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Abstract: Objective To clone the full-length cDNA of the ATP/ADP transporter protein (AATP) genes in Panax ginseng to provide
resources and some knowledge necessary for the further gene function study. Methods The mRNA sequence of the AATP genes in
other plants were downloaded on the website of NCBI and used to perform local Blast alignment in the transcriptome of Jilin ginseng
from 14 tissues. The AATP gene in Panax ginseng was cloned by PCR, and analyzed using bioinformatics software and online
resources. The expression pattern of PgGAATP1 gene in 14 tissues of Panax ginseng was analyzed using the expression profile of
transcriptome and its expression level under methyl jasmonate was deceted by quantitative real-time PCR. Results A full-length
cDNA sequence was successfully cloned from Panax ginseng and named as PgAATP1, which was 1866 bp in length and encoded 621

amino acids. The relative molecular mass of PGAATP1 protein calculated was 67 897.23, and the isoelecric point calculated was 9.58.
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It was found that the protein was similar to the plastid AATP in other species. The expression of this gene was high in all tissues but

higherin fruit flesh and leaf blade, and the expression of PgAATP1 gene was up-regulated by methyl jasmonate. Conclusion We

have obtained the full-length of PeAATP1 gene. This gene expressed higher in tissues of vigorous starch synthesis and responsing to

methyl jasmonate.

Key words: Panax ginseng C. A. Meyer; ATP/ADP transporter protein; bioinformatics; expression profile analysis; methyl jasmonate

iR W WA 4% HF = W% B2 (adenosine triphosphate ,
ATP), AR =R, A2 1 5 TIRgng, 1
OrFRERERN 3 43T AR L [ T4 R ) R R A &
Y. VE NN S BB BERRIR, ATP Af DAL A
AP AARE, AR S A R N R R (R . 7E
IRV, ATP R EM-SRAR AR i 4
i, TS AR AR R R SR RERS & ) ATP,
SR, ATP FEANARF AR iz, Rk, 4
—EATIER ATP Iz A AL 5 1 L] . TEZRkE
KPR |, 745 KR ADP/ATP #4185 4 (ADP/ATP
carrier, AAC), FREMERFL R 1A 2 A AR 10 = AE
) ATP 32 BI4NAR, RN ARG A0M5R H rr —
AR (ADP) Fiz Bk ki ph i, B T LRRHRTEAE AAC
Ab, BRI B AR AE B i& ATP/ADP %%zt H
(ATP/ADP transporter protein, AATP), HAEH 75
AAC 1EfFfHR, B RS GAIM SRR ATP,
BB RTAN, Rk TR+ ADP R
JRRREA . AFTREA, FRAAEFE SR, Ak, H
ERFITER R, BTSRRI B St A ER AR
ATP, HoAth A 7 B S R &IS58 R4 i 33
ATP, [k, AATP XJT B4 &k AT R N5
ECF K EBER

FLIE 1969 4, AATP 5l 7£ 5 SR I SRR vl
B, BT Mgk, EHALFR Ak, Ao
AR FHEBLT AATP IfFEAER, fERR
T FG IR, AATP BB AT AE i 4, Mikami
AP S AE IR T PRI T AR R 1 45 12 NS
A e S5 I AATPL, BJ5, Mohlmann 2513 4F
PRI R I T A1 AATP /& B [RIVE 1) 55— %% AATP
FEH, FEar 4o AATP2. #RT, % TZEAHA
iz ATP MEZIhRE, HAEY, SHEREDH
AATP [/ EFL I 32 B F AT e, 78
o0 I kIR R Sk e,
AATP JE R R & 1 FF = Re 3 i AL 4 e 1 2
B, AHEYH AATP 2R RIS ISk
RLRARPTA R . HAl, T AATP 1ZEBETIRE
(R 1E B R TEVE M AR T, AATP TEH A

M ThREL ARG . AT, AATP 2 f gkt
¥iz ATP F1 ADP bl itiaEH, HITReARM
Z A BRE TR HEE R & K

ANZ Panax ginseng C. A. Meyer NTLUIMEIANZ &
DR, AT Ar) “EREZ T KE
NS T HAERE, NS e E RS E
BRIz — NS FREENYRE NS 2
. AZSZWE. R AT T IR,
MAZHBAGHEZ 4BENE, WReiA~ g, k.
Pem s 1. MR . PUR T RAUAh KR R AL 55
EF, B, AZC ZNHTEY . &Mk
2R FEASH,  RIRTEE R A BOd
FERZHTHE ATP LN, BRI, S oA S
MBI &S AATP WIREAMIHE. AR, fEAN
ZHc T AATP R DR FIF 7T 30 R WARIE .
AHIFE AR = FT I E AR NS 14 AN LN e s
ZHIN T T 3RAS 248 993 A unigenes M & LA,
i FAAEY T AATP () mRNA 25115 1285080 A
it Blast U EEXT, fZ%H comp61474_¢c0_seql %
K5, MDA TB, Wtfer itk sl
BEH N2 AATP JE[K (PgAATP1), FEXTiZFEKHE T
FHRAEYME B2 ARIE A, U g ik — Bt
FOLIE R I A2 D i B e R A
1 MREHE

ASELS Pt FH N Z: Mo 75 MR R 2 A%
BEMINS “REF” Panax ginseng C. A. Meyer,
HEHL RNA FTHI NS 14 DS AR AR 5 AR
ANSER I K S H TR 05t A
SIS T A R B AR SCES = AT SR A S 14
MNALAL (IR SR RE i, Pk A
TR KM AR m L SRR R R
P ) BN 7 T RAS 248 993 1 unigenes
Kot U,
2
2.1 RNA {ZER5 cDNA B3RS

W5 A NS HE R BRI K 5 H TR T
ORI RAS 14 MAGERAFIRERME T
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TR FE /W EE , 1218 OminiPlant RNA $2HUR ] &
CREONHEZD) TR BUR GRS RNA. 25,
FI S k77 & (Takara 23 7)), # BB 5%
¥ iR RNA 636N cDNA, A7 F-20 CUkH
#%H
2.2 PgAATP1 EEREE

fE NCBI Wi FEHAMBEYH AATP JEH [
mRNA J741, H3RA 514750, W AY587008.1.
AY866478.1 . AY098893.1 . DQ782743.1 .
NM 120613.5 A1 NM_180440.2 %5, # _[id mRNA
FHITEEMRANS 14 AL S H0E 2 vh ot
17T A Mo Blast 5 J8 bbb, 18 8] 7 # F &
comp61474_c0_seql, FIH Perl BAFFZEEFAN
AR K. 2 )5, FIH Primer 5.0 #4 %11 H
MR B dr 5 M & F U 5 % PgAATPI-F
( 5°-TGAAGGGACTCAGAGAGATAGGG-3" )
pPgAATP1-R (5-TTAAGAGGAACTTCCTGTCGA-
GTC-3"). UUAZS 14 NHLUERALIR A FE M1 cDNA
551 BEONBNGEAT PCR 73, RMARF: 95 CTl
B 4 min; 95 “CAEME: 30s; 59 CiBk 30s; 72 C
ZEH 60 s; 72 CJELEfH 10 min. K iR PCR P4
BEAT BRARERER FBVK S, ISR HE B DNA [A]
WO A& CRARAEABHA R A A, ARk i B 5[]
WH DNA R B, $HIERR wERA pGM-T
(Takara), A KA 5 &0 I 2 H 3847 3R
PCR Wil F&4 5 H I BO/N— BRI 2
KHEREDRHA R An 347 N7, R&3RE
PgAATP1 B:H K751,
2.3 PgAATP1 ERMEMERFES

I AE 28 Wk U AR 6 T RE AT A3
PgAATP1 B[R AT A WME B 500, B0 1 W
A A4 45 : NCBI Chttps://www.ncbi.nlm.nih.gov/);
ProtParam tool Chttp://web.expasy.org/protparam/);
SOPMA  ( https://npsa-prabi.ibcp.fr/cgi-bin/npsa_
automat.pl?page=npsa_sopma.html ); SWISS-MODEL

Chttp://www.swissmodel.expasy.org/ ) ; NetPhos 2.0
Server ( http://www.cbs.dtu.dk/services/NetPhos ) ;
SignalP  Chttp://www.cbs.dtu.dk/services/SignalP ) ;
WOLFPSORT 1 ( http://www.genscript.com/wolf-
psort.html); 10.DNAMAN (Version 6)-
2.4 PgAATP1 EFEMEIRME ST

YT e S 2 1) PgAATP1 B MEAEIR T
15 W NCBI R # A 13 MIEIH) AATP HH
REETR P A AT R 3 AT, P FH AR 7% (Neighbor
Joining Method, NJID #JitsEAb i, EAM 4 it
BN MEGA (Version 5.05), bootstrapping 24
1000 MES.
2.5 PgAATP1 EEHRIES

FIH Perl AT MEMNZS: 14 NMALIIBA 5
LHAHE PE R PgAATP L BERITE NS 14 ANH LR
iRk &, HFH EXCEL 2. v
BEFF 2 PgAATPL [ CDS Frol Kk HUK A 2
GADPH K FFo1, weitdemitsiy Gk D. FH
ARSI S RAF NSRRI ARL, R RORIR A
(156 24 KA 100 pmol/L ZRATEE FH G, 43 6. 12,
24, 48, 96, 144, 192, 240 h 573 J BUALFRLH FIX
HRZHRE Al I HARAE T80 CUKFET . 3 SR U FRZH AT
XTREZEM) RNA, W68 cDNA 1E SR, R %t
TFHREVE S VI T SENF PO E & qPCR, AT FLIT
FAXZ$ N ABI 7500 Real-Time-gPCR %4 (Thermo
Fisher Scientific), SN A4 Z AR 1 uL; SYBR Green
master mix 5 uL; 2.5 pmol/L #5149 0.4 pL; 2.5
umol/L Ri#514) 0.4 uL; ddH,O 3.2 uL, M 4MEN
95°C. 60s; 95°C. 5s; 60 C. 60s; 95°C. 15s;
#2~330 40 IKEH.
3 ZERE55H
3.1 PgAATP1 EFE %K cDNA B3RS

FIFH A1 RNAiso Plus IFI & IAS 14
AN ZERAL IR -G A S L RNA, B 1-A 9 HEHUR)
0 RNA BrflE B ik &1, 28 S H1 18 S H)5ki7 15

R1 EFREEE PCRETASY
Table 1 Primers used for real time-qPCR

CIEYEZY S SIS (5°—37) K /bp 1B KIREE/C
PgAATP1-RT-F TGAAGGGACTCAGAGAGATAGGG 145 60
PgAATP1-RT-R TTAAGAGGAACTTCCTGTCGAGTC
PgGADPH-F TGGAGCTGACTTTGTGGTGGA 133 60

PgGADPH-R

TGCTCCCATGTTTGTTGTAGGTG
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A B

28S 2000 bp 1895 bp

188 1 000 bp
750 bp
500 bp

58S

250 bp
100 bp

1~2-RNA M-Marker 3~7-% )7 BtEH pGM-T (B PCR
1—2-RNA M-Marker 3—7-result of PgAATP1 full sequence PCR

1 A% 14 MALRBARAHBIENA RNA (A) F0
PgAATP 1 B) £ KEFME®R PCR

Fig.1 PCR of RNA extracted from 14 tissue sites of ginseng
(A) and PgAATP1 full sequence (B)

BT A HE R H 28 S IS E L 18 S 15, 5S MLhAs
g, nTLAgE— T H IR TE. & RNA &
IR 155 cDNA, A cDNA R inN 514
PgAATP-F AR5 PeAATP-R 1T PCR, 33—
KN 1895 bp HIF41 (B 1-B), 741 LK 2.
3.2 PgAATP1 EFHEMEREN

F F ProtParam % PgAATP1 Frll & & (gt 47 2
1&‘@@‘3/%}%, ZHEEFH 621 MIERA K, Hi

ﬁiﬁ% i e AR AR 20l A e iR (12.7%)
%n HE (50%,

B 2A), H4o 7N

8.
6-
24
fgfln.nl e |

Trp Tyr Val

TR

Ala Arg Asn Asp Cys Gln Glu Gly H1s

Tle

C3165H4039N7670833826,  AHXS 73 F N 67 897.23,

LT (pD) N 9.58, AFEIRECHN 27.21, B
|EARNRE, FAKIBECN 0378, NEHUKMEEA.

SOPMA il & Bl PgAATP1 & [ Jii ] — R &5 M9 045
o BZE 38.16%- B #£HA 10.79%. IEMIEE 19.97%A1
ToM A 1 31.08%. @ik TMHMM Server v. 2.0 7E2%
BAFTIN R L PeAATP1 & A 11 NS IR e sk
¥, NetPhos 2.0 Server Tl % H] PgAATP1 & H )
WERRALAL B TIE AT 0.5 LR IRE 32 . A
A 18 A~ MEMAE 5 4~ (K 2-B). FIH
SWISS-MODEL 7EZ A1l PgAATP1 HH K=
WA, ZE AW EIECARFR A, HEg
W e T — AN s (] 2-CO, 5REIT
Arabidopsis thaliana (L.) Heynh 3:AK—3. F|H
SignalP 7EZHAF I 2 5 S ik, 455 PgAATPI
HEEHEARNEE S, WIHREAANE S IE
H. Ffi@id WOLFPSORT II %f PgAATP1 & Hit4T

e k)i b A G P TV ER SR 3 g & Dae Vs i
(NGE
3.3 PgAATP1 ZEBRIRMES

FIH DNAMAN #AExF PgAATP1 J HAtAE )
T AATP 25 [ I EIE T HI3ET Lo o0, AR A
tecan & 3 fow .

FIFH LR 4341 NS AATP 25 A 751 5 HoAth
YT AATP & HEAT FEVERPEECE, 7 KA

Leu Lys Met Phe Pro Ser Thr

Phosphorylation potential

0 ‘
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Tyrosine ——
Threshold

0 100 200 300

J¥ 5 mibL

600

52 PgAATP1 ZEREERAM (A). EABRUMASIN B) REBZREH (C) M
Fig.2 Amino acid composition (A), phosphorylation site prediction (B), and prediction of tertiary structure (C) of PeAATP1
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OSAATP1
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ZmAATPI
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Os-/KFE  Zm-TK  Pp-BFIKHE At-BIFEIT St-THRE  SIFEM  Ns-EIEMHE  Des-#HEF b Ht-Z% Me-AE  Che-H#

Ce-ARE

Os-Oryza sativa Japonica Group Zm-Zea mays L. Pp-Polytomella parva
S1-Solanum lycopersicum L. Ns-Nicotiana sylvestris Speg & Comes

s B - AEERE PEERAR ARV SLESSOAABYS ———LESPLLEARRAGETAREAYYE
™ SRR - PLLLASE = i

LE

AVLOTH BT~ SRETNEN TRV = FQPAT

TETAE N NG Gl FGE TS
TR, 2 SN T B DT S

TETRERTHVLY mw
!.-:l.l—ru-xwa

PF n.rﬂ\'rt LRDTROVIYYTARGIOART EFFLITHYNLE
LEw AR LD T DVIVVTARGOOAETIP
1 TvTA

OB GREPARARAR - - - GAVPAAEFE
SECRAE PARARAA - — - BAVEARGTE

‘uu_rJlNCM! RAc- - ADBOPLFCEAE
4RI FIWERVE - -AARAD - ADGCPVFGEVE
Danl FOTRRRE AN ADBEDVLEERE

MEFCILENY TILROTROVL YV TARGESAE LT PFLRTWVHLE
HF FCILENY T ILNOTROVLU VT ARCEEAEL T B FLETWVNL
VTARG!

BOPLFGEAR

PRER PLLEEKNE 78 o ACECPLLOEA
FESINE A AR AN AL

CENEA RN

bxrn‘_} DECRARAAAARCA

HKERSTEFEEEREANEACDS
fipe SASELARKIRER - —

S A T & |

AECNINSASAKY,

SErATEAD

=—.muun.—

SPELEPIGAS
B3TILNETEGD

h"f&n:ﬂ?am
ARG,

SAAACAREEDS

- 720 -
@rongoran 644
Bronfaren 642
87
459
618
621
625
629
620
619
497
588
=BT TN 629
HTPRNI 621
BTHABEErCSPNEL 631
BrEsgarTHL £ 624
RS 564

Linn. Me-Manihot esculenta Crantz  Chc-Citrus hybrid cultivar L.  Mt-Medicago truncatula Gaertn  Cc-Cajanus cajan (Linn.) Millsp

3 PgAATPI EESEBFIISHMEN S AATP BB EEBLFFIEEXT
Fig.3 Alignment of AATP1 amino acids sequence of P. ginseng and other plants

Mt- & 75

At-Arabidopsis thaliana (L.) Heynh St-Solanum tuberosum L.

Dcs-Daucus carota subsp. Linn. var. sativa Hoffm Ht-Helianthus tuberosus
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Z:Hh PgAATP1 5% M AATP1 25 (A 741 [R5 1%
W, BRItz s, ZEAS 5% E Solanum
tuberosum L.« F&Hli Solanum lycopersicum L.. A&
WA E Nicotiana sylvestris Speg & Comes %
Helianthus tuberosus Linn. "1 AATP & /741 [F] i
PEEE (B 4),

OsAATP1 (AAX58120.1)
OSAATP2 (AY866478.1)
ZmAATP1 (NM_001154379.1)
PpAATP2 (DQ782743.1)
AtAATP1 (NP_178146.1)
StAATP1 (NP_001274794.1)
StAATP2 (Y10821.1)
SIAATP1 (XP_004235723.1)
NsAATP1 (XP_009758418.1)
DcsAATP1 (XP_017253110.1)
PgAATPI1

HtAATP1 (AY587008.1)
HtAATP2 (AY513369.1)
PpAATP1 (XP_007217627.1)
L MeAATP1 (AAZ23106.1)
ChcAATP1 (AAM29152.1)

_|: ChcAATP2 (AY098893.1)

el

MtAATP1 (XP_013454701.1)
CcAATP1 (XP_020224742.1)

4 PgAATP1 SEBFTISHMEYI S AATP SEEEF
SIBRLR M 54

Fig. 4 Homology analysis of amino acid sequence of
PgAATP1 and AATP amino acid sequence between P.

ginseng and other plants

3.4 PgAATP1 EEEARFEHER P RIESTH
ENS 14 NG R A B, R
Perl \H1IHL PgAATP1 JE A (1) R IA &, 245 5 LA 5,
EHREEANS 14 MAAPRIEES RS, X0]
BE AL BT 2 AN SR A Hh 1 75 B R ) s R 1k
P2 A AR ATP/ADP %2 8 1 N iR SRt e &k U .
A EE T HARZH LA 5, PeAATP1 JE [RI7E L A Al
W R R T R, X A] R R DX e 4 A
AR S INRE R, TR AR L.
3.5 FFIESERESLIEXT PgAATP1 EEFRIEASN
N TIRF PgAATP1 RH 5 NS B HEYE K
I FE AT AE O R, P S 52 B PCR K 1 2R TR
HTR AL BT PgAATP1 FEPR RIS R2mA . il 6 fir
N, RARFESALEE 6~240 h Y, PgAATP1 FE[A
Frek B, MORFHIRR I BEALHE 6 h FFUh, PgAATPL
BRI FIKE TG B (2P ARAAEA 1.25 75,
TERLHE 240 h 1N, PgAATP1 A —E AT 5 /KT
Fik, BKMEHEPE 96 h, BEHT PgAATP1 A

400+
300+
il
X
B 200=
=y
=
100+
CI'l'Illlllllllll
EEHNINE-MERZLENENY
RN BRI L E?;ETE%E%EKi

5 AZ 14 MALEHIF PgAATP1 BIFRIAIER
Fig. 5 Expression patterns of PEGAATP1 in 14 tissues of P.
ginseng

44

w
1

FHX Rk B
i

6 12 24 48 96 144 192 240
t/h

6 FFBRFERLIETFEIRTEE ASH PgAATP1 HIFRIX
Fig. 6 Expression patterns of PSAATP1 in P. ginseng under

treatment of methyl jasmonate

()25 R B IR ALY 2.23 f. SR, HLEE MeJA
AR PRI 8 ANA ] 55, PAATP1 FE[A] (] % e iA &
B R EX A, R, NS FTER F B AR A —Fh
BT, WSS RRENIMIEAS B EHEN
2P e, AR 2 MR Rk,
PgAATP1 FEK 1) i R IE IEE N T B -5 & Bk )
e LS SR LR AR
4 g
M ANSH, HigERSmASE2H e
ZRNTZ R, M2 IEANSBH G s T
SERIEIRI M TRE . SRTAT, AN DCHR BRI IR (8 ik
B I AT BEAS A2 LAKEHE/N i 2 7= AR s . A SR
FEEEAARIKY PR AT A, AT RE SN 2 il
BAREAEH . wERAA WG RO = TR
FIRIGERER (IPP), B T &M T F R K
IRi&4e (MVA pathway) & h, i A] i S pk A it
17 2-HE-D-FREME R -4- B 1, NRRONAER R
KRR, BT iR Ess, Bkt
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2 AU RN, WG R A T UE R B A, AATP
YE Ak Fig%i ATP/ADP fEEEE, HHEY
(1 2R AR AR R K
TERFEWFEEZEAQBEEXE (major
facilitator superfamily, MFS) fJp iz —, AZH
PgAATP1 R [KLEA AAA 5l FEER S5
Yifiiftia. HA5 ATP/ADP #izifth. M 5t
Wréh& ATP FIRR AR A R Tt o 83 1% 3 [ 1)
ST, THZEAMEER, ZEARA
11 M5 B e 45 Pk R i K PE IS I 2 1, S 4 R 5
ARt VAs iR NS S .S S T2y L ATl S
(AR o B AR AATP HiR B A AR 7571018, 5
IR R AR BTN, R IR A 2 e 20
XIFRA3 AT, X 5% 8 T SR I 8 45 A
Fro TR T 125 FEE T 6] Rl 1w ol s, RS A 1Y
SCHRARE I, %2 AR T g %R B
Him BRI, R, il ERIE S R
PgAATP1 H:[AI7E R PRI fy b ik &8 vy, 42
RS e sl A R SRS E Al e N S e (Y
(£ ZE b, PR SRR TR AATP BRI Z
MRRR S HIRZ N, TR A R ATP 1)
fitehy, MWTFEE L AATP E KT ATP/ADP
Wiz, X5 MY P HGE R AATP 7EJE R A
BT AT REAR — 3. VBN —Fh i A7 A R
WIBER, FRATER B B T Re % TR T R A B AR K AN
RE, TR, KRR NTERTE S TR
IMBIREFEYIH, AEN S RRAR I8 0 5R FR FH i ]
BN S B H SRR, B, i R
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