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> D 4 = - Jo 1 ,2 = N 1 3 >3 > p 4
X kDT EREF IR mAEF R E R, Bk
(1. T gl BB Aol A P RIS B, 48 0 350003 5 2. 48 AT K22 28 fr Bl 224 b 48 350003 ;
3. FEEE AR BE BRI AR M ,350003 5 4. SEEAFBEE BAR 2R, B2 BLiA  34945)

#HZE . K] PCC(Pearson correlation coefficient) , REL I ALV BT T M7 85 I8 ( citrus huanglongbing, HLB) A A [F]
FRALI R B2 B HARR P9 A 20 B AR LG R SR VR 2540 2 e, 45 SRR T, AR AR v 23 29 159 3] 26 B9 A= Al esi (M R
10 Bk, B4 14 Bk AREB 2 #5) KB T 10 48 19 N, Nested-PCR 455 G MG AR A [ 23 8] - F m 28 00 05 D 1Y) B P 11
K 58.3% o J LSD i LUHR W, AR AR PR A A TR EAS (6] 288 B 1 23 A0 B R/ MROAR S S 4k, b b AR AL v Jr Rk 2%
A AR A AT 25 N W3 AR W R USRI (L B R RS S P AR 2 DA 4 T 25 5 3 (P<5% ) o ARG P9 A 4 TR =2 ) 1Y
PCC 43 #7 % W, Bacillus pumilus 1 Bacillus sp. 5 M4 ¥ o 93 05 B B 2 3 90ME O€ , Bacillus sp. 1 Bacillus pumilus 5 Bacillus
subtilis B B FEEMSE, Bacillus brevis Fl Escherichia hermannii 5 Bacillus vesiculariss TA1E B & IEAIIE . XHHAG A R 48 B N 4 05
19 PCC 43 B W], [RI A 25 B 09 P A 40 AT 22 ] 52 TE AR DG R R4 B 0 N A Al o =2 o) S AR O, A AR D AE & 48 B I A0 T
AR AT AR A B Z B AE OGP 85 R, it i B A R IEAH DG, PCC 2 055, My AR B 4k AR A2 11 A 56, PCC 43
B12-0.19 F1-0.13, 16S rDNA JFFIRZEI-Hr R HIAG N AEAUPE 7T 0 RS 58 T RSO 22 [CBHME TR, 58 T R ki 2
[CBAVER . 585 T K2 SCRT LS Ry ZE AT BR1 a8 R /N B AN 2K 5 TR 2 tho T A S 28, XA A7 3 o Ji 5 -
WA AT RIS ST, AT LA R =28 45 T AR A A A T A7 AE I A 8 A i 5 55 T SRR E S PR 26 4 T 5 B e o s i
FEAE SR ICHE s 26 I 2R AE Sy A 40T RAAE R TR LM o 2 Sh IREE RSy 27. 23 Iy, FDREATAR B0 N 2R ZH T RE IS 25 1 3R
325 T 2R AU RAE AR R B 0 A6, N B e A 88 B i m R, 56 T2 RS R BRI E L i 2
B, Hor s A 5 W 2SRe FURAR AR A AR H A ek, /e 2 REMEFR 8GRI, SHANNON (H, ) F88UEM 7 fiedy , R P
AL, SIMPSON( D) F8 BRI A ferey , TR E AN, Pielou TREAEAR T 55 , BEARAR

SRR MG e ; PN AR AITA s 2R HETR 454

The community structure of endophytic bacteria in different parts of

huanglongbing-affected citrus plants
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Abstract: The analyses methods of Pearson correlation coefficient (PCC) , hierarchical cluster analysis and diversity index
were used to study the relevance between citrus huanglongbing ( HLB) and the endophytic bacteria in different branches and
leaves as well as roots of huanglongbing ( HLB) -affected citrus trees. The results showed that 26 isolates (10 isolates from

leaves, 14 isolates from branches and 2 isolates from roots) from HLB-affected citrus plants belonged to 19 bacterial species
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in 10 Genus. Among the 12 tested leaf samples, 58.3% of them were positive for the HLB pathogen using Nested-PCR.
The numbers of endophytic bacteria in the different parts of citrus plants ranked as in citrus root > in leaves > in sticks
using statistical LSD (least significant difference). The numbers of endophytic bacteria in leaves with different orientations
were significant different but little differenct were found among upper parts, middle parts and lower parts. Among the
bacterial populations, Bacillus pumilus and Bacillus sp. were significantly negatively correlated to HLB. bacterium; Bacillus
sp. and Bacillus pumilus was positively correlated to Bacillus subtilis, while Bacillus brevis and Escherichia hermannii was
positively correlated to Bacillus vesicularis. Furthermore, there was no correlation between Bacillus subtilis and Bacillus
brevis based on PCC analysis. The correlations among the bacteria from the same tissue such as the leaves, sticks and roots
were significantly positive, while the correlations among the bacteria from the different tissues were negative. The correlation
coefficient of endophytic bacteria between the leaves and the sticks was over 0.55 (P<0.05). Based on clustering analysis
of 16S rRNA gene sequences, citrus endophytic bacteria was divided into two groups: Gram-positive and Gram-negative.
The correlations between HLB bacterium and other bacteria were divided into 3 groups. The bacteria in group I distributed
in all leaves; and the bacterias in the group II were negatively corrected to HLB bacterium while in the group Il bacterias
resided only in certain leaves. When mahalanobis distance was 27. 23, the endophytic bacteria were clustered into three
groups. The bacterias in group I distributed in all leaves, so called completely distribution, but the bacterias in group I
were incompletely distribution, and the bacteria in group Il only distributed in the roots. Based on the community diversity
indexes of Shannon, Simpson and Pielou, it is concluded that the maximum of SHANNON( H, ) index was in the leaves,
and the minimum was in the roots, however, the maximum of SIMPSON (D) index was in the sticks, and the minimum was

in the roots and the maximum of Pielou index was in the roots while the miinimum was in the sticks.
Key Words: citrus huanglongbing; endophytic bacteria; diversity; community structure

Hi 4% ¥ e ( Citrus huanglongbing, 7 FK HLB ) & T A A% A= 7= I e 2B Xk (e E =z — e ig-A k|
G P B & . M 5 e 999 IR B8 ( Candidatus Liberibacter asiaticus ) 52— Fh ) J SB8FT @ 2R 5, J& T8
PRI o SRR BRI B ST 2E BORRG  TR ) AL 4% HUIRE A TR A, s R S R 41 DNA JF
G AR CA S, EE AT KB, AR B ARG AR L AR AR E
JRYLRAAE Ak — &R o3 (25 AR e, I — BB 3 oI e 5 [ A RO AR S AN ], s ik b3 — 5 53
W (B) &Gy, o5 — o JOIR s X i bk (RS W] e B A [) A St A1 1 28 S P 0 S DR AT 4, 2 15 S5 A
PRAE B 53 A0 A O X — IR I N AR AR DG 98 R LR IE . FH AR P9 A 20 TR I B 2 il A 3 418, Lacava 55
At R A A A AR AR P 40 25 45 31 19 25 355 45 /INFF B ( Curtobacterium flaccumfaciens ) , BE % B S 80 55 i T 57 AR FF B
(Xylella fastidiosa) 51 #2434 AR ZE ( Citrus variegated chlorosis, CVC) FRHEIR Aratjo %5 MG/ N A I
rh B A9 AR 22 A T DA B, HART RAS S AH A PR BREIR A9 9R IR ( Guignardia citricarpa) FIT 4390 AR ST 7= 4
T LAA ) — 6 ZEHAF IR ( Bacillus ) (A 10 0 SR1AT, D& MR B oA ik o4 A 40 BT 5 S AR A, A T 2 4
SRS A A B 0 9 LR AR A £k R A ok oA A A TR R S A e — o 2 5 T ] — AR A7 28 0 Ak A [ 34
AL AR AT 53 A 2 5 ISR ARG

TN A 41 ( Endophyte bacterium ) 8% AN B A8 SCEFEABLEAE FHA 16 50 i) — 2 I Be ol & 23R B Be A= 36
R 45 A A ZURIE B B I A B ™ ORI R M IR 2R TR FE AR AR N T ZE SRR B b S AR B T
HRENRR, HPNAERILFAE TG BRTC o5 sy b o) M2 2, iR, e iy
PR BRI TR EAE A ARG YU U E S E S R R B R B AR S
Xof T B Je s MR, GBI o I TR AR AN [ 5 SRR AL 1 20 A1 R 75— 20, AN R 5 6 AN [R) R AL A [) 2 e s
AR HIAT A% B N AR 0T 70 A a2 A ARG 22 57 , 1K S8 ) T VA 2E

AR Nested-PCR A6 I 7y 125 0T A A 28 e 9 AEL AR AN [R] 37 I o 2R A 2 0 3 s it g G U R ]

http ; //www. ecologica. cn



24 1 XU A R B b A TR B0 A57 DAY A A B v 4 ) 9 2 R 7327

S O RE R AR R AT CARINY it DRsw)a ki< K 7 N i 13 A G S LI RIS B N i A SN I 2 DN L i 52 DD T
TP A AR PR T4 B SR, BE TS 2 P A AN BT )T A AT B AR AS ()R 57 1 40 A B0k, , S A A o Je i
RN )RS3 A A 40 BT A ek B 5 B T T 43 11 =2 ) R e, R AR ARG 98 I s (4 B 3, AR A 1A 2 40 T
K5 B e He

1 ¥REAZE

1.1 M

FAGREARAE ( iFE] 2010 4F 7 H 23 H 3 Ho i, 0TS 0T T/K 2 308X 1 el 2555 AR B 5% Jr SR Sk dth 5 26 26
RZ:117.8° 446 26. 8° MiA&G W A, 1.0l ( Citrus grandis Osbeck cv. Chandler) ; R Ty, PR FE— bk H AT L
R e RE LT AR R , 0 AR P8 R G TR B3 s Rt 12 ARt B B A Ty, T
SEAE AL R RIS B A5 T B, BT 4 CuKAR A7 o iR 58 . 2R B - R (NA) 85357
$ CTAB B-#idt £ S A AN EA DNA UK & (Promega A W] BI4 (W A9 TRA A4
%) \PCR 1% . Bio-Rad HL3KAL . UVP BEE AR R G55,

1.2 ik
1.2.1 HHENAAE B 5%

PR P9 A 2 T 040 5 5 MR VAR S0 (0 i BRI ok, WP SRAERE S R T AT TR T B, ARG AR
PR BRI EE ADE JRRRBE 107 1107 11070 3 B BERR S BT, 20 B 200 L A 7E NA AR |, 28
CHFE 24 b, BOFERM 3 N EE . MEREELE P GRS B SRR S SRR, Xt 5 pk ik
0124328 Bt T SR - PR 3B 0 A AR b B BB R b AT 4l IR . MR A A i %5, 5
% Rainey FRYRIE" PG I A 405 16S xDNA, 51955 PR F W3 1, #% PCR P=¥)ik & LiffE
TAYA RA AT FFIIE , K155 16S rDNA J¥515 Genbank Hr [R) M 751 #E47 HEXT, #2 16S rDNA J¥
) [P B R B B AR T T 1Rl — B R # N ZE 4R 16S tDNA J¥31, JH Clustalx 1. 83 #{F#EAT 2 751 1
Xt , 3 MEGA 4. 0 B E50H7 Hexit B 45 38 , il 484232 ( Neibor-joining, NJ) t8 R DR,

1.2.2 ARG IERR AL i R 2 e s B i - )

KPP BL (9 CTAB B2 HUT A 1.5 DNAY) 348 Nested-PCR 6 I M A7 5 Je s s J5L, 514059110 4 g
FEP L 1, DAARSZEG % A MG B R0 i - DNA f8OR BHPE ST 8 A i - DNA S BIMEXT I, 25 pL
B R R PS5 1U Taq Bif#,2. 5 pL AY 10xPCR Buffer,0.5 wL /¥ 10 mmol/L ) 4 F ANTP,1 pL £ 10 wmol/
L 5191 25 ng (19 DNA B0, ANV A 3 Ik, Jefli AN 1 EF 58— 5o 3 NS iAo — e 1
W B — KA B 0= R B 100 REVE 8RRy 3 BORSEA . 9347~ HL R 90 V, 1. 5% B IR Wi s fL vk , EB
et fifi FH UVP BRI AS 22 G0 IEAH

#1 PCREIYIFIIREYEERF

Table 1 Primer sequence and PCR amplification procedure

PCR kAl .
ﬁi\ 59751 Sequence of primers PCR LW F2JF Program of PCR

Type of PCR

Direct PCR CGO3F:5'-RGGGAAAGATTTTATTGGAG-3'; A 94 °C3 min; A5 94 °C30 5,53 CiEk 30 5,72 CZE
mee CGO5R: 5'-GAAAATAYCATCTCTGATATCGT-3' 145 5,40 MEFR ;72 CIFEEM 7 min

Nest PCR LJ741.5"-CGGGCGATTAAGTTAGAGGT-3'; A 94 °C3 min; A8 94 C 30 5,53 CiB 4k 30 5,72 CHE

CGO5R :5'-GAAAATAYCATCTCTGATATCGT-3' 430 5,35 DMEH ;72 CIEEEMH 7 min

L6SDNAPCR 271:5"-GAGTTTGATCCTGGCTCAG-3"; AP 94 °C5 min; ZEHE 94 °C 30 s,iB K 50 C 30 s, FEfH

DA 1525r:5'-AGAAAGGAGGTGATCCAGCC -3’ 72 °C 1 min30 s, it 30 53 ;72 CJEZEM: 10 min

1.2.3  MHE BRI RS AR R A G R
XEREE ) 12 AHERALI R EAT B oG R A 45 R AT 1,07 B Ak, T 17 AR %A
P W5 B o S O PR, P 0 ARSR AR AL i - AT B840 S e oo S B 0y B o X AS [ S5 i R P A 2
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BT, M4 16S rDNA %858 5 51 X5 N AE 4 B R 47 20 28 0 % & i b AT Ge vk, R R b A oG &R 8K
(Pearson correlation coefficient, PCC ) 437 85 e 5 95 I B8 -5 1 e 9 A2 A0 B8 A0 AR B G 28 BEAS [R]E R 8 0 i i SR
FRAFTE S 75 FIAS TR] P A 20 TR 7E I R o 0 2 s A gt R R | AR Pt 8 o D B G PR A S R 6 s, DAAS
[EBAL I FoMREA . PCC AR IR,

3 xv - ZJ;ZY
LT3 > W
, (2% , (X1’
J(ZX— v (XY - =)

Ko AR s X ALY A3 BRGSO R X AR S S AR Y B S, N RS B, X R
9 DL B 5 AN [ R DN AR 20 PR A T R AT, GRS e SR B SR O SR P A A R Sy
A A AR R, LA A I R B R S B R P A A R R b, AR [RIB A - R B R SR P A Al B R AR
AT FCBEES O RUEE | R T AR JF-B7E T R R I HT

1.2.4  HEGATRFBAOL R P9 A 405 B9 A B G R

BT AS RIS A R P A 40 118 0 288 B HG 5 0 | R AR [ 385 i e B L Ay A 0 T A 5 A A I, T /)
1 2% 579 (Least significant difference, LSD) WA RN AE AN E AR A& E2ER, (1) DIRNA
A Ry BRI AN [R) BB A R AE DGR 23 A, LA [R) D2 o A 4 T i b, AS [R5 SE A AR i RS AR AR SR HT PCC
SIHEARTERROIT B Z B A E 2 FR . (2) AASIRIFRA I S md 1 P A 40 B AR & 28T, LAAS [R1S 07 (g i e
SRR, AR B N A SR AR AR R PCC A3 M SR A A B EAS R R o A (A G AR
1.2.5  HH&EAFEFRAAL S A i A L OC &R

GE AR RIB AN A 2% PN A 20 TR R 28 B HL i, R AR DS A6t 2 B PR A 400 T ) 5 ) A I, P e/
M2 R LU TRl I A A R R S TR R 2 B i 22 5% 0 (1) DA PN 2 S BR Ry FE A 4 AS TR S50 4 A8 2% A
M, USRI RN N AR A0 B e A , AN [) 7 D ARG B A% R REAR SR FH PCC 43 BT AN [ 5B 057 A% 4 22 18] 19 AH H
KFR . (2) LIAS[RIFRA A 450 St i) P A 20 B8 AH DG 5 BT, LAAS TR0 A 4% R b, AS TR 288 %) 9 2 200 B K
BEAR R PCC M AS IR P9 AR A0 7E AR R S A A LG &R
1.2.6 MG ARIRZE NN R 2540 Z ek

MRS AR (M 25 AR ) P9 AR 40 R EAIC R 20 A A DGR 40T, 6 DAL il 8 e AR AR T e A 25 FIAR o 4
BB P9 AR A AR BCRE A TG T . RN RIS B -5 AN R RS 9 AR 40 B 10 2 A @A B, IASTRI Y
A AR AR R, A3 B LAR TR 2 B B N AR AR R RE A SR PCC AT 45 28 B 22 1) A A T 56 2R S L A= 4
W Z B R,

MIAEAS BB (M 25 AR P AR AN B RIS #2800, AR A AS [R) 2% B P 2R 20 6 35 B A 4 A, DL N A 4
SRS, T AR TR 2 5 N TR R 2 P A 0 e 1 5 e A R R, DA EE 3 R RURE SR AT AR 2R 249 X AN ] P
R Z T RGBT

R A B (M 25 M) INZE AN AR AR AR BT AN R 25 B N AR 008 & i D B D 5 A A
A2 ZFEMEIE SIMPSON (D) #5844 .SHANNON (H, ) #6841  Pielou #8405 735" SIMPSON (D) i+ /A K K .
D=1-XPi, 2\ Pi Bl AE 405 558 P R N A AR A BB . SHANNON (H) IHEARCN H, ==X
PilnPi X% Pi=Ni/N,Ni AR BN AR B 8, NV %R S AR B L, Pielou 850 (J) HE A
KK J=-2 PilnPi/InS 20 S TS 1% P4 AE 20 B 1) R 2R
1.3 Hdnabi

PR A A B B BT S A3 HT R 2R G2 SR 28 4 W T R A4 A VT K 2% DPS 7. 05 Geit-5kd: .

2 #ER551
2.1 MR e bR N AR 40 TR o B S A
HRAE FRVE TEAS 0 22 5, WL O AR B REAS RO | A 2 FIAR SR IE 43 83 1 26 BRI AR 4B, Hodht A
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10 B B4 14 Bk AREE 2 Bk, AL 16S tDNA %05E (3R 2) 252381, 26 BRI ANTR 358 T 10 A, Kb 2F
AT B ( Bacillus) 10 8, % /NTF & ( Curtobacterium ) 4 ¥R, ¥ % (R W J& ( Escherichia ) 4 ¥k, BT H &
( Enterobacter) 2 tf, % %5 28 M #T B J& ( Brevibacillus ) . %5 1% 5 il B J& ( Brevundimonas ) . 5 2 B 0. i 3 &
( Sphingomonas) W IEFT 1 J& ( Methylobacterium ) . AN BT 7 J& ( Acinetobacter ) AR PA-H T J& ( Pseudomonas ) 4 &
&1 Pk 23BN ZE AT T R R R T 6 AN TR B B AL 55 R R 2 S AT T ( Bacillus subtilis ) 35K 2 AT TS
( Bacillus cereus) J/1N2F AT 1 ( Bacillus pumilus ) 25 1 25 MOAT B ( Bacillus flexus ) | 25 11 25 M FF 8 ( Bacillus
altitudinis ) } 1 2 AT 1R @ AR 2 Fh ( Bacillus sp. ) .

x2 AOMAEME 16S rDNA FIIEELER
Table 2 Identification of endophytic bacteria in Citrus grandis Osbeck cv. Chandler by 16S rDNA sequencing

[LE73 16StDNA 75 kS A4 T4

Isolated strains 16SrDNA sequence Accession No scientific name Chinese name

1. FJAT-10074 H(873726 Bacillus pumilus J/NEERLFT T
2. FJAT-10067 HQ873729 Bacillus sp. ZEMIFT S

3. FJAT-10076 HQ873722 Acinetobacter calcoaceticus PR A5 AN BT T
4. FJAT-10072 HQ873730 Escherichia coli KIAFF

5. FJAT-10746 HQ873716 Curtobacterium flaccumfaciens FER /DA
6. FJAT-10721 HQ873707 Curtobacterium pusillum W/ NI B
7. FIAT-10747 HQ873717 Curtobacterium citreum Frig s/ N P
8. FJAT-10726 HQ873711 Bacillus subtilis A ST IR
9. FJAT-10722 H()873713 Bacillus flexus 25 i ZE AT T
10. FJAT-10748 HQ873708 Bacillus cereus R AT I
11. FJAT-10821 HQ873709 Bacillus aliitudinis o ZE AT T
12. FJAT-10724 HQ873714 Sphingomonas pseudosanguinis £ A3 P
13. FJAT-10720 HQ873710 Pseudomonas fluorescens D& &R
14. FJAT-10760 HQ873719 Brevundimonas vesicularis I T U5 PP P
15. FJAT-10714 HQ873720 Methylobacterium variabile AT R

16. FJAT-10742 HQ873712 Escherichia hermannii R

17. FJAT-10752 H()873718 Brevibacillus brevis Sl S 2R AT T
18. FJAT-11906 H(873731 Enterobacter amnigenus WK 5 S A

19. FJAT-11266 HQ873732 Enterobacter asburiae Bl (G B T v

MR 16S rDNA RGTIALH (B 1) FTRATE i, A SOl i bk N AR AT 50 PRS2 T RSO
2 IQPHPETR, 565 IR H 2 [CRAPERE . 25 1 K AT LLA3 ok 25 MOAT 0 & R /N 17 J8 A 2 b s 1
WIS K G+C% 4T 5 55 I W24 Y 0 8 G+C% A, 55 I RIS 0 AT A W2 58 T WK
TP 3 B (B vesicularis ) A LS ZEE SR (S. pseudosanguinis ) \H FAT 1 J& (M. variabile) , HA4F 5 )&
WET oI R A A0 w5 56 1 2R AL R AT & (E. coli) (b F IR A B (E. hermannii ) 7K i iF 16 (E.
amnigenus ) S EJAFFH (E. asburiae) \BEFRES AN ST (A. calcoaceticus ) VGBI (P, fluorescens ) , HkF
HoEJE T v R RN,
2.2 MHAEAS IR ER A R v e g s St 1 A i

ZLOAN e o MR AN [R] AL - Py SR AR AE S e i g S A I 235 R L 3, 8T 2, #57  Je s It i i R 2
ZURIBH MR BRI 38 ) —2F% 440 bp AR S PE S AR 2021 DNA FIBAPE XS B3 Hh AR [R) 25l .
A5 SR 12 e s A 7 G850 8 i Jat, BHPEARS Y 3250 58. 3% , b W MIRA 4 4, 7 Bl AR b
[ AT R N T S T 0 P Y 8 8 X S I 1 T e NN TETE R e TS R0 o
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100 | FJAT-10067 | Bacillus sp. 3
_| FJAT-10748 | Bacillus cereus
il FIAT-10722 | Bacillus flexus
FJAT-10726 | Bacillus subtilis &
100 E':{ FJAT-10074 | Bacillus pumilus > I
99 FIAT-10821 | Bacillus altitudinis x
87 FJAT-10752 | Brevibacillus brevis *
FJAT-10747 | Curtobacterium citreum
[ FJAT-10746 | Curtobacterium flaccumfaciens
I FJAT-10721 | Curtobacterium pusillum J
8&' FIAT-10714 | Methylobacterium variabile \
97 FIAT-10760 | Brevundimonas vesicularis
FJAT-10724 | Sphingomonas pseudosanguinis
1 FIAT-10720 | Pseudomonas fluorescens %
100 FJAT-10076 | Acinetobacter calcoaceticus > ;I(
7] —— FJAT-10072 | Escherichia coli %
100 FJAT-10742 | Escherichia hermannii
~E FJAT-11266 | Enterobacter asburiae
» FJAT-11906 | Enterobacter amnigenus J
0.68 0.66 0.64 0.(I)2 (I)
B1 TOMmAEMRRERGHLR
Fig. 1 Phylogenetic tree of endophytic bacteria in Citrus grandis Osbeck cv Chandler
Bootstrap value AR 1000 R EE R
x3 FRBEMAFERZRFEREREERLFRBRENSER
Table 3 Detection of citrus huanglongbing bacterium from the HLB-affected leaves at different parts
Hh ZR1M East B 1A South PHIAT West JL T North
Position e o Fm S H S e o
Phenotype Pathogen Phenotype Pathogen Phenotype Pathogen Phenotype Pathogen
- Upside Hfk v i - X v i -
13 Middle BELX + EH - EH + IEH +
T#B Downside EH - EH - Al + #Al +

4 AUFRAGIN Hh B I, = AR BRI S B A

2.3 MR B DR S P A A TR AR LG R

(1) RHARE AN [R] F5 A2 - e hes g D T A A 1 D S G
WA E R 0 IR 4, WA E. hermannii F1 E.
coli TEWF Fy oA & /b N AE 4 B. subtilis . B.
cereus \B. pumilus F1 Bacillus sp. GHETAENRZH,
B. subtilis \B. cereus . B. pumilus 1 Bacillus sp. )& T
HE A T e o i I R R T R B 5 T e i
PR W0 B. subtilis TE35H A BRI R R 7
P 6.93x10° cfu/g, MTEBA 517 6 e i o 1 -

B 2 Nested-PCR #& iR B EALM F# R HHEBKE

AR & 8. 48x10° cfu/g,

(2) AL A I R P9 A 40 B 558 5 s D T A
PCC W3R 5, NA4ITA B. cereus 1 A. calcoaceticus 585 ¥
T JEL T IE AR OGN 35, G PCC AR 23 3 0. 23 A

Fig.2 Nested-PCR detection of huanglongbing bacteria in different
leaves of Citrus grandis Osbeckcv

M : marker 43 F & #% #E (3000bp , 2000bp , 1500bp , 1200bp , 1031bp
900bp .800bp . 700bp ,600bp ,.500bp ,400bp ,300bp ,200bp ,100bp ) ,1—
12 ARYCHACIL BFR  h 8 R A8, 3L AR R R R, P
PSR AR A PR R R, CK+: BHMEXT B CK - [T XS
851, 5% HUIEERER: 90V HLIK, 1h
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0.19, B. pumilus Fl Bacillus sp. 55 Je i J5 B A2 38 TObH G, A R B 38 -0. 83 H1-0. 78, Hifth P 4E
TR 5 8 T s D B 2 B A7 AE AR 6 (AT SEMEAR B3, T E. coli 5 ¥ Jo iR JF R 1Y PCC AL -0. 11,

R4 LOMARBUENM AR EERREERENEAHSE

Table 4 Numbers of endophytic bacteria in different leaves from different orientations of the HLB- affected citrus trees

7R East T South P West 4t North
Htk /(x10% cfu/g) /(x10° cfu/g) /(x10° cfu/g) /(%103 cfu/g)
Strain LE O REOFE LE RE FE LM RE FE LE PE R
U M D U M D U M D U M D
HLB Pathogen 1 1 0 0 0 0 1 1 1 0 1 1
FJAT-10078 ( Bacillus subtilis) 6.9 6.7 7.9 8.5 6.7 9.8 6.4 9 5.4 9.5 7.9 7.3
FJAT-10060 ( Bacillus cereus) 7.6 8.4 9.5 7.2 5.8 6.1 8.8 7.9 6.4 6.7 5.9 8.3
FJAT-10074 ( Bacillus pumilus) 7.3 7.4 8.9 7.3 8.5 9.9 6.5 5.7 6.1 8.7 5.8 6.6
FJAT-10067 ( Bacillus sp. ) 7.2 8.1 9.6 8.3 7.9 10.2 7.4 6.9 5.4 9.2 6.4 5.1
FJAT-10076 (Acinetobacter calcoaceticus) 1.2 2.4 0 2.5 1.7 0 3.1 2.5 0 2.3 3.1 0
FJAT-10064 ( Escherichia hermannii) 0.4 0 0 0 0.9 0 0 0 0 0 0 0.5
FJAT-10071 ( Escherichia coli) 1.7 0 0 2.1 0 0 0 0 0 0 0 0.1
U ARF B, MARER A, D AR A8, « 1" ARFILTRNL & A B e Jit, 0™ ARFRIZIBALA & B IEHG i S5
R5 ARBULMFANEEESELBREERN PCC
Table 5 The correlation index between endophytic bacteria and citrus huanglongbing bacterium in different leaves
PCC X1 X2 X3 X4 X5 X6 X7 X8
HLB Pathogen( X1) 1.00
FJAT-10078 ( Bacillus subtilis) (X2) -0.53 1.00
FJAT-10060 ( Bacillus cereus) (X3) 0.23 -0.16 1.00
FJAT-10074 ( Bacillus pumilus) (X4) -0.83** 0.44 -0.10 1.00
FJAT-10067 ( Bacillus sp. ) (X5) -0.78** 0.60 0.03 0.86 1.00
FJAT-10076 (Acinetobacter calcoaceticus) (X6) 0.19 0.08 -0.05 -0.39 -0.01 1.00
FJAT-10064 ( Escherichia hermannii) (X7) -0.09 -0.31 -0.22 0.13 -0.24 -0.20 1.00
FJAT-10071 ( Escherichia coli) (X8) -0.11 0.04 0.01 -0.04 0.03 0.11 0.06 1.00

% P<0.05 7£ 0.05 /KM%, « = P<0.01 7£0.01 /K4 4%

(3) ASIRIERAE I e B e o Jt B HG oA AR A B Y SR A, X6 4 Bl AT RS AL, LU TR B R RUEE R
FHRTAZ - Y3k b B e oo D G R I D A A0 B A7 SRS 0 (&1 3) |, M BB IRER B R 6. 18 I, AT LA 432h 3
2. B | RAFIE WA A A AE T A SR ALI T, B. subtilis F1 B. cereus 5 B Jg Jpa i J5E B 22 18] (9 AH DG HE S /N5
S5 T 2R AE S A A 20 VR -5 B o D o A A BORE O 5 56 TSRy P9 A 40 T R A e SR A A T
3 PN AN A. calcoaceticus E. hermannii 1 E. coli NEAE T A i Fr =z,

3 AEHSEMHFENERRSERRFRRERZ BRESTE
Fig. 3 Cluster analysis for endophytic bacteria and huanglongbing pathogen
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2.4 MHEAEFAH 5 N E AR EC R

(D) AR5 it AR R B s A AR, 3R 6 Al AL, WA A e AR 5 fr it i o A B 238
P, 153 R 5E 43 A AIANSE @434 o B. subtilis B. cereus | B. pumilus F1 Bacillus sp. f£ 76T Fi A AL A =2
qj,y?%éﬁj\fﬁ, M A. calcoaceticus . E. hermannii | E. coli B 1E 45 8 3Lt K A oA, HAER i, B.
subtilis \B. cereus . B. pumilus F1 Bacillus sp. LAYV HFHEREEEZRALRE, HE A cacoaceticus  E.
hermannii M E. coli 3 FRTEAFROIM - EBAFEREER (R T) . WEMBENFEEEEL BT
AFERE R R 225 AP (K 8) TEAR U F JUA RS A e 2R (3R 9) .

F6 AOMEBERFERABBUMFANEAFTSE
Table 6 Numbers of endophytic bacteria in citrus leaves of different parts
PR B/ (x10° cfu/g)

o FJAT- 1‘0078 FJAT- 1'0060 FJAT- 1'0074 FJAT-10067 FJAT- 10076 FJAT- 1qo§4 FJAT- 1907 1
Leaf site (Bac:z{lus ( Bacillus (Bu?Lllus (Bacillus sp. ) (Acmetob'acter ( Escherw'h'm (ES(,‘hL"rLchla
subtilis) cereus) pumilus) X calcoaceticus) ~ hermannii) coli)
X1 X2 X3 X5 X6 X7
R 1 6.9 7.6 7.3 7.2 1.2 0.4 1.7
g 6.7 8.4 7.4 8.1 2.4 0 0
T 7.9 9.5 8.9 9.6 0 0 0
[} R 8.5 7.2 7.3 8.3 2.5 0 2.1
s 6.7 5.8 8.5 7.9 1.7 0.9 0
TR 9.8 6.1 9.9 10.2 0 0 0
[} i 6.4 8.8 6.5 7.4 3.1 0 0
g 9 7.9 5.7 6.9 2.5 0 0
TS 5.4 6.4 6.1 5.4 0 0 0
it B 9.5 6.7 8.7 9.2 2.3 0 0
g 7.9 5.9 5.8 6.4 3.1 0 0
TS 7.3 8.3 6.6 5.1 0 0.5 0.1
F7 AOMAEANERAFEN R PHEE5IT
Table 7 Numbers of endophytic bacteria in citrus leaves
BBRA TR FRIYM/ (x10° cfu/g) 5% WK
Strain Mean content 5% Significant level
FJAT-10078 ( Bacillus subtilis) 7.6667 a
FJAT-10067 ( Bacillus sp. ) 7.6417 a
FJAT-10074 ( Bacillus pumilus) 7.3917 a
FJAT-10060 ( Bacillus cereus) 7.3833 a
FJAT-10076 ( Acinetobacter calcoaceticus) 1.5667 b
FJAT-10071 ( Escherichia coli) 0.3250 ¢
FJAT-10064 ( Escherichia hermannii) 0.1500 c
[l —Z R [R FRERRFE 5 % /KT 2557 18 % (Fisher's LSD test)
*8 MUHMNERBEEARKENHFHRHEE5IT
Table 8 Numbers of endophytic bacteria in citrus leaves of different height
K R/ (103 cfu/g) 5% 43K
Leaf height Mean content 5% Significant level
st 4.8857 a
rhi 4.4857 a
T#B 4.3964 a

[F—3 PR R EERIRFE 5 % KT 1255 3% (Fisher's LSD test)
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x99 AOMAEEFERRTEAMFFHSESIT

Table 9 Numbers of endophytic bacteria in citrus leaves of different orientations

UL FEBIE/ (x10% cfu/g) 5% . EKF
Leaf orientations Mean content 5% Significant level
R 4.9238 a
FN] 4.8190 ab
dem 4.4476 ab
PYIH 4.1667 b

[7]— 3 R F FARERIRTE 5 % K 2557 3% ( Fisher's LSD test)

(2) XIAHAFA [ FB AL Fr 64T PCC 2087, 255 W3R 10, A RIFRAL Fr Z (8] A OGHEAR 5, HLARJ27E 0. 01
PG i T 1 5 12 SO X S N T R N T < T L L T < T I T N T RS
T T FRI 2 (8] B AH 5 2R i 18 0. 99, AT T -5 AL Ta T I 7 Z [A] A AH S R B A 0. 87

F10 AOMAREALAM K Z B/ PCC

Table 10 The correlation index of leaves in different parts

PCC X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12

HRif L X1 1.00

REHH X2 0.97**  1.00

REFH X 099"  0.98**  1.00

MW LA X4 0977 0.95%"  0.95** 100

FETHECNS 0,907 0.95*"  0.96**  0.93**  1.00

FATE RS X6 0.94%  0.91"%  0.94"  0.95** 0.98"* 1.0

P LA X7 0.947%  0.99*"  0.94**  0.93*"  0.89*"  0.84"*  1.00

PP XS 0.93%%  0.94*"  0.92**  0.95"*  0.88"° 0.8 0.95°* 1.0

PHIEFH X9 0.9 0.97**  0.99%*  0.94**  0.95*"  0.93"F 0.9  0.92* 100

e LA X0 0.94%%  0.95%%  0.94%%  0.98%%  0.98**  0.98**  0.91*"  0.94**  0.93** 100

JemE XL 0917 0.94%  0.89*F  0.96**  0.91** 0.91** 0.93*" 0.98"* 0.90°* 0.97** 100

JEETFH X2 0.96%*  0.93*%  0.95**  0.91** 0.88**  0.87** 0.91**  0.93**  0.98** 0.89**  0.88*" 1.00
# P<0.05 76 0.05 KFWEAIE,  * P<0.01 7£0.01 /K5 FHK

(3) XA FEBA A A I B P A 4 64T PCC AT, 25 R L3R 11, ANE A0 B Z (B AH S AT, A ek
BOMIEAA S AN B. pumilus 5 Bacillus sp. i IEAH G, HA I R B E KR 0. 8564, 45 LL 2 B 0 i A ¢,
Bacillus pumilus 5 Acinetobacter calcoaceticus "N AN, H A R EdR K H-0.3913,

F11 AREZBBLMHFAEHEZEK PCC

Table 11 The correlation index of endophytic bacteria in citrus leaves of different parts

PCC X1 X2 X3 X4 X5 X6 X7
FJAT-10078 ( Bacillus subtilis) (X1) 1.00
FJAT-10060 ( Bacillus cereus) (X2)  -0.1563 1.00
FJAT-10074 ( Bacillus pumilus) (X3) 0.4386 -0.1047 1.00
FJAT-10067 ( Bacillus sp. ) (X4) 0.6015 " 0.0296 0.8564 ** 1.00
FJAT-10076 (Acinetobacter calcoaceticus) ( X5) 0.0827 -0.0549 -0.3913 -0.0097 1.00
FJAT-10064 ( Escherichia hermannii) (X6)  -0.3134 -0.2223 0.1296 -0.2384 -0.1978 1.00
FJAT-10071 ( Escherichia coli) (X7) 0.0375 0.0075 -0.0389 0.0294 0.1143 0.0605 1.00

* P<0.05 7£0.05 KFBEMIK, = = P<0.01 7£0.01 /KB EHMHK

2.5 A ) B A A A A 200 T AR B O 2R
(1) AR AL S A A= AR TR B8 0 A AN ] 25 5R LAk 12, INAR AR B. subtilis TE45 TR ALE SR T4
Aii, R oe 4o A, FAM A AR 40 U AR AR E AR OLRLAS 10 C. pusillum AUAFAE T AR T AR ARIORLSS , A58
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A, BANAANE C. citreum | C. flaccumfaciens B. flexus . E. hermannii .M. variabile . B. brevis . P. fluorescens
C. pusillum .S. pseudosanguinis | B. altitudinis 1 B. vesicularis 76/ [F]3BAI A S5 Y & w22 AR B (HEANS
B. subtilis Fl B. cereus W)V 5 BATIERFZE 5 (R 13) o BERWAERE L P T 3 AR EE A&
HEFAPE (R 14) HIEAR 76 8 b4 DALY EEEFRBE (K 15),

R12 TRBUHRFNERAEHLENSE
Table 12 Types and numbers of endophytic bacteria in different parts of sticks

7} East 4 South P4 West 4t North
itk (x10° cfu/g) (x10° cfu/g) (x10* cfu/g) (x10° cfu/g)
Strain S A A PR R o A S

U M D U M D U M D U M D
FJAT-10726 ( Bacillus subtilis) 1.41 1.63 1.43 1.42 1.72 1.44 1.38 1.49 1.47 1.5 1.46 1.36
FJAT-10748 ( Bacillus cereus) 0.45 0.12 0.21 0 0.87 0.71 0.59 0.43 0 0.81 0.55 0.71
FJAT-10722 ( Bacillus flexus) 0 0.12 0.31 0 0 0.11 0 0 0 0 0 0.16
FJAT-10821 ( Bacillus altitudinis) 0 0 0 0 0 0.09 0 0 0 0 0 0.25
FJAT-10750 ( Curtobactertum flaccumfaciens) 0.43 0 0 0 0 0 0 0 0 0 0.39 0
FJAT-10721 ( Curtobacterium pusillum ) 0 0.47 0 0 0 0 0 0 0 0 0 0
FJAT-10747 ( Curtobacterium citreum 0 0 0.44 0 0.51 0 0 0 0 0 0 0
FJAT-10742 ( Escherichia hermannii) 0 0 0 0 0.23 0 0 0 0 0.39 0 0
FJAT-10720 ( Pseudomonas fluorescens ) 0 0 0.18 0 0 0 0.13 0 0 0.12 0 0.09
FJAT-10724 ( Sphingomonas pseudosanguinis) 0.12 0 0 0.13 0 0 0 0 0 0 0 0.14
FJAT-10752 ( Brevibacillus brevis) 0 0 0 0 0 0.21 0 0 0 0.33 0
FJAT-10760 ( Brevundimonas vesicularis ) 0 0 0 0 0.18 0 0 0 0.06 0
FJAT-10714 ( Methylobacterium variabile) 0.21 0 0 0 0.19 0.16 0 0 0 0
U A &6, M AR, D SR
*13 A0HMARNEMAEEREFHEESIT
Table 13 Numbers of endophytic bacteria in different sticks
LS AR/ (x10° cfu/g) 5% i #KF
Strain Mean content 5% Significant level
FJAT-10726 ( Bacillus subtilis) 1.4758
FJAT-10748 ( Bacillus cereus) 0.4542 b
FJAT-10747 ( Curtobacterium citreum) 0.0792 c
FJAT-10750 ( Curtobacterium flaccumfaciens) 0.0683 ¢
FJAT-10722 ( Bacillus flexus) 0.0583 c
FJAT-10742 ( Escherichia hermannii) 0.0517 c
FJAT-10714 ( Methylobacterium variabile) 0.0467 c
FJAT-10752 ( Brevibacillus brevis) 0.045 c
FJAT-10720 ( Pseudomonas fluorescens) 0.0433 c
FJAT-10721( Curtobacterium pusillum) 0.0392 c
FJAT-10724 ( Sphingomonas pseudosanguinis ) 0.0325 c
FJAT-10821 ( Bacillus altitudinis ) 0.0283 c
FJAT-10760 ( Brevundimonas vesicularis) 0.02 c
[fl—3 R RIS R RTE 5 % KV L2557 8 3% (Fisher's LSD test)
14 AOHNEREEARRERETHEESIT
Table 14 Numbers of endophytic bacteria in citrus sticks of different height
Biskw FRME/ (X107 cfu/g) 5% . EKF
Branch height Mean content 5% Significant level
¥ Up 0. 1962 a
B Middle 0.1823 a
T8 Down 0. 1800 a

[Rl—FN R F R ARTE 5 % K- 12257 B3 (Fisher's LSD test)
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x15 AOHAEAFEETRATRARZFHSESIT

Table 15 Numbers of endophytic bacteria in citrus sticks of different orientations

BATT I I/ (x10° cfu/g) 5% W EKF-
Branch direction Mean content 5% Significant level
&[] 0.2133 a
(i} 0.2003 ab
IR 0.1931 ab
R 0. 1449 b

[ —3 PR R R RTE 5 % KV 255 83 (Fisher's LSD test)

(2) MARERALAL A HEAT PCC 73T, G5 2R W3R 16, AR ERALA A% Z T 7E 0. 01 /KA 1 35 IEAHSG, Hovp

T T L BRI R FAS AR Z A OCR B 1, g g A, AR R AR5 AL A b A 4% Z 18] A AR 5 2R 80y

0.8,
F16 AEEMAEKSE PCC
Table 16 The correlation index of different sticks
PCC X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12

AR L X1 1. 0000

AKEFHH X2 0.8 1.0000

RIEFH X3 0.84*  0.89**  1.0000

FMEF X4 0.91*  0.95*  0.92**  1.0000

PP XS 0.877F  0.82%  0.90°%  0.84°  1.0000

M FE X6 0.91**  0.85** 0.8  0.87**  0.92**  1.0000

PR L3 X7 0.94*  0.887F  0.88**  0.90**  0.94"*  0.98**  1.0000

P s X8 0.95**  0.93**  0.92"*  0.95** 0.94** 0.97** 0.98**  1.0000

FaTE T X9 0.91** 0.96** 0.93** 1.00** 0.86** 0.8*° 0.91** 0.96"*  1.0000

JEm EF X0 0.86*F  0.81%"  0.80%*  0.83*F  0.93**  0.94**  0.94**  0.94**  0.84**  1.0000
JEiEEE X1 0,98 0.877F  0.86%*  0.90**  0.91**  0.93**  0.95**  0.96** 0.91°" 0.90**  1.0000
T X2 090" 0.84*"  0.85**  0.87*F  0.92**  0.96**  0.96**  0.96"*  0.87** 0.92**  0.93: 1.0000

RTA

* P<0.05 7£0.05 K EREMS, + + P<0.01 1E0.01 /KT 5 EH X

(3) MBS RIS AS 4% P9 A= 4 B (R AH 5 2R B3 17, 5 B. brevis 1 B. vesicularis BIAHIC R BN 0. 74, B4

FEAZE  E. hermannii 5 B. brevis BIAISE R EUH 0. 68 , 1 B 1FAHSE  FoAy N A 41 B 22 [a] AR S AN B i

R17 FEFBUHRFAEAHSERXRY

Table 17 The correlation index of the endophytic bacteria in sticks

pPcC X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 Xl11 X12 X13
Bacillus subtilis X1 1
Bacillus cereus X2 0.13 1
Bacillus flexus X3 -0.16 -0.14 1
Bacillus altitudinis X4 -0.38 0.35 0.37 1
Curtobacterium flaccumfaciens X5 -0.19 0.07 -0.28 -0.18 1
Curtobacterium pusillum X6 0.47 -0.34 0.2 -0.12 -0.13 1
Curtobacterium citreum X7 0.49 0.17 0.4 -0.18 -0.2 -0.13 1
Escherichia hermannli X8 0.46 0.55 -0.27 -0.17 -0.19 -0.13 0.27 1
Pseudomonas fluorescens X9 -0.37 0.17 0.55 0.14 -0.3 -0.2 0.28 0.22 1
Sphingomonas pseudosanguinis ~ X10 -0.47 -0.12 -0.01 0.5 0.24 -0.17 -0.26 -0.25 -0.1 1
Brevibacillus brevis X11 0 0.47 -0.07 0.04 -0.19 -0.13 -0.19 0.68* 0.2  -0.25 1
Brevundimonas vesicularis X12 -0.08 0.37 0.1 0.22 -0.18 -0.12 -0.17 0.15 -0.08 -0.23 0.74* 1
Methylobacterium variabile X13 -0.37 0.24  -0.13 0.02 0.35 -0.17 -0.26 -0.25 -0.06  0.13 0.15 0.46 1

# P<0.05 7£ 0. 05 KF-BEHFE, « + P<0.01 1£0.01 KB EHR
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2.6 MG A R 88 B N AR AR TR S5 A0 2 e

(1) AR PR A 2 TR R RSO A e AN T PAY A 200 T 7 20 Al 2 he o AR AN [ 488 B G 20 A B A
[l (#£ 18), E. amnigenus N E. asburiae [ AEAR TR 4045, B. brevis . M. variabile . B. vesicularis , P. Sfluorescens . S.
pseudosanguinis B. altitudinis . B. flexus . C. citreum . C. pusillum F1 C. flaccumfaciens {X1EH%E 25 537 , E. coli | A.
calcoaceticus . Bacillus sp. 1 B. pumilus {XAEN 4345 , B. subtilis \B. cereus F1 E. hermannii 7EMR A B Y445 43
i, £ AN AERR SRR B3 A A 24, 43 3R 3. 5x10% cfu/g A1 3.21x10* cfu/g, B0 BB/ A
2.32x10%cfu/g,

x18 MEMAEELOHAMBHYES
Table 18 Numbers of endophytic bacteria in Citrus grandis Osbeck cv Chandler

ik 1t Rk m
Isolate strain Root/ ( X103 cfu/g) Stick/ (x10% cfu/g) Leaf/ ( x10° cfu/g)
FJAT-10726 ; FJAT-10078 ( Bacillus subtilis) 0 1.480 7.6667
FJAT-10748 ; FJAT-10060 ( Bacillus cereus) 0 0.450 7.383
FJAT-10074 ( Bacillus pumilus) 0 0 7.391
FJAT-10067 ( Bacillus sp. ) 0 0 7.6417
FJAT-10076 (Acinetobacter calcoaceticus) 0 0 1.566
FJAT-10064 ;FJAT-10064 ( Escherichia hermannii) 0 0.052 0. 150
FJAT-10071 ( Escherichia coli) 0 0 0.325
FJAT-10750( Curtobacterium flaccumfaciens) 0 0.068 0
FJAT-10721 ( Curtobacterium pusillum ) 0 0.039 0
FJAT-10747 ( Curtobacterium citreum ) 0 0.079 0
FJAT-10722 ( Bacillus flexus) 0 0.058 0
FJAT-10821 ( Bacillus altitudinis) 0 0.028 0
FJAT-10724( Sphingomonas pseudosanguinis ) 0 0.033 0
FJAT-10720( Pseudomonas fluorescens ) 0 0.043 0
FJAT-10760 ( Brevundimonas vesicularis) 0 0.020 0
FIAT-10714( Methylobacterium variabile) 0 0.047 0
FJAT-10752( Brevibacillus brevis) 0 0.045 0
FJAT-11906 ( Enterobacter amnigenus) 21.7 0 0
FJAT-11266 ( Enterobacter asburiae) 13.3 0 0
£t Total 35 2.442 32.1251

(2) MH&G B T A MR AR R 25 B A PCC T &5 SR A3 19 B, M B 52 Z Bl AR E R E0h 0. 55, 78
0.05 K80 F IEA G, MR SR 4%, AREB5 1 F 22 [B] AR GRS 838, AH O R 504391 -0. 1300 F1-0.
1900 2 HL A

*19 A0MAREE PCC

Table 19 The correlation index of different citrus tisssues

B Tisssues X1 X2 X3
R X1 1. 0000

Kk X2 -0. 1300 1. 0000

R X3 -0. 1900 0.5500 " 1.0000

* P<0.05 £ 0.05 K- P FEAHIE, + + P<0.01 7£0.01 K1 FAH K

(3) MG B TR AR N ZAE AN B Y PCC 40T 45 SR a0 20 RIA TR AR IR 2% B 09 N A 4l 2[RI 7E 0. 01 7K
SR IEASE, A BRI PERR N A AT B. pumilus 5 Bacillus sp. Z BB RECH 1, AEIEE WA H
Z A UG EA AN B2, it B A B. cereus 525N AU C. flaccumfaciens 22 18] ) FH & 222X
H-0.45,
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Table 20 The correlation index of endophytic bacteria in Citrus grandis Osbeck cv Chandler
i Species X1 X2 X3 X4 X5 X6 X7 X8 X9 X10
FJAT-10726 ; FJAT-10078 1.00
( Bacillus subtilis) X1
ol o) 2 0.9 1.0
FJAT-10074 ( Bacillus pumilus) X3 0.98" 1.00** 1.00
FJAT-10067 ( Bacillus sp. ) X4 0.98" 1.00"* 1.00"* 1.00
FJAT-10076 ( Acinetobacter calcoaceticus) X5 0.98* 1.00** 1.00"* 1.00*" 1.00
E‘thhelr?c(zsi ,hke‘]ri\ninil?iofiﬁ 0.99" 0.96" 0.94 0.94 0.94 1.00
FJAT-10071 ( Escherichia coli) X7 0.98" 1.00*" 1.00** 1.00"* 1.00** 0.94 1.00
}(?J(;'i’zljtolb(()zlse(iium faccumfaciens) X8 -0.33 -0.45 -0.50 -0.50 -0.50 -0.17 -0.50 1.00
FJAT-10721 ( Curtobacterium pusillum) X9 -0.33 -0.45 -0.50 -0.50 -0.50 -0.17 -0.50 1.00** 1.00
FJAT-10747 ( Curtobacterium citreum) X10 -0.33 -0.45 -0.50 -0.50 -0.50 -0.17 -0.50 1.00** 1.00** 1.00
FJAT-10722 ( Bacillus flexus) X11 -0.33 -0.45 -0.50 -0.50 -0.50 -0.17 -0.50 1.00** 1.00"" 1.00 "
FJAT-10821 ( Bacillus altitudinis) X12 -0.33 -0.45 -0.50 -0.50 -0.50 -0.17 -0.50 1.00*" 1.00™" 1.00""
FJAT-10724 -0.33 -0.45 -0.50 -0.50 -0.50 -0.17 -0.50 1.00** 1.00"" 1.00*"
( Sphingomonas pseudosanguinis) X13
FJAT-10720( Pseudomonas fluorescens) X14 -0.33 -0.45 -0.50 -0.50 -0.50 -0.17 -0.50 1.00*" 1.00"" 1.00""
FJAT-10760 ( Brevundimonas vesicularis) X15 ~ -0.33  -0.45 -0.50 -0.50 -0.50 -0.17 -0.50 1.00** 1.00** 1.00*"
FJAT-10714 ( Methylobacterium variabile) X16 -0.33 -0.45 -0.50 -0.50 -0.50 -0.17 -0.50 1.00** 1.00"* 1.00""
FJAT-10752 ( Brevibacillus brevis) X17 -0.33 -0.45 -0.50 -0.50 -0.50 -0.17 -0.50 1.00** 1.00** 1.00*"
FJAT-11906 ( Enterobacter amnigenus) X18 -0.65 -0.55 -0.50 -0.50 -0.50 -0.77 -0.5 -0.50 -0.50 -0.50
FJAT-11266 ( Enterobacter asburiae) X19 -0.65 -0.55 -0.50 -0.50 -0.50 -0.77 -0.50 -0.50 -0.50 -0.50
2 Species X11 X12 X13 X14 X15 X16 X17 X18 X19
FJAT-10726 ; FJAT-10078
(Bacillus subtilis) X1
FIAT-10748 ; FJAT-10060 ( Bacillus cereus) X2
FJAT-10074 ( Bacillus pumilus) X3
FJAT-10067 ( Bacillus sp. ) X4
FJAT-10076 (Acinetobacter calcoaceticus) X5
FJAT-10064 ; FJAT-10064
( Escherichia hermannii) X6
FJAT-10071 ( Escherichia coli) X7
FJAT-10750
( Curtobacterium flaccumfaciens) X8
FJAT-10721
( Curtobacterium pusillum) X9
FJAT-10747
( Curtobacterium citreum) X10
FJAT-10722 ( Bacillus flexus) X11 1.00
FJAT-10821 ( Bacillus altitudinis) X12 1.00** 1.00
FJAT-10724
(gphin;znonas pseudosanguinis) X13 1,007 1.007% 1.00
FJAT-10720 ( Pseudomonas fluorescens) X14 1.00** 1.00** 1.00** 1.00
FJAT-10760 ( Brevundimonas vesicularis) Xd15 1.00™ 1.00** 1.00** 1.00** 1.00
FJAT-10714 ( Methylobacterium variabile) X16 1.00™ 1.00** 1.00** 1.00** 1.00*" 1.00
FJAT-10752 ( Brevibacillus brevis) X17 1.00** 1.00** 1.00"* 1.00"* 1.00** 1.00"" 1.00
FJAT-11906 ( Enterobacter amnigenus) X18 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 1.00
FJAT-11266 ( Enterobacter asburiae) X19 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 1.00** 1.00

% P<0.05 7E0.05 /K TPREHMIC,  * P<0.01 7£0.01 KT EAAKL
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(4) NHE N A AR A5 RO DUE, IRBR B g RUBE SR T A8 261 Xk | o) 2.0 il i e o ke P4 A=
A AT R ZE AT, Y S IR RS O 27. 23 I AR B e o R N AR Al iR 0T LYy 3 RS (18T 4)

%1 KJE 45 B. subtilis, B. cereus,B pumilus F1 Bacillus sp. 4 FhEEMOFT B, HARRAE 2 A6 AN R 3BA ih r3
oA, WSE R Hoame K, 5 1 REX 4 WA 5 1 WRAHE B. subtilis F1 B. cereus
AR AN A R, RIVAEAS [R) 3R A7 B S5 Fn i e 35045 20 A5 565 11 S 2R A6 B. pumilus A1 Bacillus
sp. , FRFE I o A b

KR HE A calcoaceticus E. hermannii E. coli , C. flaccumfaciens . C. pusillum .C. citreum |B. flexus . B.
altitudinis .S. pseudosanguinis . P. fluorescens . B. vesicularis M. variabile Fl B. brevis , FLFFIE B E 28 B I M A5E
oA Hop At A3 2] A e oA BB A BERR AL oA B/ NN A1 o 38 T RS SRl 43 A
W25 1 WALHE A. calcoaceticus | E. hermannii E. coli C. flaccumfaciens F1 C. citrewm FAFAE X 28 N A 40 1
TEAFERE AR AT A S AR &b S, 25 R4S C. pusillum B. flexus \B. altitudinis | S.
pseudosanguinis P. fluorescens B. vesicularis M. variabile 1 B. brevis , HAFNE R4 55 0 A Bk, BIaX SS9 A 40
R TR Z T, B S EEUN,

4 AOMEBEERRANEDAERLSHT

Fig. 4 Cluster analysis for endophytic bacteria in Citrus grandis Osbeck cv Chandler

KR G E. amnigenus F E. asburiae , HRF S JEARF A bt R 28 N A A AE TR R HL
TR,

(5) M N AE A0 PR E VR Z5 A B ZAE 0BT TR ASTRI 28 B I AR AN B 19 2R TR SO ], B2 2% 1) SIMPSON
(D) a8 a0 1. 0063, H R GE M 728 0. 8032, AR AR Il 4 0. 4851 ; I /v 1) SHANNON (H, ) 5 55 5 5 >
2.2771 , HiROER Z5 o 2. 0663, RFR AR A 0. 9580 ; 24151 )& Pielou $8 8 i (B H BLLEAR # R 0. 9580 , HJ&: I
o0 0. 8111, K 55 ik 0. 5584,

®21 AERENEAFHNSHEEEN

Table 21 Diversity index of endophytic bacteria in different tissues

YIS E Tissues SIMPSON(D) SHANNON(H, ) Pielou(])
# Root 0.4851 0.9580 0.9580
Hi 4% Stick 1.0063 2.0663 0.5584
I H Leaf 0.8032 2.2771 0.8111
3 iFig

WFFERE PN A= A0 TR T 7 22 RF 4 T LLE % 22 B4 b, 00l IR I D7 18R (PLIFA ) 8 i B R O JE e VK
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(DGGE) "™ Myt A ( PhyloChip Arrays) Fl 16S tRNA £ 511200 45 Ve 1EH] 16S tRNA J7 7k % 78 45 B B W A
BRI E AN AR5 10 A& 19 ARG N AEAN T . B EARSE T ARYRANTE 16StDNA 731 X M 27
PRI KN 2B 20 T ) 2 REMEEA T TS, O B B A4 2E AT TH 8 ( Bacillus ) 55 9 DB BN A4, Hrb 6
JE AT 5 A W T8 0 AN 1] AS BIF 5 43 15 1 AT ARG AL DY A 4 TR 22y RSB B A W b 28 HG b (I B i T R
( Pseudomonas ) . % 1 #F % J& ( Bacillus ) . W T % J& ( Enterobacter ) N & & W, i) &2, W E AT H 8
( Methylobacterium ) 2] G SRR TR & ( Brevibacillus ) M) 8 G B B T & ( Sphingomonas ) RN ¥ N X
( Brevundimonas) " | X BB £, 48 AR 2 1A P 43 B B9 21, 17 L3840 081 Jd A7 A8 T MR AL AR P, He v A8 4
R AR AR C 1 T —E R BT ST, AW ST 4 B A5 B A A G v e s Ak N AR A D 2F JRAT TR R
(Bacillus ) R SRR AE M 5 FIB S 30 A AaXd 3, 13X — 45 R 5 kA 5 20 AL, 5 = 557 s 25
JIC TR B A T K P43 A5 B W N 2 T 1 O A R R S ZF AT TR ( Bacillus ) M1 —3, R Ry 2 A0 FF B I
(Bacillus ) %507 UGy —2e3 3% > i R A K AT WA B AR KR E B A IR EEAEM, AR
TN A A RS s— VAN BB AT & ( Enterobacter) o X0 o] GE & 1 T AT & ( Enterobacter) 40
AR B S ARZ P RGP T SR R LR 0 1 [ e AR A 2 0 T BT B £

ST AR B (O AG I 1T LR 12 I 5 R R A S o ) Il v 2 s g ) | e A ) A Ay 3
ORI RARS B TR (A5 8 vk | SR T3k 2 Dy v A AR 22 o, I 2 i UG 0 A0 R AR 20 B 43 G D AR 42
55, % B PCR Nested-PCR Al RT-PCR L2815 FH 2R Bl A2 I TAF . Hirfr Nested-PCR $EARTER R
B 13 5 T B PCR™®  RT-PCR REAE Rt (4RSI R AR 34 099 JAL, 35 SRy A7 280 I R ARG B2 42 1™ vy, R
ke ARk ,Hong lin 25837 T — 7 STDP (single closed tube dual primer)-Tagman PCR" X by
44 Nested-PCR 1 RT-PCR 25 G20 . AW R H Nested-PCR X AR A [ 5 I i A 1A A7 20 0 s i A
N, 235 SR WA A 8 e o 25 o IR 285 1 S B, o B ] — Ak R A B T R AR E S ) 2 B (258 R AN TR R Az
(B R ARFAL(AR P R b)) B ik 5 A B RSN F], AT AR v R i (25 ) SR AR,
S (ZE AR R YL EERY 7R PG I LA i e S AR TR F R e AT ARG I RN AR de e e (H AN 25
FEOU A AT B TR AE , B TR BRI 6—18 A~ A ) kAT Se R F B B AL RE IR A i v i
TR, T AN ) AR I e B e o S A IR S S BT I I R DL AR

TN AR R YU E S RGP R E AR AR KI R BRI SHEYIE R T B EE AR R
— 5 TG A7 DGR ] SR AR RS B 7, 53— O T N AR TR A AR L — S fiE
A ST T T REAR E R A KR B IR A IPLE BE BUEh AU R EE S . Clay MY R
AN AR BB 1) R 57 L B R A R AT A AR B . T REAN I ST DR AR 40 S B B
TANHE SRR N AR A TR . A7 S IS R B L P A AR P A AR R TG TR S BUVE . AR
RHEA B o it 5 R AR 19 A4 200 T 2 1) R AH DGR 8 R WLARGE , A SCl 3 PCC At th I R 2 e o i A e 5
%5 B. pumilus Fl Bacillus sp. F} 2 8] 5 5 35 GAH 5 | 330158 BH 330 T o 200 1 X6) 85 03 9 I T P80 776 1T RE 2 ol
YER . b B. pumilus T A WFFEHGE R LA A — 6 4= 55 490 S5 5 300 1) — 95 J5E 7 9 A 1T Trivedin 55740 M
TR R4 B A5 2 ) N A 40 T8 v, A5 6 Bk PN A 40 T 6 B b 8 89 IR ( Candidatus Liberibacter asiaticus ) Y
ARG I R VE . R B N AR S Bacillus Licheniformis 5 A B 5% 45 2 A9 38 43 9 28 20 1 TR A 2 4T
T

AR A A 200 T 18 20 A e AR RBR BT SC R U0, MEAG A ) 45 B G PN A o A AN ) AR 23 A1 b
HURGE M B B A /), 5 B 28 ST il A AR T 20 A R ) 28 R — 3, oA R 7 AR 2R PN A 0 T
HEAAEPIRIA T AL A 5 2o R R A AR, LKA 10 B o8 S T e W 11, R SR AR I N ZE A e 210
TE BRI E Y S E ) 2 AR 2 2 2 R DG R A A P9 A 20 T 22 ) (AR B DG R AN S AN AR S0l
it PCC 3 7 AME AR & B (22 M) ARRIERAL( B R FURIE 76 (AR 78 (R G ) 9 N A 4T 2 18]
FIAH DG, 5 3 R B AR Rl G B Z 18] S A SRR B2 (R AAAE 3 TR AR DG i i AR A 2% S ARz [1]
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KRB AN RIEBALI R A% 22 6] (4 PN AR A B 22 5 AN S35, AN ] D (82 ik S 2 22 [ A 19 A 0 T 5 i 2

& 3% AT RE- S R R A 3 1) AR S I T A 22 5 O

A REBE IR IR N A RS2 5 F S AR B IR 0 G S 06 L SRR B0 i
N R R 2R R IR AR PR . Maguran™® i 11 SHANNON ( H, ) $5 50U BUREVE W Fh 2 R ME 8 ok g
TR RCE L | EAEREE AT A3 A B2 5] SIMPSON (D) 48 50U MUEEVE P R A D 358, 8 B0k i 2%
BRI ERE it 2 P SRS ; Plelou S8 XU MRS W BRI 0 AR IO SRR BE . A SE A BURAR AN [R] 25 B 1 AL 22
AR ZREPEANTR]  SHANNON (H, ) 15 8 KA AR | SR AIRAEARER | 2 WA A s e i AL AR - 2 A 14
PIAEANTA 3 A i fe K, HLAE A0 (b o R B P B G ) S A B ), ARG Y A Al T O3 A i D
SIMPSON ( D) 48 it fse KA BUAE R %, e R AEAR TR , 2 WIS S e LR AS 2% v 0 B I AR A TR P e die B vp AR
RN AR AR B P2 e/ s Pielou 5 BURORMEL M BRAEAR AR, e AR AR A% , 2 WIAR AR P A 40 681 0 A 1 20 B2 de e, B A%
AN RAE AR (L R R SR (P8 R L) 0 A e AN 5T, A AR P A X R o A Y S R X T IA TR AR
R I AR A IR AN B R 0 A LR A B
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