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Molecular systematic study on twelve species of seven genera in Myrmicinae

Hymenoptera Formicidae from Guangxi South China
CHEN Zhen-Peng ZHOU Shan-Yi~ College of Life Science Guangxi Normal University Guilin  Guangxi
541004 China
Abstract Cytochrome oxidase subunits 1 CO1 and 2 CO2  and the entire sequence of the gene for tRNA
leucine from twelve species of seven genera of the ant subfamily Myrmicinae were sequenced. The DNA
sequences were analyzed and the secondary structure of tRNA leucine also gene was studied. The molecular
phylogenetic analyses of the subfamily Myrmicinae with Forelius chalybaeus a species of the subfamily
Dolichoderinae as the outgroup were performed by using four methods the maximum likelihood ML
maximum parsimony MP  neighbor-joined NJ  and unweighted pairgroup method with arithmetic means
UPGMA based on the deoxyribonucleic acid data and the amino acid data. The taxonomic scheme for these
genera and species based on molecular phylogeny of above genes consisted with that of the traditional taxonomy
and the consistency for genera was better than that for species.
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1.2 DNA
Forelius chalybaeus
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Table 1 Specimens used and their provenances
CO1 CO2 tRNA,,
Generz Species GenBank
nera peces Locality and collecting date GenBank accession no. of COl
CO2 and tRNA,,, genes
P. capellinii 12-Vl[-2003
Pheidole Xing' an County Guangxi 12 July 2003 AYT762645
-~ 12-V[-2003
P smythiesii Xing’ an County Guangxi 12 July 2003 AY762631
12-Vl[-2003
P noda Xing' an County Guangxi 12 July 2003 AY762650
A. smythiesii 12-V[-2003
Aphaenogaster Xing' an County Guangxi 12 July 2003 AY762646
2-VI-2003
A s Huanjiang Conty Guangxi 2 August 2003 AY762655
M. sinensis 12-VI[-2003
Myrmica Xing' an County Guangxi 12 July 2003 AY762652
26-\I-2003
M. angulata Luocheng County Guangxi 26 July 2003 AY762656
T. caespitum 12-V[-2003
Tetramorium Xing' an County Guangxi 12 July 2003 AY762647
- 26-\[-2003
I bicarinatum Luocheng County Guangxi 26 July 2003 AYT762653
P. pungens 12-VI[-2003
Pristomyrmex Xing' an County Guangxi 12 July 2003 AY762649
C. vagula 12-V[-2003
Crematogaster Xing' an County Guangxi 12 July 2003 AY762648
P. melasolenus 12-VI[-2003
Pheidologeton Xing' an County Guangxi 12 July 2003 AY762657
2 PCR
Table 2 Primers used in PCR
12791 ATACCTCGACGTTATTCAGA 3093 - 3112~
H3665 CCACAAATTTCTGAACATTG <4194 - 4213
(C2-N-3661 Barbara CCACAAATTTCTGAACATTGACCA <4190 - 4213
(C2-N-3661 Barbara H3665
Notes The primer C2-N-3661 Barbara may be replaced by the primer H3665.
1.3.2 PCR PCR 40°C ~ 52C
254 20~50ng  DNA 2UTag 1xPCR 30 s~ 1 min 45 s 72%C
Buffer 2.0 mmol/. MgCl, 0.2 mmol/L. dNTPs 0.5 2 min 94°C 5 min
pmmol/L. PCR PCR 34 72°C Smin PCR 1.5%
94C 1 min
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1.4 PCR
100 ng/pL
DNA ABI 2
377
1.5 2.1 DNA
ClustalX DNA DNA
NCBI DNA 1 CO1 G+C 2523% A+T
tRNAscan-SE tRNA,,, 74.77% CO2 G+C 24.56% A+
MEGA PHYLIP T 75.44% DNA G+C 24.25% A+T
Forelius chalybaeus Chiotis et al. 2000 75.75% AT
mtDNA DNA GenBank
accession no. AF147047 2.2 DNA IGS intergenic spacer
ML MP NJ IGS IGS
UPGMA COl  tRNA,, 3
3 DNA IGS intergenic spacer
Table 3 Intergenic spacer region included in DNA sequence
Genera Species Sequence Length bp
Pheidole P. capellinit AATAATTTGTATAAAATTTACTTAA 25
P. noda TTTATTTTATATTATATTTACTTAA 25
P. smythiesti TTTTTTTTAACTTATATATTAA 22
Pristomyrmex P. pungens TTAATATTATTATAATTACATAA 23
Myrmica M. sinensis AGATTTTAA 9
M. angulata AGATTTTAA 9
Aphaenogaste A. smythiesii AT 2
A. sp. AT 2
2.3 DNA RSCU 0.7 0.10 ~18.3 2.76 e I
CO2 CF RSCU 6.7 0.60 ~15.4 1.40
107.64 CO1 Met M CF RSCU 7.3 0.77 ~11.6
33.67 CO2 Pi s 1.23 Tyr Y CF RSCU 2.4 0.32 ~
0.39346 0.58066 COl Pi s 0.08478 12.5 1.68 Asn N CF RSCU 2.7
0.09156 CO2 Theta s 0.30764 (00 0.33 ~13.6 1.67 1lys K CF RSCU
Theta s 0.04918 CO2 2.8 0.40 ~11.0 1.60
number of mutations 100 CO1 GC Pro P CF RSCU
5 0.40.16 ~4.11.53 Ala A CF RSCU
CO2 0.0 0.00 ~1.1 2.08 Gly G CF
444 .36 CO1 RSCU 0.2 0.24 ~1.1 1.53 Arg R
140.33 CO2 CF RSCU 0.2 0.17 ~2.42.47
Pi s 0.13773 0.15362 COl Pi s CO1 CO2
0.23777 0.29184 (CO2 Theta s 0.05962 CU RSCU
(00 Theta s 0.09439 CO2 AT
80 CO1 40 GC
2.4 CU
RSCU 2.5 transition transversion
AT Phe F CF RSCU

11.7 0.86 ~15.3 1.14 Leu L CF

transition
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CO2
ATT C. vagula ATC TA
T. 27  COl CO2 (RNA,, 3 DNA
caespitum ATA
Co1 COl1 CO2 tRNA,,, 3 DNA
T. caespitum  T. bicarinatum ML MP NJ UPGMA
C. vagula M. angulata Tamura-Nei
P. melasolenus T 2 3
mRNA 3 A ML M . sinensis +
P. capellinii P. capellinii
53 1o.073 P i@ P
47 Jo0.007 P noda 43 [13.54 P noda
0.001 2.00
0.032 21.54
96 ——————— P. smythiesii 57 P. pungens
0.063 0.101 34.45 61.04
— P P. thiesii
" — pungens " — smythiesii
T. caespitum T. caespitum
0.027 51 508 P 23.55 58 [52.96 P
o7 |°-0%° T. bicarinatum 57 [29-32 T. bicarinatum
0.06 43.53
76 0.054 100 [0 M. angulata 76 30.01 ﬂE M. sinensis
0.043 : 29.10 )
0.117 M. sinensis 65.68 M. angulata
0.00 9.08
P. melasolenus P. melasolenus
45 0.156 66 95.89
0.042 A. smythiesii 46.62 A. smythiesii
0.059 100 [To00 4 31.53 ﬂ@ 4
0.116 A. sp. 78.54 A. sp.
0.000 P 0.00 P
C. I C. I
0.131 vaguwa 88.49 vagwa
FE. chalyb, F. chalybaeus
A 0.113 B 46.62
P. capellinii P. capellinii
57 p.o19 P noda 49 [0.035 P noda
os proos 0.023 100 7009 0.032
P. pungens — P. pungens
o034 0.084 0.036 0.067
P. smythiesii . P, smiythiesii
41 0.082 76 0.077
T. caespitum T. caespitum
0.005 3 5087 P 0.010 89 [0 077 P
g0 P-013 T. bicarinatum g0 [0-021 T. bicarinatum
0.067 0.077
31 0.019 M. sinensis 82 0.014 M. sinensis
100 . 100 -
b.004 —E 0.012 0.009
0.098 M. angulata 0.089 M. angulata
82 0.011 i n 0.009 G
A. smythiesii A. smythiesii
0.018 190 b 500 0.007 100 5000
0.127 A sp. 0.123 — 4 sp.
0.000 0.000
-046 P. melasolenus P. melasolenus
0.145 0.134
C. vagula C. vagula
0.136 e 71 [o 130 &
E. chalybaeus 0.002 — FE. chalybaeus
0.097 0.139
C
2 DNA 4 7 12
Forelius chalybaeus
Fig. 2 Phylogenetic trees of 12 species of 7 genera in the subfamily Myrmicinae based on DNA data
set with Forelius chalybaeus a species of the subfamily Dolichoderinae as the outgroup
A Maximum likelihood tree B Maximum parsimony tree C

UPGMA tree.

The same for Fig. 3.

Neighbor-joined tree D
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M. angulata BCL boot BCL 76 NJ ML
confidence level BCL 100 T. P . smythiesti
caespitum + T. bicarinatum  BCL P . pungens
51 + BCL 67 P. P. capellinii +
capellinii + P. noda  BCL 53 P. noda  BCL 53
P. smythiesii + P. capellinii + 93 MP ML UPMGA ML
P. noda  BCL 47 P . pungens
P. pungens + 3 BCL P. capellinit
96 + + + C. vagula
P. pungens  BCL 41 P. melasolenus ~ ML BCL
A. smythiesii + A. sp. BCL 100 37 P . melasolenus
P . melasolenus + BCL + +
45 C. vagula + BCL 28
P. noda P. noda
38 J0.001 iE
53 |0.065 P. smythiesii 40 |3.47 P. smythiesii
25.63
2 o072 0.189 g3 [4:50
P. pungens P. pungens
0.178 0.130 13.56 16.21
P. capellinii 21 P. capellinii
20 0.349 6.95 14.09
T bicarinat ’ M. sinensis
0.083 75 [ 182 icarinatum 24 100 ["7
0.082 i 40.10 M. angulata
31 - T. caespitum 3.43 Tor gu
75 0.075 100 [ M. angulata 90 T. caespitum
0.137 ’ (A
0.304 M. sinensis [3.01 13.80 T. bicarinatum
0.02 : 17.1
P. melasolenus lasol
41| 0.420 53| 29.76
0.293 A. smythiesii A. smythiesii
0.336 A s 29.00 A sp.
0.000 P 0.00 P
C. I C. 1
0.349 vaguia 26.25 vagula
E. chalybaeus FE. chalybaeus
0.078 21.17
A
P. Ilinii P Ilinii
44 0.053 capellinit capeliinit
71 |o.008 P noda P. noda
g4 [0.013 0.027 » e
. . pungens
0.034 0.065 pngens e
P. smythiesii P. smythiesii
26 0.090
T caespitum T. caespitum
0.006 97 [5 078 P
10 |-03° T bicarinatum T. bicarinatum
0.064
84 0.008 100 M. sinensis P. melasolenus
5028 0.002 0.125
' 0.170 M. angulata A. smythiesii
0.006 & 100 B 500
P. melasolenus 0.127 A. sp.
39 0.130 0.000
0.095 A. smythiesii C. vagula
0.006 109 19.000 v 0.136 e
0.130 A. sp. M. sinensis
0.000 100 B 004
C. vagula 0.147 M. angulata
0.119 0.004
F. chalybaeus F. chalybaeus
0.095 0.174
C
3 4 7 12

Phylogenetic trees of 12 species of 7 genera in the subfamily Myrmicinae based on the amino acid data
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ML P.
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1981 1985 tRNA T
T
biased mutation pressure G+C GC tRNA
DNA
GC AT ML NJ UPGMA
Sueoka 1962
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3 GC 3
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MP DNA  MP
DNA DNA
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