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Abstract: [Background] Fungus-growing termites are a kind of higher termites belonging to the family
Macrotermitinae that cultivated monofungus (Termitomyces spp.) in their nest. Fungus-growing termites
form a three-dimensional symbiosis system with intestinal microbes and microorganisms in the fungus
garden. [Objective] To analyze the microbial diversity of fungus combs and termite feces, and compares
with intestinal microbes of fungus-growing termites. [Methods] The bacterial 16S rRNA gene amplicon
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and fungal ITS rRNA analysis were performed by the Illumina MiSeq high-throughput sequencing
method. [Results] The number of filtered sequences and OTU numbers of bacteria and fungi in samples of
fungus comb and feces were obtained. The number of bacterial OTU in the five samples was between
90—199, while the fungal OTU was between 10—58. The diversity of bacteria was significantly greater than
that of fungi. Both the number of OTU in bacteria and fungi in fecal samples are more than that in fungus
comb samples. According to the analysis of taxa classification, the dominant phylum in the fungus comb
samples are Proteobacteria, with a relative content of over 82.4%; followed by Bacteroidetes and
Firmicutes; the dominant bacteria in fecal samples are Bacteroides, followed by Proteobacteria. The
dominant bacteria belong to Alistipes and Dysgonomonas, which is consistent with the diversity of
intestinal bacteria in fungus-growing termites. The dominant fungi in termite comb and fecal samples are
mainly Basidiomycota and Ascomycota. The dominant fungi genus in fungus comb is Termitomyces, with a
relative content of more than 51.83%. Xylaria is also identified in the comb. [Conclusion] This study
provides a basis and reference for the future research on the symbiosis of fungus-growing termites with in

Microbiol. China

vivo and in vitro microorganisms and the isolation and culture of microorganisms.

Keywords: Fungus-growing termites, Fungus comb, Feces, Bacterial and fungal diversity

HE TR BN EE |, 2 F st R
2z T A TR A LK, L
-3k A b 3K ol R TR AR — 2 LA b, TR 2K A
2 RN AW bR R (5 e S 17
A ZMIAERAEY, IR . R AR
A SN R AR S R e AR H
W43 g A 58 RN 7R 5 O 2T F it
A 3000 2R, TR BAEHI A T AFE,
HREAWSAH 6 MR, 4050 5 H ace
(Termopsidae) . & FHWFH(Hodotermitidae) . A FH MY
Bl (Kalotermitidae) . 1R [ WUF} (Mastotermitidae) |
2 [ W Bl (Rhinotermitidae) 1 5 1 ¥ Ft
(Serritermitidae), AT 5 FIMFIZEI) 25%; =55
FIHA — DR VR (Termitidae), & FIURRISE
i 75%3 ) BT P (fungus-growing termites)f2:J&
TF A (Termitidae) K F W FF(Macrotermitinae)
H—ZE AL, P S 3SR & (Termitomyces) FL & 3
AR AT R I BGE I T A B B
PIASMRIAE B RIVE ], B ot ik
Fef e nine )y, s RSB TR 2268

T O RS , il AR ACHE
JE R [#] (fungus comb), B[l FAE K /N ERERR .
Tl 8] R AE A ) L TR T AT Sy R I B SR

JR® L OB AR AN ER B R HE 260, ¢
F A E R EY 2RO e 2 e,
{2 AT I 0 2 i A A ) 2 R A ) i OB 8K
AU R S E M RV 3. N T T iR
5 TR SR (7R (90 0% 2% ) R0 e 28 8 ) ol A 0 Ao
FOMFNE, AR T i, XK
P TR [ RN 2 (3 SRR AR 1Y 16S rRNA JERUFT ITS
FEHNIEA T oA, LA T it A A %) 200 T R L A
FU B A, S B IR 2 U b AT B TR )
TH AR AL B2 B A

1 5k
1.1 ##

1.1.1 BN &R

VT IO T 2018 4F 11 HJRAES A6
KAE, BHPITRER, SUKMEET-20 °C %
URAE, SEREI B R MR AR R 3R, 2
JE WO VI A VR R DR AT o AR SE R 5 MR
3 5] Oy B O (T1C) B33 R S0 R [l
(T2C: IEH M ; T3C: SRMEER), #E#kK
[ 1Y 245 (T4F Il T5F).
1.1.2 FERAFANEE

E.ZN.A™ Mag-Bind Soil DNA Kit, DNA #fift,
IR £, Omega 23 7] ; Qubit® dsDNA HS Assay Kit

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



SRATAT: 5 A R [ AN SE AR Gl ) 2 R 20 A

3093

2xTag MasterMix DNA &, TaKaRa 23],
Ilumina MiSeq (= 38 507 H 4 MER B A FR A A
5. PCRAY, Bio-Rad A5 HAIKAL, dbiirN—
HEYRHABRAE] BERSIR RS, UVP AH,
1.2 A%
1.2.1 #5 DNA i2E

F I8 DNA $2 B 6 vl B 45 AR A 3 B
DNA, ffi[f Qubit® dsDNA HS Assay Kit #1ill DNA
RS, R 1% BB W 5E e F Dk s DU ek 48 g JE (R 241
DNA Jfit .
1.2.2 PCR ¥ #ERXEWHE

DL EAREEU DNA IR, H LlES 4
(5'-CCTACGGRRBGCASCAGKVRVGAAT-3")fI
i 51 ¥ (5-GGACTACNVGGGTWTCTAATCC-3")
HEFT PCR ¥ 14 40 16S rRNA K [H it V3-V4 [X I,
I Ei5 14 (5-CGWTAACGAACGAG-3) I R 5|
Y1 (5'-AICCATTCAATCGG-3") " 1 HL i ITS rRNA
A ITS2 [X.. 73 4h, i1t PCR %45 16S rRNA LK A1 ITS
FF51E) PCR PRSI EAHFA Index A4k, DU
47 NGS MllJ¥, PCR RWAKFR: 2xTug MasterMix
25 pL, HEEEEHE E. TS 1Y(10 pmol/L)4)
5] 1 uL, #t DNA 20-30 ng, HIJCEH/KZE 50 pL.,
P HIAN R Y PCR KW 4514 : 94 °C 3 min; 94 °C 5 s,
57°C90s, 72°C 10s, 24 MEH; 72 °C 5 min.
P ELE A PCR W 4514::94 °C 5 min;94 °C 30 s,
57°C30s, 72°C30s, 35 MEH; 72 °C 5 min,
SR A AT SRS N SR J3E 4 SC % 5231 10 nmol/L,
% Nlumina MiSeq XA FULRA 431E1 T PE250/PE300
Xl , H MiSeq H ' #Y MiSeq Control Software
(MCS)EEHUFFE B
123 SEENFEES

XUl PP A3 2 B 1E S W] Reads B JcEA 7 4
PrE, SIEPHES R ESA N BFI, REFY
KEERTF 200 bp ()75, Zad i ig R bRin G
R, S5 A5 3 0 P 5 4 BE 40 [ () i B A T 2R
2%, UL 97%VA BRI SR Rl o B AE, fdE ]
VSEARCH (1.9.6)#E47 V13843 31 A= ol AT #5443

2K Hi0(operational taxonomic unit, OTU)., X
16S rRNA JE[RHI ITS FPo1l 275 Hilla 2 Silva 132,
F|H RDP classifier (ribosomal database program) Ul
M EEXT OTU AL ST 4322741
Br, FFLEA R YIF 3 SOKF G DA R RE
M. T OTU GBI R, RIAHEAT )
PEATBRENLAIREY )51, 73903158 Shannon, Chaol
& o ZHEEE U Rarefaction Lk S MUEEE 9
PP ZFEE

2 GRG0
2.1 BHFFIEI OTU BE S

e fa 2 s . LG . PHER RS A 0T
Hl, 5 AFESLAY 16S rRNA JE KA ITS 943 %0F 5
W2 1 Fron, 16S rRNA Kt [H 5 51 4 %k 401 18
59 083—110 271 Z[a], Hrh s I 5t A R0 51 2%
B TEABREN ;0 ITS A RPN 5B 63 755—
93 280 ZIfl, 7E 97%MAHIKFE T, XL kAT
OTU RFEnHr. 5 MEAYER OTU 434120 90,
164, 143, 199, 91 4~ ME M OTU 43514 29,
11, 10, 58, 55 N(F 1). M OTU B BL T
LI, RIRES AR SR T HE. 5
Hh, NERMAEICEER, FEEMEMNT OTU £l
FR T HEBEES D OTU, $EBIZ&AH Fb i B B A
ZHIEY Z L
2.2 HRMHZLH o SHEMIEHSN

i B 1 £k (rarefaction curve)s2 H T i ik bifi
A FEZ S 0 R AT BEASIN 21 1) 4 o b 24 il =2 14
FRARDL . 28 2 A 4 4 4 BN D0 A A )
il == BE B 8T FE A W) 2 P RO 9% )
Iz T AW A 2 0 7 o U AT R S
B P, Sl R R M A AT DA TR AR i R
5y, TEREARE AT T , 2 R 4in
AL PR Z AR A R R T . B 1 ]
PAE 5 FERD 16S rRNA JE RN (] 1A)FI TS
rRNA 7 (& 1B) OTU s B fh 22 5 42: bt 26 I
SAREERG TG, NIFah&de 8 T, RS

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3094 (G ESTE Microbiol. China
1 EEANBEEMEFEME 16S rRNA EEFNEE ITS XN FES TEHE

Table 1 Information of sequencing of 16S rRNA gene and ITS region of comb and feces from fungus-growing termites
1o 3 e F i U AT SR (G+tCO)mol%  OTU &%k
High-throughput sequencing ~ Sample Origin Number of filtered tags AvgLen (bp) OTU number
16S rRNA T1C-16S Of comb 110 271 459.22 51.89 90

T2C-16S Mb comb 101 506 457.22 53.24 164

T3C-16S Mb comb 87 034 461.98 54.12 143

T4F-16S Mb feces 61 927 455.45 51.17 199

T5F-16S Mb feces 59 083 453.54 52.04 191
ITS rRNA TIC-ITS Of comb 93 280 335.18 45.72 29

T2C-ITS Mb comb 70 957 315.78 47.85 11

T3C-ITS Mb comb 63 755 323.90 47.06 10

T4F-ITS Mb feces 75 236 301.55 46.44 58

TSF-ITS Mb feces 76 748 299.53 48.17 55

e C: WM F: 28f#; Of: B@WAFHE; Mb: ##HR AL

Note: C: Comb; F: Feces; Of: Odontotermes formosanus; Mb: Macrotermes barneyi.
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Figure 1 Rarefaction curve analysis of 16S rRNA gene (A) and fungal ITS (B) of comb and feces from fungus-growing

termites
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Table 2 Analysis of diversity index of bacteria and fungi in comb and feces of fungus-growing termites

T e ACE index Chaol index Shannon index Simpson index  Coverage

High-throughput sequencing Sample

16S rRNA T1C-16S 111.282 105.111 1.977 0.416 1
T2C-16S 171.630 168.875 4.021 0.806 1
T3C-16S 167.769 172.333 2272 0.662 0.999
T4F-16S 216.317 216.000 6.625 0.985 1
T5F-16S 198.629 207.000 6.125 0.960 1

ITS rRNA T1C-ITS 34.131 39.500 0.170 0.035 1
T2C-ITS 22.002 21.000 1.060 0.506 1
T3C-ITS NA 13.000 1.033 0.469 1
T4F-ITS 60.705 60.000 2.660 0.747 1
TSF-ITS 55.614 55.333 2.140 0.685 1

TE: C: wl; F: Z6fH; NA: RPHE.
Note: C: Comb; F: Feces; NA: Not available.

B, FEASHR SRS S ARG . A
ZHTH Coverage FREUEII R T 0.95, L 1 (% 2),
U IRE G 0 P 1 A E# T RiAs BN P 45 51 T
J5 WA 5 AT 1 TR R R S8 A6 AR it sl A A 2 1) LS
T
23 EEANMERAERE. EREARSEKFE
LRI
23.1 HWEEKELBISH

AT il 228 e P A I S R A ) 2R A
LI 2A. T1C 4% 7 AT, LT AR
I '] (Proteobacteria, 86.94%), HKIEWAFFH]
(Bacteroidetes , 8.32%)  JERET [ ] (Firmicutes , 3.3%)
& T2C A4 10 DMHTET T, AT TS IEHT]
(82.4%), HUCRBIFFE11(12.62%) . LF4EFF1T]
(Fibrobacteres, 1.9%). JEERETR[1(1.58%)5%; T3C
fAE 6 AT, PERET TN ARTEATFET1(93.38%),
HR R JERETR 1 (4.45%) . BIFFIAT1(2.06%); LA L
3 ST HIRE A AN ISR R 1 T T1C B2 B3R
FII T2C 1 T3C, ZIRET AR E X LR G,
TR 82.4% (K 3). 7E P B 8] 2 A W]
BT T IBE G ] (Spirochaetes), HAE A + Pl
TIC I FEEIE 25%, (HIEAE 188 K 1 T [l
FEMERE N PHARBAT o PIASZEMERE N, T4F F1 TSF #§

W7 AT, BB T O A
(55.12%-73.38%) , 5 L W N AR TE W T
(13.38%-33.57%). 7 i [l Hh A 2 % 25 — DL T I
AR, TEREEAE S s 5 AT ] .
232 WEERKTELHDHF

Kl 2B SRt A TR 8 K R S5 4 B o
MHTATLUE H, SR i T1C W S5 R A A
FEBMAKAW T2C M T3C., BHMER
(Pseudomonas, 77.09%)7E T1C KL H (54X H,
AR FFETE 1% VAR A AT IE & (Alistipes
3.08%) . ANBIFFFIE (Acinetobacter, 2.02%). Vb
K& (Serratia, 1.5%). FLERWJ&E (Lactococcus,
1.4%) . B REEHE & (Dysgonomonas, 1.31%)F1
HIFF A )& (Bacteroides, 1%). #£ T2C F1 T3C Hi
i, FERSEIEN Burkholderia-Caballeronia-
Paraburkholderia, 1E 2 A~ MR [ o 3 5
Sk 49.77%F11 90.82%, 5 T3C MLk, T2C i#
BRI Z0)E, MY FEETE 1%U Eiida 9 4
J&: U KA E (Serratia, 8.85%). RIREL LK
KJ& (Wolbachia, 6.7%). HEEFT & (Alistipes,
5.61%). & ZFF# (Luteibacter, 3.77%). &KW
I I J& (Dysgonomonas, 1.63%). s & AT A
J& (Novosphingobium, 1.26%) . % W 5H 0 1 &
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Figure 2 Bacterial community distribution of comb and feces from fungus-growing termites at phylum (A) and genus
level (B)
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Table 3 Structural analysis of bacteria at the phylum level of fungus-growing termites in comb and feces samples

(relative abundance, %)

Phylum T1C-16S T2C-16S T3C-16S T5F-16S T4F-16S
Proteobacteria 86.94 82.40 93.38 33.57 13.38
Bacteroidetes 8.32 12.62 2.06 55.12 73.53
Firmicutes 3.30 1.58 4.45 8.31 9.13
Patescibacteria 0.60 0.10 0.01 2.36 3.65
Fibrobacteres 0 1.90 0.01 0 0
Actinobacteria 0.18 0.15 0.06 0.58 0.24
Elusimicrobia 0 1.10 0 0.05 0.04
Synergistetes 0.42 0.07 0 0.01 0.02
Spirochaetes 0.25 0 0 0 0
Nitrospirae 0 0.07 0 0 0
Acidobacteria 0 0.01 0 0 0

TE: C: WiRl; F: Z&HE.

Note: C: Comb; F: Feces.

(Sphingomonas , 1.14%) . R ELH & (Elusimicrobium
1.1%) AR & (Pseudomonas,, 1%); 1 T3C #f
dh PAR XS FEEAE 1% UL BB T Burkholderia-
Caballeronia-Paraburkholderia (90.82%), %
ZE 10 AT B 8 (Bacillus , 4.21%) F1 £ 2 i 3 &
(Halomonas, 1.28%) 2 AT & . 768 K I
fERE AR, TSE FRARXTE AR 1%L EA9AT 144
& . BIFERT B (Alistipes, 21.18%). & K BEH
it 5 J& (Dysgonomonas, 10.84%) . &% P il 1 &
4.95%) . M B M E R
(Comamonas , 4.49%) . R I & (Parabacteroides
4.35%) ., ST IE R (Bordetella, 3.08%). IFFE
J& (Bacteroides , 2.2%) . Candidatus_Saccharimonas

(Brevundimonas

(2.04%) . ALK EE (1.79%) . EHFHWEHIR
(Stenotrophomonas , 1.77%) . Wi i K J&

(Desulfovibrio, 1.55%). 081 # & (Cupriavidus ,

1.41%) . Shinella (1.34%) A #5 & B # J&
(Sphingopyxis, 1.18%). T4F £ fh H A0 X+ 7E
1%L ERA 10 & A FE(26.32%) . EX
T B 1 ) (9.55%) . R FF IR & (4%) « Candidatus
Saccharimonas (3.23%). FLEKFE(2.7%). AT
J& (1.92%) . #fLFF AT T & (1.44%) . B o 147 T

(1.18%) . %4 I ¥ M B J& (1.11%) . Lactovum
(1.09%). B H 2, ¥4+ B (T1C)F 5
DA TR i 2 BB o A AT B s, T
WK W [ (T2C A T3C) 3 B AL i s &
Burkholderia-Caballeronia-Paraburkholderia . TE
S8R R A A b o B L AT B S A AT T
JEAE KB E . B, SHiH o 2R
BEU BT — 8, FEMEAE RS 20 AR s
(% 2B).
233 ERE7TEIIKELBSHR

R4 ITS FFA o0, TERFIRET A
SRR 2 MEEIR: HTRET
(Basidiomycota) ¥4 & '] (Ascomycota) (Kl 3A,
4, 7E TIC B M E BN, HTE
B AT (98.73%), E/ AT RERT1(1.19%);
FE IR I 2 AT AL b, P B TR
T 2 ATIZEFTTE H ) 25 5 NG B 4 1 ORE S R
2R3, 1 T2C P T FRER 5050 2
51.83%F01 48.17%, TWi7E T3C 1 2 4N 1285042
64.19%F1 35.81%. 7K FHBEEERE L, T4F
PEFATE T NFE T 1(79.7%) FI T 2E 51 1(19.69%) 5
M TSF BLHTE ] F2ER T 1(53.15%) FHH 1|
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Figure 3 Fungal community distribution of comb and feces from fungus-growing termites at phylum (A) and genus
level (B)
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Table 4 Structural analysis of fungi at the phylum level
of fungus-growing termites in comb and feces samples
(relative abundance, %)

Phylum TIC-ITS T2C-ITS T3C-ITS TSF-ITS T4F-ITS

Basidiomycota 98.73 51.83 64.19 45.12 79.7
Ascomycota 1.19 48.17 35.81 53.15 19.69

Zygomycota 0.03 0 0 1.37 0.52
Unclassified 0.04 0 0 0.18 0.06
Chytridiomycota 0 0 0 0.18 0.03
Fungi 0 0 0 0.01 0.01
unclassified

I1(45.12%) (3% 4). 58K W00 AR S AR E
FAFHESL TAF A1 TSF WPl i3 B3] Zygomycota F
Chytridiomycota Wi~
234 HEERKFELWMDH

Il 3B JEE7s A it LB E SR ZKF- R 28 0
A [ 5 HR XS A TR & (Termitomyces) F B ey o 7E
3 AR FRE A TIC: 98.71%; T2C:
51.83%; T3C: 64.16%. [ [HIFE AR X = B AE
1%L b 10 J& i A 1 ¢ f 1 (Xylaria), 5356, AE
T2C W BIFE S A 48.16% %47 e 5w . 2EfEfE
an BRI BB W EGE U B 2 T W, TSF dh
27 A&, TAF 445 23 Mg . TSF i PR,
1t 1% L B8 & F & )& (Trichosporon ,
44.48%) . Cephaliophora (36.67%) . i i % J&
(Aureobasidium , 6.09%)F1 f Amphisphaeriaceae
unclassified (1.72%), 7.21%% A X2 F|J& . T4F k¢
AT FEEE % ENA ERFEIR
(Trichosporon, 79.06%). Cephaliophora (17.06%),
2.03%BA EEFR
3 WikE4i

B TR 1 R BT I P b XA ) o ) 32 22
A Z—, ENTERINEE ' -8R AR
Termitomyces . TERFH AW g S, HAKN I

Tl A B VAR S B TRl A O e 5 v 1 BUR) T AL
R EHEEAEN, EUF5E E-UE v

fER, B mEmlr ., Y siRmE
e, NATINE T8 A2 U B RE RIS 2R 45 7 T

TEJE T VR gg O A2020 i 56 Uk A1 1 ] 3k
A TR RIF ST b A 0 P2 B 1 T L A

P AT, ASCHET 16S rRNA FEFFITS X8
3 O A A T (PR TR R AR, T (R B
BRSO Ak £ 9 )i 20 3ok i o H ) g s ()
T LAFRATT AL 3 T 1 85 T 11 0™ AR ) s A 2 Y TR
HEL AR
T1C Sz R - 1 WCHF AP R AR 10 TR [, L2 %50
PRI ET], X —45R 5 IR E ) T2
[#l (bottom comb) 4l T [ 1 7KF-_E Y2 &5 g2l
Liang %4347 T ML E A [H &% (leaves Fil branches)2E
4 M E(top). H(middle). T (bottom)4H E
MR, Kb RS — FEPEET DEAT R
T, FIZWMEE LR 2R R ], Liang 55
TFF G 2 SRR Ik RS A Xk R 32 - 1 T [P 26 i L 5]
A—Lesgm, (B HAZO R A B AR
AR FRATHEF AR A A TR LR T T, B
SIHTs AN SCRR AR 1R 2 R — 2,
T2-T5 f& H MK BT 4 ASFES /T 2 4~(T2C
1 T3C)EH [, J5 2 N(T4F A1 TSF)JEZE AL
SEATHE b () AR 2 RO AT 2500, (R R
AR . AR A, BT R R
P S TRT (A o v R 20— DU 3 TR, T A A it v
X — BT T T, AR T S A
W . AR E I eSS s et
JUT DATE T IR 5 o B E K F 28 (A A o A EL S
[, S0 b 1 200 A 2 R 5 855 T 1 U TE T A
BOAARL . T BRI 1 5 1A U 18 AN ZE (A i 1
AW, HEKAME SRR EY
AR 1T B BE AT B R (Alistipes) FIE 4 19 L1
)& (Dysgonomonas) ", JTFix 2 MR B
VEFE AT 2 ) 28 i (ol A 0 e T R i 2 A o L
Z R H SR B A, T Re it = 20 e
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Py IRFR o V5T 18 o 5 T VU i AT AT
ISR RE T ) 4 TR B DA Ry S A 7K il 1 3 7 A
T, S5 VI DA TA ] R O R, XS T BETE
P SCTY Tb TE  A0  RE  E v R A FR

R A S SN Termitomyces 364, FHIU
A BRI A OSSR SR T AR A R, A BB A,
223k [ W T8 HE 53 W TE BT A TR ] (fresh
comb), [FIFF FHMCMAIREE AR A AR A XS
W TE A AR K, RO £/ 1 ER T (fungus
nodules), N FIBERAEE Y @ g R 1TS
DX 34 A T [ L T A $Vﬁmﬂﬁﬁ%%xg$}\
W& (Termitomyces) ELTR o MNP ZS 15 T/ 11
Wy, ) At HA 00 et g D TR AN AR Tﬁﬂl
PR A S BB RSP B A s A T A
A, BRI BAIE RIS T ] (Actinobacteria) )
24 T RS BE TR T ) A 25 JRAT BT (Bacillus) %o F1 A B
Hh B Y A S0 TR A A AR O, 2 T 1 U
FMENEABIET- MRS, 2% E R KMAE
Xylaria)HEA . AR HH T2C Fil T3C #2 B
PR AR, (HE T3C FEihzk B HBRIRIZET
ISR, BT LA AR o s e L A3

i BRI, ASHIFZE 6 B B W [F AT 2 A
i HEAT T A TR RN L TR RR IS Y v I AT, R
RN ISR S T A Y 2R R A 4
R WEEAEFE 5 5 35 T WU TR AR 2
RS FARRIME , oA A S ) F R B 2
FIRETE VDA o A SR T AT 85 1 ik
WAMEAETCEYI R T IR, ik — 2B R A
FWWE AW S AEEHEMEEAERMCREE T
At
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