otE 4 TR~ @
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EIFAN: BEE, ROKR

BELRAEERCHRFERELEE

m—F BER, TR, 2O AT E, REL
(1. ¥R R =W BT, 1R =30 572025 H[E ;2. R K% HOFARMEFA BE 0T R AE B 0 (B
BHH W E S LRE, W M 571737 HE)

OE MR EEERAIGKCR, EERAOL 25 RO AL, AR, W R ATl R A TR
JREMZETEGE . 2025 4 4—5 A, WA BIL. R SRR K = W5 BT R X IR T 40 TR
A AR A . SERL IR, BRI AN R P 2RO AL, B AE AN e SR SER 1 M6 o i X6 43 TR ik
AT A MER | A B LN E . LT 16S rRNA. fusA. leuS. pyrG. rplB Fl rpoB 3L L0 S R FE KB 47
BT, I RbR LR AT BOR P S IE, 75 10 DB A 5 MR E R4 BUZ 1 (Pantoea dispersa), i
AR5 AT SR AN G PR R FERG I AT o 3200 3 A0 e AT T AR, S50 AT R 7l i 3 2 B s 4
T HTRE

KRR MG AT RPN IE; 12 TR s Rk [k )

RESHES: S436.67  HKIRERE: A XEHS: 1674 — 7054(2026)04 — 0709 — 07

2026, 17 (4): 709-715.
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FIR (Mangifera indica LOVE N4 ER) 12 3 5%
) T HR KR, AR S R i S 423k 100 24
FAHLIX, Pl A AE B ACR A JEm 5 =
FE e Ak AR AR P 2 —, R a R
AR5 ) R DI A v e e v AR
FEZL X, FEM T = SRAR . BAK. R,
EVTAFHL P, SR, T g AR AR 7 I TH I ™ 5
(49 o3 ) R, e oA o A oy 5 AL S B IR
FIAH TR PR SR BN OFRAT R4 P M AR B ) | i
Ao BRI S A

TEA SN T b, AT R 40 TR PR 3 52 R 254
PR 5 SRS T B XU S, AR H a2,
1 REE AW IR, 2 BRI 0 - i 5 R S
i JOT, FE T UM RE AN 7L AT RF S R e . Hirr, iy
FHEAR B BRI PR AT SR EOW AR Rl (Xanthomonas citri pv.
mangiferaeindicae) 7 | & I A A M FRBET UM 2 4,
VERABRA T XY H WA, = fa AR 22
PRI 2 —C, TEPPEA | B RE A5 b A& 2E 1Y
T H AN (Pseudomonas syringae pv. syringae)
5 R AT SR A0 TR P TR AR e 7 ], g |

©®ccev40 YFFHHEE: 2025-11-05

VY55 H & A 1 B AR B BN T (X arboicola) |
BT SR I BRI, T AR i X R A B £ e
il & (Sphingomonas sanguinis )5 | 8 A4 AT 5 20 T P
TR, A PGB R # 8 2 M (Pantoea
ananatis. P. agglomerans. P. vagans)5| i i) A1
P TEIR e TRV, T 4 T P R 5
o R SR BREG 114 A AE B2, KT, AR BRI
TEE RS — 0 X U B8 1 R 5 kil v
[ (Dickeya fangzhongdai) 5 | #2 B AT 5 20 T 14 [0
0 , T2 T A TR i Jmy P SR el i ™ S, 3K
FEPR B i B AL FIASCRS IR, £ 2 40k
TR AR, R B AR i AT SR () 48 R & A AT
R TR SIS, A R A B A AR .

ARG T 2025 4F 4—5 1, fEMG B B L.
R IRAR S = A AT IR 3277 X T Jre 20 1 s 3
1) ] 3 2, e B — b it 8 R R SR 5 )P
TH 1 4 A M SR AR AH e T . O B BUR e
Jit, ARG A AL g o AT i o 0 B i Ak, &
B RIEIEEIES AR A e | Bow kg iE & 2
SEPRE SRR G R T oK, SE R H bR E R Y

EEIBHE: 2025-12-22

EEWA: Hma R H AR L5 (HNARS-07-G03)
"E—EE . H—)1(2002—), 1L, MR RAF TR MF B 2024 BAH5TAE . E-mail: 1404681241@qq.com
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SERE o I AR B A M T v i DX 7 ) it
e, DT R J5 22 T TR B X M A s 0 5 ¢ By 42
SIS R

1 #R5F=%

11 FERAERFERE 20254F 451, T
TR =X BIL, RI7 . AR AR M =T SRR
PRI F R A SRR A TAE

12 REEMNS BN RHAHALE S
s B AT IR TR 43 B8 . LD SR AN : BRI
B S ) s i 28 A, DTEC S mm < 5 mm 2
AU, KT EL 70% B O IR EHEE 1 min, 0
PRKIERGE 3 DAL BR Gk B Ol b 35 Y 2H 2R
WA TR R, NG A9 5 1 mL K
K, FE IR AT H A 22U 500K . B 100 uL 2)3K

W5 900 pLK B 7K IR &, #a Bk BEAR BRI R (1,

1072, 107, 107, 107%) H 4% % B 56 B o W 2 A7
LB BiR- M R Zeab B, B T 28°C fH IR K% 75 56 s
I PR IE UG , it 25 ali b i A e & —

ARV, YRS g5 JF B T80 °C M IIELIK
FEIRAE, RS IR 2252 g0 i

1.3 FEEE

131 Ao TAEHFER B wEtkiE
P T LB AR R a3 7 05, SR F e s v e
A= R I A B wHa T B HOHE [ 4 DNA;
VAR TR 16S rRNA 38 5|4 27F/1492R X Ho 3 [
2 DNA 47 PCR ¥ 84, KW AR R BEE U T« itk
2.0 uL, PCRmix 24.0 uL., 27F 2.0 uL 1492R 2.0 uL.
ddH,0 #b & 2 EAFH 50.0 pL, PCR S #2554
95°C T A% % 5 min; B J5 217 35 N9 34, 46
95°C AE M 30 55 58°C iE *k 30 s; 72°C FEfH 30 s; i
REER T 72°C FEMH 10 min, f945% ZEMH T EF-G
LA (fusA) . %2R tRNA A R A (leuS) . CTP
A IR (pyrG) | IR FIEE (rplB) LU L RNA
KA pWIEILH (rpoB) o 2 BB R AORS 1
IR, Bz & 200 557553 (MLSA)
HR S NEFRER R B, T &R 850
PO, ES W 1,

£ 1 HTiZzE(Pantoea spp.) S FLEEMS| 4

Tab. 1 The primers for amplification of fragments from Pantoea spp.
LK Gene 5|¥) 4% Primer Name 5917 %1(5'—3') Primer Sequence (5'—3) S ik Reference

27F AGAGTTTGATCMTGGCTCAG y
16S rRNA SCHR[14]

1492R TACGGYTACCTTGTTACGACTT

fusA-F CACCGGTGTGAACCACAAAA .
fusA SCHR[15]

fusA-R TAGCCTTTCGGATTTGAGCC

rplB-F TTAACCCTGAGCTGCACAAGG ‘
1plB CHk[15]

rplB-R GCGGCGTACGATGAATTTATC

rpoB-F GTTCATGGACCAGAACAACCC y
rpoB SCHR[16]

rpoB-R GGTGTATTTGGTCAGGTTGTAG

leuS-F CAGACCGTGCTGGCCAACGARCARGT o
leuS SCHR[17]

leuS-R CGGCGCGCCCCARTARCGCT

pyrG-F GGGGTCGTATCCTCTCTGGGTAAAGG ‘
prG SCHK[17]

pyrG-R GGAACGGCAGGGATTCGATATCNCCKA

PCR " 847 W 28 o it 53 B 1% PO BN BE
HL VKR 250 I, 28 R A W AR e A PR )
MR ARAS 897 51 45 R 52 52 2= NCBI Bl kAT
AR LEXT, B € Toie 5 T 200K G REER
BT M GenBank ™ T #AH XS5 BRI 168
RNA., fusA. leuS. pyrG. rpIB Fl rpoB 3£ [H J# %),

I MEGA v12 ¥ fF it A7 Z 2 ) 51 LR 5 AL IE,
R ALK M R GE L & W, W (i ik
o2

132 BELSAFAMSEHER A2tk
M T LB [ ARG FR L, T 28°C fH BSR40 1Y
7 24 h, R REME KRN O RETER
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By 155 i A SR T e SR B0 5 i o 4 78 711

Jfs W GRS e AL A T 24 Qe el 5
A A AR ST, LR AR B R AR | A
FERVH 5, R BHI RE D 50 . TR . MR
D1 AL AR IR I BE 7, 45Tk I 7 vk 341 2 R
CREL s D 200 11 26 S B4 3 ) (B8 3 O B/ E R
PAT,

14 BHRMBBEENE 050 B Wbk T
LB RS FRHL, F 28°C 1HIRIRZ 55 321 1% 4
PR 5 FH I PR 7K R 3 PRBOAR BE 2 ODgo=1.0, il 7%
R . e R b, RS AR TG
P 5 55 1, 0 L o L T R BT S 1 Ry 42 b
B, & AP AT 5 mL W, LLESEAT LB W
PRBE R LR AL FEAE 28 AN IR . $ER R B 48R
10 24 h, S PR4SR S5 97 2 ~ 3 do RS HEAP R
JH B R T A0 a5 9« 0 R ft o R 2 6 TE TR /K R Uk
3 I HARI TS, FARS AR AE AL TR 10 pL B
VL, [R5 i LB 4% 37 LT i Ak B X R S 22
PERE T 28°C (RIBHEER R 3~5d. LU L%
PR 15 3 AR F A, Hef e AT
O SR R I O X £ L L TR T bR 1) o 4H 21
FT976 SRR o3 5 L b S S o TAE, LALL 52 BRHBE
PG ) Y IR

2 FHRMSH

21 REPEE/EER 2025F4 %5/,
MR BT, ARJ7 . SRR M = A BN X R
PR AT R A0 B P SR B A1, FE A AT R B A
FIERSE 13 & 30— 58 AU SR 20 TR 1 SR AR 1
Fo ORI, iR DK BUIRBE S A e,
1, T2 Y SR N AR A B, S5 30 % A
W R a5 (K 1-A—B) . ANRE SR
B0 A7 7F 5 25 225 5 W0 R B 2 32 i K R 1 22 2
FAIE IR B, A9 T AE i 7 32 23R 3 /NG

AL BRI R IHREGER; C. D, # R SEHY T AR
A, B. Field symptoms on mango leaves; C, D. Field symptoms on mango fruits.
B 1 ACREEMERIE R BRI

Fig.1 Field symptoms of mango bacterial necrosis

o SRSEAREIR S AP SR AR, S A
OB A5, BE 0 0 AR, R B b o R (AL A
FEE R B L 2T, TR (] 1-C—D).
22 REESBSEKPOES. £EENEFY
AT H ] RAE 10 3 BELA B FAEAS, 23R
T B ZH SV SO 8 A R 43 2, o B kAR
10 RN 70 25 o R E 514 27F/1492R
X E ARG B YIRS 16S rRNA FEH 214 18 (P14
B EEZ) 1500 bp), 414 2607 J5 , 7E NCBI
48 rh 58 8 BLAST [AIRE L X508 o 45 51 Bk
AR S PR IE T8 S R (Xanthomonas sp.), 1
) Ay - S 4 TR D B A i AT Ly S BRIz
W J& (Pantoea sp.), 3 ¥6 T8 #k 43 3] 43 85 B B V1.(2
MR (U RR) L SR AR (1 0R) S = (1 Bk ), #E
SRR AP E IR SUR AR OCHK .

2B X] 5 BRIz T 8 AR A TR S LSRN AE
AR S, 45 WoR: 78 LB ¥4t b, Rk
TWARRFE | Bk, RECHEIRIE, B3R o
A, 3595 3 d IR B iR e o (B 2), 4fizt
QYL 5 T RS, TR AR A 2T 0, Fl 0 S o
2 IRBH MR (B 3) . A A=A e 25 5 R W, T
R 251 R AR FH 20 2 00 R RERE, TS B R 1L Y
FHRT-0E, BARAIR IR Z5 S W AME (32 2) . bk
WKL A5 BB AR AL RRE 5 12 1/ & 1 SRR
AHAFCT,
23 BEHRMSTFEVMELEE NTHPHS
PR R 46 2 B A KT, 723K 15 16S rRNA JF7 51 JEfi
b, ARG 2D RS TR NI T fusA (2
633 bp). leuS(Z) 642 bp). pyrG(Z) 306 bp).
rplB(#) 333 bp) Fll rpoB(#] 501 bp)5 A~ KK A Bk,
JE 17T BLAST [A] 5% e Xt . FH MEGA 12 4k
P, T Bk 6 I R By BT A1, R R
) #% #: (maximum likelihood, ML) R FE &K &
Wo RGEB MHTER (K 4), 7ELL Xanthomonas
citri pv. mangiferaeindicae NAMHERITEN T, 5 it
X R R ¥4 5 43 802 B (Pantoea dispersa Gavini) 5
FIa)— 8 S REA S I (GEHFE 100% ), H oRF HL 4
TE R B TR
24 BURMNE WIIEST B AR EIY 5 AR HOZ
R B0 M, R bk DG ek ek A7 1 20w )
W . MR 3 d )5, Hefh s v 2 A SR
/N, RS 8] B SR A I UAHAT (18] 5-A) .
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MGX3

MGXS

A BiF 1d; B K538 3d
A. Cultured for 1 d; B. Cultured for 3 d.
B2 REFUEFRTEFESBERNEERS
Fig.2 Colony morphology of isolates from mango with bacterial necrosis
T MGX2, MGX3. MGX5, MGX6. MGX10 it Eitk. TIH.
Note: MGX2, MGX3, MGX5, MGX6, and MGX10 were the bacterial strains tested in this study. Similarly hereinafter.

3 ZEERREHK MGX3 EXRILBERE
Fig.3 Gram staining result of the representative Pantoea
strain MGX3
®2 ZEEEWRRERENEHE
Tab. 2 Physiological and biochemical characteristics of
representative Pantoea isolates

FE% Characteristic MGX2 MGX3 MGX5 MGX6 MGX10

WL
Gram stain
Bk Gelatin

iquefaction
HIM Glucose + + + + +

HERE Sucrose + + + + +
11124 Sorbitol - - - _ _
HET-¥ Raffinose

TE: 47, BHE; <=7, Bk,

Note: "+", positive reaction; "—", negative reaction.

SR JH B A TR o o« AR AT SRR S A T HE ol
10 d Ji 3 A0 AT A (0 B, o FEIE 2508 5
(] U0 ) S PRAR L (18] 5-B) o X BRZE I ) 5 2R
LR BT BE . B, MR B 7 AR
SR LGP AT I O B, A R Ko T
8, BN PR wAR-5 IR E P TR R R — )l
6 A2 R G DU A B0k 5K, AT — 2P Uk 52 73
B TR 12 5 0 S

3 itig

AWFFE SRR B B ARAE K =
4 AT S DX TR M 1 R G A, R A
B2 AR 0T . S AR %
FE SO I S ) 22 4k BRSO . B PRV R A
B ER 0 15002 TR 5 | A ) T SR A R R R B, 1R
FEFE S b G 3R DR RIRT S5 40 T 1 B B 4 M A
L, B3k iRl b, AR R % A
IICIRAE MG FE 43 AR BN )z, i A T B3
KA, B REIR 50%(5/10), (HASEAE 2T 5
o N

AR ER K 5112 18 (Pantoea) i 2% [CHIME
AT, FRMR 2 0 A Tk R 3R 2R shkiy
i FHE T, WE A, ZEEEE N 25 AR
T 2 AP, Z2 AW T VR A AR A T R 2
A, SR EE S RAEAE L ARLRE R
fian. B Az E (P. agglomerans) Rl 51 K i
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89, Pantoea stewartii subsp. indologenes SIMI11
Pantoea stewartii £ZJ-FGZX1

Pantoea stewartii subsp. stewartii ATCC8199
Pantoea stewartii subsp. LMG2632

Pantoea allii Eh250

Pantoea ananatis PA13

100" Pantoea ananatis LMG2665

Pantoea anthophila LMG2558

Pantoea deleyi LMG24200

100

48 Pantoea vagans LMG24199
B Pantoea ucalypti LMG24197
Pantoea agglomerans LMG1286
100" Pantoea agglomerans FDAARGOS1447
84

[ Pantoea gaviniae LMG25382
100 Pantoea calida LMG25383

100 Pantoea cypripedii NE1
I: Pantoea cypripedii LMG2657

Pantoea dispersa VWILP1
MGX6
MGX3
Pantoea dispersa Lschromosome
Pantoea dispersa LLY 101
MGX10
Pantoea dispersa JLO2bL
Panioea dispersa LMG2603
Pantoea dispersa XJ2

MGX5

MGX2
L—— Pantoea septica LMG5345

Xanthomonas citri pv. mangiferaeindicae XC01

P g
0.01
B 4 ET 16S rRNA-fusA-leuS-pyrG-rplB-rpoB BB ERE FIHRAXURERELER
Fig. 4 Phylogenetic tree based on the concatenated sequences of 16S rRNA, fusA, leuS, pyrG, rplB, and rpoB genes using

the maximum likelihood method
e L1 HE N 53802 T (Pantoea dispersa) o
Note: The red box highlights the Pantoea dispersa clade.

MGX2 MGX3 MGXS5 MGX6 MGX10
AR R BENEWS 3 dAER; B P RRSLAIR U 10 d 4ER
A. Symptoms on mango leaves at 3 days after spray inoculation; B. Symptoms
on mango fruits at 10 days after point inoculation.

B 5 FRMEFRISEMNRREEERER

Fig.5 Symptoms of mango leaves and fruits after pathogen inoculation
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S Y A AR A8 RO 22 1, T 2 T (P
ananatis) F53 H0Z B AT 5 RS K R AR A4
o S A0 T I B ARL I B O ARAE A
G0 ARG 1 P AR A TR SR AR
J5, Sy HH A2 W 5 PG $ 4 T Be AR . 7RSS
BrAz = oh, AT 25520 IR AE W) ek, i Gis
Al A2z K ARG B, TR 2508 il 35 1%
Y1, WO AR P B S T, B i R AT
Rl ST RS e H bR

H A, 4P K-S E w5 BB S
FRRIE L BRI bR 0 T ARG E i T
Bt. 24057550 H1 (Multilocus Sequence Typing,
MLST) i B ER IR 2 GBE A e 51 488 1 2 5 70 W
R, TN AR P AR S B ] REROR T B
AW FY R H FE F 16S tRNA, fusA. leuS. pyrG.
rplB 1 rpoB 731K K () MLSA, Jf-455 2 M i
A BHAG B A A AR DG 6k, B O T4
FE LR HERR T

AR A 57, A b DXORT SR A T v A
A TR A S Rk . R & B A PR
Feds, HAL I 7 RE AR5 UL A 0 T SR B
JEEARARL, o BRE /N ELAS SR SR SRE IR AR 55 48 1
SRBEIHE LA X 53 o SRR IR A A AP S 5 3
] 15212, AT RE B A 78 & w1 R HI B IR 3R
W, DT SR U A R B P AL, 38 A B v e o BR %
JE H 23 HOZ T 5 | R AR SR AT R A, A
T H 21 AE 3 BB 5 vk e B 7 ik v I R
(Dickeya fangzhongdai) TS AT S 40 B 1 1A s,
IR AR E UCHGE . SR, BEX X 2EHT A
T, VT il = 0 HAT S B ia 24550 L o [ s A E
HIBL 24 P R R PR SR AR W SRR I R SR IA
M AAER B O SPHEE X B, ®7
s oF X BT A H I RS A 5 LR B, N
il & Bk AT R B 45 R s B B
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Identification of the pathogen causing mango bacterial

necrosis disease in Hainan

Yang Yidan", Zheng Huiying', Wang Kuaikuai', Wu Wei'?,

Miao Weiguo?, Lin Chunhua'**
(1. Sanya Nanfan Research Institute of Hainan University, Hainan, Sanya 572025, China; 2. College of Tropical Agriculture and
Forestry/ Key Laboratory of Green Prevention and Control of Tropical Plant Diseases, Hainan, Danzhou 571737, China)

Abstract: As an important tropical fruit in China, mango holds a critical position in Hainan's agricultural economy. In recent
years, the threat posed by bacterial diseases to local mango production has been increasingly severe. Field surveys were conducted
from April to May 2025 in the major-producing areas of Hainan Province, including Changjiang, Dongfang, Ledong, and Sanya,
and symptomatic samples were collected to perform pathogen isolation and identification. The surveys showed that, in addition to
the known bacterial black spot disease, bacterial necrosis was also present. Morphological observation, physiological and
biochemical characterization, multilocus phylogenetic analysis based on 16S rRNA, fusA, leuS, pyrG, rplB, and rpoB gene
sequences, and pathogenicity tests following Koch’s postulates showed five out of ten isolated strains from the symptomatic
samples were identified as Pantoea dispersa, confirming their role as the causal agent of mango bacterial necrosis disease. This
disease is reported for the first time to infect mango in Hainan, which provides an important basis for the prevention and control
of the disease in the local mango industry.

Keywords: Hainan province; mango bacterial necrosis disease; Pantoea genus; Koch's postulates
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