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REMS R BLE TR B B 22 MR 2R . FIFDG2E BB AT 40 THER 18S tDNA 328 57 [ %5 Rl B8 v 1 b S B 45 P R
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Flagellate community structure in Coptotermes formosanus ( Isoptera;

Rhinotermitidae) and a comparison of three study methods

XIE Lei, LIU Ning, HUANG Yong-Ping, WANG Qian" ( Key Laboratory of Insect Developmental and
Evolutionary Biology, Institute of Plant Physiology and Ecology, Shanghai Institutes for Biological Sciences,
Chinese Academy of Sciences, Shanghai 200032, China)

Abstract; A large number of flagellates live in the intestine of lower termites, which is vital for the survival
of host termites. Different species of flagellates form a food digestion system to provide nutrients and energy
for the host. Studies on the community structure of flagellates will provide the basis for elucidating the
physiological functions of each member. Species identification based on morphological characteristics is
influenced by the flagellate growth and developmental stages, sample preparation methods and other factors,
but molecular biological methods based on molecular markers can avoid these drawbacks in studying
complex microbial communities. In this study, the community structure of flagellates in the gut of
Coptotermes formosanus was investigated with molecular biological methods combining with morphological
characteristics. Three methods were also compared in studying community structure. Three species of
flagellates ( Pseudotrichonympha grassii, Holomastigotoides mirabile, and Spirotrichonympha leidyi) were
identified by optical and scanning electron microscopic observation. Compared with morphological
identification, 18S rDNA restriction fragment length polymorphism analysis can reveal more species
diversity. Cell counting under optical microscopy is more accurate than 18S rDNA analysis in investigating
the amount of each flagellate. The average number of flagellates per termite worker was 780 + 179 for P.
grassii, 1 630 +391 for H. mirabile, and 2 950 +1 003 for Spirotrichonympha leidyi. This study established
a method of combining optical microscopy observation with 18S rDNA analysis to investigate intestinal
flagellate community, which is the foundation to clarify the biological functions of the gut symbionts.

Key words: Flagellate; Coptotermes formosanus; community structure; morphological identification;
molecular marker; 18S rDNA; RFLP
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HECGEER H it SRR, 487 8. R
EEBHEANRTEAEER, \REHS MEES
WAHEEFEHBME, 7 MR AE 6 AR BEBUR T
%% 5 i ( Kambhampati and Eggleton, 2000) , & 7%
FLEML Coptotermes formosanus J&J& T & FH WUF A
FHW, EEKPI SRS B S HmEMAEY
TR T BUIMILERR, BBCHERMA: YRR
E BB YRR E AR EAE I B, R iE
WA e IR AVE MR (RIS, 2005; 1
4155, 2006) , HEE RN HBNAEFRRE
B, KRR THEE R BB R A e R KW AE
e, 7E10 ~20 d JEPFET: (Cleveland, 1924),
PIRIESCHEE AT R F A AR X
T 7 A2 TR A % ek 0 = H 200 L P ) 400 R D 1 R
SRR (HRGE, 2006; &3 E%, 2010),

KBNS H WU IE P& I HEE AR R4
AT AR B HEEE7E N, Yamin (1979) 47
TESFHEM 205 FMRE R BUHTE P EE T 434 F
HEE I, JPR X EE Ay 3 2K, BIBRARE
(Trichomonadida) . #B#F & H ( Hypermastigida ) F1 %%
{4 H (Oxymonadida) , fERSFHBUIAEAT] 1 pL
sk, R R B ERA LGB E A E R
90% , BRI LAiEF] 3.3 x10° ~ 13 x 10° 3 (Lai et
al., 1983; Yoshimura, 1995), RE QW HIE N &
ARENHEER, (HREDHE R 25BN REHT
ROMEESR, BHAS T X EATRIRAR ., RERE—
AR R HE T X W JE T R 2 AT T A
5%, (BRI AR 3B 58 48 vh 78 & U0 AR HE 6 2B
i, THBRZ X SR T RG2S, Hp—
SRR B S RE AR WA R, YR %
FEHE L T —2AE (Cleveland, 1923) , [F]—Fh#EE
AL TARMERKERBRELS LERY
B, WX HY SRR E A, & T AR
BrH e BA AR KA, B th# & R
Pseudotrichonympha grassii &6 V53 5 W 718 N AR
BORRHEE L, HANM K BEYEEE M 150 ~300 wm A
&, FoEWAE 50 ~120 pm YEFE A (Lai ef al., 1983;
Yoshimura, 1995) , K, ZEA R KA FRAL T (40
SrEUEFHRD) MR R B A AR WARIES. HA
[Fi) ¥ 22 i AL FEE B AT IR I, R MR BE A
Tl 7 A AT BEUE — IR SAHIE . X BRI R & )
T TR AR % MR B AME,

VAR T HE W2 DT AR A 2 = U B
WFoTHE B R4 T —FhERE 55 A KETE S4HE Y

Frgte, HR T RAVENT XA B A AE YRR 16
To BFEMFETEERRBER . AHEEEEFE
A AFES BRI E A IR REEE
E R4 S (Medlin and Kooistra, 2010) , FiTHES
PRI Finic EEOEER DR (EZEYD
3% 18S rDNA , B4 M1k 16S rDNA) . H JHiEE 3-5%
PRILE RS . MELEE. oM EEOM B-MEEA
(Gerbod et al., 2004; Ohkuma et al., 2007), i
H1 18S rDNA FE[A RIH & BN PRSP E, )2 b
TR B F A ST F (Ohkuma et al., 2007),
it PCR 752 AGAE ) . DNA rhdy 3 iz B
FrBt, PG A MERR BEBE I B UK ( denaturing gradient
gel electrophoresis, DGGE) . K¥nPRHlER BKEZL
254 (terminal restriction fragment length polymorphism,
TRFLP) &% £ B R W 7 55 7> AL W) % I s, 188
rDNA BB 1 75 T A W R U 1) W 7o 22 00 1 AR X 28
& ( Nakajima et al., 2005; Tanaka et al., 2006;
Amaral-Zettler et al., 2009; Stoeck et al., 2009;
Husseneder, 2010) ,

Ohkuma %5 (2000) F| Fi B3R /E N S5 2L E L
C. formosanus [i5i8 v 7385 H B K HE 6 A iR I
Y1 TH I8S 1DNA 751, M T B2 A mi#k
KF, Noda 55 (2007 ) F [F] 475 ¥ K45 B 5 51 1 B
T EBCHHEE R Z R EIH R R, BATERSE
Hi @ 18S rDNA P51 X RPIRHEE R R 5t
KM R G FHA LR KR E (Keeling et al., 1998;
Ohkuma et al., 1998) , {H 24y 1LIEEA BT FH5
ICHRAT B U E $E T R T S5 AR GBI 5T

T HBOLF BIMBEIEA L E KA, A
i AR TR 25 % € F 18S rDNA 7 & SC P KR il
P BEK BEZ 251 (RFLP) 4347 3 #p 5 R AE AR 5T AR
S5 WU B R IR A5 TP B, DA SE
T FhRic PR T e B R B AR T 1,
A bk 3 M ERE T &L 8 BU B HE
BHBFE LS, XS BT as RakfT T H; FIA
18S rDNA E: FIAE Jy 73 FAric, ## T HEE H 18S
rDNA SEpESCPE, X sabEdEfT RELP 43 RIFF 514047

1 #MR5ETE

1.1 fulEm

HBCR B BRI, i OB 55 LR
AR i €238 SPGB I 5 T35 R 7 ke 5 122
NEBI AW, BWAERRE 25 +1C, HXEE
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65% + 1% %M T #HITROLE SR, DIMARIIERZE
FTOMERREL, (G TR BT IR 855,
1.2 {LEH

Solution U (2. 164 g NaCl, 0. 773 g NaHCO,,
1.509 g Na,C,H,0, - 2H,0, 1.784 g KH,PO, , 0.083 g
CaCl,, 0.048 g MgSO, &M T 1 L KK, SRR
B ) (Cleveland, 1924 ); Ex Taq DNA R & .
DL2000 DNA 7 EAREY) . pMDI8-T Zifk . Rl
PEN DI Hae I 404 B TaKaRa 23 7] ;5 JB 81035
& W H Omega A&l ; KIFFE Escherichia coli Topl0
HASLIERAE; 71 H BEAE T AN TREEARR
FARAFE Mo
1.3 HERRMENERITE

Wi 5 L TR 75% Z BRI K K 43 )
R 1 min BREARBMAEY), FKE TR B85
B, FRKE TR GEMNE SR E —MET AL
By o FIRIET RIBE S B 2 KR B BE , L RNR
TES7 100 pL Solution U fy 1.5 mL 0B H, B
Tk b 20ETHEE RS T e it i 40 e i %otk
(XB-K-25, FigsRpEEMEGTEARAR]) 3 mm x
3 mm x0. I mm AFRAEFHEE S8R, FiRRpE
WY SAPUTEREE R S5, —3Ex% 30 LTIl
TEHEE AT T T A A 45
1.4 WEHPABBERUR

SEIABBHENEYRBCERFE 1.3, NE
YEERIEELRWRE 2. 5% (v/v) [ _EEH) Solution U
HEEL K. 1% 0s0, [E5E 1 h J5 FIWEE 25
30% , 50% , 70% , 80% , 90% #11 100% (v/v) K Z
FESEATRE B K . FERR AR CO, BIG A T 1%, mi4
J&, 7 JSM-6360LV B4t s 7 B A T TSR
1.5 [#iE&E DNA RIREX

BB BBHERBCEEF 1.3, % 100 ki
WmEREAEE A 500 wl PBS MBI K aH,
TSR EH R BEBRE L5 mL BL0EH, 5
HARM 200 WL PBS #hit, Mt EIFRIE LB,
B - 07 AR B 18 & DNA . 2B & DNA Fi%
JEICRE AT R B A B R A
1.6 18S rDNA X EHE

PA 1.5 il % ) DNA SRR #:4T PCR OB, 9
wHE K5 % Xtk Eukl9: 5-AYYTGGTTGAT
YCTGCC-3"; Eukl1772. 5'-CBGCAGGTTCACCTAC-
3", fEFmsAE B AAREE G, TE C, FHmEY
REFWIEE C 5 T, PCR ¥ AR HKy:50 pL 2 pifk
% ddH,0 37.7 pL; Ex Taq Buffer 5.0 pL; dNTP

Mixture 4.0 wL; DNA (10 ng/pL)1 pL; Eukl9 1.0
uL; Eukl772 1.0 pL; Ex Taq 0.3 wL, PCR ¥ #8%%
4. 94°C A5 P 4 min; 94°C A5 1 30 s, 55°C B &
30 s, 72°C ZEf# 2 min, 25 P{EFF; 72°C 4 10
min, PCR ¥4 1% ZFIEVEGEI Ik G, HIHK
BEZy 1700 bp B 7% 47 247 B¢ B0k, [ ™95
pMDI18-T Zifk 16C EHE T K., EE™ Wik E.
coli Topl0 BZASMME %A T& IPTG FI X-Gal 1Y
FNFAR EEESE 16 h, PREE 65 oL H Ik 96
FLARHAT G L2550
1.7 EBYIHE

DAPRER A B T R A AR B 4 18S tDNA i A F
B, &M 1.6, AR Mg 2R 5 A R
(GGCC) Wy B il 14 N V) B Hae T B Y] PCR 33 7=
Y, U B KEZSENEY B, BEYIRNL
&% H:ddH,0 2.9 pL; PCR 7247 6.0 uL; buffer M
1.0 pL; Haelll 0.1 pL, —3t 10 pL KM ER, F
37CIKIE 2 h, P14 2% SRR GRS s PR A I g U7
2R,
1.8 F3aH

PeAfIR] RFLP 8% 3 P repE e il e, Wl fF
GEREBREARANG | Y))F 5 )5 7€ NCBI 47 Blastn [F]
JEF ) %t (http : //blast. ncbi. nlm. nih. gov/) , %
F MEGA 5.03 47 18S tDNA B2K4#7, W& NJ
BRI, 47 S5 500 YR H 2
1.9 HEGtESH

HER — RFLP RS T M E R E, LIE
Py B B AR W SE R RO TS R B A B .
0T+ E 18S rDNA 737 3R45 1 25 HE 6 H 8k LA Ph
PR KB FERHEAT Y — G AL B, HUERI P 5 v
JIT S BB B XS B . F Prism 4 BEATEUARSE T
30T, TR EORS & MR R i E A
P22 LA S 18S rDNA Z3#rfifs i) 2% i 5 B iz

2 ZEREHH
2.1 EFREERMEMAKEEST EHEERY
Ak

TG WA T RRE X 0 &3 B UsE
W3 FMEEER(E ), PR IUEEER B BUGIE
WA R KRR R, 229, KERAE
150 ~250 pm Z[8], Fi%iEA B R BR G, 4
MR A A HEE, 5 Noda 55 (2005 ) 45 R A A ;
45 1 Holomastigotoides mirabile J2 20 AFRJE
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HIHEE H, 2K ERKATE 50 ~ 150 pum Z[H,
o J5) Bl 20 A7 B MR B & L Spirotrichonympha
leidyi JEAIMUAR TR BN HEE IR, 2R A/NER
BB R, KRERATE20 ~50 pm Z[H, HEE%H

St AR Y BUR FeR MR, AR E A
HiE, 5 Yoshimura (1995) Z5 R MR, 7EFAHHE T
BHET, BTHERARETNER, RN
JR/NFIFERS EIX O 3 FhEEE R,

K1 EBIAmEHEEREEEE
Fig.1 Morphological identification of flagellates in the gut of Coptotermes formosanus
A, B, C: ¥# 65 iM% Optical microscopic observation; D, E, F: 94l T B85 M 4% Scanning electron microscopic observation. A, D
Dhil & 1. Pseudotrichonympha grassii; B, E. 4x¥f=E 4t Holomastigotoides mirabile; C, ¥ Jig4 & Ut Spirotrichonympha leidyi.

2.2 BBEHERYE

Xt 30 Sk V8 7L T W0 38 T R R AT
THuit, Pk AR 780 £179 3k, 2HiE R
1 630 +391 3k, jEdh%& d 2 950 +1 003 3k, Z0fufA
FUR K W PP & B ECE AR /b, T 4t A4 A e/
HIBED: & BRI K . ABE I B O & ek 5k
B, BHEE BB EUAE R P & . 2R
W e AE H =1.0:2.1:3.8(& 3), BLEWEIAA
W T8 PR B ECR 5 360 =1 447 3%

2.3 18S rDNA RFLP &

A 96 FLA A FL P B WA S AR 4T PCR
P14, PCR ¥4 Hae 1 B§Y) 2 h J5 AT IR IEME5E
JE LKA . BV ) R VE A B HEIA T A 4 R AL,
GERNE 2 FiR. WA T f—4k%) 600 bp [ 5k77
F—252 500 bp FYZHFALAL; # R 1T i —4c4 500
bp MIZ%HF . —4724 350 bp [ 5% Fl— 2529 200 bp
WAL ; BT B —24%249 500 bp 467 . —4%
2350 bp M5k . —4c% 280 bp KIS FI—5R 2
200 bp BT LAL; H LIV B — 454 600 bp )5
W\ —2c29370 bp W5k . —45%9 300 bp M5 I
—5k%5 200 bp WA K. EREXTFIHR 96 FLARK
181 MM FLIER) RFLP A RIGE 3, 5 A0 [ TUpE 4k

45 A5 A I SRR 27 A5 R I sa RSk 59 15
ALV SRS 50 1,
2.4 18S rDNA K5It X947

T 34 B —Fp B BT X R ) 18S 1DNA ff
H, JAIA R R BEHLPRER T 3 4> e RE AT
P PR EES Y55 1232 3] GenBank (
1), Fif3J7%I#E NCBI #17 blastn FuXt, Z55R £ 1
Fiino w AL T XL A 18S rDNA J731 5 E Mk B
P & B FIAH AU R 100. 0% 5 7 B T X5 Rz fr)
FA S5 B MR A 2 E KT 5 A R
94.8% ; i B M X 55145 EL A0 oK B 44 B
HIFFIARRIME R 99. 2% 5 A BLIV X R B 7 51 5 2 A
HIR B WES: & B 7 FUAH M 99.2% . 7 4 Ff
RFLP #®ieh, A% 1, AN 5 E#HE K F 5
IR, H7E99.0% LI b, HHR 1 5 RENF
FIF AR ARAL g 94. 8% , 7E 18S rDNA SCJE K
181 NE R Lk &8 Pl & 1 18S rDNA FufE %
45 A, 2HEE R 86 , e R RS 50 4,
DABG R D ) DBk & B 18S rDNA g R $50Coh S48,
5 HE R B SRS LA D & L AR O
%A =1.0:1.9:1. 1( & 3),
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B2 18S rDNA SO TERE Haell BV 5 BIZ5
Fig. 2 RFLP patterns of Haelll digested 18S rDNA clones
M: DNA 4 FE#H7iE4 DI2000 DNA molecular marker DI2000; 2 — 17 ; FEHLPEETERE PCR 7= 4 2 FR il ¢ PN VI BRI 4k )5 Hi 7k 2571 Electrophoresis
pattern of PCR products digested by restriction enzyme. I, I, I, IV: RFLP 7% RFLP patterns.

1 18S rDNA 3 RFLP H&I 3 7 52 BE Fr 5l L 3 45 R
Table 1 Blastn search results of clones with different RFLP patterns

SR FARIR RFLP 4  AHME(%) GenBank £ 5%
Clone code Organism source of the sequence RFLP pattern Similarity GenBank accession no.
Cf a6 Phi & Bt Pseudotrichonympha grassii I 100.0 AB262486
Cf g8 4 d1 Holomastigotoides mirabile I 94.8 JN585011
Cf al2 4¥iE Ht Holomastigotoides mirabile m 99.2 JN585010
Cf €7 e & B Spirotrichonympha leidyi v 99.9 JN585012
2.5 ZAREVHH70 18S rDNA 32 3R G HE = B bt B 60 o
B Cell counting
L3 0T o 18StDNA XJ
%gﬂiﬂ@-ﬁ‘ﬁ%ﬂ 18S rDNA ﬁm&ﬁ% E"J%m%ﬂi 40 - 18S rDNA clone libraries
BOAPY R S HOU R — (b, iy § |
P07 15 BT B R R SR ARXT R (K 3) o R R g T
18 rDNA SCHE A 18S tDNA 1 SEREM REZE— & !
— = T
TR F BRI B VE S5 . QNI 3 B, X T4 w0
FRBER B Dh 8 4 B AN HE R Hy, 20 T A 188 0.0 s ' i R J
Pl 4z HIE I i 2 skt
rDNA i Jﬁ%&'fgf HI‘J tt@d%ﬁgﬁ ° Pseudotrichonympha grassii Holomastigotoides mirabile Spirotrichonympha leidyi

2.6 AEIAWMEWERRSEHLSH

MR NCBI $ii #ok B HAMEE LAY 18S tDNA
PO T RERER, IWE 4 FRTLIE BAR
KA 4 % 18S 1DNA JF 5 R 3 ., H i Cf al2
Mmce 8 52 EHREREN—-HKET
Holomastigotoididae; Cf 7 5 g # & B i, — %@
F Trichonymphidae; Cf a6 51k & B B —% B
T Teranymphidae,

3 itig
A E T WAL EBUmE i 3 F

B3 4iffIiHEcr 18S rDNA SUREZRFS 3 FiHEE iR L
Fig. 3 Comparison of the ratios of each flagellate derived
from cell counting and 18S rDNA clone libraries
188 rDNA S/ H A5 ity 28 T A0ty 24 I 493K 0 2 T8 5 4 P oA
MR HEE 5 3 TR o B8 A LA O Bl 5 o iR Sy B AT 1
—AL 4L P, Both type I and II obtained from 18S rDNA libraries
belong to Holomastigotoides mirabile. The numbers of three flagellates are

normalized according to the number of Pseudotrichonympha grassii.

WER, SCREREEANEB A AWAERE
WFPZE—3 ( Yoshimura, 1995), FLHJE A A
U B Y HEE RN R b A B AR e TS,
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jusi
[=]
53
100 ~ Holomastigotoides mirabile E
100 [ Cfal2 "E -
98 g
Cfg8 = %
100 Spirotrichonymphella sp. % ?’?
| Spirotrichonympha leidyi I«g
100 | cfe7 =
=5
100 | Pseudotrichonympha grassii & -
o
I cfa6 E
HsL15 Eucomonympha sp. EE
100 _|:HSL14 Eucomonympha sp. g.
99 HsL3 Eucomonympha sp.

B4 MR4E 18S 1DNA FIIMEN R L EM

Fig.4 Phylogenetic tree constructed from 18S rDNA sequences

i MEGA £ Neighbor Joining #EAEAR, 5 siAb I8 500 Yk E 28R IUAS B BAGBE o MU RRTEARB I haRIG 10751 5 HAbF 52K
[ NCBI,, Phylogenetic tree is built using Neighbor-Joining method in MEGA followed by 500 replicates bootstrap resampling. Numbers above the branches

denote the bootstrap support value. Codes in bold represent sequences obtained in this study, while others are retrieved from NCBI. Holomastigotoides
mirabile (AB032212) ; Spirotrichonymphella sp. ( AB183881) ; Spirotrichonympha leidyi ( AB032213) ; Pseudotrichonympha grassii ( AB262486) ;
HsL15 Eucomonympha sp. ( AB032235) ; HsL14 Eucomonympha sp. (AB032232); HsL3 Eucomonympha sp. ( AB032231).

TR E 5 FWUE F P T A 2R U (2R
%, 1999) , At BB E BT S LR
BT RESS L 1 i 7 B B AR BB Z B &5
k. 7EOG2= BANEE T B TORL BeS 28 A HE B 40 iy
FRARB S T I MBS e . MR TR
TGS, H T 4R T R — L
DREMEAB (k. B ) , HAB ML 5h
TERK/NHITHER, 251 iR 2

iz ] 18S rDNA %54 RFLP k17 ¥ & BB 5 bF
RERGHBRLEWGER B, (A5 S E HE
BHRMZ MM, i RFLP 7544 2 i #F & & 18S
rDNA SCEERP R T 4 R B, 751 st R 3A 3
5 B 48 57 5 RV MEAE 99% LA b, (HAFRY 1T fF
fRFEH 18S tDNA J¥31 5 B AR B & Hi & B W7
AR S 95% . TEMBHIRGERE R AT I
WRL I TR TEkE Cf 8 BARA S 2MEE R RN —
KEEFZXBR, B—MAFRMREREF 8,
Harper £ (2009) 5% T R ¥5 F A [5] B #E 6
AT LR IE T Coronympha J& F) 4 FHHEE I 188
rDNA J351) & B iX 6 B A A 58 B 5 1 A R P i =6 1
18S rDNA AH{UME I HE T 96% , T B A2 F AR M
XA3ix 4 FP¥EEH, Tk Cf o8 P EHEE B 2
HREWEHREN—FM, E5CHRENEEE
HRBAEAEERE, XA TEHE B,

X TR P dk & e HEE A, At
AN 18S rDNA SCEEFR AR I LB B A — B, (HXFF

A/ MERCR e 2 e L, 18S tDNA S
ARAT B T LD T AT B Ee il X AT RER
PR A 7 PR iz Hi 4 s o X S0 20 RO SR PO M
T TEBUAN  40 J B B 2 A% 1R 2 R 4 (Lingle and
Salisbury, 1995) , 7 it PCR §3 Af A AR &2 A3
i, B BT TR o

ZiEPTR, St BMBTIY K KA R e
BHEWMHTI G E S R AERE, (Bl T
TR AL ) R 1 A BB X 20 T2 25 AR 0L A 4 6 A b
RKo FE T BB S L E A AT K
2, REEMAIMI R /INFITE AR X B s E AT S 5
TEWT TSRS IR RV I AT R AR UK IR 22, T HL
ANBEXT & FH ¥ B A RCR AT ST, 18S 1DNA 35
WS RFLP 53R 7347 REAE AN 32 20 MU T S R AE B R
BT REE S, RE il 0 TARIC M F 5 24T
BRYIFE SRR R R, BARTEZ AR B 18S
tDNA J3FARICBIE 25 48 52 e I WUE = 1) AR,
{H iy F#7f[E] DNA & #9225 18S tDNA 73 FARICTE
YIFh B B ERORIR2E . S AL BIMBTY
MM 18S tDNA T [ SCJFE RFLP 735 73 47 34 7f
71k fE 6 LU B o A b S R M O R R VR
554
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