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TV S 3 BRI AR AL I PR 2R R 2 S 0 99

FrflipR A, (BT SR I Nk oE o AR A 5
B FRA? I ESCARIAER, SHERMR™ L
A BRA AR, AR S AR OO T 7 sl ik
AU RE—DT557 T H AT AR AT
FRGE , PRA 200 BRSO TGS, HRTXT
A )R AT ER e Y AR RS
L AEEAEYING AT Y, T mE Y
XA RO A4 A= i TG S BN, A A il A
R B VIR R ZE I A, S SR
BRI E IR IR, 0 TRIFSE AR RO -5 A2 A TR Y
HARPLE . WIEON FRLE . SO RIBA TNAR A
AEEE L

1 MR g ®

1.1 hiE R4 R p A AR R ES AR

THIR Rkl HUORAE A TP A AR T TR R AR
Mo FEALBEHL 20 3k 5 & mAR R gk 4 4, YUK 24 h
J5 T 75% Wik iR 2 min, JCRE/KIEYE 3 WOIFH
AT, L T R T HSE R K, T
R AR G A Rkl de, SREET IS
a2 RN R 5 A, IRAFT-80°C VKA & H -
1.2 EWMHERPORESTENLLE

TR AT AR U P (7] — R R AR Ak b SR S A ARy ot
ho I 2 R RE R O R AR A, (R ZH R o A
BAR—NFER (5gdl™ ). MR IR KIER
30s, BT 70% WG T 2 min, 2.5% NaClO
(7% 0.1% Tween 80) 2l 5 min, P54 F %
2 70% WK I 30 s, FHJCHE KR 31K
MR AR AL IR A IRAL B S B eI R e,
TR R NAERE, R AET-80°C & HI.
1.3 DNA f2EX

53 T R v i 2H 2 R0 28 T TR AR AL B A
R A T AU BB R, SR E.ZN.A™ Mag-
Bind Soil DNA Kit if]£& ( OMEGA, M5635-02)
PEIORE LRI 4 DNA, HARERAES 5] & 1 B
Fio A2 DNA e ilis, H 1% Bifapise
IS E, K ARG 0 il 45 1) 3 IR 4 DNAL A5 4 B B 2%
SAES, R AR g5 <BSY AR
FE 5 “BCN?
1.4 HMZAE 16s rDNA F1EH ITS rDNA §i85
aifk

F AT 16s tDNA B9 34 X3 H 16SV3-V4,

K FH 40 R 16s tDNA KL [H 3@ H 51 9 341F: 5-
CCTACGGGNGGCWGCAG-3 ' il 805R: 5'-GACT
ACHVGGGTATCTAATCC-3"1#%3% J5 #6417 PCR 4
14 RENLECET ITS tDNA 7 88 X300 1TS1-2, R
H 4 ITS rDNA i 54 ITSIF: 5-CTTGGTCATT
TAGAGGAAGTAA-3' fil ITS2R: 5'-GCTGCGTTC
TTCATCGATGC-3"hk 5147 PCR 14, i—42
PCR JZJWf&Z (30 uL ): 2 x Taq master Mix 15 uL,
F/R 514 (10 pmol'L™") 4% 1 uL, DNA10~20 ng,
ddH,0 #M5FEAFIZE 30 uL., 2F—% PCR 8551+
94°C 3 min; 94°C 30's, 45°C 20s, 65°C 30s, 3k
5 AMEFR; 94°C 20, 55°C20s, 72°C 30s, $£204
PEER; 72°C 5min, F3R PCR R4 s #4145 —
¥ PCRY"H, 5] A Illumina =, PCR A 519,
5 4% PCR WAKZR (30 uL): 2 x Taq master Mix
15uL, F/R 5% (10 umol-L™") 4 1uL, F—4%&PCR
7=4) DNA 20 ng, ddH,O #h5F A ARFIE 30 uL, 2
TH PCR P HE4F: 95°C 3 min; 94°C 20's, 55°C
20s, 72°C 30s, £ 54EH; 72°C 5 min, EiA
PCR J I &5 W5, 1 1% Bt g A 468 Jise v dik A6z
PCR /=4y, H FHREER AL 7% PCR =it 4746
b, KoY IRAET-80°C UKAi % H -
1.5 Illumina Miseq _#LillF
FIH Qubit3.0 DNA Kl (Life, Q10212)

XTafifb i) PCR Wb E i, DIrEFR 1 : 1 4%
HIRA RN . SRIEAR, B DNA 21
10 ng, % EALNFHREE N 20 pmol., FE i ZFE4E
TAY TR (1) B A R 2 7] 3& F Hlumina-
Miseq BEARM P F- G HI SR, HE47 5 7 AOK Ui
WF o ARIEARRUE , K75 R HAE 7 2T

( operational taxonomic unit, OTU ), >k H RDP

( ribosomal database project ) classifier U1 5755 1
XF 97% ABALEE /K- OTU fR 3T HN 1743252443
Mro fHiH RDP 2288 XH P 03047 R G0 #r, IEAE
B RYUN EXFRE T g, KR OTU £ dsF
17 Alpha Fll Beta Z FEPE 53T . AN 73 500 43041
2R,

2 &R

2.1 HEAHS OTU B RDP 43
RPN (£ 1), 54 BSESHAYIHE 16s
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Mok B

2 B o% #1345

rDNA SCFEI 33145 3 271 A 8UF ), T
97% 1) )3 5 AH AL M AT G Hr, A5 3] 199 4
OTUs, Rl 6. 114 . 19H . 38%F.
43 J&; ETH ITS rDNA SCEENFF 3RS 280 392 4%
HEFH, 153 42794 OTUs, FiEBEE] 87,
2044, 67 H . 159 Bk, 257 J&. 51> BCN ¥ fh 4

P 16s tDNA SCEEMN 7 AL 3R1 11 413 SA 30751,
48] 3794~ OTUs, HiEREE 1007, 1949, 26
H. 54FL. 74 J8; HEH ITS rDNA N 287 330
FHEBUTH, 3545 4236 4 OTUs, H7ERE] 8],
3144, 79 H, 171 B, 291 J&, MW@E/KF EH, BCN
FES 20 TR LR B H 2T BS FEd .

%1 BCN #1 BS # 5 OTU B K RDP #%/kEL5%it

Table 1 OTU clustering and RDP classification level statistics of BCN and BS samples
RDP/3 3
o i 47 Mreads 3 F /4 OTUX H/ 4 Classification of RDP
Sample Test items Reads num OUT num | x5 H b3 I
Phylum Class Order Family Genus
2l Bacteria 3271 199 6 11 19 38 43
BS o
FH Fungus 280 392 4279 8 29 67 159 257
4l Bacteria 11413 379 10 19 26 54 74
BCN o
H1# Fungus 287 330 4236 8 31 79 171 291

22 BAHSEE. BEEEHEN o SHEEST
21 B LT REVE Y o 22 RE MRS I 45 R B oR
(#22), BCN Fl BS ¥ i ¥ fh 8 55 353K 97% LU
e, SRR AR S P A0 R R B P SRR R A AU
R ZRENE,  HAS A RE SRR R D T
22BN, BAEATEE . BON LS AO4HTE ACE 550
Chao 1 $885 3 W s T BS BEAN, 1090 et nt

AR 20 TR RV T A, T R P A
% ACE 5%l Chao 1 840N JC W 3% 22 55, W&
() LA VR 5 B 22 /o BBAh, BCON 41 Al
ELFA Y Shannon ¥8 4% . 7 35 % . Simpson 48 £
BS FEMM BTG 22 5, SR AL AR S AR AT
BARE 2R . R PR FR 45 TP AR T i G I
FZ5to

&2 BCN # BS #m o ZHEEHSIT
Table 2 Alpha diversity index statistics of BCN and BS samples

FE Tar i1t H OTU% = SimpsoniE %L ShannonE % ACEfE4 Chaolf5% R
Sample Test items OUT num Simpson index Shannon index ACE index Chaol index coverage
41 Bacteria 39.80 £ 14.82 0.30+0.10 1.90 +0.43 61.37£24.07 53.55+14.68 0.97 +£0.01
Bs LB Fungus 855.80 + 168.88 0.10 +0.05 3.60 +0.47 1 098.59 + 164.90 1 058.26 + 156.59 1.0 +0.00
4 Bacteria 75.80 +32.71 0.21+0.07 2.33+0.57 109.82 £33.31* 104.12 + 38.89* 0.98 +0.01
Ben H.H Fungus 847.20 + 142.69 0.13+0.13 3.50£0.71 1167.82 +103.06 1 094.02 + 147.21 1.0 £0.00

TE: a N SBSHERANE KA, P<0.05

Note: P is compared with the BS samples in the bacterial detection group, P < 0.05

23 BAHSEE. . BEEENERS S

K1 PCA ¥4 BCN 1 BS R 5 4 200 B A1 EL B
WEdg AT E st (B 1AL 1B) . MK I
F, BCN 5 BS#H i KB EARR X S, FI
BCN 5 BS #5201 218 124 RO &5 R A7 A 45
Rk, Hrph, WEHESIERTA 1 HER
FLHBER T A SR AT 2 AR S5 AP E A 5

ab =5

ATE]— X3, PTREJE A b 3 4 i A7 7E i i
ZEAR, WM PCA 4 #rit hBliR2:, (HiRTR
fHGHE— 2 I

24 FHEHSNARE. EEARKRSHEMEST
241 ATI1ABKT6 & AT @R GF LM
& TETTKSFE B (& 2A), BCON FE& AT BS FE i
B A0 P 34 E B AR JE A 1] ( Proteobacteria ) 41,
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PCA1 (83%) VS PCA2 (11%) PCA1 (84%) VS PCA2 (6%)
A. BS1BSS eBCN B. @BCN :
02 o BBS | 0t @Bs i
BCN4 BS3 i ’ BS4
L aBs4 ; B
BCNS BS3
o BCN3 ° L [=]
g 02 s s 04 BSS
= BCN2 = >
It L BS2 BCNS
q 04} * g 02 . -
3 £ BCN4
-0.6 0.0 BSi ®
-] %CN2
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-04 L
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PCAL (83%) PCA1 (84%)
E: A: BCN il BS F:Ah 4 PCA 73#1; B: BCN i1 BS H:Ah TR PCA S04
Note: A:PCA analysis of bacteria in BCN and BS samples; B: PCA analysis of fungi in BCN and BS samples
E 1 BCN #1 BS #d PCA 5#f
Fig.1 PCA analysis of BCN and BS samples
A. Distribution Barplot B. Distribution Barplot o
100 - 100 4 m Pseud m Quadrisp
B Prorcobocterla @ Methylobacterium m Ghuconlac:etobacter
B Acrinobaceria @ Acinelobacler m Nocardioides
@ Firmicautes @ uonclassifed m Rhizobion
& Sphi m R P ‘monas
30 B Bacteroldetes 80 - o Breijerinckia m Stphylococews
. B Acideboctcria & Pediococcus m Sediminibacterium
> @ Plancrowryeetes = & Pherrylobacteriom  ® Streplococcus
: O drmarivomedencs < B guremgnas "8 Do
-E‘ 60 - @ Ver mcamdcrobla é 60 - | A:)/tvuariﬁdlz;if en m Cystobacter
= Bunclassjfied g B Herminiimonas @ Arthrobacter
& B Gemrnatimonaderes o ® Actinorrycelospora 8 Acidisoma
i B Fusebactcrla : @ Terriglobus ] AF/It'mbr;lmonIJqs
I ® Massili m Mesorhizobium
% 40 ~ B canddate dhiston WPS-I % 40 - = H}a;:énlgbacter | Bacillus
2 =] B8 Geoderrmatophilus @ Weissella
g g B Mucilaginibacter @ Bifidobacteriuon
= o) B8 Undibacteriur B Agwisphaera
B Jatrophihabitans @ Kineococcus
20 + 20 4 8 Granulicella @ Pseudokinecoccus
W Spirosoma | Asriccacaulis
B Sphingobiuon @ Thauera
B Bosea @ Lysinibacilluas
0 0 B Laclobacillus o other
BCN BS BCN BS

2 BCN MBS H@mEE] (A) #E (B) /KFRIAK
Fig. 2 Composition of bacteria in BCN and BS samples at the level of phylum (A) and genus (B)

3 (92.66%~99.65% ) Al (91.16%~97.56% ),
RIARTE TR TR PR S AR 3BT T o

7EJE K (1l 2B ), BCN FE S HES /T A7
H AL e o 3 R M R ( Pseudomonas )
(12.24%~59.14% ) . ANahFFwJE ( Acinetobacter )
(6.37%~39.86% ). HHEATIE ( Methylobacterium )
(8.76%~39.11% ). FFMMILICIEE ( Beijerinckia )
(0.85%~18.53% ). HHZRAMIRE (Sphingomonas )
(1.22%~12.09% ); BS HE BT3B E A
R (52.10%~86.97% ) FIFHSLAF R (4.42%~
27.97%), MAHFFEE (041%~1.66% ). FF
AR TE G ER (0.2%~0.87% ) FHHE 2 s A 1 &
(0.2%~0.62% ) i LD,

242 KT A ERF ey &AM P LA e K4
R FEERTAZKFE L (K 3A), BCN Al BS
FES OGS T T3 A HE TR ] ( Ascomycota ), 47
I 78.68%~93.44% Fl 64.42%~91.55%,
EJEKF (B 3), BCN RS HEA BT =17
B AR 5 T ) b S I E R ( Zasmidium )
(16.18%~60.82% ). 1EEfME (Pseudocercospora )
(5.53%~16.58% ). ¥k WJE ( Mycosphaerella )
(0.84%~10.47% ), FI MBI EFIEE; BS #+
i P HE 24 FI =7 19 0 T T8 g ) o S I e A
(12.88%~40.68% ). fEEfUE (10.63%~28.59% )
At 5 % J8 ( Phyllosticta ) ( 4.06%~ 34.50% ) ,
BRIEER (2.45%~12.33% ) WHEA S04,
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A. Distribution Barplot B. Distribution Barplot
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2 40 4 B Cerncepou g 404 & Symmcirospora B Rhinocladiella
Q o} m Mycodiella m Cyphellophona
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20 4 20 A B Dewriestia B3 Neofusicoccuom
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W Pseudoteratosphaeria =] AC;WI{UP’;,[\’”USZPturia
W Strelitiana E Morierella
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0 0 B Camnplophora i other

BCN
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3 BCNFMIBSHMREREE] (A) FE (B) KFEHEM
Fig. 3 Composition of BCN and BS samples at the phylum (A) and genus (B) levels

25 EFEATEHNEHSAENEFREREEE
=A%
BCN #1 BS ¥¢ 5 40

Pra 28] (&l 4), BCON S L i 8
( Nitrobacter ) FIZEFEATE & ( Phenylobacterium )

WAE Y T-Test 43 WYFEEIIRALT BS M4t (P<0.05), il Terriglobus

[ BCN [OBS

95% confidence intervals

Mesorhizobium | 6 0.197
Rhizobium | % 0.196
Lysinibacillus | (P 0.187
Asticcacaulis | (7] 0.187
Granulicella | @ 0.185
Lactobacillus I & 0.181
Bifidabacterium | (_',') 0.179
Kineococcus | 4) 0.179
Pseudokineococcus | @ 0.178
Hymenobacter | @ 0.163
Alkanindiges ' &) 0.158
Sphingomonas F e ] 0.152
Fimbrimonas | é 0.144 ;§
Weissellal é 0.144 A
Beijerinckia F I:—@— 0.138
Spirosoma | $ 0.124
Actinomycetospora l @ 0.115
Thauera | =] 0.093
Acidisoma | o) 0.078
Pseudomonas [——— f (> l { 0.071
Acinetobacter E f : & 0.066
Bosea | @ 0.049
Terriglobus | @ 0.041
Sphingobium | ] 0.041
phenylobacterium |:| @ | 0.023
L I L I I 1 !
0.0 71.1 -80 —60 —40 -20 0 20 40
Mean proportion/% Difference in mean proportions/%

4 BCN#1BS HRHAREREFFEEER T-Test LLE ( BRKTF )
Fig. 4 Comparison of the difference of bacterial flora abundance between BCN and BS samples by T-Test (genus level)
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TV S 3 BRI AR AL I PR 2R R 2 S 0 103

W Jm S e W JE  ( Sphingobium ) W 3 i 3 5
T BSH AL (P <0.05). G ERFEERW T-
Test SAHT45 R R (& 5), BON M X 22 i
5¢ J& ( Podosphaera) . Pseudoteratosphaeria J& .
Zymoseptoria J& fY = JE B 5 F BS A4 (P <

[ BCN [ BS

0.05); TMimIHEJE ( Colletotrichum ) . 7 AT &
( Wallemia) . # % W J&
Graphiola J& . 2 {J& ( Nigrospora) . W 5 # )&
( Penicillium ) . TE{AEELEJE ( Sterigmatomyces )
B HLRALT BS M (P <0.05),

( Aspergillus )

95% confidence intervals

Pseudoramichloridium | é} 0.086

Symmetrospora F 0.083

Clonostachys | Q 0.083

Rhodotorula | @ 0.082

Cryptotrichosporon | @] 0.079

Dioszegia | o} 0.079

Coprinopsis I (5 0.079

Taphrina F %}; 0.077

Meira | (i,) 0.077

Saccharomyces [ (;) 0.065

Phyllosticta | . | O - 0.059

unclassified_Schizoparmaceae I @ 0.057

unclassified_Capnodiales F ;—@—( 0.057 g
Tremella | 6 0050 =

Podosphaera I % 0.048

Colletotrichum | ¢] 0.046

Wallemia | Q 0.041

Aspergillus b A 0.040

Graphiola h d 0.038

Nigrospora h d 0.036

Pseudoteratosphaeria P :E) 0.033

Zymoseptoria l)—@-{ 0.018
Penicillium | Q 7.70e-03
Sterigmatomyces l Q 2.23e-03
unclassified_Tremellales F @ 1.40e-03

! | ! | | I | !
0.0 145 =30 -20 -15 -10 -5 0 5 10
Mean proportion/% Difference in mean proportions/%

5 BCNFIBS H#RmAHEREAFEEESR T-Test LB ( BRAT)
Fig. 5 Comparison of fungal abundance difference between BCN and BS samples by T-Test (genus level)

26 RMRERERMEEEFEEREER

K T-Test 43 #1243 5% BCN 1 BS # i b
P AR 5 B T B T IR TR R Y S B AT AR
ZER R (323), BSHESH 5 AR IR JE Y
A R E W B T BONFESL (P <0.05),
1M BCN F1 BS £ i H 51 6 75 A 9 14 11 20 B 7 )i

( Pseudomonas ) . 5| & REJp5 24 1 i 6 25 & A
Efi)E ( Pseudocercospora ) . 5l i1t B A 1Y /8
175 )8 ( Aureobasidium ) . 5| & 5 BE W 1 7¢ £+
filJ& ( Septoria) . 5l &AL HKE M E @ )&

( Lasiodiplodia ) . 5| &2 AH A 55 1) 8 72 12 16 )&

( Neofusicoccum ) [TRFEFBETC 0 3% 22 5
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&3 BCN MBS #mHPERMEEREERFFEEES T-Test (LR ( BRAKT)
Table3 Comparison of abundance difference of Eucalyptus disease pathogenic bacteria in
BCN and BS samples by T-Test (genus level)

I 95.0% EA= X 1] 95.0% CI
BiJ& Genus Freql Freq2 P[\)fﬁue q (\]/gue E?fei%ize TR FIR
Lower Upper
Pseudomonas 40.534 71.146 0.071 1.000 -30.612 —64.790 3.566
Phyllosticta 0.081 14.517 0.059 1.000 —14.436 —29.774 0.903
Colletotrichum 0.005 0.020 0.046 1.000 —-0.015 —-0.029 0.000
Aureobasidium 0.000 0.009 0.115 1.000 —0.009 —0.021 0.003
Septoria 0.023 0.001 0.192 1.000 0.022 —0.017 0.062
Pseudocercospora 10.120 15.362 0.225 1.000 —5.242 —14.630 4.146
Lasiodiplodia 0.000 0.007 0.264 1.000 —0.007 —0.023 0.008
Neofusicoccum 0.083 0.033 0.267 0.990 0.050 —0.056 0.156

vE: Freql: At NEJBAERE; Freq2: MR HREIEIE; off: PEKKRAE.

Note: Freql: Abundance of bacteria or fungus in Eucalyptus leaves (genus level); Freq2: Abundance of bacteria or fungus inmidgut of Buzura

suppressaria larvae (genera level); ¢ value: The check value of the P value.
30 it

AHWFFE K A 16s tDNA ., ITS rDNA Al Illumina
Miseq F& A 73 511X e Rk v Jizg RS ARy 38 P A= 1
YNE . EREREEAUSRMES A T o0, o, Sl
RIEMHBEMFE L ETREE 67T, 114, 19H .
38FF. 438, HEILERBI 81T, 294, 67 H.
159 Bl 257 J& 5 A # i 38  AE AN B O T R
1077, 1949, 26 H. 548, 74 )8, HEdbmw
#8r), 314, 79H, 1718, 291 )% . Alpha
AP HT R, R I P AR A B R TS R
=5 X = T R E A i . FEARMAER R
girh, MY SRR EZRMEARYEAZEER,
RS 3. MY SRR MY SEYZ R,
LB AT 2 1 38 AR FIE T A Sk o ) 2Rk
SHEPIA L, B PRI B DX 5k g R ol R g 1 AR B
Sy, RS BT DA REAR T B — . PRI,
RV A A Y RAE M B AU U i R
P {0 B U7 B A PRI ) 2 R N Y
T2 A . X—S7EX BCN F1 BS 54 A PCA
MBS BIESE, AR S 20 T T B A 4 AR
TS5 PAFERRZESS . RGBT, Mt
T P REE A0 5 il RO A 8 ol A= T e 1 A
X B — AU IR 4 A A A R R D BB ] 9 45

FERGER 5 DA A 290 TR 0k ) RUI i 1 40 A 1 24
50 RIS | A W B 5 L VARG o9 A et )
T HRA A, F L gAY b ¥ e kG I

NS ASE R AR T R AR, fFsEER
WIAR W T I TE 8 % 1% ( Lymantria dispar) ",
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Comparison and Analysis of Diversified Intestinal Flora of Buzura
suppressaria Larvae and Endophytes in Eucalyptus Leaves

ZHONG Ya-ting"*, ZOU Dong-xia'?, LIAO Wang-jiao'?, HUANG Ning"?, LUO Ji**

(1. Guangxi Forestry Research Institute, Nanning 530002, Guangxi, China; 2. Guangxi Engineering Research Center of
Forest Pests' Natural Enemies Breeding, Nanning 530002, Guangxi, China)

Abstract: [Objective] This study is to investigate the diversified intestinal flora of Buzura suppressaria larvae and
Eucalyptus leaves which are the major food of B. suppressaria, and to analyze the inner relationship between them.
[Method] Illumina Miseq technology was applied to sequence the bacteria 16S rDNA and fungi ITS rDNA in the in-
testinal of the 5th instar larvae and Eucalyptus leaves. Both the diversity and abundance of the bacteria and fungi in
the intestinal and Eucalyptus leaves were analyzed. [Result] The results of bioinformatics analysis showed that the
bacteria populations in the intestinal tract of B. Suppressaria larvae were annotated into 6 phyla, 11 classes, 19 orders,
38 families and 43 genus, whereas the fungi populations were categorized into 8 phyla, 29 classes, 67 orders, 159
families and 257 genus. The Endophytic bacteria found in Fucalyptus leaves included 10 phyla, 19 classes, 26 orders,
54 families and 74 genus, and the fungi included 8 phyla, 31 classes, 79 orders, 171 families and 291 genus. The main
pathogenic bacteria of Eucalyptus were found in both of the Eucalyptus leaves and the larvae intestinal tract, includ-
ing the orders of Colletotrichum, Pseudomonas, Pseudocercospora, Aureobasidium, Septoria, Lasiodiplodia and Neo-
fusicoccum. [Conclusion] The diversity and abundance of bacteria and fungi populations in the intestinal tract of B.
suppressaria larvae were different from those of the Fucalyptus leaves, which had an important influence on the in-
testinal microbial community structure. The gnawing or fecal contact of B. suppressaria larvae carrying certain
pathogens may be the cause of the pathogen infecting healthy Eucalyptus leaves.
Keywords: Buzura suppressaria; Eucalyptus; intestinal flora; endophyte; microbial diversity; high-throughput

sequencing
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