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Colonization capacity and adaptability of bacterial pathogen Pectobacterium parvum
in common fruit fly Drosophila melanogaster
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Abstract: To clarify the adaptability of bacterial pathogen Pectobacterium parvum to its vector insect
Drosophila melanogaster, flies were recolonized with P. parvum via artificial feeding, and the coloniza-
tion and survival capabilities of P. parvum and its closely related species in D. melanogaster were com-
pared using quantitative real-time PCR. The results showed that within seven days after feeding D.
melanogaster with bacteria-containing glucose solution, the colonization capability of P. parvum in D.
melanogaster was comparable to that of P. brasiliense, with a relative bacterial load reaching 8.00, and
evidently higher than those of P. parmentieri, P. polaris and P. polonicum. Additionally, P. parvum
could achieve efficient vertical transmission via D. melanogaster eggs, with a transmission efficiency
significantly higher than that of other closely related species. The relative bacterial load in second-
generation larvae reached 8.44, far higher than that of other Pectobacterium species. Furthermore, P.
parvum significantly suppressed the expression of key genes in the host Imd immune pathway, includ-
ing PGRP-LE and Relish, whereas P. polaris significantly induced the expression of these immune

genes. These results indicate that P. parvum exhibits significantly stronger adaptation to D. melanogas-
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ter than its closely related species, which is closely associated with its strong in vivo colonization capac-

ity, efficient egg-mediated vertical transmission, and significant suppression of key genes in the host

Imd immune pathway.

Key words: Pectobacterium; Pectobacterium parvum; Drosophila melanogaster; insect vector; vertical

transmission

AT B Pectobacterium spp. J&— 28 #5214
Y B A0 T, TR e 2 AR 5 R R % (Szulta &
Kornicka, 2023) . 5 AT 1 1T 42 4 D45 25 Solanum
tuberosum NRERA I 5 | L R NRI HRZE R &S
H: ZE N9 (Kvitko et al., 2025) . 3% [H D42 k7= |
CRE T 2R RBATE , G2 MR # P
carotovorum (Zhang et al., 2012) | 2 & 5 AT & P
atrosepticum(She et al., 2013 ; PN FF45,2024)  EL PG
R FF R P, brasiliense (Zhao et al., 2018; Jiang et
al., 2019) 1A = KR T & P parmentieri (Cao et
al., 2021) . 4l /N R HTF P parvum (Wang et al.,
2022a; Wu et al., 2023) . ZFE R AT 1 P, versatile
(Han et al., 2022 ; Handique et al.,2023) b S0 AT
W P. polaris (Handique et al.,2022) % ~% 5 e AT &
P. polonicum (Han et al., 2023 ) ., 5% 3 5 B 4T 1 P
punjabense(Wu et al., 2024 ) L S A H2FE R A P
aroidearum(Chen et al., 2024 )%,

ARSI ST R AW 1R G IR A H6 1 T A
Y BT R R ERIAR S ZERE RS YK IR AT, I AR
P ARSI 5 R DK R % [ A5 2 i A
{£4% (Rossmann et al., 2018 ; Kvitko et al., 2025 ; Per-
fileva et al.,2025) , 2= BT 1L A 1T BY 73408 2R 50
A7 I KEL ) B R [ A B ZORN I /B 1 SIS, R A
FLW 25K, 5 B4 SR (Charkowski, 2015
Kvitko et al.,2025) . —28 1 HUl i e kil A~
BN A4 T AR s S B 4 2 (g R AE 9 (Mejia-Sanchez
etal.,2019) . IXLEHA B A LIXGH H g2 A1
e o # 2L, H B LR R Drosophila spp. Fil i F i
Delia spp. 5 Wo 9140, 7EHR R S48 45 7 X, Hh
T 485 = DR AT B RN SR SR AT I, o)
HOnTALRE f5 28 15 [ 222 9% (Rossmann et al., 2018
Toth et al.,2021) . BLAk, SRR KA Py 2 ml a7
EAEE N SRR R RR R IHTIAT , TCie TE iR = i
FE [ 33 A 368 5 A ) 43 A% s i I 5 FE T E AR Py %K
i B 25 R A B A T R 75 | A et SR, P D
FRIL 56 % 183 m Z 4 (Molina et al., 1974 ; Kloep-
peretal.,1981)., PG HME D. melanogaster [N H-%
AR R R B R VR R

P -5 2 AR ) PRAB AR S R R (Basset et al., 2000
Kang et al.,2024) .
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1) S5 R 5 H 40 L G 2 IRV G 28 L [T R 8, B M
PRFNTE 7 20 3 5 Tnd 1 Toll {75538 S 87 4
JEE LIV, 4 W 22 PP T IR AN e 7 K (diptericin) A1
R0 5 T 2% (drosomycin ) LG AE 41 B4 12 4% (Buchon
etal.,2014) . FRIRIEAT T LA H I i s B0E
I AFAE B AN B S ST R AR Ecel5 38 i 5
TP RE AT evf e, AT 15 98 A S8 I 2R 0 gy 1
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2H tfe /1> AR (0 A ) B0 AH DG 3t SR 5 B /PR
SF I 43-3h 2 8¢ (hypersensitive response and patho-
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[ T3SS Mo 138 1o JE PR KR ARAR N -, 1%
FEAEAE HAW SR AT 17 4% 2D UL (Pasanen et al., 2020)
YT TEGTA SPI-1 1Y T3SS HISUN X HoAE - diffizg i e
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J7iB T Y E P S A A 25 R (Kang et al.,2024) .
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PR T AR, RO/ INR AT A, HASE R 53 15
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Sarcophaga spp. V& KL I 2172 B4 5 38 18 A T ]
B — 2 UE S N AT 11 ] 7 SR SR AR R
FETE 15 d DAL, 3R WL 2 A8 s ) s AL 46 0
(Wang et al., 2022b; 5 {6 ik , 2023 ) . 2R, H A&
TN AT T ) B R P R B RR e O ML
XA 3% R GRS NG A . Aot AN T
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JI5TE L, LU A48 715 40 /NSRS T F) B HHt 7
PEUEAEALA] AR AT 1A 5 B R AR e
il , 18 A A T T4 R 1) o S TR AR 22 A

1 B %
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TS20HJ1 Flig 2= 2R 5 AF 1 1 A& BY21311 (Wang et
al.,2022b; Han et al., 2023) 3]l A A 41 243t
J18 SRl Ry 5 (vestigial , vg) b 2, T FI CB &% K 4l
(RhBifk ,2023) , FH AT RHE M BCPALRS 7 d Ak
A, E AR (HB8S90) W [ 7 5 it A W by
ARABRAF, 20 g THMA 100 CZEE /K 50 mL
PR A) JE T E 24 h BD AT A

MR % 77 3L . LB (Luria-Bertani) V@ {48 5% 7 36 i
SRR R0 g JEEHR R 5 g SN 10 g, ZEIRK
EARZE L, W pH %2 7.0; LB ARG S5 Fom A
20 g AR M RO A% LB f AR 33k

IR AL RS - 407 gDNA $2 B0l & L

RNA $2 B0 & 5 e sk ik 0 & 98t & SYBR
Green Mix, L 2304 AW H ARG R A Bilig b
e DNA [ &, A8 T AR TR (i) A
B W] s CTAB I, AU 5t R 4R A PR A w5 #%
PR, i 2 A AR A PR vl 5 HAr i)
1ok E = Hrall . CEX96 78 E 7 PCRAY , S [E 1A
SRZA T 5 Arktik 5020 %38 PCR 1Y . NanoDrop 2000C
R R GG EE T  Eppendorf 5407 &3 2001, $§
BRRAE R (g ) A5 A BR A 7] 5 SPX-350 fi ik 4% 7%
5, T IR A s JYG600E HLUKAX , Jb i B 2 45 07
HLUK A A FRA ]
1.2 Ak
1.2.1 B % K2 FPCR G 80X+ 5 ik

1 S0 5 984 %2 (DRSC flyprimer bank ) H146:
RO KRR MO0 E 5 PCR YY), W10 i i
BRI rpL32 (4 #4514 rpL32_PP41810 F/R, %
P HE N PGRP-LE 5 Relish 9934 5| %) PGRP-
LE PP32458 F/R Y Relish PP15853 F/R, LA M Hi
RKIEL A Diptericin 5 Drosomycin F) 1554 Dipteri-
cin PP8743 F/R 5 Drosomycin PD40133 F/R, M
NCBI GenBank H A6 2 A 53 FT 19 5 F SR AT 7R
W RIE fisZ )75, T 1L 22 5 50 L g O <7 X
3a , ) H Primer3Plus [ i &1 X frsZ (5T X 815115
Yy fisZ_460609 F/R. ik fd 2] 6 x5 (£ 1),
ZAER A FRAEYIBHA R A 1.

x1 AHARFTASIMFT

Table 1 Primer sequences used in this study

IR SIYFEI(S-3") PCR P i B KR

Primer name Primer sequence (5'-3") PCR product size/bp Annealing temperature/ °C
ftsZ 460609 F TCTAAGCACGTCGACTCGC 150 60
ftsZ 460609 R TGGACGTGTGATCAGCTCG
rpL32 PD41810_F AGCATACAGGCCCAAGATCG 113 61
rpL32_PD41810 R TGTTGTCGATACCCTTGGGC
PGRP-LE_PP32458 F AGCACTATGACACTAGGCACT 98 60
PGRP-LE PP32458 R GTCTGAATGCTGTTGATCGAGT
Relish_PP15853 F TTCCGCTTTCGGTACAAGAGC 90 63
Relish PP15853 R CTCCGGGAAGGTTTTGGGC
Diptericin_PP8743 F CGTCGCCTTACTTTGCTGC 108 62
Diptericin_PP8743 R CCCTGAAGATTGAGTGGGTACTG
Drosomycin PD40133 F CTGGGACAACGAGACCTGTC 92 60
Drosomycin PD40133 R ATCCTTCGCACCAGCACTTC
dnaX F TATCAGGTYCTTGCCCGTAAGTGG 535 60

dnaX R

TCGACATCCARCGCYTTGAGATG

537K 200 /N SR BT TR B RR FN20211 A i SR i
FFEA PR CM22112 (112 [C AL AT R R A% FR22212
0, PG 5 J T B B Ak TS20H T F1 8 22 5 e AT T T bk
BY21311 7¢ LB [EM4 4RI B 5%, T 28 CLARS

Hi 9% 48 h, PR VR 45 D 2 LB IR R g7 B
28 °C .200 r/min S50 T FR5ARAT JE SR, AR vk
2x10° CFU/mL. 53 | WG 5 Ff R AT B 55 77
4 mL, fifi FZH TR gDNA $2 5070 £ HE U4 gDNA
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WP S 7 d PN A T PR 200 1 174 BB S i o, R
CTAB VEHEHUH gDNA ., DA 5 Fb 50 i A 1 S i O
1Y) gDNA AR , LATC B ddH,0 SR B X R, R H
R 5 9 ftsZ_ 460609 F/R (3% 1) % B R
W B LA T8 B PCRAGI . 25 pl 5 A1 PCR SV {4
% :PCR Supermix 12.5 uL .ddH,0 9.5 uL. I Fi#5]
Y144 0.5 uL . gDNA B 1 uL, S L :95 C iR
P 2 min; 95 CZAEM: 30 5,60 CiE & 30 s, 3 39 1
o ¥ PCR=W5E i 19 BB AR R KA 45
KNG HEFTHIHT

S5 i PCR B AR X7 vE 2 19 6 X5 51
Y1 (F DATEE R ERE . BOPMESS 7 d A 1R IR
21 ] ) B SR R, 25 1 RN S EGRH & e A B
FEMURNA, 2 B8 R 5 S350 & U IH 5 s % sk 6 i
cDNA, i it J RS HR B2 150 ng/uL B HA% 5 4%
BB ZE 30.6.1.2.0.24 ng/uL /E WA AR
BB E 3 Y E R . DL 150 ng/ul DNA Ji
WK BAMEXT IR, ATCH ddHLO S BAPEXS BR, DL AT
FIE G ftsZ_ 460609 F/R HEAT fisZ K DX B 46
DA () AR 5 X5 [ 953 03264 7 2R i rpL 32\ Relish |
PGRP-LE ., Diptericin 1 Drosomycin & K (1) & Il .
25 uL SERF 986 RE 2 PCR W AR % : qPCR Supermix
12.5 uL.ddH,0 7.5 uL. | FE5 9145 0.5 uL .cDNA
BibR 4 uLs SN FE A b i 22007 . 65 “CHI
95 CHES s 1FH0.5 Co GBI M 2275 5t BRI AT
58 BARCR e TS | R M . e=5"%-1,k H—TT
LRNVENAREER, LL0.9<e<]. 1 T HROR A 3T Fl
122 RGAFH A B R SAR N TG E e A w2

ARG R T 10% 7 250800 5 A IS AT B ] i
TR L (Piper & Partridge, 2007) . K1 1.2.1 7%
A3 FRAT S SR BEAT B 85 R, B 15 SR IR AR R
LW 1: 100 #2700 20T ff LB W (AR RE SR 56 5597 2 iR
F) ODyggq A 0.8 B K5 BV LA 8 500 t/min .0 1 min
W B DA, FH AR B ER 7K VR R4, 5 109% 7 25 b
W H B % ODgyg e M 1.6 85 1o IR 3.9 cm . AR
4.7 em 9 B U SR & SR BME IS 7 d P SR R
B BEA 203k . S LIRS ASE S 200 uL ik
28 B 14 B TR R RS VR A IS L IR R A
JE o RN 3 d R R RS R g e R G
R 10% i % B AR 221 5% 5 DL R R MR 10%
PR A A HE A BN R AR BRI 3 AR
BAEE N L & AEREEREAT )G 1.4 817 d, B4~
b PR REAFR L E N BEALAM IR 10 K2R 08 5978 11
YA, BB 3 YIS EE . R

FH CTAB A4 HUIT A HEAS 1) g DNA CR A 45,2014)
DL rpL32 VE RSN S 3L | frsZ A SR BT ARG N 32
il A PR RS (R 1) DU AN [ R A
FI- T A9 S R 3t DN SRy BT, SR FH S22
S PCR 7 ARG I 2L 1 S5 88 70 456 A 75 A [ SR e A
TR 1) 260 WU AR N 7 T A B A48 4k . PCR L
BARZFFRFF 1.2.1, R 25 EE N4
SEREA AR R AR B RTE AN log, 2722
1.2.3  RIBAFHA L ZHLR I T 2978 A ARG /) el 2
RS ) T R P 2A 2 DL SR B o 1 A%
FRAE TIN5 5, R 1.2.2 0743 S & 5 b SR I
TR ) 10% #0125 B P EE S S0, 3 s Pl SR
R M SR G, B A Ak i 35 DA AR IR
EH R B, IR 203 i 4 i, LA
TR TC 1 109% # ZHE R 3 d e B8 45 ] D [ A ) 6 Ak
PN, RENMCPEE 3N EE B EE N A
A4 P ) AR G N BEAIL R 10 S A T
R LAY E R A IR 3 A )
52, R R B - A D P BUL R LA B gDNA (E 31
5,2014) R AR EL DNA B4 Bl R AT o 2
JHY5E 514 dnaX-F/R (Stawiak et al.,2009) (£ 1),
PLES 21X 3 ¥4 4 1L gDNA S5 i 47 5 AL PCR 9™
W RNAR R R N FLFS 1.2.1 MIE . ¥ PCR ™
Y38 18 1% B i B8 1 FL Uk AR T 2% K/ s AT
Sanger Il /57 , | J5° J¥ 4] 7€ NCBI GenBank 1 i/f 17
BLASTn L LA AT BRI AP S o [RIR R F SRt
PN E it PCR A AKG I &Iy B A P AS [R] SR e AF 147 1
AR, iR 1.2.2,
1.2.4  REAFRANT R RIS LRI A PR R AR 090
Sk FEAE A /N SR RS AT B A X6 3T 2% Ao b it SR B A A
Xof SRR g2 FE DR R s, 45 HE 1.2.2 7 7R3 S
BT U INA AT B A SR BT 1Y) 10% TR o
IORIAE 7 d P A SR SR i e S PRI AR B R
EIRE 3 d, LU TS 109% #5294 3 d Ay B PR Xt
W I MEEE RS 4 dIORE , B A R B HR G P Rl
MU 10 3L SR8 5 I 0 LAY EE R A
AbHE 3N EY SR A . R RNA $2 B0 6 42
B HL RNA i FH S saaln) & e i 5 il cDNA
Ll cDNA WA, 5% 1 1.2.1 H B B0IE % SR b o0 2 A
K FHe K PGRP-LE | Relish , Diptericin . Drosomycin
ESEPES M (F2 1), DL rpL32 S N S 5L R A7 52
Ao PCRAGIN , 2 oy 1R R IR P[] 1.2.10 2R
FH 27 A SRR AR TR i, LA A /NI
T 50 SR e AT T S 28 L R B TR A S
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DT, A A PR 2 [R) ) FE 3R FH Tukey B 8047 22 5 1 ggg

VARSI, W Z 18] A4 L AR H Student” s « A 56
LT 22 5 WA AR

2 FER55H

2.1 BT EE PCRE| YIRS F R 1R

fef SR J AT B 3 5 1) ftsZ. 460609 F/R W] 1
5P AT B @DNA 38 Hi 100~200 bp K /N4
SEPEAAT , T7E S SR 0 g DNA K B % B e 35
Prrs) g (B 1) . SERHE6RE i PCR AN,
R, 6 X751 ftsZ_460609 F/R .rpL32 PD41810
F/R .PGRP-LE_PP32458 F/R.Relish PP15853 F/R.
Diptericin_ PP8743 F/R5 Drosomycin PD40133 F/R
B B35 53594 1.03.0.97,0.93 ,0.98 .1.09 #10.96,
FLI b 221 0 PR (181 2) , B 5| ke Sk AT,
AT e 2280 1) PCR A

500

250
100

1:2 000 bp ladder; 2~8 : 4l /N5 JBE AT 2 &1 Bk FN20211 | 1 &
PGSR AT T T bR FR22112 A% i 2R JBe A 17 11 Bk CM22112
e 2% SLIBAT B TR bR BY 21311, L V5 SR B 141 P ik TS20HT1
SANE L DL K ddH,O FIHEXTRE . 1: 2 000 bp DNA ladder; 2-
8: P. parvum strain FN20211, P. parmentieri strain FR22112,
P. polaris strain CM22112, P. polonicum strain BY21311, P.
brasiliense strain TS20HJ1, Drosophila melanogaster, and

ddH,O negative control, respectively.

B 1 514 ftsZ_460609_F/R 7EA [ RECH B R 2 IE R I8
¢DNA I PCRF LR
Fig. 1 PCR amplification of primer ftsZ 460609 F/R using
gDNA templates from different Pectobacterium species

and Drosophila melanogaster
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Fig. 2 Melting curves of quantitative real-time PCR amplification for fisZ (A) of Pectobacterium, and rpL32 (B),
PGRP-LE (C), Relish (D), Diptericin (E) and Drosomycin (F) of Drosophila melanogaster
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2.2 AEREATETE ERE R 8 R K B EFE RS

T WL T A MRS 1.4 R0 7 d SR SR R
PR X 5 B e AR S R R R A (U R TR R SR
PRZ I 1 B R R A A A 22 5, KRBT 4l
PS5 1 A AN/ NSRS B R EEL P SR e A 1,
TEAL WA N T R R 08 5 5 2 A HE A
SR BT A2 CCIR AT B R0 % ST AT, LA 2R
WA Y1 T R R (11 3-A) .

T B A AR 1 d I, SR SR A P L Y
ST P Bt fe e AHORT 5 B R 9.20, B B AE ) i
558 3 20/ INSR TS R R A2 PR A B 1) B vk 22, A
X2 T A3 R 7.43 17,50 5 B SR J AT T RN =

129A m BY21311
o CM22112
* FR22212
g AFN20211
7 ® TS20HJ1
6_
3_
01 .

1 4
BH J5 X Days post-inoculation/d

129 C

FAXTE BB Relative bacterial content

1 2 3 4 5 6

Kb Treatment
A KA MEAS TR PSR AT P 5 A RN SR R PN 1) 2 B 3 s B~D TR R P SR C AT B 5 1.4 .7 d LA B IE R IR N i & it 1
TC PR AR B PE X R 2 0 22 AT TR TR R BY 21311 53 - Al M AR BT TR AT AR CMI22112 54 A2 [ AR AT 14T 1A bk FR22112;5 5
417N SR B AT BT B Ak FN20211; 62 T 75 23 B 4T 4 78 Ak TS20HI1. A: Colonization trends of different Pectobacterium species in

Drosophila melanogaster after feeding; B-D: content of different Pectobacterium species in D. melanogaster at 1, 4, and 7 d after

-3 -

TR B 1) 52 B RE 1 B 55 , AU 55 BR 4 3l R 6.33
F15.33(K3-B) . TAIML)S 4 dF, 207N S AT 1 7 SR
WA A P 5 F WA L A SR AT B R Y
PIFF A AN IR 2 T 1 5 o 20/ NSRS B A
X5 i i T2 8.00, B 5 T T VG AT B AR G
T (7.45) (H2E RN 35 T2 PSR AT B A
bR FSEAT PR B I8 2 SR TRT AR R X 55 B e DUk
ZFAMEXT B IKSFE, 43504 2.10,1.09 F110.89 (&1 3-C)
TS 7 d I, E P SR AT R A AN R AT B AT A E
e 1 FE BB T, HAE SR mRAAC P (AR X 5 TR 43 0
R 4.31 F13.55, T H A S AT T A9 A X 5 7T R 2
30T (E3-D).
129 B

1 2 3 4 5 6
S Treatment

129D

KbFE Treatment

feeding; 1: sterile glucose solution control; 2: Pectobacterium polonicum strain BY21311; 3: P. polaris strain CM22112; 4: P,
parmentieri strain FR22112; 5: P. parvum strain FN20211; 6: P. brasiliense strain TS20HJ1.

E3 AREARMERTHEN10%FEEAR TN EERBENNERNSEHE

Fig. 3 Relative bacterial load in Drosophila melanogaster within 7 d after feeding on 10% glucose solution

containing different Pectobacterium species
P rR g S B AR E 2E . AS[RING B3R OR & Tukey 56 5 2% 57 1 % (P<0.05) . Data are mean+SD. Different

lowercase letters indicate significant differences as determined by Tukey s test (P<0.05).
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2.3 ARRBITEHZEERIBINEREBEINER

PR SRR R S AN [ e SR AT TR 114 6 A W
J& ,10~15 d Bl r= BRI Efb s~ —1X, R H dnaX-F/
R 515 A5 A B (1) 25 2 4% 3 14 %)) HL gDNA 3593
535 bp K/ B BE (K1 4-A) , Sanger I 745 5 2
R HE I dnaX ¥ 51 5 A ik B R DR SRR A
Fh2e—, ST HERE F PCR AN ZS 3R 87w, AT
Pl SR A B TE SR 248 3 {8 &)y HUAR N 1) 75 A7 AE B

A bp M FN FR CM BY TS

ZE5, Fo A/INRIBCRT B 7 R SR 24X 3 4l
TR PSR B f o, AT S R i TR B 8.44, 1B v T
AR AT TR DG IR LR 2 [ AR A B AT EL 7
R BA, AEGT 55 B 5 4000 R 3.09 12,49 5 4 L S
FFBA LA B > S B 0 2 i eI, ¥ 5 0 BRTE 2
E25 (I 4-B) . RPN AT o 4800 T B #%
() BE 7 J5c 58, M e EC AR AT B 0 1V SR AT B A
— 5 M AL G BE

CK 129B

5
2 000 £ 9 ¢
llllﬂﬂ o
PegE
1000 4 S 6
<
750 _Eﬁ by
500 5 31 ab
E, a ab
250
CK CM BY TS FR FN
150 & Kb Treatment
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Fig. 4 Detection of different Pectobacterium species in 3rd-instar larvae of the second generation of Drosophila melanogaster

by conventional PCR (A) and quantitative real-time PCR (B)
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Fig. 5 Relative expression levels of immune genes in adult Drosophila melanogaster after feeding on 10% glucose solutions
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