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coli) i bk DHSa B 4 52 56 38 DR AF 5 1 30 0B b
HUNCB226 HH ¥ pg 27 T 35 A 082 A1 B At e 5 3
% 58 2% 1K pYF515 55 pBlucscript I KS+(pBS)
1.2 qRT-PCR N ERHE E PcSec62 HIHHXT =
e PR ERE A KN LT1534 Wtk 2
TA W IAEE IR FE [TA 853755 i i3 it 300 mL,
ALK EZZ 3 L, IFINA 3.5 g kRS (CaCO;)],
25 °C 120 r-min™ ¥5 3% 3 d J5 WO 224K ; [R] ks
V8 - (V8 15 7 5L 1 & V8 ¥t 300 mL, Jil A
iKERZE 3L, IFIA 3.5 g CaCO5, BTN 15 ¢
TSRS FREFE 3 d 1Y LT1534 #H7OCIRE S 1
3~5d, WEBTREGEHMATF . WER S mm 1
P22 5 ~ 6 B I Ao B b, B
TR SR Y 24 h, B8 LA 22 B 1E HOC A I
Bi g R RTH, IBE iR Y 12, 24, 48 F1 72 h
B R REAS . FILH RNA SO S R B 22 14
74 | WeshftlF KA Yt R HEAR L RNA JEIE
WERE, BT pg B RNA FI 0 4 s il ) & i e 5
4 ¢cDNA. H NCBI 72/t (https://www.ncbi.nlm.
nih.gov/tools/primer-blast/) % i1 PcSec62 F¥¢ 5
qPCR 5% qPCR-F F1 qPCR-R(F 1), X ¢cDNA K
KE# Tublin B 2, H] qPCR-F #l qPCR-R #
17 qRT-PCR & A I, &4 S il 40 54 3 1K,
RRAMES 3 A EYFE R, A A 27 it
SRFCA ek 0, JE AT Ry 22 B ST
ax

1.3 7 CRISPR/Cas9 RGiRiBR 5 EI*M PcSec62
HEE S Wang 5P H Qiu 552 Ay vk, H
EuPaGDT 7EZEMuk (http://grna.ctegd.uga.edu/batch
tagging.html) }2 Primer 5.0 1% 11 iR 56 fF 75 51 9
(£ 1), &K A& B Sec62-sgRNA, 5 Sec62-
sgRNA, W% FBt, I T4 DNA % #3: Jib FL it 1
F| sgRNA 3K 2 f& pYF515; LA LT1534 5£ P 40
DNA MY H8 PeSec62 | T i 1 000 bp [7] I
B, R B 8 B EE W R #% F% B (Hygromycin
phosphotransferase, HPH ) [ F B s K9 B4 R 7511
F B3 pBS #iR o il g5 LT1534 J5UAE ik,
i3 PEG A S8 4 pYFS15 & pBS i ki i
A JE A SRR o 7 P I B IR S A B AR N
100 pg-mL ™" 2% % % & (ampicillin) . 60 pg-mL"
WAL % (G418) 1Y PAM 1 33 5L (PM/PAM 85 5%

$&: B 700 mL Bi 5T, MIA 91.1 g D-mannitol, 1 g
CaCl,, 2 g CaCOs5, FHAI/K EA 2 1 L, B FH
15 g BAlERY), PR I 225 A S A T W
100 pgmL "' 2 K H % & . 100 ug'mL™" G418 FlI
50 pg-mL ! WIEE R ) VS B R ILAR SR R, B
F TR 22 J5 PR UG AL 54T PCR BHIE, 4%
AT A TR B0y BRI T 87

Z R IR FE R AR 5, A B HPH-sgRNA,
Y HPH-sgRNA,, % £ % pYF515 #4&, [F] &) LA
LT1534 JE[HZH DNA WY 1S PcSec62 L1 Ui
[FJEREF 5 PceSec62 Fr Bt $:5] pBS 24k, K14 &
H k., il PEG A kM E 4 pYF515 Al
pBS # ARG A BRHE EE APcsec62 W R A iR A,
WAL G418 I ST P i ik [l #b e Ak 7, FF kAT
PCR B UE S 54347, R4S [FIAN R AR APcsec62-C.
1.4 PcSec62 B AR RIS B #MEK £ K ER
MERFLBENE PEKS S mm BHHEE
B A= K LT1534, pBS 1 pYF515 55 #; /K (empty
vector, EV)H AL B ¥k EV. EAS{K APcsec62 J 7]
AN BE APcsec62-C [ 22 e b 1 8 V8 1 R 3,
25 °C GRS IR, BE 12 h U LIRFVE EAE, 72h
FARRIC S, AL B 3 A E B E o 4 PR
IR 2 2 TA MRIG SR I B 15 5% 3 d, Dt
2 W RUBE 10 <A 40 <fE WS 2B, Giit
100 H2 18 22 % 200 um B 22 8 RAR 5, IF 31T
PR 22 WE ST
1.5 FHEEAME B BRMUE R # Rk LT1534,
EV. APcsec62. APcsec62-C 35355 He ik 47 06 IR 5
ST, 3 d S WU AT, AR W U T e
AZE 1mL, W10 pL /72277 R E M BRiT4
M bitg . AR 3 MY EE,
6P RER VMO TEL 3 YK, i B R Oy 224 T
AT BB TR
1.6 FMEMZEEAME o5k e R sk
(NaCl) . &5 + rie ) A8 (KCL) | 21 B fEpria
F 4 b SE R ER M (SDS) |, 38 38 W3t 5] 1 B i
(Sorbitol) . PN J5 ) B 380 77 — & 5 4l B2 (DTT) Al
21 i B 3 328500 W SR 2T (CR) % i & V8 1% 37 3k
e, g O R 25T B B 0.2% NaCl. 0.2%
KCl, 0.004% SDS. 0.2 mol-L" Sorbitol, 0.2
mol-L™" DTT, 200 pug-mL™" CR®, {4 by 25 1
¥k LT1534. EV. APcsec62. APcsec62-C k2 &
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Tab. 1 Primers used in the experiment
Pﬁfr;r Seqrffr?c(essl 6?23 ) Ampﬁl‘iqul\i3 ation
secctghNAF STACCAGAGGACTCATGACICCCTOAGGACOAMCG  pesistil
secczsgrva . AACTATGACTATGAATAGACGACACOAGCTTAC  pvesisitly
secczsgrvap - STAGCTCCTCCTGATAAGTCCATEAGOACOANAC psIsialE
secczsgRvA. AACOSTCTACCACTIOATCCTCGGACOACCTTA Pl
s CTACCCOOMTCTON ACTCCOIGAUGACTAMACIAGTAN  pypsis
HPHSERNAIR G CTCACGGACTCATCAGATICCGG 1 pYFSISA
Hrgar - TAGCTICTCCCTOATGAGTCCOTCAGOACGAAACIAGT s s
HPHSERNAR TR GTCCTCACGGACTCATCAGGOACAAG | PYFSISA
A AR TTATATES posil
x T positlh
o e o posil
o S raoaTacto s
HPHF ATGAAAAAGCCTGAACTC HPH ) Bty 14 . PCREAIE
HPHR CTATTCCTTTGCCCTCGG HPH ) Bty 14 . PCREAIE
ORF-F TCCGCAAGATGGCTGACT PcSec62 )7 By 14 . PCRYGIE
ORF-R ACTCGTCAAAGTCCGTGGG PcSec62 )7 By 14 . PCRYGIE
qPCR-F TGGGAGACGGAGAAGGGA qPCR #ll
gPCR-R CTAAACGGTCGCCACGGA qPCR il

AW I E) V8 HE 3R L TSR, 72 h JE N TR
HEAARIF MBI S . AR 3 AN EY R
5, ML R TR R R 220k G
1.7 Eimee AME HHASHR 5 mm 1Y LT1534,
EV. APcsec62. APcsec62-C HZLIRIEFN R 5~6 I
LS B B B, LS 1 EORR B ol X iR
(Mock); BRIE 5 3% 24 h JG B BR A P4k 22557 48 h
WMEZHORAE L, I Image] 44440 H- BE I X,
ASKbPE 3 bR E A, JFaE O B R Ty 25 4 A b AT
WG T

2 GRE5HM

2.1 HMBEBRAERELEME PcSec62 BIFERK
R CAHE PeSec62 S 155 5 MU #
MR KR T M BORTE, SR 22 | A7 R sh 1
T BRI RS AZ YL BRI Fr 4 A B ) AR AR 179 5
RNA #17 qRT-PCR E 4T, 45 REH], LK

BRI R 3 DR BB, PeSec62 TE4 T4
TRk B, AN T IR, TR 2RI 5k i
% MAEAR YL B, ST 221K 40 LL, PcSec62 TEf%
Ye 12 172 h i RA R B E R E D), g5 R %k
B PcSec62 W RigS 5 A4 BUBUE 8 1) & & FEUR
BBt o

2.2 HWUEE PcSec62 EERIBSEIINILE H
WF 5% PcSec62 J& [H 18 BARURE B vh (W D B, R H
CRISPR/Cas9 4 [H 4 %8 & 4t , 1 HPH % K %f
PcSec62 AT IR (1] 2-a), XT3k 156 1L T
47 PCR ilE . 25 R 7R, APcsec62 WAL F
M1 PcSec62 FEPRR I TC 54T, 1 HPH JE RS AT
it , W PcSec62 3 N W HPH K i 1) & 42,
UEBARAS PcSec62 ik 56 4w B 28 A2 1 (1] 2-b) o
283 FE 43 A IR 52 PeSec62 KN € 83 % HPH K&
KI5 #e, IE A 3RS APcsec62 S8 25K (K] 2-¢),
J&i, X APcsec62 RAFNK AT PeSec62 F& R A7



#
[\S}
&

B EIRSE: PcSec62 Z 5 HMUE R KR E LEUHRNK 317

IS IoN

PcSec62AHX G 7RI R K-
o

Relative expression level of PcSec62

0
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YErZgmid @ & % H
®E 25 ®S
(=9 BN
wn =
LT153445 & & M Be Az YL o B

LT1534 at developmental and infection stages

El1 gRT-PCR#EMBRHMBEBLE RERME PcSeco2
TR RFTIAKTE
Fig.1 ¢RT-PCR detection of the relative mRNA
transcript levels of PcSec62 during the
development and infection stages of P. capsici.
TE: B gl AR A 205 22 0 W (B L e 3 A S ALY
5 TEE; ##%, P<0.001; **, P<0.01; *, P<0.05; ns, N
Note: A one-way ANOVA was conducted to compare the means of
three independent groups and to determine whether there is a statistically

significant difference between the corresponding population means; ***, P<
0.001; **, P<0.01; *, P<0.05; ns, not significant.
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Left arm HPH Right arm

#b, APcsec62-C [MIRMNE AT HPH JE RSN JG 7%
5, M PeSec62 FEPRKMA 457 . 4L PCR A&
FOIN 43 BT UE S 3RS T JE A7 B 4D B ¥k APcsec62-
C(l 2-b,d).

2.3 PcSec62 EEmMKRHMHEMESHNEFREK
MBELEE N PcSec62 3215 5 M BRAE B
HRFEEARA, 78 V8 3EFRHE Lo hilHefh LT1534,
EV. APcsec62 1 APcsec62-C W £ & 12 h M &
1 REAE, 72 h G BRIC SR IR G i . a5 %
B, EV Fl LT1534 p§ 22 /£ K BORIEAR M [F; 5
LT1534 #H It , APcsec62 A= K ¥ BF Wb 25 & A%,
APcsec62-C AR K HURK S 2] LT1534 f7KF
(%] 3-a, b, ¢), W PcSec62 2545 B T 1Y
W22 HE— 2B IR B i B 22 R 1 T S
A5, 45 5B R B APcsec62 T 22 93 Ui 1Y T 24
5 AR ST BT (& 3-¢), i SE it 100 MR B 2214k
200 um ¥ B 22 18 KAR I 0, % B8 APcsec62
G AR T 222 vy % KA 9 B i 3 = T LT1534,
EV. [k} PcSec62 3& R 5, T 22 I RAR K=k 2

ORF

HPH

61/0 @«’C

C C

& &
3¢
>+

b ORF HPH

|
Vit Yol |

++++ ACAGCCGTTGATGTCGCTGC

Lol il ﬂ:!v‘v‘!h

X o il
U A
ACTATGAGCGCTG -+ comAnfa‘r‘.\'G.zcméacc

Pcsec62

Left arm Right arm

a. SLHEIRRER . FIHHPHEH: PcSec623EH; b, APcsec625588K i APcsec62-C A MNAME R IEPCRE AR5 i

LUK 4G

5 c-d. APcsec65 78 PR [R1 RN BRI P BT H Bk PR ] P R 4

a. Schematic diagram of gene knockout: The PcSec62 gene was replaced by the HPH resistance marker gene. b. Results of
the verification of the APcsec62 mutant and APcsec62-C complementary strains using agarose gel electrophoresis; c-d.
Sanger sequencing traces of junction regions confirm that the PcSec62 fragment was cleanly replaced by the HPH gene;

B2 BHUEE PcSec62 E[F R K B #MGE
Fig.2 Verification of PcSec62 gene knockout and complementation in P. capsici strains.
LE: ORF M FHYX 6 LT1534 SE[HZH DNA; HPH A8 B IO A5 iU pBS k1A% APcsec62, PeSec62 3R 5 J A3 1A APesec62-C,
PcSec62 FIH R SR (A1 IR BBk +, LASTAE#Y LT1534 FEFI2H DNA Fil pBS #if& A EARY 1Y PcSec62 FI HPH FEH S5 R A BITERXT B —, 47Ky

HERRA 1 PeSec62 F HPH KK 45 5 FIPERT A,

Note: The positive control for ORF detection was LT1534 genome DNA, while the positive control for HPH detection was the constructed pBS empty
vector. In this context, APcsec62 refers to the PcSec62 gene deletion mutant; APcsec62-C refers to the PcSec62 gene complementary strain. The symbol ‘+’
indicates the result of amplification of the PcSec62 and HPH gene using wild-type genomic DNA and pBS vector as a positive control; the symbol ‘—
indicates the result of amplification with water as template for the negative control.
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a.LT1534, EV. APcsec62. APcsec62-CRIBRIEVSEiF A A K72 WWTETEA; b-c. BTEA K HAR Ml R 4¢

i, AR =AY E TS de. LT1534, EV. APcsec62. APcsec62- Clilffﬁ%li]ééﬁ; W (), JFGEIT10047
PRI 225200 pmA 218 KIRAEL (e) 10 x: 106550k, 40 <. 40fFiCk, £ BRI IR, RN 200 um
FN50 um;

a. Colony morphology of LT1534, EV ( empty vector ) , APcsec62 and APcsec62-C strains grown on V8 medium for 72 h;
b-c. Comparison of colony growth diameter and inhibition rate among the strains, with three biological replicates for each
treatment; d-e: Observation of hyphal morphology of LT1534, EV, APcsec62 and APcsec62-C strains (d ) , and the

number of hyphal enlargements per 200 pm of 100 hyphae was presented (e ) . The 10 x indicated 10 times magnification;
the 40 x indicated 40 times magnification. Red arrows indicated hyphal enlargements; scale bars represent 200 um and 50 pm.

B3 PcSec62 HNEHMBBERE L ERKRE LIRS
Fig.3 Effect of APcsec62 on colony and hyphal morphology of P. capsici
FE: 10x, 10 UK 40%, 40 FEHUK, L1087 k38R T 228 KA BRI, 200 um AT S0 um; Ze 3455 8008 307 22 1047 22 5 8 PR A0 BT (e,
P<0.001; ns, N 3) .
Note: 10%, 10 times magnification; 40%, 40 times magnification. Red arrows, hyphal enlargements; scale bars, 200 pum and 50 um. Statistical analyses
were performed using one-way ANOVA (¥**, P <0.001; ns, no significant).

ZEHFARUKF (K] 3-d) o RW] PeSec62 nIBEE L AR THECR B TR, M ANARK APcsec62-

0 TR B A 22 e AR K, DT R ) B 22/ K
B,

2.4 PcSec6? PEHMESHILHEE IR
PcSec62 X PRAEERE P~ F1HE JJ A 5Z MR, X LT1534,
EV. APcsec62. APcsec62-C W MR AT E S I
X B AT ST, A5 R EOR: LT1534,
EV. APcsec62. APcsec62-C 1 ¥k 18 T 3 50 2
Wk 1.552x10°, 1.638%10°, 1.075x10°, 1.225x
10° 4>-mL™", #H b T LT1534H1 EV # ¥k, APcsec62

C fF3E 7 i I 2 29 B A BUKE- 1 80% (1] 4-a,
b)o Z5FRW] PeSec622 5 R 45 HURUE 75 (M) L1k
LY
2.5 PcSec62 BE5HMEEXIEEMIMENE N
B PcSec62 K& PR 78 3E A= Wy W38 S 0 vh 9 4 H,
¥ LT1534, EV. APcsec62. APcsec62-C & ¥k 73 5]
M E S NaCl, KCl, SDS, Sorbitol, DTT, CR
AR IR TINEL, 72 h JE i AR . FAER IR
R IR A R (K] 5-a), Z5REW, 5
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a.LT1534, EV. APcsec62. APcsec62-CRMOICIRTE T3 df5 JEH " fMEe, #r/: 200 pmFIS0 pm; b-c. LT1534,
EV. APcsec62. APcsec62-CHMKICHE =5 ZAMHIR G H404T

a: The asexual sporulation of the LT1534, EV, APcsec62, and APcsec62-C strains was observed after 3 days of light
induction. Scale bars represent 200 pm and 50 pum. b-c: Statistical analysis of asexual sporulation and inhibition rate of
LT1534, EV, APcsec62 and APcsec62-C strains was conducted using a one-way ANOVA.

Bl 4 PcSec62 R NMERMBR BT =7EEN
Fig. 4 Impact of APcsec62 on asexual sporulation in P. capsici

T k% P<0.001; *, P<0.05; ns, N3
Note: *** P <0.001; *, P <0.05; ns, not significant.

LT1534 # t, APcsec62 45 [y il 551 (i 52 P 5
EREAK, X APcsec62 14 il % NaCl 2 71.29%,
KCl}  82.90%, Sorbitol & 62.97%, SDSH
100.00%, DTT & 97.33%, CR A 81.12%; [A] b
PcSec62 3N 5 APcsec62-C XFAEA:= %) 30 it 572 GE
1B A EIPKE (B 5-b), KW PcSec62 W HES S

MOCK NaCl KCl

BRACREREXTHEAE P38 4

2.6 PcSec62 HEHMBZEMHFE N T
JE PcSec62 X BRMUE 7 BURME R 2 ), L3RSk
YR 2s Xt B, 20 5085 LT1534, EV., APcsec62.,
APcsec62-C % Fl 2] B AL R 36 1w 3F 17 17 4
(K 6-a), Z5HFIE LT1534 F1 EV XF FEAH L,

Sorbitol  SDS DTT




320 B EYZFR ( RZESL) J. Trop. Biol. 2026 4F
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| : 35 Ei é
80 ¥ ¥ X e
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Az KA /%
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Grouth inhibition rate/%
o
<
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(e}
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¥ 3
2}
I

S

(e
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=)
Jns

a: LT1534, EV. APcsec62. APcsec62-CHEFRIEFZE ENaCl (FALAN) . KCl (GALE) | Sorbitol ( 1IFLEE) |

SDS (T heEfifReh ) . DTT ( ZfiznliiE ) FMCR (WIPRLL) AYV8IEFREIEFRT2 hE A TS 5 A K AR &

b: AREAEAEYIMNAXILTI534, EV. APcsec62. APcsec62-CHEMANTIZRGE 4347

a: The LT1534, EV, APcsec62, and APcsec62-C strains were inoculated into V8 medium supplemented with various abiotic

stressors, including NaCl ( sodium chloride ) , KCI ( potassium chloride ) , sorbitol, SDS ( sodium dodecyl sulfate ) , DTT
( dithiothreitol ) , and Congo red ( CR) . After 72 hours of incubation, the growth diameters were measured and observed.

b: Statistical analysis was performed to assess the inhibition rates of the indicated strains under different abiotic stresses.
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Fig.5 PcSec62 is involved in the regulation of abiotic stress tolerance of P.capsici
TE: #%%, P<0.001; **, P<0.01; *, P<0.05; ns, R,
Note: *** P <0.001; **, P <0.01; *, P <0.05; ns, not significant.
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a: To evaluate the pathogenicity of different strains indicated, LT1534, EV, APcsec62, and APcsec62-C were inoculated

into the leaves of 5-6 leaf-old pepper plants. The agar medium was used as a control; each treatment was replicated three

times; the lesion area was measured using ImageJ.
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Fig. 6 Effect of PcSec62 on the pathogenicity of P. capsici
e #%%, P<0.001; *, P<0.05; ns, no significant.
Note: *** P <0.001; *, P <0.05; ns, not significant.
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PcSec62 is involved in regulating the growth, development

and virulence of Phytophthora capsici

Huang Yuyuan’, Ye Qiangian, Chen Qinghe’, Liang Qifu’
(Sanya Nanfan Institute/School of Tropical Agriculture and Forestry, Hainan University, Sanya, Hainan 572025, China)

Abstract: The endoplasmic reticulum (ER) serves as a crucial site for protein processing in eukaryotic cells. Sec62, an essential
component of the ER translocation complex, plays a significant role in growth, development, and stress regulation. An attempt
was made to examine the transcription levels of the PcSec62 gene at various growth stages and during pathogenic processes. The
PcSec62 gene was knocked out by using CRISPR/Cas9 gene editing to produce knockout mutants (APcsec62) and a
complementary strain (APcsec62-C). The results showed that the transcriptional expression of PcSec62 significantly increased
during the sporangia and infection stages. The APcsec62 mutants exhibited notably reduced growth and sporulation abilities,
alongside stunted hyphal growth. Additionally, the APcsec62 strain showed significantly low tolerance to abiotic stress and
reduced pathogenicity. These findings indicate that PcSec62 is involved in regulating the growth, development, abiotic stress
responses, and pathogenicity of Phytophthora capsici.
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(RIEHE: AT #)


https://doi.org/10.1128/mbio.01615-21
https://doi.org/10.1128/mbio.01615-21
https://doi.org/10.1128/mbio.01615-21
https://doi.org/10.1128/mbio.01615-21
https://doi.org/10.1128/mbio.01615-21
https://doi.org/10.1111/nph.17851
https://doi.org/10.1111/nph.17851
https://doi.org/10.1111/nph.17851
https://doi.org/10.1111/nph.17851
https://doi.org/10.1111/nph.17851
https://doi.org/10.1111/nph.19213
https://doi.org/10.1111/nph.19213
https://doi.org/10.1111/nph.19213
https://doi.org/10.1111/nph.19213
https://doi.org/10.1111/nph.19213
https://doi.org/10.3390/jof6030178
https://doi.org/10.3390/jof6030178
https://doi.org/10.3390/jof6030178
https://doi.org/10.3390/jof6030178

	1 材料与方法
	1.1 供试菌株、辣椒及载体
	1.2 qRT-PCR检测辣椒疫霉PcSec62的相对表达量
	1.3 利用CRISPR/Cas9系统敲除与回补PcSec62基因
	1.4 PcSec62基因敲除突变体与回补体生长速率测定及菌丝形态观察
	1.5 产孢能力测定
	1.6 胁迫耐受能力测定
	1.7 致病能力测定

	2 结果与分析
	2.1 辣椒疫霉发育及侵染阶段PcSec62的转录水平检测
	2.2 辣椒疫霉PcSec62基因敲除与回补的鉴定
	2.3 PcSec62基因敲除影响辣椒疫霉的营养生长和菌丝形态
	2.4 PcSec62调控辣椒疫霉的无性繁殖
	2.5 PcSec62参与辣椒疫霉对非生物胁迫应答
	2.6 PcSec62调控辣椒疫霉的致病性

	3 讨　论
	4 结　论
	参考文献

