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WE. [EW) MHAEEE (adaptor protein) GeAPl AR ST R EF B R AK Y (Clomerella
cingulata) 5K K B MBI F NI, B CedPI fEZEFHH R RASR, HABTHEETRAES R
HEBLE WY B (endopolygalacturonase ) 22 CgPGl o CgPG2. BRI ZfAH (pectin lyase) L& pn/—1 %0 pnl-2
LR R IR BR B R AR T (pectate lyase) FKE pe/A fn pelB B3Ik, ARNIFEF R AR W 4 & B & BUR
EEHRREPHSTIHFARIT M, [ BIAHE CcAPl fFEFBRE AR CedPl f-gfp WKL
B, AFURAFE AT 0@ 2 LBR (ATMT) 3K15 A geapl B REARF CcAPl BYR Z Wtk Ageapl B—CedPl B, I
B RT-PCR #n Southern 2 X AT #4765 8. DA AR WK W16 A xt B, xt Ageapl B RZARF CedPI IR 2 Wtk
Ageapl -GeAPI B KL, RS . 2 AR THRERZME WM & FmBORERTNE. FREHERF
i ProtComp 9. 0 fo TMHMM %f GeAP1 A& |\ #HATEM AT, I 4 & GeAP1 S—GFP 12 S LM, #£4T GeAPL B I 4
Ho AL, IR aRT-PCR AR, Ml CcAPI fEW L. HAaRT . FE. WERMPERENBNELE, RN Cerol.
CgPG2. pnl-1. pni=2. pel\ fu pelB 7 % £ R E A0 Ageapl B RZARF WKL E. [ER]) CedPl BEE 2K 2 321
bp, BHINNET, G T0NEHREE., HGEHARERVI6 ML, Agcapl PREREERBHR, HLAEKH
EVRBRE, TAEBTTE. 2ARTHLAE, WERPRELEREER. Agcapl fEF N BHA, EF
Rt L5 RBNG fORTE. GedPl BIFIR R Wtk Ageapl B-GeAPI BRABE T GedPl B IH Bk iy &
Ak, KARMNE R, BAEH GeAPL f-GFP A T4t . oqRT-PCR Bl 4 RE W, GedPI fHESE R FIH
MR E S NKE N BRI, BAR R RL BN RE. CcAP] BHIHR 3 B CePCl FE B E 20. 3%, CgP62
FAEBHME 16. 5%, pnl-I RLEEMKE 8. 2%, pnl-2 RIEBEME 14. 4%, peld RALBHLE 4.4%, peB %k
KEEZE0.8% [£#H)] KA CeAPl EE KA TARA T, RFERIEHHERE LKL HHEEN; GeAPl
P4 CePC1. CgPG2. pni-1. pnl-2. peld#1 peB ki, RFRKHATHAE —NEZNFHRET,
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Abstract: [Objective]l The objectives of this study are to determine the function of A subunit of adaptor protein GeAPI1
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complex in growth and pathogenicity of Glomerella leaf spot of apple pathogen Glomerella cingulata, investigate expression patterns
of the GcAPIp in the fungal growth and pathogenicity, decipher whether or not GcAPIf regulate the expression of
endopolygalacturonase genes CgPGI and CgPG2, pectin lyase genes pnl-1 and pnl-2, pectate lyase genes pelA and pelB, and to lay a

foundation for further studies of adaptor protein in pathogenic signal transduction pathways of G. cingulata. [ Method] Based on the
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GcAPIp deletion vector and GeAPI1f-gfp fused expression vector, the Agcaplf mutant and the GeAPIf complementation strain
Agcap1p-GcAP1p were structured using ATMT, respectively, verified by RT-PCR and Southern blot analysis. Colony growth rate,
sporulation, germination rate, appressorial formation rate and pathogenicity of the Agcaplf mutant and the GcAPIf
complementation strain Agcaplf-GcAPIf were assayed, compared with the wild-type strain W16. GcAP1f subcellular localization
was carried out with the bioinformatics softwares ProtComp 9.0 and TMHMM, along with signal observation of GcAP15-GFP. The
GcAPIp expression levels in hyphae, conidia, appressoria and pathogenicity stage were identified by qRT-PCR. Moreover, the
expression levels of CgPG1, CgPG2, pnl-1, pnl-2, pelA and pelB in the wild-type strain W16 and the 4gcap 1 mutant were detected,
respectively. [Result] GcAPIf is 2 321 bp in length, including 3 introns, which encodes a 720 amino acids. Compared with the
wild-type strain W16, the Agcaplf mutant showed a rill-like fold colony and decreased growth, while sporulation, germination rate
and appressorial formation rate were unaffected. Virulence of the Agcap 1 mutant reduced significantly, which induced tiny spots on
the leaves. Moreover, the GeAPIfS complementation strain Agcaplf-GeAPI1p fully restored the phenotype flaws by reintroducing
GcAPIp to the Agcaplf mutant. Fluorescent signal showed that the fused protein GecAP1S-GFP was distributed to the cytoplasm.
qRT-PCR analysis showed that GeAP1f expresses through the lifecycle of G. cingulata, and the highest expression level of GeAPI1f
occurred at the post-invasion to leaves. Compared with WT, the 4dcgap1f mutant showed a drastic reduction of CgPGI transcripts
(20.3%), CgPG2 transcripts (16.5%), pnl-1 transcripts (8.2%), pnl-2 transcripts (14.4%), pelA transcripts (4.4%) and pelB transcripts
(0.8%). [Conclusion] The adaptor protein GcAP1 complex is distributed to the cytoplasm and is necessary for growth and
development of G. cingulata; GeAP1 regulates the expression of CgPG1, CgPG2, pnl-1, pnl-2, pelA and pelB and is a vital virulence

factor of G. cingulata.
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AR (6B HATHRIALE & M A D RE,
1 ANPEEE () S5 8 A 70 A0 IS, /N
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SERURIEM AR (G. cingulata) 55305 1 B
Wie6, HIZH B4 2014 470 & Qi A2 m—4
WEERAEREY, Wie fhILAT AL TR
PDA K7 ##FEHE4T 85 9% . KK B (Agrobacterium
tumefacien) EIE LBA4404 (b= AR AT A #K
P B R LB ¥i ARk TH9:, HI T ATMT.
KWK (Escherichia coli) Wtk TGl KXH LB B3¢
SEUHATHR, HMERURLITE o AR GedPIp 3R
IR, RNA SREUE fh 727 A 15 22 (PDA 1597 3 d
2R B COmZ&B/KEIVE PDA P
10 d MG FRY), 2 )R aud JERR L2 5, Bk
EHAEMT) o JHBEE 10° A /mL /M ERT
BIFHRAEM IR, 28 CAAF FAWBEFE 6 h A,
PR TR ey, AR A i) o0 AR )
MM O iERZEE, CREREIR 10 h, WSR3
TR BAG ML) Ry Rl 48 b (7 iRIR R4, DR
it 48 h, RPEEAM PR EUR GRS T o il
CgPGI. CgPG2. pnl-1. pnl-2. pelA F pelB £ GcAP1B
R R IS B, RNA $HCFE G2 AHLH PDA 1%
Ir 6 d [MH 221K
1.2 ZERIRME

SLIR 4] DNA [R3ICR H HEP )5 75017 . PCR
Pk RAFL P 4% ZHANG 20175 133047« PCR 7
W SR I A A TR R IR AT BR A W) (fi]
Pr: AETAEYD [ PCR P2 il A Gt AT . ok
/N B IOCR AR A ) 1 ORL A IO 7 & R AT .
Southern blot /MR H ZHANG 259 i3 4T . I8
RNA IR AL 5 R AR AR AT B2 w4
&t RNA $2HGARI & (HL 2D BE47. RT-PCR 43
AR R 5 AR ) TR B 2 ) 1) S s 1k ) ek
1T+ qQRT-PCR 73 AT K HIAE I 2 S AW R ARAT PR A+
76 E# PCR IXAIGUEAT . qRT-PCR A4 2 WAL
% 2xTransStart Tip Green qPCR SuperMix 10 pL, 5|4

(10 pmol'L™") % 0.4 pL, ¢cDNA (RT-PCR /=% 100
MR 1 puL, RNase-free H,O 8.2 uL. qRT-PCR
KHIZEE BIO-RAD a5 E s PCR ST R4

(Real-Time PCR System) HEATAIM, $ R R 1
AMEFR (94°C 30s) , 40 MEFF (94T 5, 60C 15
s, 72°C 10s) , JFUL - A HE N (B-tubulin) AF
NWSEER, A 270 TR A Al R 3 [T R A
Xf#RIERE. PCR G (R 1) hETEWS K.

% 1 PCR3I¥FFI
Table 1 The primers used in this study

514) Primer  J¥31 Sequence (5"-3")

S2G2 AAAGAATTCGAAGGATCCACCCAGCTCTG"
S2Df2 AAAGTCGACGCAATGGGGCAACAGGTAGTAGTAG
S2Drl ATAGTCGACAAACATGGGCCAGAAGGAGAGG
S3S1 AAAACTAGTGATGATGTAGGCGGAAATTAGC
HBI AAAGTCGACCAGCACGAGCAGGTCCCC

HB2 TTTGGATCCTTGACCTTCAACGTGTCCATC
S2F TCACAGCACGAGCAGGTCC

S2R ATGTTCATGGCCTATGTGCCC

S2R1 ATCCTCTGCCGACTTTCGTAC

S2Q1 CGCATCCTGGCATAGTTGAC

S2Q2 CGTTGTTCCCCGACATCATCG

TubF CTTCCGGCAACAAGTACGT

TubR GCGTCCTGGTATTGCTGGT

H-F1 CGTTATGTTTATCGGCACT

H-R1 TTGGCGACCTCGTATTGG

P-f TACGAAAGTCGGCAGAGGAT

P-r CTTAGCAGCAACTGGAGGTCA

CgPGIF TACCACCCTCGACATGACCG

CgPGIR CACTCCTTGTAGCCGAAGGT

CgPG2F TCCTGCACCGACATCGTG

CgPG2R GGTGCCGTCTTTCAGGCC

Pnl-1F AAGGGCGCTATCAAGGGCA

Pnl-1R GGGTTCAAGTCGGAGACCTGAAT

Pnl-2F GCATCACCAACTCAGCGAAG

Pnl-2R ATCACCTCCCCAGACGTACT

PelAF GGCACTGGTCACATCTACAACTC

PelAR TGCTCTGAATGAGGACCTGC

PelBF TGTCCGCAACATGAAGATCTCC

PelBR AGTGGTCAACCCAGACCTTGGA

TubQF TGATGGCTGCTTCTGACTTCC

TubQR TCCTCGACATCCTTCATAGCG

Restriction enzymes cut sites were marked with underline
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1.3 IIT{K A7346 T-DNA HEFFINHT

PLJFURE pCamhybgfp1(GenBank accession number:
KX223837) Jy#itie, JU514) H-F1 f1 H-F2 #4T PCR
I, AL SRR N EREE (P1) #E4T A7346 T-DNA
3 N# UUELY) Southern blot 4347, A7346 T-DNA A7 #
J¥HIRH] hiTAIL-PCR J57EPOHEAT PCR 43, F=#)i%
453 pUCM-T #ifk (ETAYD , mdb =& A
WIEARA WIHAEAFIMF . K437 T-DNA 45 #7751
ZH /NG R RK 23 FEKIZ Chttp:/genome.jgi.doe.
gov/Glocil/Glocil.home.html) , HEA7AH blast 5347 .
HI GeAP1 A1k g WIEIER (GedP1B) FIH b4
FLHSENAUT G D AT 0T, JF SRR IR 45 1
LIRS E AR SE R
1.4 GcAP1 EA1K p TEERMRIRERE

DA AE LT RR W16 SRR A BEAR, 514 S2Drl
1 S3S1 748 GedAP1p FEK L34, Sal 1 /Spe 1 1)
Ja, ELE R Sal 1 /Spe 1 BV pCambiaMX9(GenBank
accession number: KX755248) , A ikl pCamS1 .
FFUAHT AT R RE W6 BELRIZH AR, IS4 S2G2 F
S2DF2 ¥4 GeAPI1B ¥ T T4, EcoR 1 /Sal 1 [
YIJG, #43] EcoR I /Sal 1 Y] pCambiaMX9

(GenBank accession number: KX755248) , A&

K pCamS2. £ 2.0 kb ¥ %: RPUIEIE (hph) 751
MFORL pTFCMPY iy e AR oK 27 22 18 2 e A
Sal | BEVIR 25, Z45%) Sal 1 BEVIT) pCamS2, K
GcAPIB & R il Bk 3 A& pCamS2KN1T (& 1) .
pCamS2KN1 % LA ZIR AT LBA4404 )5, FIH
ATMT J5VEPM GeAPIS I W16 JEIN 241 it o i e
WEE B (ETAEY, Z9RIE 100 ngmL™) Ptk
T WHBE I GeAP1B FENZAR R 514 HB1 Al S2R1
HEATHREE A AU PCR 840 (B 1), FFLARER P2

CULEFAE RO BRE W16 JE DK 2H AR, tH 514 P-£ Fl Pr
HEAT PCR ¥4 K 4lifk 3545 ) 384T Southern blot %54
DL W16 JE4 48k, H514% HB1 F1 HB2 414
GeAPIB NHAGEM A8 4, BamH 1 /Sal 1 B§Y)
Ja, &4 P AKX pGapneoR12 ( GenBank accession
number: KY363244) , A:fllf) GeAP1p FE DR A Hidk
pCamGcAP1S (K GeAP1p-gfp FilEr 23k 450D
B 24T LBA4404 1, R FH ATMT ™M GedP1p-gfp
BEFER R B Ageaplp FRABRFERAH, ik G418

CETAY), 29k 500 pgmL™) HirkEib 1, WK
SEI GeAPIB WK BERE 514 S2F A1 S2R AT
PCR ¥ 1450 #1 F1 GFP {5 550 (DMS5000B %% 5 {2
s, fEE Leica) HHATHIE .

200p
E S hph S B
pCamS2KN1 ' | — 1
] w1 L

S2R GceAP1p S2F  S2R1

= < T

o >< 2 <~

HBI S2Q1 $2Q2 HB2

hph: W5 Z RSB R Hygromycin phosphotransferase gene; R4l P1, T A7346 1) T-DNA i A5 UL %5 52 Probe P1 served as identification of
T-DNA copy numbers in A7346; #41 P2, H T~ dgcap1p 574K T-DNA i A #% DI %1% 52 Probe P2 served as identification of T-DNA copy numbers in the
Agcaplf mutants; 5% S2F/S2R H T4 4 GcAPIp [¥) cDNA  The primer pairs S2F/S2R served as amplification of GeAP1f ¢cDNA; 5|4 HB1/S2R1 H-T-
% 5 (0715 () PCR K431 The primer pairs HB1/S2R1 served as PCR amplification of the special sites; 54 $2Q1/52Q2 M- GeAP1p ¥] gqRT-PCR 43 Ht
The primer pairs S2Q1/S2Q2 served as qRT-PCR analysis of GcAP1f expression

1 GoAPIp BIREFNEE
Fig. 1 The cloning and identification of GcAPIf

1.5 REIGH

TR (10 A K N 7= R R 0 W3R ) WU 2600
EREAT PRI B 223670 T PDA P i b (H
9 em) , Higf6dn, MR AL THRIELE
FiRA10d, 10 mL JCRUKEIVEFAG BT

WERW LS5, KM MBS AT, A2
FHFRAIF W R e . A ER TR . E
L T B T I 36 R XU 2B k. KIS )
HKE IR = TKEE (8%) AL, H 10 uL 4>
AT RTEI (10*AN/mL) TR A, 28°C B
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AN, RIBRTFESR 8 h, MM A i &GN, #
WA TR 20 h, LI BH A BT A O . RS AU
W 100 DA T AKX MTHRE (%) =
H A TR A8 5/ DR £ S B0 X 100 B TR
(%) =T BB A5 T IR R AR A W W O A
T RH X100,
SO PN E R E — 3 S OB

a A iR, GRS, FH 2 pL 2 AR AT R

(1X10° AM/mL) J7EM T IET, SRR 6 A4
A, MR, BT RS R 10%K 5 .
28°CEAFT, BEEEFE 10h 5, FAOLK 140, LUk
T o BRMERPIEOL . SRR E: PR
SEHE T5%IRE I R R, L ARIZT 3 mm SRS, 2
ul AR T RIFW (1X10° AN/mL) 438 45 DAL,
28°CHAFT, Hefh 10 d Ja WL SR SR it Ol o HF A=
IR W16 150 BRI R AEPEE S 3 7k, | DPS
AT 25 5 W E VAT
1.6 £YMERFSF

M H ClustalX %} GeAP1p &R 741 Je H: cDNA 7

BB THEXS, LAfSE GedPIB FERNN & FIE . N
i InterProScan®®** %} GcAP1p M AT 14 =5 &5 ¥ 1

(Conserved Domain) Z3#7. N SignalP 4.154%}
GeAP1B 1) N Uil AT 45 5 k7 #r. NH ProtComp 9.0

(http://www.softberry.com) % GecAP18 HEAT 41 i &
15381 . N TMHMM Server v. 2.0 Chttp://www.cbs.
dtu.dk/servicess TMHMM/ )X} GecAP1S BT 15 JF IR ig 45
LABI T

2 R

2.1 GeAPIBBIRES SR
Southern blot 7 T4 XK W], T-DNA #fi A RAL /A
A7346 ZIS MEVIRPKE R AAS H — AN 4alr, HENILER
A&t T-DNA DU DU R LA s (B 2)
1ZH hiTail-PCR £ AR FEH 2K T-DNA 45 #7415
/N A R AR 23 JER AL T LR, R I T-DNA i
AN AL B T — AN v B R ) e 6 R R T I 3
(e_gwl.11.622.1) WIEE—"NIMEF WM. InterProScan
ST R NI AT Y S A A R T APL
Ak p WL (IPRO26739) o R, KiX—3E
K%k GedPIB (GeAP1 H&1E p WHRFEDKD .
GcAPIB R4 K: 2 321 bp, &H 3 MNE T, wig
720 ML - SignalP FUNZEE R & T8 G5 K,
KPH W REA L WEN .

M W16  A7346

bp
23130

9416
6557

4361

K41 5 DNA H Hind TITEATHEY) Total genomic DNA was digested with
Hind I11

B 2 T-DNA #EARZE{K A7346 Southern Z¥ 344
Fig. 2 Southern hybridization analysis of T-DNA insertional
mutant A7346

2.2 Agcaplf FIURFN GeAPIp BRI E FEHKBI S F
¥E

R FE AL KU PCRORSTIN &5 S (B 3-A) R, Ageap 1B
AR AgcaplB-1. AgcaplB-2 Fl Agcaplp-3 FER 41+
i GeAP1p ¥J#i % . Southern blot 43 #7145 4 oK,
Agcaplf-1. AgcaplB-2 F Agcaplp-3 YFAT H—477,
M ALK W16 28 5 R bRk SR ARG AN [ )
—%a (B 3-B) , RMINET hph 1F Agcaplp 574
PRBELR A b oy B 5L B DLARAG N, BESE GedPIp
B hph 4 . RT-PCR K45 R (18] 3-COFK M, GedPIp
WS N B RAEK Agcaplp-1 FER A, HEEAEVKE H
Pk Ageap1B-GeAPIB 13RIk
2.3 GcAPIB SRR £ E K HIS M0

7E PDA AR L, 5EF AR W16 AL, Agcap 1B
AR AgcaplB-1. AgcaplB-2 Fl AgcaplB-3 W% R
ek, WAEKCH YRS (K4, %2, B8
i AR TR R A O B G 2
ZEF (KD
2.4 GoAPIB BIERR T ER J1 B2

ORGSR oK, Agcaplp AESERMF LG]HT
/N ROIRDE, 5 AT7346 B ARRL, SR R 44T,
W16 5 B RIERE (] 5-A) ;5 Ageaplp 23R
RS EGHEENAIMBEBE, 1T W16 51 K95 5] 5t
Ageaplp K% (B 5-B) o Ah, GedP1p FERTKE
MK AgcaplB-GeAPI 56 MER T N GedPIp HeR
St R R T B (B 536 2) XL 5 IR W] GedPIp
PR St S e 35039 SR R L Pt TRT TR 22 A2 Al N RN B30
FEA%o
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3000
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A: TPERRER W16 Fl AgeaplB FRAT KNS A7 55K PCR 43041 PCR amplification of special site of the wild type strain W16 and the Agcap 1 mutants; B:
Agcaplp 53784k Southern 424843 HT . JEIH4LE DNA ] Hind TIIEATHESY) Southern hybridization for confirmation of the Agcap!f mutants. Total genomic

DNA was digested with Hind I11; C: Agcap18 53454k B9 2L VBT kE W16 Fll GeAP1B YR SRk Ageap1B-GeAPIB 1K) GeAP 1B 3% 43 #t Transcription of GeAPIB
in the wild type strain W16, the Agcapf mutant Agcapif-1 and the GcAP1f complementation transformant Agcap1$-GcAPIf

B 3 dgcaplp RIURFN GeAPIf EEWRE I FLE
Fig. 3 Molecular confirmation of the Agcaplp mutants and the GcAP1f complementation strain Agcap1f-GcAP1fS

Agcaplf-1 Ageaplf-2 Agcaplf-3 Ageaplf-GeAP1S

HFLE R BE W16 JHAT A AL 7R B PDA “PHR b, 25°C BB SAF FHgR 6 K
Wild type strain W16 and its derived transformants were inoculated onto PDA plates and incubated at 25°C for 6 days in the dark

B4 FREEMEFEFEEERREMTENELTEERS

ns

Fig. 4 Colony morphology of G. cingulata strain W16 and its derived transformants

A w16 A7346 Ageaplp-1

Ageaplf-2 Ageaplf-3 Ageaplf-GeAP1S

A7346 Ageaplf-3 Ageaplf-GeAPIp

A: HPATIBERR W16 Rl GeAP1S W kK Ageap1B-GeAPIB MG 3 K: T-DNA i AT A7346 Fll Agcaplp T (Ageaplp-1+ Agcaplp-2 F
Agcaplf-3) JEFJG 4 K The wild type strain W16 and the GeAPIS complementation transformant Agcap1B-GcAPIf were inoculated for 3 days; the

T-DNA insertional mutant A7346 and the Agcap I mutant (dgcaplp-1, Agcaplp-2 and Agcap1p-3) were inoculated for 4 days; B: FTAT # Ak R G 10
K All the strains were inoculated for 10 days

BS5 ¥REEMEFAFEREARRETEMNEETRRANE

Fig. 5 Pathogenicity assay of G. cingulata strain W16 and its derived transformants
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2 ERREMHFEHFEAERKREMENELTR
S
Table 2 Phenotypic analysis of G. cingulata strain W16 and
its derived transformants

[Esp7 RS R (U8 - WA A NRIE R
Strain Colony  Conidiation Germination Appressoria
diameter (x10°%) rate (%)  formation rate
(cm) (%)
W16 8.6+0.13 5.3+1.2 96.5+0.5 96.3+0.5
Agcaplp-1 3.1£0.09%*%  3.5+2.5 95.3+£0.4 94.940.9
Agcaplp-2 3.3+ 0.12%*  4.7+1.2 94.8+0.6 94.1+0.6
Agcap1p-3 33+ 0.11%*  4.4+1.3 95.5+0.9 94.7+0.3
Agcaplp-GeAPIp  8.4+0.15 3.6+1.8 95.3+0.8 95.1+0.6

FHRIRAE P=0.01 K-V 5 HF AR 7 5 b 3
** represented statistically significant difference compared with W16,
P=0.01
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qRT-PCR F il 25 KW, GeAPIp 183 R
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Fig. 6 The fused protein GcAP1p-GFP is distributed to

cytoplasm
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WS I, H5149%F TubQF/TubQR #2417 PCR # 4 Difference uppercases
marked at the top of standard deviation bars represented statistically
significant difference, P=0.01. S-tubulin as a reference gene was amplified
with the primer pairs TubQF/TubQR
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Fig. 7 The expression of GeAPIf at different development

stages
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Y%t CgPG1F/CgPG1R.CgPG2F/CgPG2R \ Pnl-1F/Pnl-1R . Pnl-2F/Pnl-2R
PelAF/PelAR Fil PelBF/PelBR #E4T PCR 44, CgPGI. CgPG2. pnl-1.
pnl-2. pelA Fll pelB ] cDNA 741 GenBank 315 73 4 KY363250.

KY363251. KY363247. KY363248. KY363245 Fl KY363246, S-fili
EEEEE N SRR, H5HX TubQF/TubQR #4T PCR 1
* represented statistically significant difference between the Agcaplp
mutant (white column) and wild-type strain W16 (gray column), P=0.01.
CgPGl, CgPG2, pnl-1, pnl-2, pel A and pelB were amplified with the primer
pairs CgPG1F/CgPGIR, CgPG2F/CgPG2R, Pnl-1F/Pnl-1R, Pnl-2F/Pnl-2R,
PelAF/PelAR and PelBF/PelBR, respectively. The ¢cDNA sequences of
CgPGl, CgPG2, pnl-1, pnl-2, pelA and pelB were deposited in the
GenBank with accession number KY363250, KY363251, KY363247,
KY363248, KY363245 and KY363246, respectively. p-tubulin as a
reference gene was amplified with the primer pairs TubQF/TubQR
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Fig. 8 The expression analyses of CgPG2, pnl-1, pnl-2, pelA
and pelB in the Agcap1f mutant
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