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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 GeneBank 

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 COⅡ 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 COⅡ gene sequences more closely reflected the geographical origin of the species but 16S rDNA sequences has 

greater nucleotide diversity than COⅡ gene sequences. The COⅡ 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, COⅡ, molecular identification, phylogeny 
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1  材料与方法 

1.1  材料 

R. hunanensis R. 

planifrons R. perilucifugus

R. minutus

31°48N 115°24E  

2000  

20

0.1 mol/L PBS

200×g

Soil DNA Kit OMEGA American

DNA

DNA Elution Buffer ﹣20

 

1.2  PCR 扩增  

PCR 50 μL

2 Taq Plus PCR Master Mix Tiangen China

25 μL 2 μL 16S rDNA

CGC CTG TTT ATC AAA AAC AT

TTA CGC TGT TAT CCC TAA COⅡ

TCT AAT ATG GCA GAT TAG TGC

GAG ACC AGT ACT TGC TTT CAG TCA TC

Legendre 2008

DNA 200 ng ddH2O 50 μL

94 5 min 35 94

30 s 55 30 s 72 30 s COⅡ

50 s 72 10 min

5 μL 1%

 

1.3  系统发育分析 

NCBI Blast

GeneBank

7 16S rDNA COⅡ

1 MEGA7

Align

Dnaman8.0

MEGA7 Tajima-Nei

1 000 MEGA7 16S rDNA

COⅡ Neighbor-Joining

1 000  

2  结果与分析 

2.1  PCR 结果 

PCR 16S rDNA

381 378 379 380 bp COⅡ

742 725 705 719 bp

NCBI GeneBank 4 16S rDNA

COⅡ R. hunanensis 

KX129972 KX129977 R. planifrons 

KX129974 KX129978 R. minutus 

KT987422 KX129981 R. 

perilucifugus KX129973 KX290714  

2.2  基因碱基序列分析 

GeneBank

1

MEGA7

16S rDNA 332 bp COⅡ

658 bp   

16S rDNA A+T

61.4% G+C 38.6% A 33.3%

C 20.7% G 17.9% T 28.1% COⅡ

A+T 63.3% G+C 36.7% A

39.6% C 23.3% G 13.4% T 23.7%

AT GC

16S rDNA

123 209

196

13

T T-G A-C

COⅡ 561

97 78

19  



3  :  403  

 
 

表 1  所选取白蚁来源及其相应基因登录号 

Table 1  Sources and GenBank accession numbers of the chosen samples 

Species 16S rDNA COⅡ Locality 

Reticulitermes aculabialis JX142163 JX142171 Hangzhou, China 

Reticulitermes labralis JX142162 JX142149 Beijing, China 

Reticulitermes chinensis KM245672 KM245798 Jinmen, Hubei, China 

Reticulitermes speratus JX142167 JX142154 Beijing, China 

Reticulitermes santonensis AY808128 AY808093 Tussac, France 

Reticulitermes flaviceps AY808121 AY808087 California,USA 

Reticulitermes lucifugus AY808125 AY808091 Seville, Spain 

 
 

 

 

A-G T-C  

2.3  遗传距离和差异减基数分析 

16S rDNA COⅡ

2 3 2

10 16S rDNA

0.0032~1.3757 7~211

3 COⅡ

10 0~0.0932

0~56 2 3

16S rDNA COⅡ

COⅡ  

2.4 系统发育分析 

16S rDNA COⅡ  

NJ 1 2

1

R. 

hunanensis R. planifrons

R. perilucifugus R .minutus

R. hunanensis

R. perilucifugus

R. flavipes

R. santonensis 4

R. aculabialis

R. labralis R. speratus

R. chinensis 2

R. planifrons R. 

hunanensis R . minutus 3  

 

表 2  11 种散白蚁线粒体 16S rDNA Tajima-Nei 遗传距离（对角下）和差异减基数（对角上，含缺失位点） 

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 

 

No. 
Species 1 2 3 4 5 6 7 8 9 10 11 

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 1.3316 *** 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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表 3  11 种散白蚁线粒体 COⅡ基因 Tajima-Nei 遗传距离(对角下)和差异减基数（对角上，含缺失位点） 

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 

 

No. 
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 *** 1 4 41 29 30 52 52 51 

4 R. planifrons 0.0686 0.0015 0.0015 *** 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 *** 47 56 55 

9 R. flavipes 0.0790 0.0861 0.0861 0.0879 0.0824 0.0790 0.0752 0.0769 *** 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 *** 

 

 
 

图 1  16S rDNA 基因 Neighbor-Joining 系统发育树 

Fig. 1  Neighbor-Joining phylogenetic tree inferred from 16S rDNA sequences 

 

 
 

图 2  COⅡ基因 Neighbor-Joining 系统发育树 

Fig. 2  Neighbor-Joining phylogenetic tree inferred from COⅡ gene sequences 
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3  讨论 

DNA

Brandl 2007

 

PCR 4

16S rDNA COⅡ
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hunanensis R. planifrons

R. perilucifugus R. minutus 4
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Austin 2006b

16S rDNA 0~0.023

 

11 16S rDNA COⅡ

Su

2006 40 12S 16S

COⅡ

16S 

rDNA

COⅡ

16S rDNA COⅡ 

R. perilucifugus

R. speratus COⅡ

16S rDNA

16S rDNA COⅡ

16S rDNA

COⅡ  

参考文献 (References) 

Agnarsson I, Maddison WP, Avilés L, 2007. The phylogeny of the 

social Anelosimus spiders (Araneae: Therididae) inferred from 

six molecular loci and morphology. Molecular Phylogenetics and 

Evolution, 43 (3): 833–851. 

Austin JW, Szalanski AL, Scheffrahn RH, Gold RE, 2006a. Genetic 

evidence for two introductions of the Formosan subterranean 

termite, Coptotermes formosanus(Isoptera: Rhinotermitidae)to 

the United States. Florida Entomologist, 89(2): 183–193. 

Austin JW, Szalanski AL, Ghayourfar R, Gold RE, 2006b. 

Phylogeny and genetic variation of Reticulitermes (Isoptera: 

Rhinotermitidae) from the Eastern Mediterranean and Middle 

East. Journal of Agricultural and Urban Entomology, 47(3): 

1–18. 

Brandl R, Hyodo F, Korff-Schmising M, Maekawa K, Miura T, 

Takematsu Y, Matsumoto T, Abe T, Bagine R, Kaib M, 2007. 

Divergence times in the termite genus Macrotermes (Isoptera: 

Termitidae). Molecular Phylogenetics and Evoution, 45(1): 

239–250. 

Buchli H, 1956. Le cycle de development des Castes chez 

Reticulitermese. Insect Sociaux, 3(3): 395–401.  

Eggleton P, 1999. Termite species description rates and the state of 

termite taxonomy. Insects Society, 46(1): 1–5. 

Fang R, Zhong JH, 2007. Genetic differentiation in four 

geographical populations of Coptotermes formosanus Shiraki. 

Plant Protection, 33(3): 58–61. [ , . 4

. , 33(3): 58–61.] 

Huang FS, Ping ZM, Zhu SM, 2000. Fauna Sinica Insecta. Vol.17. 

Isoptera. Beijing: Science Press. 41–346. [ , 

, 2000. . 17 . . : 

. 341–346.] 

Itakura S, Masuta T, Tanaka H, Enoki A, 2006. Identification of two 

subtemnean termite species (Isoptera:Rhinotermitidae) usingce 

Uulase genes. Journal of Economic Entomology, 99(1): 123–128. 

Jin Q, Wu CS, Chen F, Luo GJ, Cai WJ, Liu X, Yang CQ, Hao MD, 

Zhang AB, 2017. The reliability of DNA barcoding as a means of 



406  Chinese Journal of Applied Entomology 54  

 

identifying Notodontid moth species (Insecta: Lepidoptera, 

Notodontidae) in Beijing, China. Chinese Journal of Applied 

Entomology, 54(1): 13–21. [ , , , , 

, , , , , 2017. DNA

—— . 

, 54(1): 13–21.] 

Legendre F, Whiting MF, Bordereau C, Cancello EM, Evan TA, 

Grandcolas P, 2008. The phylogeny of termites (Dictyoptera: 

Isoptera) based on mitochondrial and nuclear markers: Implications 

for the evolution of the worker and pseudergate castes, and 

foraging behaviors. Molecular Phylogenetics and Evolution, 48 

(2): 615–627. 

Li QJ, Zhong JH, Liu BR, 2007. Progress in effects of juvenile 

hormone analogues on termites. Natural Enemies of Insects, 

29(1): 40–47. [ , , , 2007. 

. , 29(1): 40–47.] 

Pruess KP, Adams BJ, Parsons TJ, Zhu X, Powers TO, 2000. Utility 

of the mitochondrial cytochrome oxidase Ⅱ gene for resolving 

relationships among black flies (Diptera:Simulidae). Mol. 

Phyogenet. Evol., 16(2): 286–295. 

Quan YB, Liao L, Wang L, Xu MF, Wang JG, Zhang WD, 2014. 

Phylogenetic analysis of three Odontotermes holmgern based on 

mitochondrial COⅡsequences. Guangdong Agricultural Sciences, 

41(12): 161–164. [ , , , , , 

, 2014. COⅡ 3

. , 41(12): 161–164.] 

Scheffeahn RH, Krecek J, Maharajh B, Su NY, Chase JA, Mangold 

JR, Szalanski AL, Austin JW, Nixon J, 2004. Establishment of the 

African termite, Coptotermes sjostedti (Isoptera: Rhinotermitidae), 

on the Island of Guadeloupe, French West Indies. Annals of the 

Entomological Society of America, 97(5): 872–876. 

Su NY, Ye WM, Ripa R, Scheffrahn RH, Giblin-Davis RM, 2006. 

Identification of Chilean Reticulitermes (Isoptera: Rhinotermitidae) 

inferred from three mitochondrial gene dna sequences and 

soldier morphology. Annals of the Entomological Society of 

Acmerica, 99(2): 352–363. 

Sun Z, Zhang J, Wang R, Xu YJ, Zhang DQ, 2010. Progress of 

insect mitochondrial genome. Inspection and Quarantine Science, 

20(3): 69–73. [ , , , , , 2010. 

. , 20(3): 69–73.] 

Szalanski AL, Austin JW, Scheffrahn RH, Messenger MT, 2004. 

Molecular diagnostics of the formosan subterranean termite 

(Isoptera: Rhinotermitidae). Florida Entomologist, 87(2): 145–151. 

Wang JH, 2004. Phylogenetic study of termites based on the 

morphological and molecular approaches. Doctoral dissertation, 

Guangzhou: South China Agricultural University. [ , 2004.

. . :

.] 

Zhang WD, Xu M, Liao L, Le HY, Chen QW, Chi YL, 2010. 

Phylogenetic analysis of genus Coptotermes (Isoptera: 

Rhinotermitidae) based on 16S rRNA gene. Entomotaxobomia, 

32(2): 93–99. [ , , , , , 

, 2010. 16S rRNA . 

, 32(2): 93–99.] 

Zhang XK, 2005. Caste ratios of the termite Coptotermes. Chinese 

Bulletin of Enromology, 42(3): 321–323. [ , 2005. 

. , 42(3): 321–323.]  

Zheng SZ, Zhang Kai, Yang XJ, Xu M, An YL, 2015. Sequence 

comparison and phylogenetic analysis of mtDNA CO I gene 

sequence fragments in Monochamus species (Coleoptera: 

Cerambycidae). Chinese Journal of Applied Entomology, 52(2): 

370–381. [ , , , , , 2015. 

CO . , 

52(2): 370–381.] 

 

http://c.g.wanfangdata.com.cn/periodical/kczs/2017-1.aspx
http://c.g.wanfangdata.com.cn/Periodical-kczs.aspx
http://c.g.wanfangdata.com.cn/periodical/kczs/2015-2.aspx

