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Abstract: Pezicula rhizophila is a dark septate endophyte (DSE) isolated from healthy blueberry
roots, which has the effects of promoting growth and preventing diseases in blueberry. Ras superfam-
ily small G proteins play an important role in eukaryotic growth, development and cell signal trans-
duction. Using the whole genome sequencing data of P. rhizophila, bioinformatics analysis of the

small G protein gene family members was carried out. A total of nine small G proteins were identi-
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fied, belonging to the Rab, Arf, Ras, Ran and Rho families, respectively. The number of amino acids

ranged from 188 to 256, all of which were hydrophilic proteins, without signal peptides and without

transmembrane domains. Apart from Arfl, which is a basic protein, all other eight members were

acidic proteins. The nine small G proteins all possessed five conserved small GTPase domains (G1-

G5), which contained Switch | and Switch Il domains that control the active/inactive state. Fluores-

cence quantitative PCR analysis showed that the expression of small G protein genes decreased

sharply at first and then stabilized in different culture periods. The results provide reference informa-

tion for exploring the biological function of small G proteins and for the later transformation of P. rhi-

zophila by intervening in the small G protein signaling pathway.

Key words: blueberry; Pezicula rhizophila; small G protein; bioinformatics characteristic

W% N 44 #4% (Vaccinium spp.) , J& ¥ A5 AE R
A 8 22 A A HE A, PRHR S B B 1 8 3R
(R PR VR T, M4 T 502 QT . Aok H
AR AR 7 R R T T ] e T R AR A
BRIE A BREE—7 B TR E A i &, K
I RE B IS R R R E 0 MR
AR A DR 7 ¥ S A P AR 24, SR T A 24 2 1K J0 i P
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IR SC R, Cded2 5828 TR PR 5 RE S 76 1 £ 2%
R R E B R 22 A5 ALY N IE K43 X
it 5 A A Wi 24 Tl RacA 3 328 78 15 20 At — 40 it
BB 2R A A A AR B B 0 NoxA LA
e 2 A R A R IR AR AR Y i
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60777, L KK & T B 7 49 Ascomycetes . F2 i 14

TR K FFI Journal of Jilin Agricultural University

https://www.cnki.net



o [ %71 B

58 FHRRLKFF]® 2026 F2 A

H Heloticales . JZ #% 8 Bl Dermateaceae . JC K % B
J& Pezicula BLTR o & T2 B bk 4 45k DR 280 000 ) 080
(GenBank No. JAJONIO00000000) , A UniProt £ 4
JE N8/ G EF P, K I NCBI BLAST T H
17 L X 20 7 5 48 Pfam (https: /web.expasy.org/
protparam/ ) F1 CDD (http: //www.ncbi.nlm.nih.gov/
Structure/cdd/wrpsh. cgi ) B4 2 X5 35 8 1 A9 2
RESBEA T 0, 59 B A BAT /N G A P i 7Y ) e ek
A4 i 358 B 2 PR 8 pI/Mw (http : //web.expasy.
org/protparam/ )X T ARA ) B T 51 B AR
ot
1.2 INCGEAFRERTHEETNEEZLE

A FH BLAST £ 45 14 58 T B X% /N G 8 H B9
2 TR AR T BEAT TEI 5 A FH Clustal X KA XS /)N
GCHEHMARMRITINHITZEHILB N S%
Kayano 25" )51, T #% Epichloé festucae (Ef) , FLEE
ik it %5 (Neurospora crassa, Nc) , K49 T1H (Fu-
sarium graminearum , ¥g) FFGIEIH # (Magnaporthe
oryzae , Mo) % [H 20 #' ] Rho, Ras, Rab, Ran F1 Arf
K320/ G E AR, SATE 94>
/NG HE R 91 #EAT HEXT, FHT MEGAT7.0 %k
4 ¥4 H Neighbor-Joining % 4t & & # (1 000 ¥ H
JH S ED .
1.3 MGEAEMZ . ZHLEHTN

FI H SOPAM (https: //npsa-prabi.ibep. fr/) Xf

O B 9SS g AT W0, R ] SWISS-
MODEL (https: //swissmodel.expasy.org) #4 Z /N G
B =R
1.4 INGEBEWESHKT BEBULCLR BR
S5 49 % 040 i 7E AL

it Signal P (http : //www.cbs.dtu.dk/services/
NetGlycate/) X} /N G 8 F #4715 5 B4 #7  FH
NetPhosK (http: //www. cbs. dtu. dk/services/Net-
Phos/) 73 H1 /1N G £ H B B A6 A7 135 A FH TMHMM
(http: //www. cbs. dtu. dk/services/TMHMM/ ) X 7]\
G 5 FEAT 5 W45 44 73 17 5 e )5 R ] Euk-mPLoc
(http: //www. csbio. sjtu. edu. cn/bioinf/euk-multi-
2/) 3 M/ G E AR SE AL
1.5 NGERERAWLEEPCR

2 JBUAS [w] 1] [] S50 i 19 RNA, DUR G S 1
cDNA Sy it , #4790 E # PCRY 4 . /NG 1H
H 5 9t E 7 PCR 519, IL3R 1. 20 pL PCR
S WK Z . SYBRGreen Mix 10 pL, I FiF5149
(10 wmol/L) 4% 0.5 wL,cDNA AR 1.5 wl, ddH,0
7.5 wLo PCR W 2514 95 °C 10 min; 95 °C 15 s,
60 °C 45 s, 40 MHFF s 5 IR A5 A5 H5 ik ith £ 73 Br
FEJ¥:95 °C 155,60 C 1 min,95 C 155,60°C 15 s,
AR 7 oty 2 N ik ot LA 00 5 | P O 9 B 155 O
L B-tubulin 2 N Z: B[R, ] 2793 4 43 B L TR 3%

STy iigs

*1 NGEAREERT-PCR3|#

Table 1 RT-PCR primers of small G protein genes

BEH 44 SI9IF5)(5'-3") B4R SITA)(5-3")
PrRas2-F TCCTACCGCAAGCAATGTGT PrRacl-F TCGAGACCTCCGCAAAGAAC
PrRas2-R CATGTACTGTTCGCGCATGG PrRacl-R CACTGTGGGCTTGTTGTTCG
PrCdc42-F ACCCTACACCCTTGGCCTAT PrRab2-F CAAACAGCTATTACCGCGGC
PrCdc42-R CCGGAAACCATTTCTCCCGA PrRab2-R CATAGCGTTCGACTCTGCCT
PrRan-F GTGACTTGGTCCGTGTTTGC B-tubulin-F TAACCAAATCGGTGCTGCTTTC
PrRan-R ACCAGAGGAAGGGCTTTTCG B-tubulin-R CCTCAGTGTAGTGACCCTTGGC
PrAr2-F AAGCAGGATATCGCTGGAGC

PrArf2-R ACTTCTTGACAGGTCCTGCG

2 > Rab K % A% 51 (PrRab1 Al PrRab2) .2 4> Arf
2 HRE5SW

2.1 INGEBANSERFIIREBHER

DTG TGP 9 TR 4 35 DR A0 e 80 o £/
G EHFH, il FH Pfam F1 CDD £ 17 %o 106 55 14
()T RESEA T TN, -7 Pfam A1 CDD %40 1% Hh it

Frifit , 2 9 &/NGCEAFII(K2), i

https://www.cnki.net

F G 1 51 (PrAdfl Fl PrArf2) .14 Ran 5% i 5t
(PrRan) .2 4> Ras K Ji% i b1 ( PrRas1 11 PrRas2) .
2 > Rho F i Ji 51 (PrCde42 F1 PrRacl) . F] JH]
ExPASy-ProtParam 3 1 351 X H i 17 240 55 18 20
BN BT 4387, 25 SRR W, 9 /N G &R
FERE R 183~256, HHXF 41 F i it 2 4 23 080.76.
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% PrAcf1 BRI 4E S 258 9.28, J& THait: 25 B i 4h 6.91, NIRMEEH . 9T/NCEHYEARRD
Hof 8 A~/ G 8 1 BLIe 45 L 05 3 0 A FE 4.97~ SRR FRUE ML
x2 INCGEHSEBRENLMER

Table 2 Physicochemical properties of amino acids of small G proteins

B BB A TR AL UALERGIE=8- e QRN S ER I = NI e At IS8 S|

(Asp+Glu) (Arg+Lys) B K P
PrCdc42 01.865299) 194 21 563.95 5.83 26 23 41.49 -0.153
PrRac1 (0OL865300) 203 22 469.56 5.57 27 23 40.47 -0.254
PrRas1 (OL865301) 256 28 778.19 6.86 37 37 60.59 -0.671
PrRas2 (0L865302) 216 24 019.22 4.97 33 26 49.09 -0.358
PrRabl (OL865303) 202 22 030.94 6.84 25 25 41.07 -0.254
PrRab2 (0L865304) 204 22 634.60 5.53 25 23 27.86 -0.317
PrArfl (OL865305) 188 20 998.42 9.28 21 26 32.03 -0.221
PrArf2 (OL865306) 183 20 922.04 6.31 24 23 32.87 -0.261
PrRan (0L865307) 216 24 309.88 6.91 26 26 27.47 -0.330
2.2 NGEASEBREMFIIEX SRS P aEslE /A RS IE X Switch T
oAby 1 Switch T 45888, 54 G box 73 Bl G1[ P-loop;

FIH BLAST PRSFE5 3 T HXF 91~/ G H GxxxxG K (S/T) 1, G2 [Switch I; x (T/S)x], G3
RO SRR S I T, W 1, 91N/ NGEH (Switch 1T 5 DxxG) , G4 [ (N/T) KxD] 1 G5 (S/
YIEAT 5 ARSF /N GTP B 45 # 38 (G1-G5) 2544, CAK/L/T).

1 9NMMNGEBRREERFIILEXT

Fig. 1 Alignment results of amino acid sequences of 9 small G proteins

2.3 INGEARFKLEW 5332 b AR BB S ik 37 I B 5 PrAef1 Al PrAr2

RGEKBWILE 2, PrCded2 F1PrRacl J§F 5 Rho,Ras.Rab Hl Ran % Al 0 15 % HF B9 440
DA R G KB 50 3 s PrRasl M1 PrRas2 0 )8 HEE2DMARMAGE TS X L, R HIOINNG
KNI R G K E 4> % s PrRabl M1 PrRab2 BAE 14> AT REATHAR R B A 94 T fE
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B2 NCGEHRZLZEN
Fig. 2 Phylogenetic analysis of small G proteins

2.4 NGEEW LSRN =KEHRTN

I HR TCAW 5 TR 1 — S5 R WL 3. 7E 9 /1
G A, PrRas2 () o- MR E 7 He e K, o 42.13%;
PrRas1 B-%% fi /0 (3.91%) , {H JCHL I % ph 5 2
(43.75%) ; PrRab 1 BYIEM5ERZ , 0 26.24%, PrRabl1
I PrArf2 B-Fefa5c 2 , 51 3120 10.40% #110.93%

*x3 NGEBZREMIH

Table 3 Secondary structure anlysis of small G pro-

teins %

BEAAK o S A i B-fLfn  JCHLIM
PrCdc42 35.57 21.65 5.15 37.63
PrRacl 37.93 17.24 6.90 37.93
PrRasl 35.93 16.41 3.91 43.75
PrRab1 21.00 26.24 10.40 34.16
PrArf1 36.17 22.87 7.45 33.51
PrRas2 42.13 19.91 9.72 28.24
PrRabh2 34.80 25.00 7.84 32.35
PrArf2 36.61 23.50 10.93 28.96
PrRan 30.09 21.76 5.09 43.06

https://www.cnki.net

H ] SWISS-MODEL Xf 9 ~/IN G £ H 47 [7]
TR AL A 25 44 PE Al (Structure Assessment ) UL
3. 94~/ G H A7 K E PEAL (Ramachandran
Favoured) 13 43 43 %Il & PrArf2 96.48%, PrRab2
97.62%, PrCdc42 96.32%, PrRan 97.09%, PrRacl
96%, PrRasl 94.48%, PrRas2 96.43%, PrRabl
91.33% Fil PrArf1 97.13% , 3% W1 9 /> 2 11 Bl 45 14
A5 B R A

B3 9MNNGEBAZ=RLEMER
Fig. 3 Trtiary structure models of 9 small G proteins

2.5 INGEABBUASKREMESH

94~/ G HE B AL s 22 T BOR (3R 4)
PrRas1 BB IR AL AL S 22, 0 291>, PrAcf2 W12
Az it /D AT 124 TE22 R (Ser) (IR R TR
(Thr) F1 & Z 2 (Tyr) B R AL AL 5, 22 Z IR W IR
i S 2 o XTI T R B, 9 R Y
Al 652 F] Unsp \PKC 25 B A0 A 45
2.6 ESHOW . EBERENRILHEEE LS

SignalP {55 Ik 73 & B, 9 /NG EE T
i k. TMHMM B 4589 7087, 9 41~/ G E A
FEAE S LS A B, A8 T #5411 . Euk-mPLoc
I3/ G EE A0 E A7, PrCded 250 M EA
JLRSE | 240 0 5 A 40 A% I s PrRacl 32 %2 %€ 5 78 4
S 1 200 B 5 I 5 PrRas2 32 2052 45 78 41 B ; Pr-
Ras1 3222 6 v 70 40 MRS | 40 B 5 A 40 A% | 5 Pr-
Rab1 5 25 {0 75 A0 5 ; PrRab2 32 %85 {3 75 N 5
W IR AR LR R A% I PrAcf1 2 g
ALAE PN J5T 19 1 7R HE A b 5 PrAef2 2585 (L AE 5
JRAEAR I s PrRan 3288 (740 i o A A LA 1o
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Table 4 Phosphorylation sites and kinases analysis of 9 small G proteins
BEBR AL

SR - T

PrCdc42 16 6 7 3 PKC, Unsp, CKIT,PKB, PKA ,p38MAPK, DNAPK
PrRacl 20 12 6 2 DNAPK,PKC,PKA, CKI, Unsp,PKB, cdk5, p38MAPK , GSK3,INSR, cdc2
PrRas1 29 17 9 3 PKC,cde2,PKA, CKII, DNAPK, EGFR, SRC, CKI, PKG,p38MAPK, cdk5,GSK3, Unsp
PrRas2 17 6 5 6 p38MAPK, CKII, Unsp,SRC, PKC, CKI, PKA , cdc2, EGFR, INSR
PrRab1 26 18 6 2 cde2, Unsp, CKII, CKI, PKA, PKC,PKG, PKB, RSK,DNAPK, INSR, p38MAPK
PrRah2 27 11 12 4 cde2, Unsp, CKII, PKG,SRC,INSR,EGFR, PKC, CKI,PKA , PKB
PrArf1 15 9 5 1 PKA,PKC, Unsp, DNAPK, cde2, CKII, CKI, cdk5
PrAf2 12 7 4 1 PKC, Unsp, EGFR,SRC,DNAPK, cdc2
PrRan 17 2 10 5 PKC, Unsp,INSR, PKA , CKI

2.7 INGEBEERT-PCRFRIXSH SR W, BEE B IR ] AYSE I, /N G 8 2k

W AR JC AN £ F 7E PDA 15 98 & 2k K1
B, W 4-A L Z R AE 5~11 d P A4 KBy B,
11 dEAERKEEBETFER . B8 RT-PCR A il

4

PrRas2 , PrRan , PrRacl , PrRab2 , PrCdc42 Fll PrArf2
KB EWRLLREEAL, R 5B TRE N BH
(4-B),

ERIMEFEAEPDARFE LERKMAI/NGCEBERERRIESN

Fig. 4 Growth curve of P. rhizophila on PDA medium and differential expression analysis of small G proteins

3 i #

A F LA S 06 % i A AR AT 1) g AR JCAR £ 74 4>
LD LI A5 BN BRI 42 a0 i R A TR B
T G A 2 A S UZ R T vk AR o 5
/NG B G 3k R AH 56 7751, 431 J& F Rab, Axf,
Ras, Ran il Pho <% . FR PrArfl J& T-58( 1k £ 1 it
Hh, HoAth 84~/ GEE A IR AT, H9 NN G
B A HAA B R K R e . SignalP Al
TMHMM 43 #7145 S R0, 9 /NG A ¥ A5 5
K AR S RS A 3, AN TSR . AR
W R A A A3 B LB 2 B 25 R 2 B, PrRas1 (9 %

AN S 2 A 1T A 2R TR 9N TR 34>
i 2 1R W TR Ak A5 55, 9 A/ G B 1 3 1T BB A7 %)
Unsp , PKC S5 3B i 08145 . 90 25 0 0000 Fn = 21
gEA R PR AR A R R 9N /NG E R A T
FLIU & M B-% FA FNAE (e . RG R B s R
KW, 9/ G A Z NGNGB N RSE, 0 58
T8 AN R A R Ak 43 S A — A ph SR R
11T BEA AN DI RE STk -

Ras @ 5 /N G ATEHAZ Y H 2 5 ZF
HEYE R WE AL S AR AN e %
M iz iy IR AR B TSR LA S R A A
+F GEFs Fl1 GAPs BFG 477 . Ras & (7E 224K 1
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WA K EMBEORER LRAE I A K
Tk JE v & B E B . Rho K EL I
B REMKEA BB, o5 2 5151
SlEE A0 M 2R A S 4% A0 R 1 A )
WA O B ) RO IR A B . Rab
P AE RCE FTR T SN I e S
Ran WG W 01 F 8 S 5 IS i A 2257 R Y ik
A2 FAZ TR 87 5 A 55 78 40 I 1 A Ti)
{37 8 4 9830 2F e s Y . A B g R A
BLAST {57 38 #5130 43 M1 % #i , Ras, Rho, Rab, Ran
A KRR/ CEAM AR RA S MRFIG
(G1-G5)JEFF  (HAES5 Y B4 A ARTE , il D BEA
[f . & PrRasl #h, PrCdc42, PrRacl £l PrRas2 1 C
R g # LA 97 53 A BT Ak 48 W 1 O < 2k R AR
CAAX 52 , K 1 Ras il Rho 5 1 54 4 56 52 17 78
240 M 5 MR L 5 Rab X5 51 PrRab 1 #l PrRab2
C A & A XXCC B XCXC ¥, 2 5z e
il T LT N T Y A R AR BE A At
W B PrAcfl Fl PrAcf2 N 3 & 4 5% K g 1 12
TEFN A 2 REBE AL A5 (MG, [R5 45 Ras #8 K%
G-motifs FFAE , 75490 1 JE 1Az o 78 v i
JFH T 2 77 A 5T 9 R i JR B4R . PrRan 7E C 3
B> C ol AN R A g A i , 7EAZ B e az vh B AR
H, FEE LT A A A A B

RT-PCR 45 2R R , /)N G 2 1 4 % 5 R Y 3%
TR AR AN [ 14 I ) 8 5 5 S A, T T
fa , 76 Ras, Rho, Rab, Ran 1 Arf 5 M55/ G
HHWRES S T B IC &R 22 B K
Song %5 BIFT K B, MR O 8 T B LR IEDE T
XK A A H I (Botrytis cinerea) , #1258 15 25 J& (Pho-
mopsis sp.) , 1 %] J& E % (Botryosphaeria dothidea)
N3 2 B HLE (Pestalotiopsis sp.) Y B A FEPiAE
JH RV AT e A — e AR A, 3k
JEE A4 K o Dautt-Castro 25 ™ HF 58 % 21, AE B
25 {0, K B (Trichoderma virens) ' Ras #8 5 ik il bt
thrg-1 I BRE , PR B T A FRG, W& T
Wi o SR tbrg-1 AL TRARAR B T 2R (O R BN il 22
¥ B (Rhizoctonia solani) , 3 & /N ¥ (Sclerotium
rolfsii) A ARk J] 7 ( Fusarium oxysporum ) B 45 HT
PERL, OF B AEACH ™ R B 3R A 1 B3
FIRA W, £ brg-1 S5 T REARESEH
TRE AR FIRRE R RS TUE N . AR
WEFE/DCEAFTEMERS S T HZAK .,
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UAEARE AN AR W By R SRl B, PR A
W,

25 b BT B AR JOAN B T Ak R 2H e B B
AT XS H Ras 8 Z G/ G 8 FHEATIZ 48 48 E
T g B i, 33545 Rab, Arf, Ran, Ras #ll
Pho 5 91/ G 1, WG/ G 35 1115 5
I 1Y B AR AW B TR TR 22 ARk A A R AR AR AN
A=Wy BT A FBLEI ST S A AR A

SEW
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