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Identification and diversity analysis of endophytic bacteria
from citrus psyllids in Guangdong and Guangxi
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Abstract: [ Aim] In order to examine the interaction between endophylic bacteria and citrus psyllids and screen for potential symbi-
otic control candidate bacteria, the citrus psyllids endophytic bacteria were isolated and identified in Guangdong and Guangxi, and
the diversity of cultivars that can be cultivated in citrus psyllids was determined. [ Method] The endophytic bacteria of citrus psyllids
were isolated with the method of insect crushing and flat coating. The 16S rDNA sequences of the strains were analyzed with BLAST
online, the species of endophytic bacteria were identified, and the phylogenetic tree and venn diagram of the dominant flora were
constructed. [ Result] A total of 114 endophytic bacteria were obtained, which were classified into 15 genera and 3 phyla. Among
them, 59 strains of Bacillus were classified as the dominant flora, accounting for 51.75% of the total isolated bacteria; 14 strains
(12.28% of the total number of isolated bacteria) were from Pseudomonas genus and 10 strains of Pantoea accounted for 8.77% of
total number of isolated bacteria. Other bacteria accounted for 27.19% of the total number of isolated bacteria. [ Conclusion] Bacillus
bacteria are widely distributed in citrus psyllids, and they are worth considering as a potential candidate for the symbiotic control of
citrus psyllids.
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R4 114 i 3508 AT B SC ORI IR AR 2018)

MR R Z B 7 A 8UE TR RS & £
MISCERIN AETEE T Z AR BUR MG R |, 2 41 T8
D)2 7 32 A 4K BB i 06 75 19 ( Brummel et al. ,2004;
Dillon & Charnley,2002) B 9738 N AR g R A
WAL E TR BhE S (R B R RS U R
T ZAEH (Campbell , 1990 ; Dillon & Charnley,2002;
Tokuda et al.,2009) . WAEANE A LRERS haF 11
AR EFRME TR, LREE M AE Y IE Y
AT AF 00 SR HRAE s S AR ) B A AR I E B AR
(BRATAE ,2018) o FHAG A T 2 LAWK B AR )3 K
TR 3 AR B 80 6 I [ | 0 7 28 Ak R A
At RIRE ST, AR A R4 PN 5 3k 778 2 N AR 2
W HAR AR K AT IR RIL &Y AR
LT AR, AR AN 5 AR B A B
FI BRI A (TRET 255 ,2009) . HAET, EAMC T
— TP I s H A B M —— 3 A= 55 H ( para-
transgenic control) s ED *'Jﬁﬁ%ﬂiﬂ"] ;@ﬁi?ﬂi%ﬁ%ﬂ B
HUEA Y 507G A ( Bextine et al. ,2004 ;5 Kolora et al. |
2015) , 403 T i 5 A AH 25 7% (eytoplasmic incom-
patibility , C1) i J5 3 K571 Wolbachia FORERTS A
AT B HE T S [R) Wolbachia (A 70 (1 e 150 58 i, i
IC ) DI AN 23 AL (B R ¥ 55, 20145 J i S 45
2010; Dutra et al. ,2016)

AT 3L 53 B85 35 57 S M 5 AN [ b DA ARG AR
BN A= A0, — 77 T WA AT AR AR LT 35 55 PN A TR Y
IR, A WESE N AR 4 TR S A A R L= ) Y
VEPRBEIERN 5 55— 5 TS A 2B 240 R A A A AR LA
AT B IS A P R R 0 7 ) A 35 4 1 3 5k
A 4 5] B A R ARS AR B\l i A S S
1 WS
1.1 A H#HEARR

MG AR BB REE AT RAET M H =
X Ah P AE CERBHRR ) () M T R X T i oK
(JLEFF) N e T B K DU (VDA ) 2 PR T
FEPREL LT AR (DT ) 2 DT e DO AT 4L ( B
M) RV B PY B AR (KA ) R S B
WESE B (R ) A P AR AR T R BT (%
1) 3t 8 A X, F A M R B2k 20 Sk, H AR
B2 UKo SRAR TR A U E R (OHE e AL ) 322 )
BT IO A T SRR Py (R S 5 2 R R AT
1~2 d AT,

1.2 KFF5|4

2xEasyTaq PCR SuperMix ,Trans2K DNA Marker
Mg A2 & EWH AR (60 B R A DNA $2£ 5
RGBS ) G = SR AR R (Bt
M) BT, PCR 5% 27F/1492R , th A= T4
WA (L) A BRA Rl A R,

1.3 EHE

YEB WARKG S35 . R 1R 10 o BERHR 8 5
g JEMES o AL S ¢ E/KBRIREE 1 mmol - L' 28
MWK E 4% 1000 mL . pH 4 7.0,

YEB [EARG S5 55 . R R 10 o R I8 5
g\TF?H%‘S g\%’pﬁﬁj‘] 5 g\tﬂ(ﬁ@ﬁ%ﬁ 1 mmol - L7" J
fEH; 15 g ZEIB/KEZZE 1000 mL .pH 4 7.0,

1.4 NEMAENSE

FH B R 4 118 A A L, H I 0 5
Hr [l 5296 %, fF R LR T - 20°C VKA T8 % 3~ 5
min, FEACA BTG SRR T1, AR5 /08T 1.5 mL &
DN, %S Sk, 1 4k, R8BS TS Lt
oy e AE B R EVE T 70% L BEH IR 30 s, B
Je FTC KRR DE 3~4 WK, fieJim — U VR A AR 56
WEREROR . WG AR BT IR AR Lo T )5 &
TRAEE LT, A 500 wL YEB ARG 5L 4R
J& FH— IR PR SRR BB R 58 A 35 A, 4 3ol IR X
100 WL IR GRS H) YEB FAs 55 |, B8 %
i 544,28 CHIERESR 2~3 d 5 HEEIE
Ao MIBEFEILE RN IR B REDGEE 5%
B S 0L 25 ) 0 ) Bk B3 7 2 2% TR A [ o 284 ) 4
PRDAIT , ZE R I 35 37 37l glifk, Ak o 28 4l v
HAF YEB BigR 5 pbf b4 CIRAEEH,

1.5 WEHESTFEE

1.5.1 DNA #E f-Fik BRI WITAARFEIES
Pk R e — 2 alifh 15 B R T5 . ARG
PR VE 2 YEB RS 35 3L 4R35 K 9% 24 h,
28 C,120 r » min~', BUEE R T 1.5 mL &0
H1,10000 r - min"' B0 30 s, FE EIH W, KA
DNA $2 st & 42 AR Y DNA

1.5.2  16S 1DNA # B PCR # # R #& Lane
(1991) fy J5 i, R 51 ) XF 27F/1492R (5'-
AGAGTTTGATCCTGGCTCAG-3'/5'-TACGGTTAC-
CTTGTTACGACTT-3") ¥ ¥4 41 14 1 16S tDNA 3L [
V1~V9 X, PCR K FR AR 1.0 pL,2xEa-
syTaq PCR SuperMix 12.5 pL, I N5 ¥4 1.0
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pL,ddH,0 9.5 pL, ¥ 37 .94 CHIAEH: 4 min;
94 CAx 4 30 5,54 CiR Kk 45 5,72 CIEff 2 min, 35
MEIR 72 CIEf 7 min, HL5 pL PCR ¥,k H
19 B EHRGEE f R Uk AT 4G, A0 /5 9 4% 1) PCR
/L BEEE SR TR

1.5.3 16S rDNA HEFE N F X b Xt T HBRHEEER
EIE PCR =9y B 4578, FIH Axygen i [R11
BN AR gt R % = Invitrogen 2N\ A 5
W) 27¥/1492R #E47 W 3l 57, F) A DNAStar #1044
(DNASTAR Inc, Madison, USA) % i 3845 19 H ) 5&
P17 B 422, SR )5 A BLAST 2% #1777 51
AEABIPE L XS , DATTT S8 5 T 3 5 1R A AR AR L PN A 4 AT
e

1.54 RHERE SN BEBUITA Hb XA L 08 bk
FE, R MEGA 6.0 #E47 RIS, R FARIT
FHEZD: (ND) W R GE A, % 43 25 R 45 TR R 2
i EZ LA HLIX R A Venny 2.1 ZEZHA: hitps ;

// bioinfogp.cnb.csic.es/tools/venny/index.html ) il
FRHA,

2 HR55H
21 HBARENEAENSE

XEREEHT 2R V8 8 A Hh X A M A% A mU A 7
AR ST Y 53 B 35 57, Fh 00 B DR A T SRR 45 S5 1Y
MR ARE P AN 114 R, Hod, 7 M B s K
TEEAE(BY) 17 A%, )N i Rl X AL R =4 (TH)
28k, AREEREIUTE(DQ) 11 #&, " R4A =
ZATHHFEL(GY) 20 Bk, )P A HEARTT R )1 2RI
BL(GX) 10 Bk, ) ARA T T B AU (LM) 17 £k, )
A BB (YX) 12 8k, T AA L4 B
FH(ZI)15 Bk, 3N AME RS WK 1, RiE
WIEIEA (KN JBAR B 3R 1H G 37 I RE R T
MRS ) A3 i R T 2 5 3R 1T A () ol 21 1 400 TR TR 7
FEAFN 5 7% 37 B I £k 4k, 280 T YEB 5 3%
R F L4 CIRAE,

1 HBARIS N EBEHE RS

Fig.1 Colony morphologies of several endophytic bacterial isolates from D. citri

2.2 WAEZHE 16S rDNA H[E 12
O AR UM AG A U A= 4R A B9 B DNA SR 5
WX} 27F/1492R P HE 40 1Y 16S rDNA A VI-V9

M1 2 3 4 5 6 7

X, K 1500 bp iy, HETKSE R WK, 4r B3k
ot B ARG AU P A A0 T 2 4 2 W5 45T, 5 T
) PCR P FEARTE (& 2 181 3)

8 9 10 11 12 13 14 15 16 17

2 HEBARE(BZR) WEMER 16S rDNA EE PCR # 5 #
Fig.2 PCR amplification of 16S rDNA genes of endophytic bacteria in D. citri from Baiyun

M: Trans2K DNA Marker; 1~ 17 880 17 A~ PYAE A (5 R 4H DNA
M: Trans2K DNA Marker; 1-17: The templates were genomic DNA samples of 17 endophytic bacterial isolates.
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3 HBAE (XT) HAEMER 16S rDNA EE PCR ¥ 8517
Fig.3 PCR amplification of 16S rDNA genes of endophytic bacteria in D. citri from Tianhe
M:Trans2K DNA Marker; 1 ~ 124545 12 4~ P9 AE A0 Y LR 2 DNA,,
M: Trans2K DNA Marker; 1-12; The templates were genomic DNA samples of 12 endophytic bacterial isolates.

2.3 HRBARNEMNRESHEESHT

XA H BOED e 9 2R AT PF 4, BAE 114 4>
ZMER 16S rDNA F#51, M H] BLAST B2 ¥ #4751 4
LI XS K I 8 118 DA A A T A A0 B 51 3 4
I8 15 A&, 73 9 8 JEBETR 1] Firmicutes T 7 49
Bacilli ZE-f0FF )& Bacillus % EK H J& Staphylococ-
cus FLERHJE Lactococcus 24/ \EERH & Sporosar-
cina M= 258 Ammoniphilus I H T Proteobac-
teria y-A8 I & 4 Gammaproteobacteria HY i 5. ffd B
J& Pseudomonas 17 W J& Pantoea  J7 ¥F # J& Enter-
obacter ,a-ZFTE 44 Alphaproteobacteria HY &l K 1 J&
Paracoccus ST .M # J& Brevundimonas 175 FT &
J& Erythrobacter , 3-“EJE 1 4 Betaproteobacteria FY;
IRFEFHAE Delftia; FLZETH ] Actinobacteria f{ BR &
ZX Micrococcales PR & J& Micrococeus . 7% i [ 1H

J& Kocuria TN/ NS Curtobacterium , PEHUA AL
FRVER R 1 AR F B 15 A AL F] GenBank H
(£ 1),

T 114 DHIAEA BT 55 37 N ARG b 2R AT
T B 59 MO PEH TR, 20 B A0 B BU51.75%
R M B 14 Bk, 5 12.28%; 2 H @ 10 #k, 5
8.77% ; HAWAN T 15 27.19% , 1645/~ Hu IX B A% A
A ORFRE A AE AR 2L b DX A7 7 1 4H T 7] fiES
BT AR B A 3, JF AR S MG AR B Z [8])E
JREE R OCER B Tl B . A R 3h IX R AR
AR EATHE SR AR AR T A 2R R AE 7 ] i 25 S,
A RN AR TSGR A 2, 78 8 4>
J& 17 Bk 5 BHVG R AR A TR A5 9 4 T F 2 fe /b, 15
H2AE 12 bR (R 2)

F1 IHRRAREMBARANEAENEEF R

Table 1 Identification of 15 representative endophytic bacteria of D. citri

Bk~ B E GenBank % 5%%5 Wk Btk GenBank % 5% 5

Strain Identification GenBank accession Strain Identification GenBank accession

number of strains number number of strains number
BYMS03 (R BA LR )@ Pseudomonas KU891837 THMSO01 BIERE @ Paracoccus KU891846
BYMS04 21\ EREJE Sporosarcina KU891838 THMSO07 1Z )& Pantoea KU891848
BYMS05 2FHUFF R Bacillus KU891839 GYMS10 %L INHE Kocuria KX925562
BYMS09 TIEEREE Staphylococcus KU891840 DFMS03 IR KA EE Delftia KX925563
BYMSI10 THERTE R Micrococcus KU891841 GYMS20 IRHFTEE Erythrobacter KX925564
BYMS16 WkF B @ Enterobacter KU891842 DQMS04 SE/NFFHE Curtobacterium KX925565
BYMS20 JE I ML Brevundimonas KU891843 GYMSI19 EZ W@ Ammoniphilus KX925566
BYMS21 FLIRE @ Lactococcus KU891844
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Table 2 Identification of endophytic bacterial isolates from D. citri
J& Genus M= BY Ry TH K DQ W% GY JelTLM FAPE YX %4 7] J779 GX A1t Total
FHFFHEIE Bacillus 6 0 5 14 9 11 6 8 59
RS R E Pseudomonas 1 0 4 2 0 0 7 0 14
ZH & Pantoea 0 5 0 0 4 0 1 0 10
HHIERTE B Staphylococcus 2 2 0 0 3 0 0 0 7
MERB B Micrococcus 3 1 1 0 0 0 0 0 5
¥ JE Enterobacter 1 2 0 0 1 0 0 0 4
LA\ ZEIRTEJE Sporosarcina 2 0 0 0 0 0 0 1 3
HIEREE Lactococcus 1 0 0 0 0 0 1 0 2
BIERE @ Paracoccus 0 1 0 0 0 1 0 0 2
SIS Kocuria 0 0 0 2 0 0 0 0 2
S5/ MTHJE Curtobacterium 0 0 1 0 0 0 0 1 2
RIRFKAFEE Delfiia 0 1 0 0 0 0 0 0 1
KPR TE)E Brevundimonas 1 0 0 0 0 0 0 0 1
IHFEER Erythrobacter 0 0 0 1 0 0 0 0 1
EHZ BB Ammoniphilus 0 0 0 1 0 0 0 0 1
B3t Total 17 12 11 20 17 12 15 10 114

24 RBNEDRERESW

VeI A 1l DX 26T T 8 T R 3 41, SR TR
F MEGA 6.0 #EA7 R34, it KRGt Abm, &
REERRY NG AR ZE AT R 59 Dbk, £
NERZEMHFFE Bacillus megaterium 21 £ 56 /N 2F
IR B. pumilus 19 R AR ZEEFFR B cereus 14
RN EQZE AT 7 B. gibsonii S R (K 4), 7 b
X EZFAAT IR RIS R R 4 DRI 2R HIAT IR
TE 7 AL 43 AT AFAE 22 7, B R ZFFLAT B8 /)N
AT I AT R 2 B (B0 6 ) 1y
Ao, TEFATEAAUE 0 8K A= 3
DO (B 4) o X ZF A T R 4 T oy s 80 s 2
2L el ] BHPE ) 7S 4 A HLX, FH Venny 2.1
TELBAFHRIES B, 4R BoR B R EEM
JE/INZEHURT TR 2 4 A Hb X AT 14 2E 70T B 40 1A
(K 5) , Uik 2 Fdn T 7E A i AR EmUA N A iz
AR 3 I o
3 iwieE&ER

REAR A BN A= 40 T8 TR A 2 — A O AR U AR
YR GE , AN [R] 1) 3 30 DI A PF T 1 DA A 200 R ) B
ZERAIS AR TR ARSI B8 b X AT AR A
SRTEE IR AR A 114 Bk, DAUNTAR b 27 209 7 4
Hi DR AR AR L b2 53 18 30 2SR 1A, TG SR L
A LR BIMIAG AR EUR 7 B B 2P AT I, X TS
A 22 AT, HEDIA G A EUAY N A= 4h A — R
RIET2F FHLY), T RN A BUR & 27 1,
FE AN DT EAEY SRS BRI R S5 M 2 B

T FAEYSCE AL, R BT R, I
TR AR 2T R 22 4 DM AR TR 4 B
P B R B BULRCR 19I5 = 48 2 AT IR Bacillus
thuringiensis . FLRZFMFFBR | /N 28 FLAF 77 5 4R
AR RRE " A A R (T AESE,2019) , ZFEFF
WA R BA B RN A, 7T T 2 R EY
HFER AP BIIG (T AR, 2019; 4715 0 4E,
2020; 5K £ A%, 2016) , A B2 0 % 2 1 2F f AT R
S AR A i B AT SRR A R N — 2B

P4 72 (2013 ) FIHT TSB $5 57 56 8 I AE 4 05 1L
PR 3 B AT AR A S 70 N A A R, AR5 8 9 A= 4
P KB 2 BRI Staphylococcus xylosus | ) %4 BR P&
J& Staphylococcus sp. Mi% KT Bacillus subtilis
¥ & Enterobacter sp. & /NFFE J& #Y Curtobacte-
rium oceanosedimentum % 21 KT W Microbacteri-
um testacyeum FESE R IR AN Stenotrophomonas
maltophilia ¥R/ INT I Curtobacterium cifreum
EAWIFEL B — B, BRE 22 28 SRR U R S 7
T A A B AR RE VA BIABIE 52 I 43 B 1Y 15 A T
o PNERER (2014 ) XA B 9 B A A AR K L
RT3 B 5 RTS 14 BRI AR, 238 T A IRAT I
J& WKOCIRFEE Erwinia  5E 8 A [WFFE & Kiebsiella |
RS AT R Arthrobacter 12 T & R AT
W@ Pectobacterium P11 H & Salmonella 5% 55 #
J& Streptomyces . Massilia brevitalea 55 10 >4l 1 &
AR 3 B0 15 DR AFAER R 22 57, AT RE
H T A 3225 5 S o B B SR A AN R TR,
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Fig.4 Cluster analysis of dominant endophytic bacterial species of D. citri

I LM M X FEFZARAE (2010) R H LT 53 B3 B SR A
AN, FeiA5 21 BRI G 52 N AR, 43 3
AR RN E R Pseudomonas 17 ) 3K 1
JE A, Hovh 25 ST T A O R A R, A 11
R, SRS B B AR Jm A — B, Bl 4
(2011) IR AR T A K B0 T R o A A% 0 B0 T
A¥Z i Pantoea agglomerans , B4 W57 i 18 W 172
He T AR S AL = B 8 Alcaligenes xylosoxidans
S TR B A A 2 e A 4 1] 1) 5% %5 40 7 ( Blake et al. ,
2004 ; Riehle et al. ,2007) , i A17Z B 5 M5 AR 5L A
FHHAEFEASRAMSE . Kolora et al. (2015) % H
PR 8 7RG RN AR A EUN A AT, 4 5 s /N

JPE GX

5 ET4NMMXFRATERERNFEEE

Fig.5 Venn diagram of Bacillus bacteria in 4 regions



53 4]

RIGEECAE ;TR DY 3t DA A TN A 200 T ) 03 185 28 5 I SR - 215 -

SFHIFTFRAE Lysinibacillus 22 AT )& Paenibacil-
lus WEARZFHIFT B Bacillus cereus Ji& 4 % 2 FR H
J& Staphylococcus saprophyticus | % 5 W J& . 1 #F 1
J& Az T % RAR ML T 8 Pseudomonas
putida . K BE E AL 72 0w ML R E R
Chryseomonas luteola , ‘5 A< B 57 FIr 43 85 19 9 A= 441
AR RECHEIE . 25 b 2R H R 4i i)z o
ATTEA HURT ARG A A N (BLAS-VE Ay T 7 1) i A 7
PEAT AR A AR BRI

AR AR5 1 I SR R G AR e BRI
AL B IR, 5 ZE P AR AN TR AR 2 [ A LR
e 5 KR B N, T A 2 Y B G R (BRI A
2018) , fEE BN A A 1 D RERE T, o A iR
PR A= ORI S RV T oy KhFR MEE
JEbFoE B N AR AN R 2 8 05 s, AR, B LR
(452 Ze PR e LATE AR SMEUL , 280 s A 20 T
TCEAEARINHATR TR P, K IOk A OC R 3t
A AR B 2 AR S BAE I AT e g g . AR5 AY
KT YEB 85355017 AR A LN A 40 18 1Y 73 25
H AT R T —SEERE IR AN R W] REAFAE IO 531 Ok
HOTE O, AR A% AR BUN 242 B Wolbachia | Carsonel-
la | Oscillospira | Arsenophonus | Proffiella G (=W
2016; BE4F45,2011; Blake et al.,2004; Song et
al. ,2019; Subandiyah et al. ,2000) , F — 75 538 i
vy £ T A A X A A7 AR TEUAAR A 4 T 2H i S TR A
AR T 00T, DLEATREARG AR B P 2 400 TR 1) 22
PELL K D RERITSE .
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(Beard et al. ,1992) ;3 i< P i 42 e 3 A= 40 T Serra-
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