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Cloning and expression analysis of polygalacturonase-inhibiting protein gene
from Panax notoginseng

CHEN Rui, LI Jin-jing, GUAN Rui-pan, YANG Ye, GE Feng, CUI Xiu-ming, LIU Di-qiu
Faculty of Life Science and Technology, Kunming University of Science and Technology, Kunming 650500, China

Abstract: Objective To clone the full-length cDNA sequence of PnPGIP gene encoding polygalacturonase-inhibiting protein (PGIP) from
Panax notoginseng and analyze the expression levels of PnPGIP. Methods Based on P. notoginseng expressed sequence tag (EST) encoding
PGIP, specific primers were designed and the full-length cDNA of EST was cloned with the method of rapid amplification of cDNA ends
(RACE). The expression levels of PnPGIP were analyzed by qRT-PCR. Results The full-length cDNA of PnPGIP was 1 171 bp and
contained an intact open reading frame (ORF) of 981 bp, a 13 bp 5’-untranslated region (UTR), and a 177 bp 3’-UTR. The deduced amino acid
sequence of PnPGIP has 326 amino acid residues which form a 36 770 polypeptide with a calculated pI of 5.83. qRT-PCR analysis indicated
that the expression of PnPGIP was quickly induced after inoculation with Fusarium solani and Alternaria panax, and the highest transcription
level was achieved at 4 h and 2 h post inoculation, respectively. Moreover, the expression of PnPGIP was induced in different degrees by
methyl jasmonate (MeJA), ethylene (ETH), H,O,, and salicylic acid (SA). Conclusion PnPGIP responds to F. solani and A. panax infection
in the transcription level, and it is induced by several kinds of adversity stresses related signaling molecules. Therefore, PnPGIP may be
involved in defense response of P. notoginseng against F. solani and A. panax.
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1A A 55 58 - FUBH IS 1 (oligogalacturonides, OGs),
T A B 42 U2, PGIPs FIZ5 K2 1 10 A
ATEHEN) eLRR 418, 4> eLRR 1 24 ML
B, HZ SRR T 5100 % O LxxLxxLxLxxNxLt/sgx
IPxxLGx™, %X 10 4> eLRRs 4% 2 4> p-47&, Jrh
—/~ B-¥1& (sheet B1) {7 F PGIPs [1JM1HI, A
Hr I EFE IR LI e E PGIPs Rl PGs PR ELAF M,

PGIPs 1EA—MHEYIBI M 1, AEFEP 9
BT B N A EZAEH] . Wi B R Bipolaris
sorokiniana 12 4 /N3¢ Triticum aestivum L. J5, /N
' Tapgipl 1 Tapgip2 MR FRIAKN- B, 3R
15 Tapgipl A1 Tapgip2 F k] (1) 4% 58 R ARG bR AE 52
B. sorokiniana J&4% 12 h vy, ILX} B. sorokiniana 1]
Purkfesm, HEERMHEAHLL, Tapgipl A1 Tapgip2
HILHEX] B, sorokiniana WPLYES> MIBE N T 22
&0 16 552, W3¢ Brassica napus L. Bnpgipl
Bnpgip2 DN ) R IE B 2 AR E R EE
Sclerotinia sclerotiorum 11755, L3KiX Bnpgipl Al
Bnpgip2 UM T Arabidopsis thaliana L. FEFRIEIR
T S. sclerotiorum 12451 IR FADRS, o Feik
Bnpgip2 [ R B & % T S, sclerotiorum 17
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sclerotiorum i%5'F, S. sclerotiorum 13 4 K 5. 48 h I,
Gmpgip5 &M AR B ERIN CRF 1000 ),
1M Gmpgip7 FEH ) FRIEEAE S. sclerotiorum 17 G )
Bt 24 h ISR, 48 h N FRIAK TR, it
Ab, FRIE KRG Gmpgip3 FE A )6 5L DR /N 32 5 43 93 b
I JR L ¥ Gaeumannomyces graminis var. tritici 1 B.
sorokiniana | /& 114 Tilyps FIRL JBE 05 28 I HH s e
P, R F AR B T 47%~83% A1 42%~
60%",

— & Panax notoginseng (Burk) F. H. Chen Jj 1.
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PEE N T =R R A SIS R A S A
RO = AR B e 1 3 B0 R A ik T
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W e NS BEK I Alternaria panax Whetz, [F] B &
R, = ARG PR B fa 52 ) 3 BRI (1) R
A, BT RAAEIX 2 o SR ORI . Ak,
B39 BF 50 38 A IR A UE SR KT R TR ( methyl
jasmonate, MeJA) kb B = -G ]t 25 3 o — L%}
0 JE B P ME  MeJ A TiiAb B =552 55 55 Bk /)
R Qe # o, =B b A PGIP JE R (1 Rk &
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15 T IR T 0 = i Bk ) B Ik B 1
MNALE, ASLEwpE T Bk PGIP FERB 4K
cDNA, JFdtAy T RIEFF T
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EHRER, S P I i DR AN S A AR B
KA 00 B %8 IR IRAT

KAt # DHS o %52 806 T bt XS A0k}
BB, TRIGene st RNA $2IGRA G AL
5 GenStar Biosolutions /A7, NucleoTrap” mRNA
Midi Kit % 4% [E Macherey-Nagel 247, SMART
RACE cDNA Amplification kit %4 H 5 [E Clontech 24
7, pMDI18-T # A [ H 4 TaKaRa 47, GoTaq”
2-Step RT-qPCR System i H 35 [E Promega A ], A
S I PR 5 1900 AR DIy 1) A it A A4 TR
AR A ) SE R, AR oA R sk oA
1.2 A%

TEEGH & AR KOS R I Bk — 80—k
—AAENA AR EEARE,  ARERTTH BY )7 =B R
MR TR 1, B =B 9 41 (30 Bv4l),
R BT LR AR 25 1 4UREE 2 4143 3R A
100 pmol/L MeJA FITEH /K (CK) FilAbHE — AR A
30 min, ACFUTEAEEMRE, RS0 0% MeJA Al
JC R /K FAL BE ) =G0 B B AE oA, 24 h 5 [FRE
SR FH AR V2 2 Tl 5 114) 50 6 9l ) AT AR AR R
GRIEHg 2X 10°AMEF/mL), FeFh 30 min 54 2 41
LR RR R, WEEEMNE 4. 12, 24,
48, 72 h I =-tA; 55 3 4IRZE 4 200 i IS4
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NSHERS 2RI K (CKO #fp =t f, H
DREF IS IRt v AOREE, IFAEdefh 2, 12, 24,
48, 72+ 96 h IR —=-LRIM B 25 5~9 415 I
100 pmol/L MeJA. 200 umol/L 7K#& (salicylic acid,
SA). 1 mmol/L I% Al (Hy05)+ 1 mmol/L ZJhiF]
(ethylene, ETH) LLREH/K (CK) =il =-LAHRHES
30 min, ARJEHFX 5 A =-ERTAEER R, A RIE
WEFHJS 4, 120 24 48, 72 h INRE=LIR. irf
REEMIFE R 5 T80 CL-Ar&H .
1.2.1 RNA #2502 mRNA 735 K] TRIGene
RNA $EHGR G F IS A P18 RNA. BUE
IR ARSI RNA, M7 RNA B s
TRA), FF4% M NucleoTrap™ mRNA Midi Kit 3]+
M3 2 mRNA, PAZrESH mRNA AR 0 5%
A 1% RACE #54R

Wit =LA M= 10 PGIP EST J¥41, #
1t 5°-RACE 1 3°-RACE F§ 515 1¥). 5°-RACE f§5t
Y5194 5°-GAAGGGAGAGTGGAATTGAGCCAT-
AGAG-3’, 3’-RACE f¢ 1594 5°-CCTCAAGA-
GACTTCGGCTTCACAAGATG-3’. RACE PCR "
W% TA vl a iR 3 pMDI18-T #i4A, Ik i b
AN K AT B DHS o &2 284000, Bk Bi v e
B o
122 =-E PGIP (PnPGIP) [ 4K e K IF L
BEHE Copen reading frame, ORF) il L &AM
{5 B2 M1 it NCBI Chttp://www.ncbi.nlm. nih.
gov/) 11 bl2seq T F#f PnPGIP JE[K (1) 5°-RACE
147413’ -RACEY #4741 5 EST J 4T Hi%,
J¥#]F NCBI ff) ORF Finder Chttp://www.ncbi.nlm.
nih.gov/gorf/gorf.html) 74k PnPGIP Jt K Pf /7 5]
1) ORF. fRIEPHERIAK cDNA JEHIRTH 1Y
PnPGIP A 4K ORF W 2514, JfXI 41K ORF
HEAT PCR ¥4, 8472 TA 5l 5. ORF
P BT WS R 5°-GGAAGACCAATGTTGTT-
ACTCCTCT-3’Hl 5>-TCCATTGAGTACTAGGGAA-
ACCATG-3". {#iJf] NCBI Hf] BLAST 7E£k70#7 T
Hk Mt PnPGIP FEPH A L4 i 1) 5 11 53 1 1 )
PP Chttp://www.ncbi.nlm.nih.gov/BLAST ) . 1
SignalP4.1 Chttp://www.cbs.dtu.dk/services/SignalP/)
k5ER PaPGIP ({5 5 K417 . FIH MEGAG6
WA AT 2 F P A L R B 250 HT o i B ProtParam
(http://www.au.expasy.org/tools/protpatam.html) 7£ £k
Iy M L E 52 B PnPGIP BRAY P BT 800 . SR

PredictProtein Chttp://www.predictprotein.org/) 7E£k
T H K54t PnPGIP [ — 0 4546 FEAT V.40 1 o for
Tl . PnPGIP [ — 445442 #7 h WISS-MODEL
(http://swissmodel.expasy.org/) TEZ/HT T H 5 .
123 PnPGIP XM R ERHE D KA
qRT-PCR 4341 PnPGIP JE [RIE — 52551 65 #k /T B
NSRS AZ Gl R v (0 SR IB R PR DL R A5 7 e 5%
KN MeJA. HyO,. SA. ETH 4 {550 11
RFE. PL=-F PnACT2 (KF815706.1) 1F kN3t
o PnPGIP KK 57544 5°-CATACCTCAAGA-
GACTTCGGCTTC-3"l1 5>~ AGGGAGAGTGGAAT-
TGAGCCAT-3’, W3 [K PnACT2 [%E5H 519751
4394 5°-TCCAAGGGT GAATATGATGAATCG-3’
1 5°-AACCTCTCCAAAGAGAATTTCTGAGT-3’.
R NAR R4 AE 5 % GoTaq® 2-Step RT-qPCR
System. N4k 95°C. 2 min; 95 °C, 155, 60
‘C. 1 min, 40 MEH; 2520 .
A qRT-PCR Jx ¥ B 3 IRE S, LUEHAKEH
=L PGIP JERRILE AR, K 274
LTS PGIP JE PRI HARRT: 5t IR AR ek 7K
1.24 okt =R i) WS 1
124 L) J MeJA. ETH. H,0,. SA 435, PnPGIP
FEER A 2 TE 7K X + 5 Fon o S APRET CRfIRD
AL, AbFE S PnPGIP HELRAH X Fk 7K1 1) 22 57 ik
FNERA ¢ KES AT 04T
2 FERE55H
2.1 PnPGIP £HE £ cDNA Ry fE

BT AT b = A S 0 7 AR I G B
PGIP f] EST J¥4 CRAIF), @ik 5°-RACE
3-RACE J§ H43k151% EST 4K cDNA J#5.
RACE # &5 B 1-a o, WFESHT 8o
5°-RACE ;“#JK%) 464 bp, 3’-RACE ;=K% 804
bp. & FAIPHEIRTE PGIP (14K cDNA, J#¥
K 1171 bp, HALE—A4> 981 bp [ ORF. 13 bp 1] 5°-
JE#H X Cuntranslated region, UTR) LA 177 bp
ff] 3°-UTR, ORF Zitth—A>HA 326 NIRRT &
17 ARIEHEE 14 K cDNA 3BT S 5 14,
ISP T K E R 1029 bp WE4K ORF [
cDNA K 1-b) . 437 LL =& cDNA #l DNA W44 ,
F PnPGIP X ORF 5|9 AT PCR, Bylahlit e i
VKA I, 537 L=t cDNA H1 DNA A fG
ZI¥) PCR =4 v BEK/h—3, 138 PnPGIP HE[A
ANEHANE T GG B iR oA
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M-Marker ~ 1-5-RACE ¥ 3 /= 4]
3-PnPGIP JEH 2 ORF [ 14,4
M-Marker
product of 3’-RACE  3-amplification product of ORF

1 PnPGIP EFEH) RACE ¥ 18 (a) RE 24 ORF
&7 (b)

Fig. 1 Amplification results of RACEs (a) and full-length
OREF of PnPGIP gene (b)
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a
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Fff) cDNA #5485 PGIP 21, WKiZIEHN a4 A
PnPGIP, GenBank &35k KU361076,
22 FIIRIRMS . & EFT LT R L RiaiE
BLASTn 734728 W] PnPGIP [{1%5 735~989 {i#%
HFHW®IFI 5 Z W Sesamum indicum Linn. PGIP
(SiPGIP, XM _011088934.1) [{1%5 747~998 A% +f
2 Fe 5 AT T4% [P YE . BLASTp 20 #r4h B oK
PnPGIP 4t PGIP & [15%i%4 Vitis vinifera L.
PGIP ( VVPGIP, XP 010659524.1 ) K1 | H %%
Helianthus annuus L. (HaPGIP, AIF27224.1) [A/F
HIFVETER T, 09 62%F1 59%. 45T 45 Kyt 7
Mr i R R, PnPGIP 4275 8 A~ LRR £5 45 (1] 2-a).
4, PnPGIP L HaPGIP. SiPGIP. VVPGIP L&
N2 P ginseng C. A. Mey PGIP (PgPGIP,
ACU27355.1) [ ZHFHILA WK 2-b, &=
LM ANZH#E T ANZJE, {H PnPGIP 5 HaPGIP.
SiPGIP. VvPGIP [f1 8 (174 R B, il
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Fig. 2 Conserved domains analysis of PnPGIP (a) and multiple alignment of amino acid sequence of PnPGIP and four plant
PGIPs (b)



*4424 -

¢ %% Chinese Traditional and Herbal Drugs 38 47 % %24 # 2016 £ 12 A

PgPGIP (155 PN 30%. PgPGIP & 1)
HIHHEE 1~4, 58~61. 80~92 F1201~221 f K&k
FRIRBEAE PnPGIP 5 P41k, 1 PnPGIP 11
JPA A 301 ~304 7 I A YR S5 AE PgPGIP & )7
FIh e, 18 MEGA6 AT K HFVPEL Pyrus
pyrifolia Nakai PGIP (PpPGIP). E#¢ Eucalyptus
grandis Hill ex Maiden PGIP (EgPGIP). .4 Malus
domestica Borkh. PGIP (MdPGIP) %%Lj PnPGIP 317
ZHEFHILLNS, FHIE RGO (K 3). SHbp
13 4~ PGIPs 52500 2 K32, N2 PgPGIP By —32,
PnPGIP FIILAD 12 ANIFIE PGIPs 54 55— K320
PnPGIP JT{ERIX— K30 3 /NS, IKHE Oryza
sativa L. PGIP (OsPGIP) Fifiilj—/NSZ, PnPGIP.
HaPGIP.SiPGIP. VvPGIP 3k —/N37, Hi4x 74> PGIPs
TN — /N W 3 B 85 R PR K] PnPGIP 5
HaPGIP. SiPGIP. VvPGIP HAT1R &K [RIYEdE

PpPGIP (AAP92911.1)
4EgPGIP(AAR1514S.1)
MAPGIP (AAB19212.1)

FaPGIP (ABVO4088.1)
CSPGIP (XP_006485019.1)
BuPGIP (XP 013746186.1)
APGIP(NP_1963041)
HaPGIP (ATF27224.1)
PPGIP(KU361076)
SIPGIP(XP_011087236.1)
VVPGIP(XP_002263523.1)
OSPGIP(AAUMIG3.1)
P&PGIP(ACU27355.1)

0.1
—

PnPGIP I HERRIR; £5'5 W7 &40 PGIPs 6k
PnPGIP is indicated with frame; GenBank numbers of plant species

PGIPs are given in parentheses, respectively

3 PnPGIP 5/L#iE#) PGIPs B9 R G LI 5347
Fig.3 Phylogenetic tree of the deduced amino acid sequence
of PnPGIP and several plant PGIPs

2.3 PnPGIP %RE3EHRAVIE W RIS ST
HJH] ProtParam 714k T E fitilll PnPGIP [¥)BEAL
Ji, &R %R PnPGIP AN 701 414 36 770,
S AN 5.83 0 1R R R RERI AT B T
FHA KT 20 h #1110 ho SignalP 4.1 2347454
X W] PnPGIP AEAEAE TR, BV AL T-55 16
FEE 17 NREREIE 2 M. LPifE 5 I e
PnPGIP, A7) 1 it 2 0 34 980, 55 Hi ik 5.84.
4, PredictProtein il PnPGIP 2 H it 7] BE & 47

41 T
24 PnPGIP JrSEH R REEM R = HE 5T
HRYE PredictProtein 73 #745 %, PnPGIP & HE
H ool hE BB ARG, TSI E T
SR 26.38% 11.66%A1 61.96%. 24yt
AL 13 A o-BBUIERN 23 A B9 . BR RN =2
SRR EyoE Tl AR LIte, A THF5T
PnPGIP &5 Mg 2 MM K &R, LT
Phaseolus vulgaris L. PvPGIP2 (10GQ_A) AR
Fi%kT PnPGIP [ —=4Efi%Y, PnPGIP 5 PvPGIP2
R FEIR 7P AALLYE A 42.09%. PnPGIP [ EHE(S
SR B PvPGIP2 45 ML = BE AL 7
PnPGIP [t = 4E4ifyrtt, feErfrty LRR 45 R 38 1 TH
&KW B-¥1&, EEANIA— RS 35
WETE, FiAh, AP B-AT R S AT =
JeitiEE (.

4 PnPGIP B =HEEHHEE
Fig. 4 Putative 3D structure of PnPGIP

2.5 PnPGIP EERFTIEFFIED

AT R B MeJA  TilAb B = -E RS 55 0] S5 4
e =0T At S D TR IR B, A S5 R ] qRT-PCR
X PnPGIP %5 K 7E MeJA G 7K AL B — 4552 3
J&5 B v A2 i R (0 R A AR AT T 40T . JE B
KA =t (CK) #EFmifEHk /I w5, PnPGIP
WA EZE BT, e 4h i, HERBEIX
Bl K, ZUNHERIET S A%, 2 a3k R
FEAk, 20 72 h BF, JUBRAS I 205059 (10 04 & 5
PnPGIP AL IEZ M MeJA 355, MeJA il
AbHE =5 24 h J5 PnPGIP 55 [R5 567K 7 KR 4
L RS S 12 h 9, MelA FiabBE =+
1 PnPGIP K& A [ 08 5 E W F#{IS, 12 h f5 PnPGIP
FEN PRIk B N8 T, 24 h JE Rk B OSGRE R
B (5D,
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TFORGER (D RiEREE (P<0.05), TRRGER ED fESWEE (P<0.0D

“indicated significant difference (P < 0.05) compared with controls (before inoculation/treatment), ~"indicated highly significant difference (P < 0.01)

compared with controls (before inoculation/treatment)

5 FHBEIIEMASERBRRITIZF R MeJA. ETH, H,0,. SA &I2/5 PnPGIP £ E #IRIZKTF
Fig. S Expression levels of PnPGIP during F Solani and A. panax infection as well as after treatment by MeJA, ETH, H,0,,

and SA

[F] I 24T T PnPGIP JE PRIE N S84 i 4t
—-BF1 4 B {5547 JA. ETH. H,0,. SA 4bFE—
LIEMRIEKY . NS iR iR =1 )5, PnPGIP
Bk s 2 BT, RS 2 h A B
K, LIRIETRIEAKCER) 19 £, B G RIEREE
R, 2 96 h W FRIA R KR BT, LR
MRIEEN) 7 £ 4 #5551 JA. ETH. Hy0,.
SA Kb =4 ilitliF = -t PnPGIP BE[A]
1215, I H PnPGIP 2N B Rk SR b 5 4 h
INFIA B % i KSF, 1B PnPGIP E R 523X 4 FiE 5 0
TIESFRE AR, ETH fiH, H,0, Al SA X2,

1M MeJA 75 S & J AR (B 5D 5 L fiTid , PnPGIP
5 DRI 2 S 7S ) 2 536 g 0 70 v RN S A 1 1)
2%, 2 LR BT E A A5 5 0 T IS
PnPGIP K A G855 —-Loxl i 8 4k ) B A\ 255
P57 1S
3 itig

AT =& T 1 BB PGIP JEA,
PnPGIP % [H )41 ORF 24 981 bp, ZWiE 1 326
AR E A, XE AR PAS kAT H
ZE A% 1) PGIP [y 404G i B[RS E « PnPGIP 2
A 8 MASFI LRR &5k, 2 F)7 51 Hoxf Wi T
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LRR 45435 (1) 5k B L AR B8 PR B S I =, 7
5 PG BAARZ A e AR ARr etk 7 1, PGIP 1
LRR 45 M St A M. R A2 PePGIP LA
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