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Abstract [Objectives] The mitochondrial genome has been widely used in studies of insect phylogeny. We conducted a
comparative analysis of the mitochondrial genomes of two aphid species in the Chaitophorinae and used these data to
reconstruct the phylogenetic relationship between these species. [Methods] We used a combination of long and short PCR
methods to sequence the mitochondrial genomes of Periphyllus acerihabitans Zhang and Chaetosiphella stipae Hille Ris
Lambers, 1947. We sequenced and predicted tRNA secondary structures using the online tRNAscan-SE Search Server. We also
used BI and ML approaches to reconstruct the phylogenetic relationships between 12 Aphididae species based on variation in
protein-coding genes sequences (PCGs). [Results] We obtained about 94% of the mitochondrial genome sequences of the
two aphid species. That of P. acerihabitans was 14 908 bp long, with a control region length of 1 205 bp, whereas that of C.

stipae was 13 893 bp long with a control region length of 609 bp. The mitochondrial genome of these two aphids each has 33
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genes, including 13 almost complete PCGs (nad5 incomplete), 18 tRNA and 2 rRNA. A ka/ks analysis indicates that C. stipae
evolved faster than P. acerihabitans. The organization of the mitochondrial genome, gene order, nucleotide composition, codon
usage, and secondary tRNA structures, were similar in both species. The associated phylogenetic analysis supports the
monophyly of the Chaitophorinae and Aphidinae, because of the basal relationship of the Chaitophorinae within Aphididae.
[Conclusion] P. acerihabitans and C. stipae have similar mitochondrial genomes, which are also mostly similar to those
previously reported for other aphids. There are, however, differences in the control regions in each species which may lead to
variation in size of the whole genome. Phylogenetic reconstruction supports the monophyly of the Chaitophorinae and
Aphidinae. These results will benefit reconstructing the phylogeny of all aphid species.

Key words Chaitophorinae, Periphyllus acerihabitans, Chaetosiphella stipae, mitochondrial genome, phylogenetic

relationship
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P. acerihabitans PCR
2015 4 22 10
1 ND4-rrmL
C. sipae 2012 7 9 Na-1-8944
CB-N11010
28282-N4-F  28282-N4-R
95% -207C PCR
96°C 2 min 94°C 60s 44~52°C
30s 60°C [~3min 30 60°C
10 min 4°C
14 FFIIBHE. 8. ZHBRMNEDFIN
12 DNA R NCBI BLAST
QIAGEN SeqMan
%1 PCRIEMMZIY
Tablel PCR primersused in thisstudy
Gene Primer ID 5'-3"  Primer sequences References
tRNA'"-CO TI-J34 GCCTGATAAAAAGGRTTAYYTTGATA Simon et al., 2006
C1-N2353 GCTCGTGTATCAACGTCTATWCC Simon et al., 2006
COI-CO C1-J2195 TGATTCTTTGGWCACCCWGAAGT Simon et al., 2006
C2-N3665 CCACAAATTTCTGAACATTG Simon et al., 2006
COII-ND3 C2-J3399 ACAATTGGTCAYCAATGATAYTG Simon et al., 2006
N3-N5731 TTAGGGTCAAATCCRCAYTC Simon et al., 2006
ND5-ND4 N5-J7572 AAAGGGAATTTGAGCTCTTTTWGT Simon et al., 2006
N4-N8727 AAATCTTTRATTGCTTATTCWTC Simon et al., 2006
ND4-rrnL N4-J8641x CCAGAAGAACATAAACCATG Simon et al., 2006
CB-N10608 CCAAGTARTGAWCCAAARTTTCA Simon et al., 2006
N4-J-8944 GGAGCTTCAACATGAGCTTT Simon et al., 2006
CB-N11010 TATCTACAGCRAATCCYCCYCA Simon et al., 2006
28282-N4-F GAAATAGGAGCTTCCACAT -
28282-N4-R AAGTTAGAAGATAATGGAGAT -
CP1 GATGATGAAATTTTGGATC Harry et al., 1998
12sai AAACTAGGATTAGATACCCTATTAT Simon et al., 1994
rrnlL-rrnS LR-J12888 CCGGTTTGAACTCARATCATGTAA Simon et al., 2006
SR-N14745 GTGCCAGCAGYYGCGGTTANAC Simon et al., 2006
rrnS-CO SR-J14610 ATAATAGGGTATCTAATCCTAGT Simon et al., 2006

C1-N2353

GCTCGTGTATCAACGTCTATWCC

Simon €t al., 2006
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Table2 The speciesand related sequence information used in phylogenetic analysisin this study

Species Family Subfamily ?\I?iinéenBank Lengthl(jtr))p)
Aphis gossypii Aphididae Aphidinae NC_024581 15 869
Aphis glycines Aphididae Aphidinae KC840675 13 002
Schizaphis graminum Aphididae Aphidinae AY531391 15721
Stobion avenae Aphididae Aphidinae NC_024683 15 180
Cavariella salicicola Aphididae Aphidinae NC_022682 16 317
Diuraphis noxia Aphididae Aphidinae NC_022727 15 784
Acyrthosiphon pisum Aphididae Aphidinae FJ411411 16 971
Pterocomma pilosum Aphididae Pterocommatinae KC840676 15477
Cervaphis quercus Aphididae Greenideinae NC 024926 15272
Chaetosiphella stipae Aphididae Chaitophorinae KX822748 13 893
Periphyllus acerihabitans Aphididae Chaitophorinae KX765172 14 908
Daktulosphaira vitifoliae Phylloxeridae DQO021446 12 349
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Periphyllus acerihabitans
14 908 bp
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Fig. 1 Structure map of Periphyllus acerihabitans
mitochondrial genome

Chaetosiphella stipae
13 893 bp

B2 $3F/ESFgRAERESNE
Fig. 2 Structure map of Chaetosiphella
stipae mitochondrial genome
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Table3 Organization of Periphyllus acerihabitans and Chaetosiphella stipae mitochondrial genomes

Position bp / Intergenic

Gene Strand Length (bp) Anti/Start codon Stop codon nucleotides (bp)
coxl J 1-1531/1-1531 1531/1 531  ATA/ATT T 0
tRNA-Leu J 1532-1597/1532-1599 66/68 TAA 3
cox2 J 1601-2272/1603-2274 672/672 ATA TAA 3/6
tRNA-Lys J 2276-2348/2281-2353 73/73 CTT 4/0
tRNA-Asp J 2353-2419/2354-2416 67/63 GTC 9
Atp8 J 2429-2578/2426-2575 150/150 ATA TAA -20
Atp6 J 2559-3212/2556-3209 654/654 ATT TAA - 1/0
cox3 J 3212-3997/3210-3995 786/786 ATG TAA -1
tRNA-Gly J 3997-4057/3995-4057 61/63 TCC -3
nad3 J 4055-4411/4055-4411 357/357 ATA TAA 1/5
tRNA-Ala J 4413-4476/4417-4483 64/67 TGC 4
tRNA-Arg J 4481-4547/4488-4554 67/67 TCG 44/38
nad5 N 4592-5594/4599-5220 1 003/622 ATT/ATA T 45/38
tRNA-His N 5640-5703/5259-5326 64/68 GTG 0
nad4 N 5704-7018/5327-6641 1315/1 315 ATT T 2
nad4L N 7021-7311/6644-6934 291/291 ATG/ATA TAA 1
tRNA-Thr J 7313-7374/6936-7001 62/66 TGT 33/5
tRNA-Pro N 7408-7471/7007-7074 64/68 TGG 4
nad6 J 7476-7967/7079-7570 492/492 ATA TAA -1
cob J 7967-9094/7570-8688 1128/1119  ATG TAA 0/15
tRNA-Ser J 9095-9159/8704-8770 65/67 TGA 8/17
nadl N 9177-10112/8779-9714 936/936 ATT TAA 0
tRNA-Leu N 10113-10177/9715-9779 65/65 TAG - 11/4
rrnL N 10167-11441/9784-11053 1275/1 270 1/0
tRNA-Val N 11443-11505/11054-11117 63/64 TAC 1/5
renS N 11507-12275/11123-11889 769/767 0
CR 12276-13480/11890-12498 1205/609 0
tRNA-Ile J 13481-13546/12499-12564 66/66 GAT 6/2/
tRNA-GIn N 13553-13621/12567-12633 69/67 TTG 37/6
tRNA-Met J 13659-13724/12640-12705 66/66 CAT 0
nad2 J 13725-14705/12706-13689 981/984 ATT TAA 2
tRNA-Trp J 14704-14770/13689-13755 67/67 TCA -8
tRNA-Cys N 14763-14830/13748-13819 68/72 GCA 10/6
tRNA-Tyr N 14841-14907/13826-13892 67/67 GTA 1
CR J N /

CR Control region J Majority strand N Minority strand / P. acerihabitansin left C. stipae in right. The same below.
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Table4 Nucleotide composition of Periphyllus acerihabitans and Chaetosiphella stipae mitochondrial genome

T C A G A+T
% % % % % AT GC bp
Gene ’ ’ ’ ’ ° AT-skew GC-skew Length (bp)
T C A G A+T%
Whole genome 46.6/46.4  7.4/8.5 38.4/37.1 7.7/8.0 85/84  -0.096/-0.111 0.022/-0.026 14 908/13 893

Whole PCG 48.0/47.5  8.3/9.6 36.0/35.0 7.7/7.8 84/83  -0.143/-0.151 -0.039/-0.103 10296/9 914

Whole tRNA ~ 41.7/41.1  5.7/6.1 44.1/449 8.6/7.9  86/86  0.028/0.043 0.202/0.124 1 178/1 204
rRNA 44.6/44.7 5.2/49 40.4/40.2 9.8/10.3  85/85 - 0.050/-0.053 0.303/0.353 2 044/2 037
CR 43.1/452  4.6/7.4 48.0/43.3 4.3/41  91/89  0.055/-0.020 - 0.028/-0.286 1205/609
Atp6 44.0/45.0 11.3/13.9 39.4/36.2 5.2/49  83/81 -0.055/-0.107 -0.370/-0.480  654/654
Atps 46.7/48.0  4.0/7.3 48.7/44.0 0.7/0.7  95/92  0.021/-0.043 - 0.714/- 0.833 150
coxl 42.3/40.4 12.3/14.4 35.1/34.8 10.3/10.5 77/75 - 0.093/-0.074 -0.090/ - 0.158 1531
cox2 40.8/40.8 10.9/13.1 40.8/38.5 7.6/7.6  82/79  0.000/-0.028 -0.177/-0.266 672
cox3 45.2/44.5  9.9/11.8 38.0/37.4 6.9/6.2  83/82  -0.086/-0.087 -0.182/-0.310 786
cob 44.4/43.3 10.0/12.0 37.1/36.5 8.4/82  82/80 - 0.089/-0.086 -0.087/-0.186 1128/1 119
nad1l 54.6/54.7 5.8/5.4 30.3/28.8 9.3/11.0 85/84  -0.286/-0.309  0.234/0.338 936
nad2 49.0/47.4  6.8/8.7 40.4/40.3 3.8/3.6  89/88  -0.097/-0.080 -0.288/-0.421  981/984
nad3 49.6/47.9  7.0/8.4 38.4/38.7 5.0/5.0  88/87 -0.127/-0.107 -0.163/-0.250 357
nad4 55.1/56.3  4.9/4.6 30.7/28.6 9.2/10.5 86/85 - 0.284/-0.327 0.301/0.394 1315
nad4L 56.4/56.4 2.7/24 33.7/333  7.2/79  90/90 - 0.252/-0.257 0.448/0.533 291
nads 52.3/53.4  7.0/7.0 30.9/30.6 9.8/8.9  83/84 -0.257/-0271 0.167/0.120 1.003/627
nad6 45.1/46.7  7.3/7.7 43.9/42.1 3.73.5  89/89 - 0.014/-0.053 -0.333/-0.382 492
92%  75% 3294
ATN 4 UUA(Leu2)>AUU(Ile)>
3 ATA UUU(Phe)>AUA(Met) 470
ATT ATG 464 416 283 4
553 ATA ATT ATG AUU(Ile)>UUU(Phe)>UUA(Leu2)>
6 AUA (Met) 441 406 391
5 2 coxl 267 4
nad5 nad4lL Leu(L2)>Ile(I)>Phe(F)>Met(M) 4
ATA/ATT ATT/ATA ATG/ATA 14.2% 14.2% 12.6% 8.8%
49.8%
TAA T 4 Ile(I)>Phe(F)>Leu(L2)>
T coxl nad5 nad4 Met(M) 4 14.7%
10 TAA 13.4% 12.4% 8.1% 48.6%
232 EBEFEH A U
5 NNU NNA RSCU 1

3421 3 AT
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Table5 Codon usagein mitogenome of Periphyllus acerihabitans and Chaetosiphella stipae

AA Codon Number RSCU AA Codon  Number RSCU
Phe(F) Uuu 416/406 1.93/1.84 His(H) CAU 51/40 1.89/1.54
uucC 15/35 0.07/0.16 CAC 3/12 0.11/0.46
Leu(L2) UUA 470/391 5.43/4.94 GIn(Q) CAA 49/44 1.96/1.91
UuUG 19/18 0.22/0.23 CAG 1/2 0.04/0.09
Leu(L1) Ccuu 14/29 0.16/0.37 Asn(N) AAU 264/235 1.83/1.71
Ccuc 2/3 0.02/0.04 AAC 24/40 0.17/0.29
CUA 14/33 0.16/0.42 Lys(K) AAA 131/113 1.98/1.87
CUG 0/1 0/0.01 AAG 1/8 0.02/0.13
Tle(I) AUU 464/441 1.9/1.83 Asp(D) GAU 42/37 1.79/1.68
AUC 24/40 0.1/0.17 GAC 5/7 0.21/0.32
Met(M) AUA 283/267 1.89/1.89 Glu(E) GAA 62/56 1.91/1.87
AUG 17/16 0.11/0.11 GAG 3/4 0.09/0.13
Val(V) GUU 36/36 2.09/2.29 Cys(C) UGU 23/20 1.84/1.74
GUC 0/1 0/0.06 UGC 2/3 0.16/0.26
GUA 33/25 1.91/1.59 Trp(W) UGA 74/75 1.87/1.90
GUG 0/1 0/0.06 UGG 5/4 0.13/0.10
Ser(S1) ucCu 79/80 2.37/2.40 Arg(R) CGU 12/15 1.54/1.30
ucCcC 3/7 0.09/0.21 CGC 0/0 0/0
UCA 105/100 3.15/3.00 CGA 22/25 2.26/2.70
UCG 0/0 0/0 CGG 2/0 0.21/0
Pro(P) CCU 61/51 2.24/1.89 Ser(S2) AGU 23/26 0.69/0.78
CCC 5/12 0.18/0.44 AGC 0/1 0/0.03
CCA 43/45 1.58/1.67 AGA 57/50 1.71/1.50
CCG 0/0 0/0 AGG 0/3 0/0.09
Thr(T) ACU 38/45 1.48/1.89 Gly(G) GGU 50/42 1.56/1.32
ACC 4/3 0.16/0.13 GGC 2/4 0.06/0.13
ACA 61/47 2.37/1.98 GGA 64/69 2/2.17
ACG 0/0 0/0 GGG 12/12 0.38/0.38
Ala(A) GCU 33/31 1.86/1.88 Tyr(Y) UAU 144/136 1.83/1.80
GCC 3/5 0.17/0.30 UAC 13/15 0.17/0.20
GCA 34/30 1.92/1.82
GCG 1/0 0.06/0
Number RSCU
Number The number of codon usage; RSCU: Relative synonymous codon usage.
24 ERRBEFEMBLER Jka Jks Jka/Tks 3

Pterocomma pilosum
ka/ks  Jka/Jks

Pi ka ks ka/ks  Jka/Jks
ka/ks Jukes-Cantor
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Fig. 3 Evolution rates of Periphyllus
acerihabitans and Chaetosiphella stipae

X Y
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Jka Jks Jka/Jks
ka ks ka/ks
X-axis indicates the evolutionary rate parameters of two

Jukes-Cantor

aphids, Y-axis indicates the evolution rate parameters value.

ka: The rate of nonsynonymous substitutions; ks: The rate
of synonymous substitutions; ka/ks: the ratio of ka/ks; Jka,
Jks, Jka/Jks: The Jukes-Cantor adjusting ka, ks., ka/ks.
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Fig. 6 Phylogenetic tree based on mitochondrial genome data
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Two methods ML and BI showed similar topologies the node support values
above the branches are the BI posterior probabilities
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