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B E [H&H]Y Huou0as s % e 5 2R8I S FRHE, A SO FAEXT 4 B E G T 1
KEMBREEE 0. LAEY X 4 FisiE B CWIRGHCE B Reticulitermes hunanensis Tsai et Peng, P-4
A B Reticulitermes planifrons Li et Ping. T i H % Reticulitermes perilucifugus Ping 44 fif i (4
Reticulitermes minutus Ping et Xu ) BYZRki{k 16S rDNA Fi CO IT I 4 4 T4 8 F e, X FE 510384 7
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Molecular identification and phylogeny of four Reticulitermes
species (Isoptera: Rhinotermitidae)
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Abstract [Objectives] To evaluate using molecular methods to identify, and construct a phylogeny of, four Reticulitermes
species, which, like other termites, have been traditionally identified on the basis of morphological features. [Methods]
Mitochondrial 16S rDNA and COII partial gene sequences of four Reticulitermes species (Reticulitermes hunanensis Tsai et
Peng. Reticulitermes planifrons Li et Ping, Reticulitermes perilucifugus Ping and Reticulitermes minutus Ping et Xu ) were
amplified, sequenced and compared. After Blast and base composition analysis, sequences were submitted to the Gene Bank
database and neighbor-joining trees of the phylogenetic relationships between species constructed. [Results] The four 16S
rDNA sequences are about 380 bp and the four CO Il sequences are about 720 bp, long. The proportion of AT is much greater
than that of CG in both genes, and the genetic distances between the 16S rDNA of each species are all greater than those
between COII gene sequences. Phylogenies based on the 16S rDNA and COII sequences were consistent. [Conclusion]
That based on CO Il gene sequences more closely reflected the geographical origin of the species but 16S rDNA sequences has
greater nucleotide diversity than CO Il gene sequences. The COIl gene is more applicable to research on phylogenetic

differences caused by geographical location and by migration and immigration. The 16S rDNA is, however, more useful than
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the COII gene for termite species identification.

Key words mitochondrial DNA, Reticulitermes, 16S, CO I, molecular identification, phylogeny

HCE— s At e R, e AR
A 3 A o i (R E S ) iIC iR R E I 4
B, 44 @3k 476 Rl (#EASE, 2000 ), XK
F BRI %, W R 7R R AR AN
T A RRAE X B )RR R R o (H 2 AR Sh
TR AR % iy h, B —SeBpE, .
—, EIAME K E S WA 5% ORI AR BE U ME
FRAE, H EBGRER 25002 T, 5 80%
PLE, EBGES A 10% (5K5EHE, 2005 ); 1
BLAE T R TR RIS R A R 5%
PEBR I, SRAEMIFEA AT BE 2218 A 0% 1Y 5
KX HHATHIMNE S E s B, —Lepandy sk
WO KB, SEAT R ORI A
W (A A ARAE 22 AR H /N, I AU 2
MEAHES (EEAES, 2000), AU Y EH
T VAR Xt 2 /0N S A I ME G R 4B
Eggleton 45 (11999) tAy, =l (1 (4 WUAF 76 B
T EERGAR RGN, A SRR AE A B R E AR
FFAEESIHE, IS — AR NIES
UEIEAREUE s AUOGHE TS % e I AN RE
S HER Y U R RN

YE B 1 4 R s o R IS A3 A DA R R 5
RH R . B R 2R AR R HAG 45 F R
B BER A GRS AR S RERE
FRSEREA, BOANTE S R R G A R
Bi R HERZITIHA A EEVER (FMFSE, 2010 ),
MR SRR FE PR Xt R i A 10 T DA &R
BRBEHT, CArEMk . KA Ak AE Rt s
FI| W I B — 2 iR (Agnarsson, 2007; #
W48, 20155 &f55F, 2017 ). £ B g
B TTZMB, F R RZRA 16S IDNA A
COIIFEH, Zkifk 16S rDNA [A Jyikfb i K8
T T HBA RS e MR K T /b
( Scheffrahn, 2004 ); Itakura Z53Ah CO I 3L
AT E# HEMAKEN ST RER B MK

W5 (Itakura, 2006 ). 5K TAEE (2010) FI4
FLETBLU 165 IDNA JFFIHEIE T FL U 845 43
Bz, R BLA TR AL R S B R
/DTE 3%LL F ;s Austin 585351 S EIRRS L Bk
FHIG . BAFIEBGE, @it COTIEER ¥
G HE 30T, AR BT 3L D R oy IR A
AZEEM (Austin, 2006a), FEFE (2004 ) F
F16S 1 CO I I H AT R G R T o0, X
43 1 b R 2 HE AT 43 2 b A I R T
Legendre 5§ ( 2008 ) T2 b (A H 43 BE PR Fl— L
2 i R R R X AV a)
WEATHMAT TIRIY; J&E5 (2007 ) LA
CO I ERFEE R ZrFhric, WAL W T H = R 4
AN B EFL A BOh AL ok, 1R 4R G
VS 2L ) R IV 3 4% 43 Ak 5 b PR TG e 2
FASRAYESIE ;s A FT R4 16S rDNA F1 CO I
L DRUN A T R S R G B BT BOR
ELAF X B

B WO AR s VORI R B, JE TR
W, FIHSBEARX . BEARAE AR /N TS
o —LERLE A AR T Sl D, Nk
P R GE H R 2 5% (Buchli, 1956 ), i
H B Y (40 Reticulitermes spp. ) SE B Fy 45 B
Z 1A 1%~2% (2R84, 2007 ), K OC Tk
IR S, 0% IS A

I A B AR 111 F, HE7E NCBI
GeneBank H A 2k A& DNA 15 B 19AUA 17 Filr .
A5 32 X R E A R, hunanensis | AL
HU R. planifrons, JEREH M R. perilucifugus
FRMEEOE M R, minutus 4 Rk i m i 2k 14k
16S rDNA JE[HFI CO LM PEFTrofE . LA
KARGRB M, £&F T GeneBank HH L FH (1)
LRRLIREE R B, o Bk 4 R U o T %
RS AR, ol ilE— DA A WU R e ik
b6 RPEALTTRL
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1 #R5AZE
1.1 ##

WIRE R R. hunanensis. “EAHEL A R.
planifrons. ITHEHE M R. perilucifugus .. PRIFEHL
B R. minutus $4°% A R4 15 HTTRTRE., 4k
bR 31248'N, 115924'E,

PRI A A 9 U AE S i, AR H E 3 )
() AR X AT AN S A e (BE A
45,2000 ).

PRI MR AE A 20 H, 4B Sk S AR
HUH L ERI2 T 0.1 mol/L PBS ZZ nhifiHh, FHZHY
SIAL () B A B B A Uk,
200> 5.0 5 FU0TE, FRUESC I E 35 B A 240 i
B, F Soil DNAKIit (OMEGA, American) $2
A SEHZ DNA, 5052 B G ui i 15,
FLHUR ) DNA %5F Elution Buffer H & T - 20°C
UKFE P IR A T o

1.2 PCR i

PCR J WA 2 SARFA 50 ub, &40 anF -
2 x Taq Plus PCR Master Mix ( Tiangen, China)
25 ulL, FRUESI44% 2 ul, 16S rDNA _FiiF5 4
CGC CTG TTT ATC AAA AAC AT, Tiiig|¥
TTACGC TGT TAT CCC TAA; COII LiiF514:
TCT AAT ATG GCA GAT TAG TGC, Fiif5|#:
GAG ACC AGT ACT TGC TTT CAG TCA TC
(Legendre %5, 2008, HERIEH ARG ), Htk
DNA 200 ng, /5l ddH,0 %h 78 k&A1 %y 50 pl.
PR 94°CTHASME 5 min, 35 MIEERY 94°C
5P 30s, 55CIEk 30s, 72°CHEfHi 30s (COII
FEMPITE R 50 s ), f)a 72°CHEE LE 10 min,
PG YIICS pl, FH 1% e M EE R H SR I
i, FREREEAY A FWT (RN E MR A4
VIR AT BRA R ), U] I 5 A T 964

13 RBERESH

W45 S F NCBI Blast #E4 7 AR 34 2%
X, 3 F1EZE GeneBank Ui 4, & HUA 4k
7 FhEL 2R kiR 16S rDNA Fi1 CO 11 E: 551

(YR 2 B RS 0L 1), A MEGAT 1Y
Align FEFF AT R SIS MBTYT, IRy
AR Dnaman8.0 B4 S A ;
MEGA7 # A sr Mg 5 25, Tajima-Nei #5:(,
FEEH 1 000; F MEGA7 43344 16S rDNA
A1 COIFEH /411 Neighbor-Joining 24k &
R, #EA%01 000,

2 BRESh
21 PCR&ZR

PCR ¥4 7y 20 Iy 4% J5 15 5] 16S rDNA
LK JF 381, 378, 379, 380 bp; COIIFEH K
& 742, 725, 705, 719 bp. MF)E A FAEE
NCBI GeneBank %4/, 4 FlF1I{f# 16S rDNA
1 COIL A 54350 - i HLE B R. hunanensis
KX129972 il KX129977 ~E-4i % (14X R. planifrons
KX129974 Fl KX129978 . {41 14 R. minutus
KT987422 Al KX129981 . it i #L F4 W R.
perilucifugus KX129973 #l1 KX290714,

22 EEWEERFIIDH

254 GeneBank HH s ( FrBEH Y ) A
FFR R AN B RS SRS R 1), B)rls
MEGAT7 B4 b I T4 I e 45 R A e £ 10y 41 i A 7
554], 1535 16S rDNA #:[H 332 bp, COIIF[A
658 bp.

16S rDNA SEHFFI A L, A+T BT b
19l 61.4%, G+C & 38.6%( Hidh A 5 33.3%,
C 5 20.7%, G 5 17.9%, T .5 28.1% ); COIl 3
KA B e, A+T i 63.3%, G+C 4 36.7% (A
i 39.6%;C (5 23.3%;G (5 13.4%;T 15 23.7% ),
AT SR KT GC % & . ZFFIt ot
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Table 1  Sources and GenBank accession numbers of the chosen samples

H IRl Species 16S rDNA coll > Locality
I JE BT I B Reticulitermes aculabialis JX142163 JX142171 FF[E LM Hangzhou, China
5 Je i 1 1Y Reticulitermes labralis JX142162 JX142149 Hr =4k 5t Beijing, China
LY Y Reticulitermes chinensis KM245672 KM245798  HIEI#IALIAIT] Jinmen, Hubei, China
b 1% E B Reticulitermes speratus JX142167 JX142154 #F[EJb 5% Beijing, China
R EUE I Reticulitermes santonensis AY 808128 AY 808093 Tussac, France
LM A B Reticulitermes flaviceps AY808121 AY 808087 California,USA
I 5 M Reticulitermes lucifugus AY808125 AY808091  Seville, Spain

FE R AE A-G. T-C 2.
23 BEEBMERBERST

16S rDNA F1 CO I 3 [K 351 382 4% I 2 A A
T2 SEIEROL R 2, %3, R 2B,
10 FhEL M 16S rDNA K&K 1) 38t 14 H 5 18
0.0032~1.3757 Z i), 255Ul EAE 7~211 R4
RPEF 3T LIE H, R4 CO I FHI 43T,
10 FRH A BGE L I 7F 0~0.0932 Z[H], 2253k
FEE 0~56 Z (], XJHbaR 2 FIsk 3T LAE H,
16S rDNA E:[H iyt f% 1 & K Z 8= F COll
FLH AL B, 2RI coll £,

24 REHEES
FTFLRRIR 16S rDNA il CO 11 2K H43 F

Gk ) NI B 1 A 2 s, ATRAE

P RG R B S A—3, M 1 7]
PLE i, (A7 R R 43 A i i e L R
hunanensis. ~F#i# H I R. planifrons. T i AL
FH Y R. perilucifugus FIERE AL HE R .minutus JE
AR R — 3, BIRECE S R, hunanensis
RSB R, perilucifugus B 42T Sk H3E
FE f9 SE I T A R. flavipes 13 [ ) S8R 1 i
R. santonensis 53X 4 FAEXTRGT, T H E A
Hu XA AR ISR R, aculabialis . [A S L
FI R. labralis. #iJbHEL A R. speratus F12E
WA R, chinensis I W5 — R 2E5%; K 2
S 45 B0 B R, planifrons . I B R.
hunanensis. FRIFEHELEEL R . minutus 3 Fie] F 43

F2 11 FELE BRI 16S rDNA Tajima-Nei B 5 E8EE (MAT) MERFHELY (WAL, SREMLS
Table 2 Tajima-Nei genetic distance matrix (below diagonal) and number of difference of nucleotides (above
diagonal, including nucleotide deletion mutation) of 11 Reticulitermes species mitochondrial 16S rDNA

gﬁf YTl Species 1 2 3 4 5 6 7 8 9 10 1
1 R perilucifugus — *** 11 33 21 207 209 209 208 27 30 27
2 R.hunanensis  0.0032  *** 33 21 207 209 207 209 30 31 26
3 R.minutus 0.0720 0.0757  *** 42 209 212 209 210 48 49 46
4 R.planifrons  0.0265 0.0299 0.1016 *** 207 209 207 208 29 30 31
5 R.labralis 1.3268 1.3262 1.3427 13316  *** 7 10 19 205 204 204
6 R.speratus 1.3555 1.3559 1.3757 1.3626 0.0231  *** 7 22 207 206 206
7 R.chinensis 1.3268 1.3262 1.3427 1.3316 0.0000 0.0231  *** 19 205 204 204
8 R.aculabialis  1.3291 1.3293 1.3476 1.3348 0.0300 0.0402 0.0300  *** 206 205 205
9 R.flavipes 0.0616 0.0653 0.1293 0.0578 1.2804 1.3082 1.2804 1.2823  *** 8 27
10 R.santonensis 0.0651 0.0688 0.1330 0.0613 1.2610 1.2890 1.2610 1.2641 0.0032  *** 29
11 R. lucifugus 0.0542 0.0506 0.1209 0.0613 1.2421 1.2678 1.2421 1.2445 0.0266 0.0300 ***
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3 1 MEAWERAR COIIER Tajima-Nei BEEBAT)MESBEHR (AL, SREMLS
Table 3 Tajima-Nei genetic distance matrix (below diagonal) and number of difference of nucleotides (above
diagonal, including nucleotide deletion mutation) of 11 Reticulitermes species mitochondrial COII genes

gﬁf PyFh Species 1 2 3 4 5 6 7 8 9 10 11
1 R perilucifugus  *** 41 41 42 39 0 39 40 48 49 44
2 R.hunanensis 0.0669  *** 0 1 4 41 29 30 52 52 51
3 R. minutus 0.0669 0.0000 Frk 1 4 41 29 30 52 52 51
4 R. planifrons 0.0686 0.0015 0.0015 falel 5 42 30 31 53 53 52
5 R.labralis 0.0634 0.0061 0.0061 0.0077  *** 39 27 28 50 48 49
6 R.speratus 0.0000 0.0669 0.0669 0.0686 0.0634  *** 39 40 48 49 44
7  R.chinensis 0.0633 0.0461 0.0461 0.0478 0.0428 0.0633  *** 1 46 55 54
8 R.aculabialis 0.0650 0.0478 0.0478 0.0495 0.0444 0.0650 0.0015 faleiel 47 56 55
9 R.flavipes 0.0790 0.0861 0.0861 0.0879 0.0824 0.0790 0.0752 0.0769 ikl 53 50
10 R.santonensis 0.0809 0.0861 0.0861 0.0879 0.0789 0.0809 0.0914 0.0932 0.0879  *** 10
11  R. lucifugus 0.0719 0.0845 0.0845 0.0863 0.0809 0.0719 0.0896 0.0914 0.0824 0.0155 ***

{R. hunanensis
98

R. minutus

100

R. planifrons
95 R. aculabialis

R. labralis
66
([177] E— R. chinensis

R. perilucifugus
([17)] E— R. speratus

R. lucifugus
R. flavipes
ol R. santonensis

1 16S rDNA £ [& Neighbor-Joining A%t % B #
Fig. 1 Neighbor-Joining phylogenetic tree inferred from 16S rDNA sequences

460':1{' hunanensis
54 R. perilucifugus

R. minutus

69

41 R. planifrons
R. flavipes
62 R santonensis

R. lucifugus
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R. labralis
13 R. chinensis
2 COII #[& Neighbor-Joining &%t % & #1
Fig. 2 Neighbor-Joining phylogenetic tree inferred from CO Il gene sequences
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AT S ok B AR RIS ELE B R, aculabialis
W — R, IERELE I R, perilucifugus
SR B A R, speratus PR LIRS, T
ok F ISR 3 B CSE M A R, flavipes .
FEEB M R, santonensis 1K B I R,
lucifugus 5 Atk 7 H Y 8 Al B BOE kI
(RN

3 g

bR DNA BHA MR L . ARk
BN 5 Fial Histfehnid £ 8 G rem, 3
Wit a2 IR . RGUEAE Ty RSN A
3]z (Brandl, 2007 ), HAH3& A9 3E R 5ok |
DU DA 43 M4 AR AT F B R, It HGE A 4L
EEDH EHBREAR
AWFFEIE L PCR Jriky 34 4 Fh i 2ok
& 16S rDNA F1 CO I A, MBS FEL 5o A4
R EWUEH, AT & Rigic K+ CG &,
BB S AH A ELAT B S B R = M, S5 IR Sk TR
& 2010) MAUKIESE (2014) XFFLABCR L H
W RS R B IR RAFT . M 16S rDNA 11
WL R A, SR T e R Bk T e A R
hunanensis . “F4i 5% F 4 R. planifrons. ¥t K5 HEL
B R. perilucifugus FIRTHHE B R. minutus 4 F
B A A BE B 7 0.03~0.109 2 J] , 1 5 Hp
HEkf 4 Fi A sGREE YR T 1, X5
Austin %5 (2006b ) AFF5T b H I B H AR (D L
I 16S rDNA it f& 1 2 7F 0~0.023 fHZER K, W]
REJEASHIFFT T 16 B A 1 05 % 56 22 0t i B o
ABFFER) 11 R WO 16S (DNA FT CO 1T
LI TN R E LB BRA—E, Su %
(2006 ) WFFEMY 40 FlEEEL, H 12S. 16S Fi
CO IT H: A 77 51 fir Ay 22 11 DL i B [l R A 2251
— R I 1 B R AT 7 18R 35 RO 43 B 1
MRS R BHEOUBESSRIARME R, 16S
IDNA [ R G & B W AGER H b FE (] B A 22 15
T Y R G R B G, T CO I3 [ 73 i)
HE R G0 B W] DA H 3 A 25 e, SR
25 Z ARG, 5 16S rDNA EFE A, COl
SN EE ST A TP E S B RS R

BRI W RS S A ANE RIS o Tl R R
BRI RSB R, perilucifugus 5 At AL
B R. speratus CO ITJE K 552 4 —5, H
XHF M 165 rDNA JERFFFIHZER K, H
16S rDNA ({5 12 15 22 S B E0m CO 1AL AH
o, FiE Sl R TR, RUHED 16S rDNA L
CO I H: A IS A T FH R 451
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