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TN o-SRHE RN JC RN & 2 GpTR1774 25 —REEM I EZLITHF, 4300l b EFEBR T 51 (1) 38.10%H1 41.31%, &
GEAEAEA T R, GpTR1774 JEH 5K 57 2 K BB L AR RS R 55, 35 87.5%. qRT-PCR R, ARHHHE
GpTR1774 JLH Fk BN EFHE FRE, RY 3 d M 4d kB EE LT, 4d X8R EKE, ARREWE
By 16 15, AU Rw LRI, KBRS GpTRL774 R Al i8S 58 KA 2L ARG IR IR B AU EUR S B, AR
ZTAR I BOR LB f BT Ak (A e $2 i 5%

KR AF 733975 LUAUEANJEE ; GpTR1774 B[ ; R4 ; qRT-PCR

FES%ES: S763.7 SCEEARIAED: A

Cloning and Expression Analysis of Xylanase GpTR1774 Gene from
Ganoderma pseudoferreum
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Abstract: Cell wall degrading enzymes are important pathogenic factors of many pathogenic fungi, among which xy-
lanase, as the most important hemicellulase, plays an important role in the process of host cell wall degrading by fila-
mentous fungi to achieve host infection. In this study, RT-PCR was used to clone the coding region of xylanase
GpTR1774 gene of Ganoderma pseudoferreum strain HD3 and analyze its bioinformatics. The root of Hevea tissue cul-
tured seedlings Reyan 73397 were infected with HD3, meanwhile infection and destruction process of root cells were
observed by electron microscopy. The gene expression of GpTR1774 was determined by qRT-PCR. The results showed
that the total length of GpTR1774 ¢cDNA was 780 bp, encoding 259 amino acids, among which the most abundant amino
acid was alanine (Ala), accounting for 15.1%. The molecular weight of GpTR1774 protein was 28.12 kDa, fat coeftfi-
cient was 81.93, and the isoelectric point was 9.07. It was a hydrophilic protein with 15 phosphorylation sites, no signal
and peptide transmembrane domain, and was located in the cell solute. The main components of the secondary structure
a-helix and random curling are the main components of the secondary structure of GpTR1774 protein, accounting for
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38.10% and 41.31% of the amino acid sequence, respectively.Phylogenetic analysis showed that GpTR1774 gene had the
highest similarity with xylanase gene of Ganoderma boninense, reaching 87.5%. qRT-PCR showed that the overall gene
expression trend of xylanase GpTR1774 was firstly increased and then decreased. The expression level of GPTR1774
increased significantly on the 3rd and 4th day after infection, and reached the highest level on the 4th day, about 16
times of the initial level. The results of this study indicate that the xylanase GpTR1774 gene was likely to be involved in
the pathogenesis of G. psedoferreum, providing reference for the pathogenesis analysis and green prevention and control
of G. psedoferreum.
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W HL, AR a4 Y H R A BR A R R
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Tab. 1

Primers sequence in the study

5|9 % FX Primer name

LiE514 (5-3") Forward primer (5'-3)

TUES14 (5-3") Reverse primer (5'-3")

GPTR1774 ATGTCTGCCAGACCTCTCTTAATTG
GPTR1774-RT TCCCGGACTACTCCTACAA
18S rRNA ACGAAGGTTAGGGGATCGAAA

TCACCACTTCTCGTGAGCGGGAC
CGTGAAGATGAGCGTGCCC
CGAGCGACACATAAGATTGAGG

1.2.3 KB ALE GpTRL774 £ 413 &5
B R 2 I 7 R T AR B
fif 2 i 32 K] GpTRL774 B4 W5 B 24 At AL 4347
1.2.4  ARIRAALARIE IR R T 13 R AR S

WP I e, R LI AR D T AR A A
U RS, B 3 NEE ., S TEERE
IO, 1,2, 3.4,.5.6,7.8.9, 10d Mz,
A,

&2 BN ORFRREEE S 7L S R 4

Tab. 2

Online analysis and prediction software of rubber tree gene structure

B fF Software IJJHE Function

Pk Website address

ORF Finder & H 5 B
ProtParam 5T B T o
Conserved Domains PR ST 235 Ky 3 70
TMHMM Server v.2.0 B B DX N

Signal P-5.0 Server 155 BRI

PSORT Prediction V4 i 5 A5z F5E
NetPhos-3.1 BEER AL R T

https://www.ncbi.nlm.nih.gov/orffinder/
https://web.expasy.org/cgi-bin/protparam/protparam
https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi
http://www.cbs.dtu.dk/servicess/ TMHMM-2.0/
http://www.cbs.dtu.dk/services/Signal P/
http://psortl.hgc.jp/form.html
https://services.healthtech.dtu.dk/service.php?NetPhos-3.1
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A Y5V RNA 28 AR AR Z1 AR 93 95 i 747 18S rRNA
FHAHNZ (£ 1), KA qRT-PCR F LA E
WA LR GpTR1774 JLIRAENT #6355, W
TR R FIFEITF S % 0Nt v 2y vk o
1.3 i

AT 27T SR B A S GPTR-
1774 FAXTFk &, i Excel #4 K o

2 HEREHWH

21 KRBHEEBHRBERE GpTRI774 N EES

DU 235 SR A FL K Bl , PCR SR AR EIIK
R GpTR1774 J¥ 4K K 780 bp
(B 1), gt 259 Pz Fime (KBl 2), INZERR(Ala)
E R, HEEREEN 15.1%, KR
GpTR1774 HE 51T CiasoH1956N360037251,
W F RIS Tl 28.12 kDa, FEHL SN
9.07, AEEZRECH 27.73, IR RN 81.93,

IEHL A AR IEEON 31, Tl iR 28, EOE
FRIKPE-0.2000, AKEMEBF GpTR1774 & H M3EK
HEA,
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M: DL2000 DNA marker.
1 ARE¥EES GpTR1774 £ F PCR ¥ 157~
Fig. 1 PCR amplification of xylanase GpTR1774
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GpTR1774 & FIFETEAR F KR 0.0146 (&
3A), WA B IRESF I, 7 T 40 s (& 3B ),
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1 ATGTCTGCCAGACCTCTCTTAATTGTCGCGGGCATTGGCAACGGGTCCGGCACCGGAGCA A
1 MSARPLLIVAGIGNGSGTGA SP(Sec/SPI)
61 GCGACTGCTCGCCTCTTCGCAAAGAAGGGCTACCGOGTCGCGCTCGTCGCGCGCAATGCT 0.8 cs—
21 ATARLFAKEKGYRVALVYARNA OTHER
121 GAACATCTCAACCGGTTTGCGGGCGAAATCAATAAAGAAGGCGGCGAGGCGGCAGCCTTC 2
41 EHLNRFAGETINEKEGGEAAATF B |
181 CCGGTCCCGGACTACTCCTACAACGCGACGCTCTCCATCTTCGACACCATCTTCGCGCAC g 04
61 PVPDYSYNATLSTIFDTTIFATH e
241 AAGTGGGCCACAGAGGGGCCGTCGGAGTTCCGOGTCGGGGTGTGGAACACCGCTGCGGGC A
81 KWATEGPSEFRVGVWNTAAG 0f
301 GTGTTCAMMTCCTCGACGTGACCGACGAGGACATCACGMCTC“TGCAMTGMC MSARPLLIVAGI GNGS GTGAATARLFAKKGYRVALVARNAEHLNRFAGE I NKEGGEAAAFPVPDYSYNAT
F XXXXXXXXXXXXXXX XXX XXX XXX XXX XXX XXX XXXXXX XXX XXX XXX XXX XXX XXX XXXXXX XXX XXX X
101 VFKGFLDVTEEDITNSLGQUVN . i i i
361 GTGAACGCGGCCTTCGCGTTCTCGCGCCGTGCOGTCCTCAAGTTCAGGGAGAATGCGCTC 0 20 _ 40 60
121 VNAAFAFSRRAVLEKFRENAL B Protein sequence
421 GACGAGCGOGGGAAGCGGGGCACGCTCATCTTCACGGGCGCGACGGCTGCTATCCGCGGE 1.2
141 DERGKRGTLTIFTGATAATILIRSG |
481 AACGTCCTCACGAGCGCGTTCGCGGCGGGCAAGTTTGGCACCCGCGCGCTGAGCCAGAGT 1.07
161 NVLTSAFAAGKFGTRALSA® QS > 08l
541 CTCGCGAAGGAGTTCGGGAAAGAGAACATCCACGTCGCGCATGCGATCATCGACGGTAGT £ 08
181 LAKEFGKENTIHVYAHATITIDGS %06»
601 ATCTTTACTGGCCAGGGACTCGCACGCCGCTCTGGGGAGGACGCCGAGAAGTACCAGAAC S
201 IFTGQGLARRSGEDAEEKTYQN £ 04f transmembrane
661 AACCTCGACACCCGGTTGGATGCCGGCAGCATOGCCAAGAGCTACCTCTACCTGGTGGAG inside
221 NLDTRLDAGSTIAKSTYLYLVE 0.2F outside
721 CAAGACCGGTCTGCGTGGACCTGGGAGTTGGATCTCCGTCCCGCTCACGAGAAGTGGTGA | |
S W W ] 0 y - : p
241 QDRSAWTWELDLRPAHEE KTV = 50 100 150 200 250
. Sequenoe position
B2 KBB4 GpTR1774 EE CDS R Z%EHB K5I = ¢
REBDYSERET ‘;g) —— Serine Threonine —— Tyrosine —— Threshold
- -
Fig. 2 Nucleotide sequence and amino acid sequence of 2 !
xylanase GpTR1774 CDS region 8
=
N 2y /{: AN IJ—:f / ~, }I_l X ) %\i E‘
BERRALAL s 0 i K AR R GpTR1774 JIKEEH £ 1
w
PRTPTN SN A e e e Tl o a0 o
nlRe A AR L, &A 6 MR EMRBERR LIS, 7 = 0, 50 160 150 300 240

A 24 TR BE TR AL AT 2 A I S R Wl R Ak 157 1
(K 3C),
222 KEAME GpTR1774 ZOHK T LEHBRA
=, Z@EMTN B BT R RN
fit GpTR1774 7 8~259 @WILMRZ AIAF4E 1 4
NADB 545t 38 (B 4A ). 76 K b
GpTR1774 & W) 45, a-B2E 17 38.10%,
B-4r 8 i 15.44%, B-Fffidi 4.63%, RN
hi 41.31% (& 4B ). HILAT LA ), 7F GpTR1774
mEZ R, TCHNE A o-885E BT & L
W%, P-REf D, o~ e A G R )
ARIWERG GpTR1774 #5110 a5 ny F2oclt
H =5 5 R T 25 AT & (Bl 4C ),
2.3 AKEB¥EE GpTR1774 EAMEFEMELEXF
BRGNS

T o AR BB GpTR1774 #1724 MR 41
R X, AR RNERE GpTR1774 2751
H5RZIESHFIMEATFY] (LR_28215.1) tH
IR R (B S), Bt 25Kk T IR,
AT FIAR AR £T AR I 95 S o K SR B GpTR1774 5
7 | RS T ZE JE B s ) B AR R 2 R SROBE i  4% C
A, MMLER 87.5%; M i A B AY
RGO FREGL, MHLEN 11.2% (K6 ).

Sequenoe position

A: AREMHF GpTR1774 HAMF S IKTUN; B: ARG
GpTR1774 & [ #5 [ 25 K6 B0 5
C: AREWEM GpTR1774 4 1 Ji S BRAR LA i 50
A: Signal peptide prediction of xylanase GpTR1774 protein;

B: Transmembrane prediction of xylanase GpTR 1774 protein;
C: Phosphorylation site prediction of xylanase GpTR1774 protein.

B3 AKEHEEE GpTR1774 EERME SRR
B R 45 KB AN BE B L i 2 Tl
Fig. 3 Signal peptide, transmembrane domain and phos-
phorylation site prediction of xylanase GpTR1774 protein

24 AERIEEEHIBERE GpTR1774 BEERIEHHT
24.1 “HRBR A EBIA A GRS I
HD3 FAREEFT B RS, 56 1 KA
82 RINIRTCE MR WL RER TR Y, =
B3R LR RREERER (B 7), ER
YL RAL G0, P 22 AR 2R TRk [ [ &5 9 2R AL A~
MRFRC (2 G 10 d), W22 I YL 2.1 mm/d,
242 HIA AR IR R R B R IR AE B g B K
GpTR1774 A W £k 547 R qRT-PCR 4 Hr 4L
RS9 978 5L B 1R G A5 B W) 2E 355 v A L I A SR 0 T
5L N GpTRL774 AAXT FiA & 1 L, 5 R BN,
KBRS L GpTR1774 FRik BB h
S ETHE TR, RYLES 3 KM 4 RFEHREW B E
I, R 4 RBEIEREKT, N S5.62, ARR
Pepitn (0d) FikER 16 £ (Kl 8),
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A
1 25 50 75 100 125 150 175 200 225 250 259
Query seq. active site

NAD(P) binding site

Superfamilies < NADB_Rossmann superfamily
B

10 30 40

1] MSARPLLIVAGI GHGI....--.....IKG'!VAI.VAIII........-.- 50
EnED HMEKWAmEGPSEFRVGVWNTAAG 100

SIMEecGceEAaanArPVPDYSH
101 v ¢ x cEEE v T HEBNENS

25l DLRPAHE KW
10 20 30 40

Strand
[[] Disordered. protein binding
W Extracellular

M Helix
M Putative Domain Boundary

A EEEVERERENALDERGKRGT LI 150
I51FTcAMEEMrGNY L THEENECENEENREESOSNENEREKEN HVAHAL I DGS 200
2001 FrcoEMare s EEEEEENENNLoTRL O EESNERSMENEN: cBEE A wr we L 250

o] ]

M Re-entrant Helix | Membrane Interaction M Transmembrane Helix
Signal Peptide

259
50

B: ARG GpTR1774 5 11 G5 T

C: AREFEM GpTR1774 & H =HAEH T .
A: Prediction of Conserved domain of xylanase GpTR1774 protein; B: Secondary structures prediction
of xylanase GpTR 1774 protein; C: Tertiary structures predicting of xylanase GpTR1774 protein.

B4 KRS GpTR1774 & A &M TN 4> 47
Fig. 4 Structural analysis of GpTR1774 protein

Coil [ Disordered Cytoplasmic
A: KEWERE GpTR1774 & [T 45T 5

GpTR1774 ... ...... SARPLLIVAGIGNGSGTGAATARLFA] 27
LR728215.1  ......iiia.. IMSARPLLIVAGIGNGSGTGAATARLFA| 27
LR724418.1  ............. IMSARPLLIVAGIGNGSGTGAATARLFA| 27
Consensus msarpllivagigngsgtgaatarlfa
GpTR1774 63
LR728215.1 63
LR724418.1 56
Consensus kkgyrvalvarna hlnrf ge n egge
GpTR1774 . .DYSYNATLSIFDTIFAHKWATEGPSEFRVG. .. ... VW 95
LR728215.1 . .DYSYKSTLSVFDTIFAHKWATEGPSDFRVG. . ... . VW 95
LR724418.1 &ttt i i it 56
Consensus
GpTR1774 NTAAGVFKGFLDVTEEDITNSLQVNVNAAFAFSRRAVLKE 135
LR728215.1 NAGSGVFKGFLDVTEEDITTSLQVNVIAAFAFSRRVILKF 135
LR724418.1 ottt ittt ittt e 56
Consensus
GpTR1774 RENALDERG...... KRGTLIFTGAT. ..AAIRGNVLTSA 166
LR728215.1 KENAIDERG...... KRGTLIFTGAT. . . AALRGNTWTSG 166
LR724418.1 ot i e ettt e 56
Consensus
GpTR1774 FAAGKFGTRALSQSLAKEFGKENIHVAH. . .AIIDGSIFT 203
LR728215.1 FAPGKFGVRALSQSLAKEFGKENIHVAH. . . SIIDGSIFT 203
LR724418.1 ot ittt 56
Consensus
GpTR1774 GQGLARRSGEDAEKYQNNLDTRLDAGSIAKSYLYLVEQDR 243
LR728215.1 QOGLSRHSGEAAEKYKNDLDSRLDANSTAK. . . oo v vv ™ 233
LR724418.1 ottt i it ittt 56
Consensus
GpTR1774 SA 245
LR728215.1 .. 233
LR724418.1 .. 56
Consensus
B 5 AR GpTRI7T7T4AEASHMER R AR

EBSFIILEXY

Fig. 5 Alignment of amino sequence xylanase GpTR1774
and xylanase protein from other fungal species

3 it

L SRR S e 2 o BT S
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MR (2 e DR | 1R G (Y S DY A5 4 2L 2

FEAR SIS E AT AR ST A 36 AE b, 80 A B AR AR
R AT OB R, AT LU SR D 1A Y
TRYEHERE . PV B 2RO 58 K A B 22 A2 e
AR, RN K A% 1 SRR O
TR IR — B R X, T A ORI
VEREAEREFN G 3 d S DX 3PN AT DA 2 BRORE B4
ARG IEE LI, BeFh 3 d J5 0] RAR SR
FI) /D P 22 R G ARG, i B R A
W 3d JE IR RN AR, S5k
B 20 R DL R 2244, B IAR R G B 2
ALRD, 5 3 RIE LA I I 2535 3R )2 4 it
12 Y AR RS AR 30 1) S BT ] 157

L R 44 R G i I 5 TR 55 1A ) SO PR 2 D)
FHIE, AHIEFE MAG B 2T MR 95 9 Dt o o e g 3] —
AR BB S A FE R GpTRL774, T = 8@ 4 T
20 i 5 b LGB RSt b, PN o 5 P i
qRT-PCR ¥l % B, GPFTRL & [ 4 i 5L 5 43 51l
TERR I 2T AR 9 7 i 1] 37 % WA B2 1 7 % B 1R i 4ch
PO, 2. 6, 12, 24, 72h, {EALHE 6 h ik
w, 2] GPFTRI 25 4ifisSE P8 R4 T8 2%
P 7 22T TR A A SR W 2 i L Y CVXEGL 7
T 11 D TR 2 e R K Rk . LU 45D
AR T AR BN w5 I REXYNL-RCXYN9 3 [A]
TERY R M S 18, 36, 72, 96, 240 h Y
Pk, BERPRSER S, ROXYNG Al REXYN7 4%
SEKEAE 72, 96, 240 h B iR, 7F 240 h B i 3%
L LAT 2295 GARCIA 285130 A H:Ath, 20 1 995 i
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96— KA10968347.1 xylanase Xylaria arbuscula

90 KA10876186.1 xylanase Hypoxylon argillaceum
75 KA11435958.1 xylanase Xylaria sp. CBS 124048
KAF9492116.1 xylanase Pleurotus eryngii
42 ?|——ABN8101 8.1 xylanase Leucoagaricus gongylop horus
PY132761.1 xylanase partial Aspergillus ind ologenus CBS 114.80
69 25 AX067782.1 xylanase partial Lentinula edodes
98'AAL04152.1 xylanase Lentinula edodes
GpTR1774
100| rLR728215.1 Ganoderma boninense Q9P304
LR724418.1 Ganoderma boninense 11 R983
XP 025391987.1 xylanase Aspergillus eucalypticola CBS 122712
CDJ79824.1 xylanase precursor Leucoagaricus gongylophorus
96 [BBC47920.1 xylanase Penicillium sp.
83 QPG43057.1 xylanase Aspergillus sulphureus
46 KAH8082388.1 xylanase Filobasidium floriforme
3_1‘ NC 057377.1 Rhizoctonia solani chromosome 8
| S
0.20

6 AREEAREHRIERFIINRFHLH

Fig. 6 Phylogenetic tree on xylanase amino acid sequences of different fungi

#Y3d

Il

R4 d RS Y6 d RH7d

128 d B2Ye10d

B 7 IRFFEEEEREEMRBINER
Fig. 7 Tube images of G. psedoferreum infecting roots of
H. brasiliensis

RH9d

A rp 2R 3 — SOOR RBERGSE R (1) R Rk . A
WF5T & B TN i i JL ) GpTRL774 TEAZ B
MR Rk, (HRB R —EER,
R KR EE, BEE R m AN, %3 FE
KA LG TR, fERYLES 3 RIS 4 KXt
PRI RIS, PTLAHEMI AR5 3 KFI%E 4 K, 40

61

}

AN FRIA R
Relative expression level
w

o0 [ ﬁ .-
0 3 4 5 6 7 8 9 10
{2 YL 8] Infection time/d

AE/ING FREFR IR AL B[R] 22 57 8 35 (P<0.05 ),
Different lowercase letters indicate significant difference (P<0.05).

B8 MR RHIRE AR GpTR1774
EFEEARE =R B RIEE S0
Fig. 8 Expression pattern analysis of xylanase GpTR1774
gene from G. psedoferreum under
different infection time

R I B 0 A A 2 R SR, A i T AR B 400 i
BEFURAFAER I REAR . FE)aSepisdh, Py
AR RWIEE GpTRL774 JE [F At 35 R B R 28 A8 1A
HE— 5 KRB GpTRL774 N AEAR I 21
FR P I b B0 1 R TP O T RE, AR P T ARG
75 LT 1) S0 LB it M B9 SR,

S 3Tk
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