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Study of the biodiversity in intestinal symbiotic fungi in grasshoppers species by

using DNA meta-barcoding

YANG Liping, CHANG Huihui, LI Jie, ZHANG Zhibin, HUANG Yuan "
College of Life Science, Shaanxi Normal Unwversity, Xi'an 710062, China

Abstract: DNA meta-barcoding technology, which is a combination of DNA barcoding and high-throughput sequencing, is
a highly efficient method for monitoring microbial diversity. In this study, we investigated symbiotic fungi in the gut of 8
grasshopper species collected from Qinling Mountain and campus of Shaanxi Normal University with respects of alpha
diversity, beta diversity, and, cluster analyses, and evaluated the differences in the microbial diversity of the samples
collected from the two locations. A total of 8 individuals from 8 species collected from Qinling Mountain ( namely,
Trilophidia annulata, “Atractomorpha sinensis, Acrida cinerea, Chorthippus chinensis, Pedopodisma isinlingensis ,
Fruhstorferiola omei Euchorthippus unicolor, and Xenocatantops brachycerus) and 3 individuals from 3 species collected
from the campus of Shaanxi Normal University (namely, Trilophidia annulata, Atractomorpha sinensis and Acrida cinerea)
were sampled. The grasshoppers were starved overnight and dissected, and the intestinal gut was fixed in 100% ethanol for
DNA extraction. Internal transcribed spacers (ITS) were selected as barcoding sequences. After DNA extraction and PCR
amplification using fungus ITS universal primers, the amplicons were sequenced using the 454 FLX + platform. Two
software, Qiime and Mothur, were used to analyze the raw data, and to obtain an operational taxonomic unit (OTU) list.

Ecological analysis was subsequently performed using Excel, R, and Qiime software. Analysis of the fungal species
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composition revealed a total of 2786 OTUs, 40 genera, 29 orders, 16 classes, and 5 phyla. With respect to community
composition, analysis of the ITS sequences revealed that the orders Tremellales and Auriculariales contained the highest
number of species, and fungus diversity was the highest in Oedipodidae and lowest in Catantopidae. These findings
indicated that the diversity of fungi in the gut of the grasshoppers was significantly different. Moreover, the alpha diversity
analysis showed that Oedipodidae had relatively high values of community richness and diversity when compared with the
other families. The beta diversity analysis demonstrated that the intestinal fungal community structure of the grasshoppers
showed no significant difference within a family; in contrast, exhibited more differences among species of different families.
However, the gut fungal community structure of Acrida cinerea in different environments showed a relatively low similarity.
Finally, the cluster analysis showed that grasshoppers from the same family primarily clustered together and«their community
similarity was relatively high. Bullera, Ochrolechia, and Exophiala were the dominant genera among the grasshoppers’
intestinal fungi. This also showed that the fungal populations in the intestines of the grasshoppers were highly diverse in
terms of the number of species and their community structure composition, although the differences in the fungal

communities varied with the grasshopper host species and surrounding environment.
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P AT SRR L 2 R DRI H LS BRI T A ) R VA R R )
BRI &R SR ERE 2200 5 38 AR YIE B 2 I JF & JDNA 526 2R TE A HR & N A W) Z2 e ARG D
H FHEOR

DNA 525 ZIE 0 I HE A Lok € 35 3i 13 FH T Gl 2 T RE % 10 2 REVERIT ST, 7E 3 AR T 2 ARV 58 7 i,
Schmidt'' 18 = %} 7 [ 3 ST Y 16 A A SERAS Y EL B UEAT PN 3% SEIRIBE X ITS1 (internal transcribed spacer)
X3 i) PCR Tj”i,H%Tfifﬂ%l&ﬁ%@%%:ﬁm?, 25 W19 3] 3320 M ERE 2T OTU ( operational
taxonomic units) , [ i 2 W THE T4 AR ALk ol 5 b, BHL037 8 1) A 32 30 ¥ A A1 Siddlique ™ R E & B H AR, Xt 3
AN ) 1 DX ol JRE A ) RN ME AR T ) L TR P 2 REMEEAT 1 0T, BB — G T L A K ITS AL
AR S0 e ) T LA R A B A B R 5 B A S ) 3 MR EL B Y fDNA-ITS 8B4 740 A, BR 15 3 F 1TS
22 AR T8 53 WA LT 4 5 TR O FH 5 B 0045 R Tiangen DP330 4342 U7 £ 06 + 3 44 DNA 47
RO X B A ITS-PCR R R AT AL, 57 T ke TTS-PCR § 481K R . LAh , DNA 24 KRIE 1 shi 2k
ML R ZARET S Bt TR S AT T2 BN

W R SR A ROl L FEFRE A VS T R R, AR 52 S AU M AR ST A R R
Fe 55 ), e ke i 1 AR AR N, 7 T e AR B Ol Y R R R R A R DA S IR
T fifme e fizp 3 N R R AR AR T S R0 G R D R TE TR 2, X TR A AR T L A Y
SRR AL B i e A TR B AN

H AT R R i 3 A M AT A B . A SCRRARAE 1 BB AR [R) R i 1) 25 RO &y ol gy 1
TN + (I Odontotermes formosanus ) e H 43 BIAF 3 T — k= W 22 BB 5 AN SCARARE T 76 5F
ek BN B PR T AR LA T A A Y FY H i v 0 40 B AR, 75 B R 3 1) 16 H 24 BH 40 J8, EAR R R 2
REEERE Y ST AUl I A B AR ST LD

AP B AR RNA S5 PR 1) PN G S TRTBR DX (1TS) 18 R B3 AR0 , F DNA &2 & I8 A AR X i
MU TE A B S EEE S5 AT TR ST, o T B 2R DL R 240 HT L8 T AN TR) e s i 3 b &
T AR IR ZH LY 22 501, WA AR 7R 1 s R T L Y AR
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1 #MREFE

1.1 FESCREE

S0 A S AR AS T 2015 4F 9—11 H [B1R A Z2 08 R 165 LU AR PG I K27 bl (3R01) , SR Aipfifi
DR U 7, HE A A N B Ak, FH B TR A DA 118 S ik 8 T 1 S0 Jig 8 A e L O o7 B o 7 4
AT %% 2/3 oK SBERY 50 mL 1Y 2508 1 Rl EERE AR — IR A h SR RS | IR A7 T -20°C kAP T
DNA F$2HL,
1.2 DNA AYFEHL

P AR TC K OB g R 8 TR A8 IO R CAE TR K 4R L I R 5 AE TR E 5 16T,
IR G e R - 5 2 % HL AT 5 DNA B2 50, 7551 11 > DNA BE &, B S AR an sk 1
Fis .

F1 MERAESNEHRLEELER

Table 1 Information of studied samples and the results of Fungi identification

o . i D . Y e g R
Yikh KA FEA Gt it LV SRAEIS (8] o
. : ; Identification
Species Location Sample code Quantity Date
result
B el PJEUE Trilophidia annalata [ EiRE N-A 3 09-13 912 H
Oedipodidae LT X-A 3 09-21 10412 H
Sk e R JERRIR Atractomorpha sinensis [ZERs N-B 3 09-13 648 H
Pyrgomorphidae AT X-B 3 09-21 749 H
B st HRAEGI MU Acrida cinerea MAS N-C 1 09-13 648 H
Acrididae bl X-C 1 09-21 89 H
90 37 i FRARAERE Chorthippus chinensis MES N-D 3 09-15 445 H
Arcypteridae F OIS Euchorthippus unicolor MG N-G 3 10-21 597 H
B MR ) ZR & /NBIE Pedopodisma tsinlingensis MAE N-E 1 09-15 243 H
Catantopidae I JE IE F2 U8 Fruhstorferiola omei MAEA N-F 1 10-21 242 H
55 AN BEBR IR Xenocatantops brachycerus MG N-H 1 10-21 5445 H

1.3 PCR ¥ 34 LI Ky

PG White' ™) 28 J&RUBF 78 F R M 51 4, SE 0 97 1 B & ITS 19 IE [/ 5] ¥ 2~ ITSS: 5'-
GGAAGTAAAAGTCGTAACAAGG-3", K[ 51 ¥ M 1TS4 . 5'-TCCTCCGCTTATTGATAT GC- 3", §" 14 K 4 K
750bp, A T REME[FIIXT ZANRE S AT, LA S5 2253 B b X B RE T8 R RS RE S Y S sl T
—~ Thp MHRZEITH1

SEEHRPCR R Z N 20 L, £33 10 L 9 2xTaq PCR StarMix with Loading Dye, 1.0 wL £ DNA HEfT, F-1if
191 (10 uM) FFHES (10 pM) % 1 pL,7 wL BIMZEK , ITS B9 BETEFRFEIT & . 98°C 5 min FH 27 PME
FR.98% 30 §,47.6°C 45 5,72°C 60 s,72°C 5 min ZE{H 4°C {515,

PCR Wik 18 IR AR AR MR BR S WA T i il s 7 1S 2R 454 FLX+F- 5 #E1 7007
2 BIEAIEFNS T
2.1 RSP AV BT IR AR A AR 2R

5, W A5 2 B SRR L sff A ARAT, off SO —Fh — 1R S, T mothur ™ 4 ) sffinfo iy
A PR ER fasta J3 81 SCEERT qual JBt SCHF X — i Bt © 20 R 55 64T TR0 M B i U8 . SR A4
JF 5 R DX b 19— B L 7 51 B AR HRUAE SRR 5 A 20T 51

BT PCR B4 AT RE 3 At 5 (AP 1 i aod i v 2 77 A i 2708 S P i, o T ORIE 285 SR i v e
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T BT A RUF N IE— 2 A U 0 22 bRt A 1A, SEE8 T Qitme! ' BRAFHEAT 7 51 3 8, I mothur B 25 BRitk &
w51,
2.2 OTU ZJAiERe

i Qiime X /FH Y uclust' ) it BF A5 21 A9 £ 55 PP 5145 B8 0.97 AYARBUEE 4T OTU 2K, i B4~ OTU H
A JFHIMARE T 85 1TS WA FFH) 588 1% Unite FUXT, JRAGEE OTU 43282415 B, ARG IR T RAS
AR T OTU %13, H excel Fl mothur #XAA4-A5 H /K I AYREYS B 43 L HEFR B AR b 18] Venn &
2.3 FERZHES T

WD AR | H mothur 44 B9 summary.single 74>, 3K & FE 5 B9 Chaol , ACE, Shannon il Simpson
T84, H Chaol Fll ACE 85U RS £ 5 R KL, — & WK, L BH 7% =F & £ #5 ; Shannon F1 Simpson

BRCEHEVE Z AR5 EL, Simpson FEEUBOC, LI HE A BT, Shannon $8 B, LRI RES Z MRS

F Qiime 344, MR AR 45 FF S (0 Bh AL R = BE A5 L, 54T Unifract ™ "0 404, 45 S b 1] 25 S 0 8 0 9%
Ja AR i 22 4k R 1 NMDS ( non-metric multi-dimensional scaling) 43#7 .
2.4 BRI

FRYEHR 81 )5 B9 OTU F3, H R B 1 [ pheatmap B2 )7 41 #F 17 JEAK T L% R 28 5 B, IF 22 i

heatmap" " [ |
3 #R
3.1 BRI

St o) 0 i i RS PR B ITS 13 B A 0T AU 131207 % R0 7 9 i 4 A oA, 200 1l Ak B
JEHEARAS 130600 55551, DL BT T 7 LU 99.54% o 4 A 17 5 BUR T 5 LU IR 35 2,

x2 BIHEAHFIRELGIZER

Table 2 The results of the sequence and proportion of each sample

. Ecpi Gl it . HRFI sl

Effective High quality % Effective High quality %

Sample Sample

sequence sequence sequence sequence
N-A 10786 10539 97.71 N-G 14499 14494 99.97
N-B 11187 11181 99.95 N-H 12592 12518 99.41
N-C 14258 14228 99.79 X-A 13130 13057 99.44
N-D 13357 13339 99.87 X-B 7415 7355 99.19
N-E 12251 12167 99.31 X-C 11836 11829 99.94
N-F 9896 9893 99.97 &t Total 131207 130600 99.54

3.2 EHEALBURIRE 5 4540

BETTS S E P AT BT e 91 S5 50 e Lo, IR 552 T 5 17116 4929 H 40 J& , Hp SR AR B L W 1,
FERREK L OTU B ZEE Bl an & 1 R ITS %55 N-A il N-B f9IF OTU J2& 282,84 OTU 4352 478
F11268;N-C F1 N-D (A OTU & 6, 45F OTU 43JlJ& 220 1 85;N-E 1 N-F {34 OTU 2 6,554 OTU 434
s 101 F1 88 ;N-G Fl N-H A5 OTU /2 1,44 OTU 43-JllJ2& 214 F1105;X-A Fl X-B (Y347 OTU & 1,584 OTU
43 933 Fl 5445 X-B Fl X-C (A OTU J2& 19,454 OTU 4352 526 1 186, [FI A AT LUA ), £ FEA 2 (7]
FETEE ] 0 W T HE AR AL

HAE OTU 3 , AT LUHFE S FEAS 72 28K (1T A9 B B &) A 4 s L 1 0, > B B s ZE A [
SRR L RETE 25, WA TRIAEAS () B 95 A1 L BT 0 (18] 2) , LR AR B H (Tremellales ) 7£ N-A | N-
B N-G N-H X-A Fl X-B FEAS 2 W aes 4540 B o Lo il de i, 39249 50% , T 7€ N-E N-F 1 X-C FEA T 5
FE AR, A #E It 30% ; BLE A H: H (Auriculariales ) 75 N-D REAS R ETE 4546 FIF o LU 9 i i ik 50% , HAY HAESS
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Fig.1 The Venn diagram of interblock for ITS in the administrative level
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Fig.2 The community composition of Fungi at the Order level among different grasshopper species

3.3 T ZHMEAT

M OTU B2 Hr4h 8, K Chaol , ACE, Simpson, Shannon L35 5005 IRTREA BEAT ZRE0E 0472,
Chaol F1 ACE F8E0# 0 N-A F1 X-A AR5 5 & A e /5, N-E  N-F F1 N-H (% 85 7% 3 5 15 D0 AH G 5418
Simpson HI Shannon FE4R Y] N-A F1 X-A B ZHEMEARXS e, 100 N-D N-E Fl N-F BUIARXS e fik . 254 LA
AT RIS  N-A R X-A BOBETE S B R TE AR ARG B, T N-E RN N-F 59 AR e i, £ REAR ZRE1E
B 3,
3.4 BEEAHRIES BT

FHEE S Z [0 Fh AR = BE (5 8L, E AT Unifrac 43T, 75 SRR 5l 18] 22 55 15 B0 40 42 | SR I FH 25 S5 8 o 4 o
T NMDS 4347, #55] NMDS &, U 3 Fr, A 9 5 =22 1] 4 1 28 i 30 0 ) 9 38 =2 1 %) ke A 0 ek o 2 S P
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s B T AR IR, NMDS B SR VR 2 S BN ) N-A (-1.04) F1 X-A (-1.05) , ¥ N-B
(0.97) 1 X-B (0.90) .N-E(-0.80) I N-F (-0.76) N-D(=0.24) Fl N-G( -0.06) , Ff7% 25 F a4 9~ X-C
(0.39) A1 N-C(0.27) ,

K3 EHFEERSHEREY

Table 3 Diversity index of Fungi in each sample

Simpson Shannon Simpson Shannon
REAR Chaol F6%K  ACE 5% SR8 ECL FEA Chaol 165X ACE #5%% ECE E-
Samples Chaol index  ACE index Simpson Shannon Samples Chaol index  ACE index Simpson Shannon
index index index index
N-A 907.88 896.97 0.99 8.23 N-G 275.64 275.70 0.98 6.31
N-B 652.43 661.59 0.99 7.61 N-H 163.33 128.78 0.98 5.69
N-C 283.23 260.55 0.98 6.27 X-A 1124.45 1127.59 0.99 8.30
N-D 213.00 199.52 0.90 5.06 X-B 666.28 659.88 0.99 7.90
N-E 121.25 114.88 0.95 5.01 X-C 270.18 254.40 0.96 5.75
N-F 97.00 97.17 0.96 5.42
35 RFEobr 10}
FERKT L6 1AM OTU AT I o7 oxB
4 flR ., HEATAL N-B F1 X-B R —2, 3 BIAS [A] 36 0.4 XA
Ko MR it 3 B R KO EREEAR IR g 0a
#5100 N-D A1 N-F B 53— RO hRAE s MgE 1 2 o2
TN PR I 4 PR A R . MUREY o N
ERE AR AR (Bullera) BRLWERE  osp N enp xN0
Ja& ( Tilletiopsis ) i L Lipomyces ) . W JE 4 I _1'—11_1 —o_vs —0‘_5 —0I_2 o_‘1 o|_4 o_‘7 1_I0 1_‘3

NMDS1

( Ochrolechia) M EE & ( Exophiala ) 1E 114> FEAS 6] 7
f7 FL A i, A R B AR 2—3 Z 08]SR R I
B & ( Penicilliumo ) F14j 7] 0 J& (Fusarium ) X P4~ &
L HEE , IE R E A DL E B R A B
AR YIBT, GRS 5 R AL A R A IR
Bl ] B e T B S B B O I B R B PR B, A0 T-2 B R EOR IR R A R A (AR X
Tl 45 SR R e AR e R T 4 SR P AR A A B ) T 32 B I PR ) A 0 U 3 P 1 LR AR 2 AN R LU
WO SR TR 3%, WO TR R 2 B R AR A A RS A W s i, DTG 6 75085 55 0 B R AR A R 2R IR T
e T AR R

B3 HEERENEEENYINEXREZTE NMDS E

Fig.3 The NMDS diagram for each sample in the two most

important factors that affect the community structure

4 S5t

FIAT 0T B U 18 A 0 DX R AT TR 222 0 0 B 22 REPE AT ST, TS 7 1 3 B 2 A PR BE S 4R 34 LE
B RSO A SIU R IR SE T s i B R, AR L TR BEA T4 R BT S 1

(1) BB Y5 18 R AR TR PR R SC R

ST ZH RN P S5 AR R R, g el v (g L 451 6 6 R v B ) oy WS L 43 A1 7 R A 65 LI AF 7 2
FLIHZERE 220 ; HREM R Y B TR R LA SRR K S iSRRI 2 BRI B m] LIAS (AR L 4518 .
X R A PRI A8 f 206 [R] ol o Y LT AP i — 2 S, A IR SE 3R IR L i A 1 5 R i i
A AR B AR By ) 2 B E SR AE AR G . XU B AUl A BRI 2 R DL e T R D RE S B TR BT AR 1
AR A 2 D) O 2R, 1 B8 SRS S e i /D7 S e A ) 2 R T BB 2 B MR AR 3 0 R T LU H A 25 T E R
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SRR Aureobasidium
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HEE Erysiphe
%5 ® Sclerotinia
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T BIE Sarocladium

Il4
13

| 12
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9.11

BTG 8 Fusarium 8.10
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I8 & @ Humicola 5.06
WBILEE Phylloporus 405
Wil R )8 Laetiporus 304
BB G 8 Phlebia 503
W3k W8 Hericium ol
B Tomentella 0

HTAEEREE Erythrobasidium
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Ohifa REW B Malassezia
ST BEE Rhodotorula
HWi4E 8 Puccinia
TN P AEEEBEIS Bullera
[aEREERHE Cryptococcus
IKETE® Pilobolus

T

B4 EHEMBEERERKTELARE
Fig.4 The heatmap diagram for Fungi at the Genera level

AEEZLS

(2) il A= 5 08 B PR

o ZREERAE—REE XA AR S R GEN I A, WA OB v 2 & (A ED) FnZ Rtk (395
JE) S BE i, ARG T IR S W Bl A W0 2 A R W AR O R A RS REAR I 51, 7 o ZREPE TR, Pt
AR IEL 1) f TE TR 2B A~ o BE N 2 e di iy, 2R 0 /NI G RV R i IR 8 L 14 8 i 2 e = o B R 2 e
Bl X AT RESE T e TR 22 SR Uy . BFST R T, B Mo B g T I A P S S A 2 0 g i
SHAT T T B AR B AN TRl e 2 TR A AN TR i S0 T R A v R 2 AR T
25t

(3 B A A 5 R R SR R AR

B MR AT LSRG Z A A Z M LR, 2 W) R 4 e AN [F) PR BT SR I R A28 1k, e AR W) 2 e
AR EALNER Sy, 5V 2R S REAL A W2y T U DA G 8 AR MR B 7, R 2R R ULV )
AR AR ) HORF: i P9 6L Hh i T D 2B O R i AL AU 2 5, i 22 S B/ N RIVRSCRRL 0L, 60 B AR PRI ]z, 25
MR BBONFR L, U] B AR TR . AR Z [E] (1 NMDS ISR P M5 A 350 6702 P W o A () B85
, HpilE N E R S5 AR, AN LABORE s R RS T AR AL, v AR AR A 2R (0 e JTCHEL 2R 0 /)i et
U 5 P S AR ) EC TR 7 225 R 2L PSL L ARARRL , (ELZ v A2 G R WA 0 DR Sy B A58 1) A (] R 8 22 1] ) JEC TR 9 2L LR 10
PEEAIR, Hrp 42 0 £ M %) B B v 2 B A o R AR AR Il b T AL DR ey et e g 3 L o 45
FARAAL, ASTRIRH A AL, rR A S MR RN X LA 32518, [RIRH Y e B8 2 > 45T mT BB ARG , 1T A R R}
R e S A IUAN ], DRt , st AR [ R ) e e i 3 TR AR 2L SRR B, AN R) R ) DU AR
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DNA 5 FIGHEARY KT WA ZAEVE R WF 580G Bl S K AR L3 3R 85 v (9 2R ) Z AR MEE ST 4T T
T BRI, JUHAT LA R e A0 T 05 sh ) W 3 S M 2 R . 0 Christian Milani 557 58 2 4 4
16SrDNA J¥ 51 /] Ton Torrent PGM £ AMFFE ANl (i W) Z e, 45 R Wil i B3t PCR 51954 nl IR &
HAGHIN XA T LA S NS Bl A R O o) AR TR, OF HLAR BB SIS B & — PRl MERA 3 B 7
5B A TR A A A P VA 410 ; Shelomi 5512 55— YOk oy i S P B AR FATE A M 45 5 F T 58
PHZRATS ANR DA eI | 105 1 AU oh i i G2 E W 2 R, 25 51 1805 R 22 A v s T MR e A Js ()RR
1) 0 T Bk, O L 32 22 A0 IOME AR 5l W R AT 5 Ui s b s, 7R R. artemis W Bt Al Peruphasma ssehultei
( Pseudophasmatidae ) 2Z [B] 3% A i & 25 5% ; Zhu 200 3 b Wb K REA T 2 1Y 16S rRNA JE P F5 /08, &80
W& ( Clostridium ) 14 13 > OTU WA 7 A& KRB I 1B F5AT B B RE , 2% B DA 23 e 45 R i — 2B TR 52 T R T
REFEMR LT 4ER 5P aP R . XS # R W] DNA 246 5B M HORTE I 18 A 1 5 1 ] A b A &4k, 39
A7 v L ST 6 IO 3 s e g T O RO IS 2 b A BT IRATT T A e 3 N LR RE TR 0 25 S 3
Az ECTR Y I REAE PTG H %) AR K B A ) 522 ), 0 3 8 e A= W 977 3 1) ks | SR8 781 917 AR 4 1l 1Y
HiY,

5 4

(1) IWZSTEALLAT 1, 1TS JE4E5E T 517 16 49 29 H 40 J& 2786 OTU H I

(2) BB 2B B T A, B 6 e el 7 1 b DXCER - B UK BB B 8 TR A S AR Y Yy P D 3222 1
LSRN

(3) o ZAEVE I AT 285 S T R BREER AR %) B B 7 7 o BN 2 B e e, BRERB SR ) LB R R R N 2
FEPESAR

(4) B ZHEVE AT 2, R w] 0 [RIRH it o iy 18 B R PR A A AR B0, S [RI R IS AR BL, rh A 81 7 R R AF

(5) SRIE5T M2 S PTG b ) ot 7 et SRR 81— oo S i 18 v A ot R LR P 0 i Y RS A
B 7, RUTE TP Z 8] LT R AR S o TR 73BT b & A D FL 8% BE IR ( Bullera) | HEAK R
( Ochrolechia) 1 4Mili%E & ( Exophiala) 3 ANE SR IUR R IS 5 175 5 7 & ( Penicilliumo ) N4 1 T J& ( Fusarium ) iX
2N EELEHEE .

5% 3CHK ( References)

[1] PR, XA, SEY, BER DNA B LS50 P R 5 RS T2 5 3EIREHR, 2013, 35(6) :761-768.

[ 2] Schmidt P A, Balint M, Greshake B, Bandow C, Rombke J, Schmitt I. Illumina metabarcoding of a soil fungal community. Soil Biology and
Biochemistry, 2013, 65. 128-132.

[ 3] Siddique A B, Unterseher M. A cost-effective and efficient strategy for Illumina sequencing of fungal communities: a case study of beech endophytes
identified elevation as main explanatory factor for diversity and community composition. Fungal Ecology, 2016, 20 175-185.

[4] B, TV, &5, Wi, TIEM, BREER. tDNA-ITS 751 43 4 76 5L 4558 h i N . B LA R 3 2% 35, 2008, 18(10) :
1958-1961.

(50 K, WulH, %8, B2 JERUEY S DNA RERILL R SRR ITS-PCR (R RAGHESE. HHEIRREE , 2011, 30(9) : 166-169.

[ .6 ] Hajibabaei M, Shokralla S, Zhou X, Singer G A C, Baird D J. Environmental barcoding: a next-generation sequencing approach for biomonitoring
applications using river benthos. PLoS One, 2011, 6(4) . e17497.

[ 7] JE@, PHEW, TR, W, K. Metabarcoding H¢ A 7E A #) % 1 Rl 2 FE PR 5T b AU M. A9 43 28 5 BT IR 24k, 2013, 35(6):
769-773.

[ 8] Soininen E M, Zinger L, Gielly L, Bellemain E, Brathen K A, Brochmann C, Epp L S, Gussarova G, Hassel K, Henden ] A, Killengreen ST,
Rémi T, Stengien H K, Yoccoz N G, Ims R A. Shedding new light on the diet of Norwegian lemmings: DNA metabarcoding of stomach content.
Polar Biology, 2013, 36(7) : 1069-1076.

[9] @, MG, BRBHEIT R SHMMITRERE. JUER2E2AR . ARPBIER, 2002, 3(6) : 485-490.

[10]  BRAL. 2 ROBECEAN IR G AR 20 1 2R RN M FC B SRR AT [ D] A8 M . AR R, 2015,

http ; //www.ecologica.cn



20 4 i 4 JLT DNA B & FIBAER 118 U 8 A J o 2R 6913

[11]

[12]

[13]
[14]

[15]

[16]

[17]
[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]
[27]

[28]
[29]

XL, HEAREL, SR/NEE, RIE, SRA, P SCHE, JAARYE. AU IE S A A ) SRR OB IR T EE DR BUAR. N SRR AR R, 2012,
18(2) :331-337.

Rojas-jiménez K, Hernandez M. Isolation of fungi and bacteria associated with the guts of tropical wood-feeding coleoptera and determination of their
lignocellulolytic activities. International Journal of Microbiology, 2015, 2015 285018.

G, B, e PUHR UGG A YR 4L DNA /7 k. BRI BR A3k )R, 2007, 7(1) : 100-103.

White T J, Bruns T D, Lee S B, Taylor ] W. Amplification and direct sequencing of fungal ribosomal RNA Genes for phylogenetics//Innis M A,
Gelfand D H, Sninsky J J, White T J, eds. PCR Protocols: A Guide To Methods and Applications. San Diego: Academic Press, 1990 315-322.
Schloss P D, Westcott S L, Ryabin T, Hall J R, Hartmann M, Hollister E B, Lesniewski R A, Oakley B B, Parks D H, Robinson C J, Sahl J W,
Stress B, Thallinger G G, Van Horn D J, Weber C F. Introducing mothur: open-source, platform-independent, community-supported 'software for
describing and comparing microbial communities. Applied and Environmental Microbiology, 2009, 75(23) : 7537-7541.

Caporaso J G, Kuczynski J, Stombaugh J, Bittinger K, Bushman F D, Costello E K, Fierer N, Pefia A G, Goodrich J K,/Gordon J I, Huttley G
A, Kelley S T, Knights D, Koenig J E, Ley R E, Lozupone C A, McDonald D, Muegge B D, Pirrung M, Reeder J, Sevinsky J R, Turnbaugh P
J, Walters W A, Widmann J, Yatsunenko T, Zaneveld J, Knight R. QIIME allows analysis of high-throughput community sequencing data. Nature
Methods, 2010, 7(5) : 335-336.

Edgar R C. Search and clustering orders of magnitude faster than BLAST. Bioinformatics, 2010, 26( 19 )+ 2460-2461:

Lozupone C, Knight R. Unifrac: a new phylogenetic method for comparing microbial communities. Applied-and Environmental Microbiology, 2005,
71(12) . 8228-8235.

Lozupone C, Hamady M, Knight R. UniFrac-an online tool for comparing microbial community diversity in a phylogenetic context. BMC
Bioinformatics, 2006, 7. 371.

Skuta C, Barttingk P, Svozil D. InCHlib-interactive cluster heatmap for web applications. Journal of Cheminformatics, 2014, 6 44.

Deng W K, Wang Y B, Liu Z X, Cheng H, Xue Y. Heml: a toolkit for illustrating heatmaps. PLoS One, 2014, 9(11) . e111988.

Lin Y T, Whitman W B, Coleman D C, Chih-Yu C. Molecular characterization of soil bacterial community in a perhumid, low mountain forest.
Microbes and Environments, 2011, 26(4) : 325-331.

MRA 2, R, TRIL, MREIEE, XB5KXL. ARG W aE 3t A FURRAY > B MM BRRG VR k. = Wok2=24 A ARBL2AM, 2014, 36(3)
108-112.

AR, e, XU, BOESE, BT, R, WALTT, 2 R TR M) U I IO 2 R . BRI, 2008, 48(4) .
439-445.

Schmid R B, Lehman R M, Brézel V S, Lundgren J G. Gut Bacterial Symbiont Diversity within Beneficial Insects Linked to Reductions in Local
Biodiversity. Annals of the Entomological Society of America, 2015, 108(6) : 993-999.

FINE, BB Ml S R IR ARG, AR A4, 2008, 45(5) :687-693.

Milani C, Hevia A, Foroni E, Duranti S, Turroni ', Lugli G A, Sanchez B, Martin R, Gueimonde M, Van Sinderen D, Margolles A, Ventura M.
Assessing the fecal microbiotas an optimized ion torrent 16S rRNA gene-based analysis protocol. PLoS One, 2013, 8(7) : e68739.

Shelomi M, Lo W S, Kimsey L S, Kuo C H. Analysis of the gut microbiota of walking sticks ( Phasmatodea). BMC Research Notes, 2013, 6. 368.
Zhu L F, Wu Q, DaiJ Y, Zhang S N, Wei F W. Evidence of cellulose metabolism by the giant panda gut microbiome. Proceedings of the National
Academy of Sciénces of the United States of America, 2011, 108(43) . 17714-17719.

http ; //www.ecologica.cn





