R
S FhOR AR PP, R R E A
P KR EMRNEDRER, ENIELE R
GER . RSN . TEREE R MR R . REF
BTG 1. B 5% 5 50 TT k1554 H 2R
FTOT, i 28 £h 2K T BE iR A2 1 53 — S IR AR A 4
K (SA). ZRRIR. ¥l. K%, 9%
K. HYPIHRFAEEDEKKE . PUR. Pl
e B e e T R, SRR T, A
e\ IKFEEEZ AW PAL 2K 17 51 5 ThRE £ 2
B IR o 0 e LA SN 93 PAL R 5 L H )
25 1 R 38 (1 4 1A U o 20 R B b
FURI PAL ZE R 5 HIPUR A IS, 10 SA 1)
PR BT R Gy 2 0 B Xanthomonas
campestris Iy, PAL1 #15SKIE, MiZEEBdxiE
SEONHIFUL B T o R R TR R AR B P o, T
LA 2t 40 T PR D R AR K2 290 . SA B &
gt Rk, PAL EREAI AT A L BT
Wi~ prith B R MR . SR T 3 & PAL &
PRI R RIE 038 AR DLARTE o« ASHIF 58 1 IR e % T 11 & PAL

FRM cDNA 4K, #Eiixd HF s T A S B2
IyHr, FEEIE %6 E R PCR (qRT-PCR) 4rHTiZdk
BRITE A RIHRA R R e, PR ETESNE
BERME T PRI RE, DU AT B S AH
FA B AR & R B AR AL B Fe S e R, oAk
R i 2 IR 7 14 5 SR L BRI A

1 #MR5HEE

1.1 MR

ARSI = R H SN IE 2 B A O A
0.1% HgCl, ¥ # K Ja #F T MS 772k (MSH+ i
¥ 30 g/L+3f5 6 g/L), 7E 25 "CIEIEF 18 h/6 h )%
AT, 873 MAE, BhEtkEA 10em i
HAEK—SMLhi&H.

1.2 HX RNA 2B cDNA &5

PR R MS iR (pH5.8) 1, 1
JA 5 K4l 4 )% 2 MS0.MST [t 100 umol/L
ZRFTR F B (MeJA)] ATMS2C i 100 umol/L SA)
AR R B P HATIRIB AL, 0. 6. 24, 48, 72,
120 h JE BRI HR R HE R, RAFT-80 C, %
AFEE T 3 IR

P E AR 22, LU SA. MeJA AbEE
S5 AN [ B T S USCEE BRI I TR it 20 Tl S RN A
RIBLZ LMY & RNA IRBURA & (S
DP441) #REUA KM RNA, HAKBBRSE G,
Ht— 35 % | Takara 23] ) PrimeScript' ™ RT Master
Mix (#it*5 RRO37A) ¥ RNA Wit 564 cDNA, H
PP R NiAR R 2 DL A
1.3 BAX PAL EF=E

VR AN PAL 258 (Gi: AGC23439.1) #%
TR 7 HIHE A S e s 2 B (NCBI BioSample ace:
SAMNO08971764) 1T Blast LbXf, K% 1 M5k
Bt PAL JE R34 = BEARALLEY unigene, AT 583
) 3. LLZFHI¥c PAL 55457 5149 PAL-5R 1.
PAL-5R2 (& 1), Hi#iF£54) Outer F. Inner F -
A TR A RS . K2 1 B85S S cDNA #HT
TDT hnfeJFE AR, X PCR 474 573,

TDT JiJE ¥ : 5X TDT buffer 5 uL, 0.1% BSA
2.5uL, 10 mmol/L DGTP 2.5 uL, TDT 15U, %51
HEA ) 10 uL, ddH,0 M2 25 uL. 37 CHf
5 30 min.

5’-RACE, #i{PCR 5 1/2 #: Taq plus DNA
Polymerase (5 U/uL) 0.5 pL, 10XTAQ plus PCR
buffer 2.5 uL, dNTP Mixture (£ 2.5 mmol/L) 2 uL,
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c¢DNA 0.5 uL, Outer F/Inner F (10 pmol/L) 1 pL,
PAL-5R1/PAL-5R2 (10 pmol/L) 1 pL, dd H,O %2
£ 25 puL. PCR T H§56F: 95 'C. 5min; 95 C.
40s, 60 C.30s, 72 "C. 1 min, 35 MEH; 72 C.
10 min. PCR ¥4 1%E e SR AR, 7]
W R R B R ek, BHIVE SRR LI
A A RAE T

W FEAR B 557 41 5 8% unigene J751
BEAT PR, AR HA 2B 3 4E (ORF) 1

EKF . PR 2K T8 %5 %> ORF
BEHE AR S 514 (PAL-R1/F1). ¥ 185 10 H A
P EEAT BRI, sERE A, R . PCR JSIAA FR:
2 X KOD Fx PCR buffer 12.5 uL, dNTP Mixture ( %
0.4 mmol/L) 5 puL, PAL-F1 (10 pmol/L) 0.5 uL,
PAL-R1 (10 pmol/L) 0.5 uL, cDNA 0.5 uL, KOD
Fx (1.0 U/uL) 0.5 uL, ddH,0 #M& % 25 uL. PCR
P E: 95 C. Smin; 98 C. 10s, 48 C.
2 min, 35 MEH; 68 C. 10 min.

#=1 ERFEEEM qRT-PCR 1834

Table 1 Primers used for gene cloning and qRT-PCR experiments

ElE/EA S SIS (5°—3) w1
PAL-5R1 GAGGACGACGGAGGCGAGGC 5’RACE ¥1
PAL-5R2 TTGGGGCGGCCGGTGAGGATTCC

Outer F GGCCACGCGTCGACTAGTACCCCCCCCCCCCCCC Kit

Inner F GGCCACGCGTCGACTAGTAC

PAL-F1 CTTGAAAATTCGATAAGTCAAAAAT ORF X1
PAL-R1 AAGAAGTAATCAAACAACAACAAAT

PAL-F2 ACAATAATTCCTTAGATACAGAGG E B

PAL-R2 TTCGATAAGGTCTTTGATGC

Actin-F AATCCCAAGGCAAACAGA qRT-PCR WS4k
Actin-R CACCATCACCAGAATCCAG

1.4 BX PAL EEFF5H

JEIT NCBI ) BlastN 1.2 3k 1) PAL J£ [X £ 51,
ORF Finder Tl ORF; H InterProscan 7E2% 53 #t
PAL & [ ¥ 45 #938; Protparam Fil SOPMA 73 #7 8%
15T R A 4 BT RN — 2 28544 ; SR A SWISS-MODEL #k
1 LA Aaf =2 7 Petroselinum crispum (Mill.) Nyman
(Parsley), PAL B [A45H) 1w27.1 () A BEEAE, g
B =47, Signal P4.1 A1 TMHMM?2.0 Fil
R H PS5 IS IR X 45 ; PSORT #E47 8 H 5 V.4
B sE 70T . K F DNAMAN ECEGE S Rh By Hops
MY PAL A MR T 515 (58 MEGA 6.0 4
RGO
1.5 qRT-PCR 731

F qQRT-PCR 4341 PAL J& R 7E AR AL )=
BT CL AN MeJA FI SA AbEE R H &S G
PAL R R IA B AR K13 14K ¢cDNA 771,
Wit & & 514 PAL-F2 1 PAL-R2. LAH f% Actin %
TEANZ R &N SRR 5 Actin-F
Actin-R. % N £ 25 pL: 12.5 uL 2 X SYBR®™ Premix
Ex Taq TM (Takara A "], HE), E/A54 (10

umol/L) %% 1 uL, 2 uL cDNA ##, ddH,O #h & |
25 uLe B3 ANEAL, 3 IREYMFEKE . PCR
FEF7: 95 C.30s; 94 C.5s, 60 C.20s, 72 C.
20s, 40 MiEFF; 72 C. 10 min, 4 CIR1F. £
oAl dh 28 H e P e e, FEARYE B B 1Y M 26k
PSR CME, DL actin AZ &AL S
AT Ab HE 5B 1] 557 1) PAL 2[R ARG R IA 22
2 HR5HH
2.1 PAL EFEmE

it Blastn 2044 5826 5 A it PAL 2ER] (G
AGC23439.1) = FEAHALT 1 2% unigene BRiEFHAER
fiieife PAL ZE [ Bt o LLiZ unigene 1511 5° RACE 5l
Y, it 55X PCR 434 OB, Byt b v vk 3145
KR 900 bp A4 HFR & (B Do #ixHbr
S BT [, v B P 5 3R15 905 bp HIFA, 5
{1k PAL unigene LUXT R I, 2 J$51 200 bp H &
ARG 2 R A BEE IE 345 1 264K 2 708 bp
i) cDNA 741, ORF Finder X3, %4 BA 523
] ORF, 4% 54 bp f] 5°-UTR. 262 bp [¥] 3°-UTR,
2394 bp gmh[X .
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2 000 bp

1 000 bp

A-SRACE ##)7&  B-PALORF £KH W B M-Marker
19 B

A-5’RACE amplification fragments B-PAL ORF amplification
fragments M-Marker 1-amplification fragments

1 BsPAL £[X PCR #/ 1
Fig. 1 PCR products of BsPAL gene

DA PAL-F1/PAL-R1 1T PAL 2K cDNA #ifi
X543, KA H AR Bl 7 Bon 5Pt as R —
#H, &K 2573 bp, A4 797 AR . Blast X
SRS GeneBank H CLVE M £ FhAE 1)
PAL &A= EARML, A4 4 BsPAL.

2.2 PAL EEFFI5HR
PR 45 R EoR BsPAL gmfil i) 15

TRIMAHXT > T BN 86 216.94, FRIGSEHL /50N 6.24,
HrH Ala. Arg. Asn. Asp e HFEEER; 7t
ik (Asp+Glu) SECH 86 4N, 1E Hifaf ik 3k
(Arg+Lys) SHCN 791, A€ RECN 34.90, H
KRR THRaEE . FIH SOPMA Ry a5
&7 5 I — R g5 R AT T, 5 Rl 2 Fos.
BsPAL J:[K Frdmht ¥ 2 11 HH 47.55%[1 o-325E (alpha
helix). 15.31%JE{#%E (extended strand). 8.53%
1 B-#1& (beta turn) Al 28.61% 1 JCH G (random
coil) ik, a-BEHEFJCHA M2 M PAL &5 (i —
G 2L ) £ ELE R IO, BT A AN E (P R B T A
EAFHIH,

InterProscan 73 #1#H BsPAL EEEHEA 3 I
RE&h Pk, E A 2 1% g/ 2H 2 R 24 15 (TPR024083),
L-RAS R (IPRO089A) T T 2 4 fifk 2 g 11
ZE K38, (IPR023144), #t—53K W] BsPAL 1R AT G
TR AR ARG & ) E A

[FIYE A R 7 VT BSPAL & [ = 24540 (&1 3)
KW, ARSHZA PAL EARERT Y|8N
80.43%, HHFNRPURMAMIR, 15 CAREray =",
2.3 BsPAL EB{ESk. THEEN. BEXM
M5

K H Target P £ 288144 %) BsPAL £ [ 5 Y241

0 100 200 300

500 600 700 797

Bl KR EIRIRUON ol (D, SEMEE (00, B4R (S, TEHEH CRE)
Lines from long to short showed as follow: alpha helix (blue), extended strand (red), beta sheet (green), and random coil (purple)
2 BsPAL BB REMAITN
Fig.2 Secondary structure prediction of BsPAL protein

3 BsPAL ERRM=KEH
Fig. 3 Three-dimensional structure prediction of BsPAL

protein

J s S AT TR, 45 J R 1% B A T e e A T
YA, TR PRV 4 TS 2 ]
Y5 PR A B A fBH Y PAL 40 5 A5 48 4 i J ik
Jii L. Signal P4.0 Server -/ #T#H], BsPAL %
K mfdpE AR E S K. TMHMM 2.0 Server 3K
XA J PAL & H AR 75 1% B 4 K 38 AT
TELR TN B, PAL I8 A KBS AR A7 T 40 M A< 41,
A EIX . 254 R T 45 5 nr LAl
BsPAL 7E 40 i i3 255 & 5 IR T e A4 B
12 T T A 2 RO R O A AR A AT A
AL IhRE
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2.4 BsPAL EFE4wiEEB/Z FFILLIT o4

He B R S I G R R AR B A R
TP ST BHSER) PAL SRR A T8I, 4 M)
T PAL 85 P8 s BEARRL, AHILEEA 77.34%, [F)
i BsPAL 2 FI7E N it £ 80 ANk T HoAth 3 i
W) (B 4) o FE— DR D RE A M IBARTE A s
W, BsPAL BATEL 281~297 i s 5 At 3 At
VIBIHFAELRSF TIReSS, ST 2 PAL WEPERT LA
I Z IRA A, B2 U PAL/HAL 25 1 ibR%s.
4 FhOAE Y 2R T S R A B R ST R TR R
(GTITASGDLVPLSYIAG, 279~305) tHE 1T,
IR R AT R T 8 — NI L 2 =, 5

FHED K Latis indigotica LUVEHEYIN) PAL
BRSO S — 8 T34, PRyl 2a 7 s (L-288.
V-289. L-338. A-339) FEALIE AL 1 (N-341.G-342.
H-419. NDN (465~467) J HNDQV (567~571)
gt gk B o) BB = T SRR TR A A,
I 1 PAL ZERI ZR RS 14, 178 53UE B BsPAL
FHAFUET PAL KiK.
2.5 BsPAL RZGi#H o4

F5t BsPAL S HAMEYIRIE AT 5 RSk
B, ORISR T 18 FhASFYIFT) PAL 7518
NETFIAEY) G 2 2K, 5 Ra —5
(B 5). HrhE R S58EAR W= Y=

BsPAL MVEVLOLLRADQVESSVGCLTFAMDRNSMTIVSMTAGGAISNSRVALGHASTSTFPPPESGETSLLPREANFPFFFFYYTHPFLHLLLSTS 90
1] N LT ——— MEHVEG 6
L N MOQIEARM 7
2 3 . N L ————— MEANQQY 7
BsPAL FPFIMELAREHELCIEG 177
DcPAL NGYANGREAMEGLCLEG 93
AtPAL LCGGGEETEVAVITETL. 95
BvPAL QNGSSEMODLCIGGEFIG 97
BsPAL 265
DcPAL 181
AtPAL 185
BvPAL 187
BsPAL STVDAZTERS: VGS 355
DcPAL LT IOV JPREGLALVNGTA 271
AtPAL ESLTEE i REGLALVNGTA 275
BvPAL EVLNAECHYIF VGS 277
BsPAL 445
DcPAL 361
AtPAL 365
BvPAL 367
BsPAL 535
DcPAL 451
AtPAL 455
BvPAL 457
BsPAL 625
DcPAL 541
AtPAL FEGREIAMARS : 545
BvPAL FEGREILM s TLE LM TFLY LRE q q 547
BsPAL 715
DcPAL 631
AtPAL 635
BVPAL 637
BsPAL FE 5 2 i 796
DcPAL FE 5 2 i 712
AtPAL YE E QERE M 715
BvPAL YE il 2 it 718

BsPAL-F /% DcPAL-#K R Fififh (AGC23439.1)
M. MABEFRAUERTET 75%, WELRMHEUERTET 50%
BsPAL-Bletilla striata  DcPAL-Dendrobium candidum (AGC23439.1)
(CAH17686.1)
least 50% are highlighted in blue

AtPAL-fFEIF (AACI8871.1)

BvPAL-f13% (CAH17686.1); H(0i 5 RAHLE N 100%,

AtPAL-Arabidopsis thaliana (AAC18871.1)  BvVPAL-Beta vulgaris

Identical amino acids are highlighted in black, amino acids similarity in least 75% are highlighted in pink; Amino acids similarity in

4 BsPAL 5 3 #i&EMHER SIS
Fig. 4 Protein sequence alignment analysis between BSPAL and PALs of three model plants
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SP5d
Bk A (AGC23439.1D
I (AAP34199.1)
YL (PKAS9591.1)
=R (AIC66437.1)
HA (BAM28964.1)
KA (OAY76951.1)
NREFEAE (ACG56647.1)
—— fiF (ACM61988.1)
|—7$7MI| (AUG71934.1)
+ P (AFG26322.1)
I:%Uj (ATW77399.1)
B3 b (BAC56977.1)
R (AGY49231.1)
HZE (CAH17686.1)
TR (AIY24975.1)
PEFEEL (AGL50914.1)
& (AID16077.1)
LBk (PO0O01686.1)

5 BRES5 18 AR PAL RGEHUH I
Fig. 5 Phylogenetic analysis of PAL genes between 18

different species and B. striata

PAL & R BT HHEIX — KBF ) — MK L,
Ve ER L E A IR RSRE R
2.6 BsPAL EEFIEDHT

I3 IEREL A K S HIAR . 25 IR RNA, R
Fi qRT-PCR J732:461l BsPAL JE [RI7E & 41 4R b 26
KA. DLEFRIEN Actin FEH (1A B ANHIE,
X BsPAL 7EAR . 25, MR A m#HT IR, RIN
ZHERE A AR, 22, A RIL, ERF R
WREERE, REMTE W, 2MER>>
s (K6,

0.4 -

) =

T
SR, P<0.05
P <0.05 vs roots
6 BsPAL EFEHALRFRIERIE
Fig. 6 Analysis of expression levels of BSPAL gene in

different tissues

Wt A AT HEAT MeJA F1 SA K EALFE, AN
[F] B[] 55U BSPAL RIA &#HAT qRT-PCR i, 45
R Fe PAL [P35 /KFAE 2 P kb 3G AN [ AR 4L
B (B 7). MeJA ¥ 5, H Mk PAL BHFRIA &
B BT, fE 24 hIABIEE, BEJS TR, 48, 72,
120 h [AAEXS RIEKFHEE . 1 SA WH 5, H 4
B BsPAL Ki& & 2ILH S NG L&,

72 120 h B A X 2RI & T HARA I 25, 5 0 h 4
AL EER.
8 =
B MeJA

SA

MR RIL R
IS

*
#
* *
2 4 4
I G B

0 < T T T

0 6 24 48 72 120

t/h

MeJA AEA GBS : "P<<0.05: SA AMEEAL S R4 ik
#P<0.05
P < 0.05 MeJA treatment group vs control group; P < 0.05 SA

treatment group vs control group

7 SA #1 MeJA BT BsPAL 7EAN[E]AT/E) S AIFRIA
Fig. 7 BsPAL expression profiles under SA and MeJA

stress
3 it

PAL JEDZ YR A e g AR o B AL,
HEl DA, KEE. B=58 2R
YRR, A& RELRS R, FIH
AR Ik R L3 PAL SSRGS . A 7850
VA3 B8 H X PAL £, 4K cDNA 2 708 bp, %
i 797 NMEFEERR . @I AEYE B i e
FI =AM RSFAMIE. TETEAL R 5 SIS
&, RWIHE Mz PAL FEP 5 AR PAL 2 R A
Bom A, HAEGRSF Shss., iR A BRI
—Ehk. EHIFRIL S EEWNITH, H M PAL %
PR AR Ik, HXTANE MeJA 5 SA R LA
FIFIARN, BAKT LIE MeJA A5 3R 1)
RILKVET SA AbBE. AHE 7T 5 A3 3 (¥ PAL %
KON E RN A R 3RS 4 KPP A1, 2R ] 8 B
o IR AN AT A S b PAL 3[R Thfg 5 24 F s AR
SN TT H R LR BT
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W E K BREAR AR SRR PAL 2
()8 7 B EAT Ee Xt B0, BSPAL 78 N sy K- HAth
3 P2 80 N RS R AL i — P HEZ
YRR R IS R A )t (DePAL, PKU67212.1)
BHAMUT AR (798 MNaIERR), #EAb 3 B ik sk
BsPAL 5HIHT—3, BAHEIENRREGKRR. 45
F R s R TP AEE 2 25 PAL BEPA = BE AR
[¥] unigene {145 RIS, RILE (1 R P AT REAFAE £
AN PAL JE[H, IXSE SR R 01 1) 45 b T BEAAAE L

ZFEYITT R, YA F) PAL BRI TERS
RIS G W N AE T, AN A ) S R AR AT AN
F e, ZRRIE. HIXEIE K DRy (4552
W, W ERRIEL, BREHESAFERWEHAE X
RAEE R, M T4HEYN S, HE
PAL BE PRI R 723 R IA R, 0k P45 24 F s PR R o3
ORI F BN A AR BRI R . A b
132 PAL BERIFE A KRR 22, mERssa ik,
HRPRIAFEFEREEF ST 250, X0 DIHEEFIR
R AL Rk B BB R R R
AN LR PAL KNS S5EMNEK. Kk
B PUSSEEEA G, WTUREMSREOR, Wk
W, KRR RS, th AT S 5 0 T
AHE ABA. SA I MelJA Uk EMEP, Wi, BE
JE3 955 P A6 B S 2 P R TS 9 B S AN TR R o B
JH PAL R ARG SRR R AT 04, 45 R T
AR PAL JER B9 208 5, RikE R
AFRE S0 FAE R G, #F 50 R N ) R IE 20
TR 735, AR 24 R R (AT 78 AR AIE
S, WS T LAY E IR n e A,
B U BE IR TS B P A XUBCE Y, LR IR AR R R
AT R, BUH- S22 b 10 B0 A S 2
P>, ARFACR I ANER N MeJA Al SA I,
BsPAL IRIARH KL T R EHEZMN, XEHTAHK
EAH—2. 7€ MeJA fEA R, BsPAL AR KiL &
mT SAMEH THIRIERAKT, HESHEAFTH
IR A R R E S — P . B,
%} BSPAL Wi SA 5 MelJA (5547, 2572
PG T E, R 32 AR AR H 3R IA S5 SRy fU6
T I IR A A 245 R oy AR AL T 22 40 . T AR O
¥ H bR o A 7= BAA R B 8
SEH
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