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ABSTRACT: Three software packages utilized for genetic diversity analysis, including DnaSP, 

ProSeq and MEGA were compared to determine if the results generated by these programmes 

are comparable. The analyses of mitochondrial 16S ribosomal DNA (105 sequences) and 

cytochrome oxidase 1 (460 sequences) of 24 species representing the hemipteran suborder 

Heteroptera (true bugs) included the following parameters: position of SNP and SNP alleles, 

number of polymorphic sites, average number of nucleotide differences, number of 

haplotypes, haplotype diversity variances, standard deviation of haplotype diversity, and 

neutrality tests. The results suggest that DnaSP appeared to be the most comprehensive 

software for such analyses. 
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Introduction 

DNA polymorphism analyses are widely used in molecular studies among and within 

populations in different ecological approaches. Moreover, the results of analyses interpreting 

DNA polymorphism data are now very often utilized in other fields, including conservation 

genetics, molecular taxonomy, phylogeography, medicine, pharmacogenomics, forensic 

biology, and others. 

There are many software packages designed for such analyses; however, in spite of the 

interest in this subject, no data on the comparative evaluation of different software packages 

are available in the literature. 

In the present study, we have compared three open-source software packages, most 

frequently used in studies on the population genetic diversity, including DnaSP, ProSeq, and 

MEGA, to determine if the results generated by these programs correlate with each other and 

adequately characterize the population DNA polymorphism factors. 

 

Materials and methods 

Material. Two subunits of mitochondrial DNA, i.e., 16S rDNA, and cytochrome oxidase I 

(COI) were analyzed. Sequences for all analysed true-bug species (Insecta: Hemiptera: 

Heteroptera) were downloaded from GenBank [Table 1; sequence accession numbers for 

Appasus japonicus (Vuillefroy, 1864) are provided in Table 2; for all other species in the 

Supplementary Material]. A total of 565 sequences (105 sequences of 16S rDNA and 460 

sequences of COI) of 24 species were included in the comparative studies. 

Computer software. Genetic diversity calculations were performed using three open-source 

software packages, namely, DnaSP v. 5.10.01 (Librado and Rozas 2009), Proseq v. 4.3 

(Filatov 2002) and MEGA v. 6.0 (Tamura et al. 2013). 

The DnaSP (DNA Sequence polymorphism) programme can estimate several 

measures of DNA to sequence variation within and between populations as well as to gene 

flow, linkage disequilibrium and many other parameters. It computes most widely used 

quantitative statistics of DNA polymorphism levels, including the number of segregating 

sites, an average number of differences in nucleotides, a number of haplotypes and their 

diversity. The software consists of exhaustive molecular analysis of populations based on the 

coalescence theory (Librado and Rozas 2009; for the software application see, e.g., Nagaraja 

et al. 2004; Ciampi et al. 2005; Barques et al. 2008; Castro et al. 2010; Lv et al. 2011; Taylor 

et al. 2011; Wang et al. 2013). 
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The ProSeq (Processor sequences) software package is usually used to analyze 

multiple data files in the collection of DNA polymorphisms; it can handle huge data sets 

composed even of thousands of genes, because the sequence length and sequence number 

utilized for analysis is unlimited (Filatov 2002; for the software application see Mahani et al. 

2008; Fan et al. 2009). 

MEGA (Molecular Evolutionary Genetics Analysis) performs a large number of 

analyses usually related to molecular phylogeny of taxa, but can also perform the comparative 

analysis of sequences for population ecology studies, e.g., haplotype and nucleotide diversity, 

a number of polymorphic sites and alleles, and neutrality tests (Tamura et al. 2013; for the 

software application see Nagaraja et al. 2004; Barques et al. 2008; Castro et al. 2010; Taylor 

et al. 2011; Zhao and Wu 2011; Wang et al. 2013). 

 

Analyses. All sequences originally downloaded from GenBank in FASTA format were 

aligned using the default parameters of Clustal W (Larkin et al. 2007); additionally, a manual 

matching was performed in JalView v. 2.8 (Waterhouse et al. 2009). The analysis of DNA 

polymorphic sites included the position of SNP and SNP alleles, the number of polymorphic 

sites, the nucleotide diversity per site, the average number of nucleotide differences, the 

number of haplotypes, the haplotype diversity variances and a standard deviation of haplotype 

diversity, and the G+C content. Evolutionary distances among populations were also 

calculated using the Tajima D’ neutrality test (Tajima 1989) in all three software programmes. 

Moreover, the Fu's test (Fu 1997), and the Fu and Li's D and F tests were calculated (Fu and 

Li 1993) (Tables 3 & 5). 

 

Results and conclusions 

The comparative results for 16S rDNA and COI are presented for Appasus japonicus 

(Vuillefroy, 1864) (Heteroptera: Belostomatidae: Belostomatinae), as the example justifying 

our conclusions (Tables 2 and 3 for 16S rDNA, Tables 4 and 5 for COI); the same data for all 

remaining species were placed in the Supplementary Material ( (Appendix;  data presented in 

red indicate significant differences in obtained results; data presented in blue indicated  

insignificant differences in obtained results). 

Results regarding the number of polymorphic sites, the position of SNP and SNP 

alleles, the G+C content, nucleotide diversity per site, average number of nucleotide 
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differences, number of haplotypes and haplotype diversity, as well as the Tajima’s D 

neutrality test are the same regardless of the software used for the analyses. 

However, a variance of haplotype diversity and its standard deviation, as well as two 

neutrality tests (i.e., Fu and Li’s F, Fu’s Fs) can be calculated only with DnaSP. 

These statistical tests for non-neutral evolution are, besides the classic Tajima’s D 

neutrality test, routinely used in different types of phylogeographic and population studies 

(see Michel et al. 2005; Depaquit et al. 2008; Szalanski and Magnus 2010; Luzhang et al. 

2010; Zhang et al. 2010, 2012, Twerdochlib et al. 2012; Weckworth et al. 2012; Malaney et 

al. 2013; de Volo et al. 2013; Xu et al. 2014). 

Therefore, although all three compared software packages can analyze the DNA 

polymorphism data, DnaSP appeared to be the most comprehensive software for such 

analyses. 

We hope our results will help at least a little in deciding which software to choose for 

the DNA polymorphism pattern analyses, especially for researchers starting their scientific 

efforts in population molecular studies. 
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Streszczenie 

 

OCENA TRZECH OGÓLNODOST ĘPNYCH PROGRAMÓW KOMPUTEROWYCH 

UMOŻLIWIAJ ĄCYCH ANALIZ Ę MODELI POLIMORFIZMU DNA NA PRZYKŁADZIE BADA Ń 

ZRÓŻNICOWANIA NUKLEOTYDÓW PODJEDNOSTEK 16S RDNA I OKSYDAZY 

CYTOCHROMOWEJ I  MITOCHONDRIALNEGO DNA W PODRZĘDZIE HETEROPTERA (INSECTA: 

HEMIPTERA ) 

 

Możliwości trzech ogólnodostępnych programów komputerowych do analiz zróżnicowania 

genetycznego (DnaSP, ProSeq i MEGA) zostały zestawione w celu stwierdzenia, czy wyniki 

generowane przez te programy są porównywalne. Analizy podjednostki 16S rDNA (105 

sekwencji) oraz COI (460 sekwencji) 24 gatunków reprezentujących podrząd Heteroptera 

rzędu Hemiptera, uwzględniały następujące parametry: liczbę i pozycje miejsc 

polimorficznych, średnią liczbę różnic nukleotydowych, liczbę haplotypów i ich zmienność, 

standardowe odchylenie w zróżnicowaniu haplotypów, oraz testy neutralności. Rezultaty tych 

analiz sugerują, że tylko program DnaSP jest najbardziej odpowiednim programem do tego 

typu analiz. 
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Table 1. A list of true-bug species with data on the mtDNA subunits, numbers and length of 

sequences studied. 

 

 

No. 

 

 

SPECIES 

 

 

SUBUNIT  

 

NUMBER OF 

SEQUENCES 

 

 

LENGTH OF 

SEQUENCES 

 

 

SYSTEMATICS 

1. Appasus japonicas (Vuillefroy 1864) 16S rDNA 31 435 bp Heteroptera – Belostomatidae 

2. Appasus major (Esaki 1934) 16S rDNA 27 436 bp Heteroptera – Belostomatidae 

3. Austrovelia caledonica Malipatil & Monteith 1983 16S rDNA 10 426 bp Heteroptera – Mesovellidae 

4. Nepa hoffmanni Esaki 1925 16S rDNA 18 509 bp Heteroptera –Nepidae 

5. Triatoma pallidipennis (Stål 1872) 16S rDNA 19 709 bp Heteroptera – Reduviidae 

6. Agriosphodrus dohrni (Signoret 1862) COI 75 1218 bp Heteroptera – Reduviidae 

7. Appasus japonicas (Vuillefroy 1864) COI 31 658 bp Heteroptera – Belostomatidae 

8. Appasus major (Esaki,1934) COI 27 658 bp Heteroptera – Belostomatidae 

9. Aquarius najas (deGeer 1773) COI 61 777 bp Heteroptera – Gerridae 

10. Carpocoris fuscispinus (Boheman 1851) COI 10 653 bp Heteroptera – Pentatomidae 

11. Carpocoris mediterraneus Tamanini 1958 COI 14 601 bp Heteroptera – Pentatomidae 

12. Carpocoris pudicus (Poda 1761) COI 12 589 bp Heteroptera – Pentatomidae 

13. Carpocoris purpureipennis (deGeer 1773) COI 25 602 bp Heteroptera – Pentatomidae 

14. Cimex hemipterus (Fabricius 1903) COI 12 533 bp Heteroptera – Cimicidae 

15. Corythucha ciliate (Say 1832) COI 10 320 bp Heteroptera – Tingidae 

16. Gerris costae (Linaeus 1758) COI 13 749 bp Heteroptera – Gerridae 

17. Gerris gibbifer Schummel 1832 COI 14 817 bp Heteroptera – Gerridae 

18. Gerris lacustris (Linnaeus 1758) COI 29 810 bp Heteroptera – Gerridae 

19. Gerris thoracicus Schummel 1832 COI 19 723 bp Heteroptera – Gerridae 

20. Lygocoris pabulinus (Linnaeus 1761) COI 20 633 bp Heteroptera – Miridae 

21. Orius sauteri (Poppius 1909) COI 10 600 bp Heteroptera – Anthocoridae 

22. Psallovius piceicola (Knight 1923) COI 12 629 bp Heteroptera – Miridae 

23. Pseudacysta perseae (Heidemann 1908) COI 34 515 bp Heteroptera – Tingidae 

24. Sigara potamius Young 1962 COI 32 738 bp Heteroptera – Corixidae 
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Table 2. Sequences of 16S rDNA for Apassus japonicus, with GenBank accession numbers 

and single nucleotide polymorphism data. 

 

No. GenBank accession 
numbers 

SNP position SNP allele 

DnaSP MEGA ProSeq DnaSP MEGA ProSeq 

1 512380271 135 135 135 A/G A/G A/G 

2 512380270 145 145 145 G/A G/A G/A 

3 512380279 | 512380278 | 
512380274 | 512380273 

227 227 227 A/G A/G A/G 

4 512380270 233 233 233 A/G A/G A/G 

5 512380275 | 512380262 | 
512380263 | 512380276 | 
512380277 | 512380288 | 
512380271 | 512380286 | 
512380285 | 512380284 | 
512380272 | 512380269 | 
512380270 | 512380279 | 
512380278 | 512380274 | 
512380273 | 512380287 

237 237 237 C/T C/T C/T 

6 512380276 | 512380288 | 
512380271 | 512380286 | 
512380285 | 512380284 | 
512380272 | 512380269 | 
512380270 | 512380279 | 
512380278 | 512380274 | 
512380273 

238 238 238 C/T C/T C/T 

7 512380263 | 512380279 | 
512380278 | 512380274 | 
512380273 

239 239 239 G/A G/A G/A 

8 512380288 | 512380271 | 
512380286 | 512380285 | 
512380284 | 512380272 | 
512380269 | 512380270 | 
512380279 | 512380278 | 
512380274 | 512380273 | 
512380287 

264 264 264 T/C T/C T/C 

9 512380265 | 512380260 | 
512380264 

275 275 275 A/G A/G A/G 

10 512380281 | 512380277 | 
512380288 | 512380271 | 
512380286 | 512380285 | 
512380284 | 512380272 | 
512380269 | 512380270 | 
512380279 | 512380278 | 
512380274 | 512380273 | 
512380287 

320 320 320 C/T C/T C/T 

11 512380288 | 512380271 | 
512380286 | 512380285 | 
512380284 | 512380272 | 
512380269 | 512380270 | 
512380279 | 512380278 | 
512380274 | 512380273 | 
512380287 

322 322 322 A/G A/G A/G 

12 512380260 400 400 400 C/T C/T C/T 

13 512380265 422 422 422 A/T A/T A/T 
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Table 3. Polymorphism analyses data of 16S rDNA for Apassus japonicus. 

POLYMORPHIC SITES 

number of variable sites „S” 13 

total number of mutations „ETA” 13 

selected region 1-435 

total number of sites 435 

number of sequences 31 

 

 

Table 4. Sequences of COI mtDNA for Apassus japonicus, with GenBank accession numbers 

and single nucleotide polymorphism data. 

No. GenBank accession 
numbers 

SNP position SNP allele 

DnaSP MEGA ProSeq DnaSP MEGA ProSeq 

1 512380180 | 512380170 | 
512380166 

22 22 22 G/A G/A G/A 

2 512380172 38 38 38 G/A G/A G/A 

3 512380200 | 512380198 | 
512380196 | 512380194 | 
512380192 | 512380176 | 
512380168 | 512380166 | 
512380164 | 512380162 

40 40 40 C/T C/T C/T 

4 512380180 | 512380170 52 52 52 A/G A/G A/G 

5 512380200 | 512380198 | 
512380196 | 512380194 | 
512380192 | 512380186 | 
512380182 | 512380180 | 
512380178 | 512380176 | 
512380174 | 512380172 | 
512380170 | 512380168 | 
512380166 | 512380164 | 
512380162 | 512380150 | 
512380148 

58 58 58 G/A G/A G/A 

6 512380200 | 512380198 | 
512380196 | 512380194 | 
512380192 | 512380182 | 
512380180 | 512380172 | 
512380170 | 512380168 | 
512380166 | 512380164 | 
512380162 

67 67 67 C/T C/T C/T 

7 512380200 | 512380198 | 
512380196 | 512380194 | 
512380192 | 512380168 | 
512380166 | 512380164 | 
512380162 

79 79 79 T/C T/C T/C 

8 512380200 | 512380198 | 
512380196 | 512380194 | 
512380192 | 512380168 | 
512380166 | 512380164 | 
512380162 | 512380150 

88 88 88 G/A G/A G/A 

9 512380200 | 512380198 | 
512380196 | 512380194 | 
512380192 | 512380182 | 
512380176 | 512380168 | 
512380166 | 512380164 | 
512380162 | 512380148 

103 103 103 C/T C/T C/T 
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No. GenBank accession 
numbers 

SNP position SNP allele 

DnaSP MEGA ProSeq DnaSP MEGA ProSeq 

10 512380182 | 512380172 | 
512380148 

112 112 112 C/T C/T C/T 

11 512380166 133 133 133 T/C T/C T/C 

12 512380200 | 512380198 | 
512380196 | 512380194 | 
512380192 | 512380182 | 
512380180 |  512380172 | 
512380170 | 512380168 | 
512380166 | 512380164 | 
512380162 

163 163 163 A/T A/T A/T 

13 512380178 | 512380176 | 
512380150 

166 166 166 A/G A/G A/G 

14 512380152 169 169 169 A/T A/T A/T 

15 512380200 | 512380198 | 
512380196 | 512380194 | 
512380192 | 512380182 | 
512380180 | 512380172 | 
512380170 | 512380168 | 
512380166 | 512380164 | 
512380162 | 512380156 | 
512380144 

181 181 181 A/G A/G A/G 

16 512380200 | 512380198 | 
512380196 | 512380194 | 
512380192 | 512380174 | 
512380168 | 512380166 | 
512380164 | 512380162 

184 184 184 G/A G/A G/A 

17 512380150 196 196 196 A/G A/G A/G 

18 512380152 205 205 205 A/G A/G A/G 

19 512380148 214 214 214 T/C T/C T/C 

20 512380200 | 512380198 | 
512380196 | 512380194 | 
512380192 | 512380182 | 
512380180 | 512380172 | 
512380170 | 512380168 | 
512380166 | 512380164 | 
512380162  

217 217 217 C/G ; C/A C/G ; C/A C/G ; C/A 

21 512380200 | 512380198 | 
512380196 | 512380194 | 
512380192 | 512380182 | 
512380180 | 512380172 | 
512380170 | 512380168 | 
512380166 | 512380164 | 
512380162 

238 238 238 G/A G/A G/A 

22 512380200 | 512380198 | 
512380196 | 512380168 | 
512380166 | 512380162 

262 262 262 G/A G/A G/A 

23 512380200 | 512380198 | 
512380196 | 512380194 | 
512380192 | 512380182 | 
512380180 | 512380176 | 
512380172 | 512380170 | 
512380168 | 512380166 | 
512380164 | 512380162 

268 268 268 G/A G/A G/A 

24 512380198 | 512380148 271 271 271 T/C T/C T/C 

25 512380182 | 512380172 274 274 274 A/G A/G A/G 

26 512380200 | 512380198 | 
512380196 | 512380194 | 
512380192 | 512380168 | 
512380166 | 512380162 

280 280 280 A/G A/G A/G 

27 512380158 290 290 290 T/C T/C T/C 

28 512380194 | 512380168 310 310 310 A/G A/G A/G 
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No. GenBank accession 
numbers 

SNP position SNP allele 

DnaSP MEGA ProSeq DnaSP MEGA ProSeq 

29 512380200 | 512380198 | 
512380196 | 512380194 | 
512380192 | 512380182 | 
512380180 | 512380172 | 
512380170 | 512380168 | 
512380166 | 512380164 | 
512380162  

316 316 316 A/G A/G A/G 

30 512380178 | 512380176 319 319 319 A/G A/G A/G 

31 512380160 325 325 325 T/C T/C T/C 

32 512380164 331 331 331 A/G A/G A/G 

33 512380150 340 340 340 C/T C/T C/T 

34 512380200 | 512380198 | 
512380196 | 512380194 | 
512380192 | 512380180 | 
512380172 | 512380170 | 
512380168 | 512380166 | 
512380164 | 512380162 | 
512380148 

343 343 343 A/G A/G A/G 

35 512380200 | 512380198 | 
512380196 | 512380194 | 
512380192 | 512380182 | 
512380180 | 512380172 | 
512380170 | 512380168 | 
512380166 | 512380164 | 
512380162 

346 346 346 T/C T/C T/C 

36 512380190 | 512380188 | 
512380184 

373 373 373 A/G A/G A/G 

37 512380182 | 512380180 | 
512380172 | 512380170 

386 386 386 C/T C/T C/T 

38 512380200 | 512380198 | 
512380196 | 512380194 | 
512380192 | 512380182 | 
512380180 | 512380172 | 
512380170 | 512380168 | 
512380166 | 512380164 | 
512380162 

388 388 388 G/A G/A G/A 

39 512380200 | 512380198 | 
512380196 | 512380194 | 
512380192 | 512380182 | 
512380180 | 512380172 | 
512380170 | 512380168 | 
512380166 | 512380164 | 
512380162 

391 391 391 C/T C/T C/T 

40 512380200 | 512380198 | 
512380196 | 512380194 | 
512380192 | 512380168 | 
512380166 | 512380164 | 
512380162 

400 400 400 A/G A/G A/G 

41 512380178 | 512380176 | 
512380150 

406 406 406 C/T C/T C/T 

42 512380194 | 512380182 | 
512380180 | 512380172 | 
512380170 

409 409 409 G/A G/A G/A 

43 512380200 | 512380198 | 
512380196 | 512380194 | 
512380192 | 512380182 | 
512380180 | 512380172 | 
512380170 | 512380168 | 
512380166 | 512380164 | 
512380162 

418 418 418 T/C T/C T/C 

44 512380200 | 512380198 | 
512380196 | 512380194 | 
512380192 | 512380182 | 
512380180 | 512380172 | 
512380170 | 512380168 | 
512380166 | 512380164 | 
512380162 

430 430 430 A/G A/G A/G 
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No. GenBank accession 
numbers 

SNP position SNP allele 

DnaSP MEGA ProSeq DnaSP MEGA ProSeq 

45 512380200 | 512380198 | 
512380196 | 512380194 | 
512380192 | 512380190 | 
512380188 | 512380186 | 
512380184 | 512380182 | 
512380180 | 512380178 | 
512380176 | 512380174 | 
512380172 | 512380170 | 
512380168 | 512380166 | 
512380164 | 512380162 | 
512380160 | 512380158 | 
512380156 | 512380154 | 
512380152 | 512380150 | 
512380148 | 512380146 | 
512380144 

466 466 466 G/A G/A G/A 

46 512380200 | 512380198 | 
512380196 | 512380194 | 
512380168 | 512380166 | 
512380162 

481 481 481 A/G A/G A/G 

47 512380200 | 512380198 | 
512380196 | 512380194 | 
512380168 | 512380166 | 
512380164 | 512380162 

484 484 484 C/T C/T C/T 

48 512380174 487 487 487 C/T C/T C/T 

49 512380156 490 490 490 C/T C/T C/T 

50 512380200 | 512380198 | 
512380196 | 512380194 | 
512380192 | 512380182 | 
512380180 | 512380172 | 
512380170 | 512380168 | 
512380166 | 512380164 | 
512380162 

496 496 496 A/G A/G A/G 

51 512380182 499 499 499 G/A G/A G/A 

52 512380178 500 500 500 C/T C/T C/T 

53 512380182 | 512380180 | 
512380172 | 512380170 | 
512380150 

502 502 502 G/A G/A G/A 

54 512380200 | 512380198 | 
512380196 | 512380194 | 
512380192 | 512380182 | 
512380180 | 512380172 | 
512380170 | 512380168 | 
512380166 | 512380164 | 
512380162 

508 508 508 G/A G/A G/A 

55 512380168 517 517 517 A/G A/G A/G 

56 512380146 525 525 525 C/A C/A C/A 

57 512380192 | 512380164 529 529 529 C/T C/T C/T 

58 512380174 | 512380164 544 544 544 A/G A/G A/G 

59 512380200 | 512380198 | 
512380196 | 512380194 | 
512380192 | 512380182 | 
512380180 | 512380172 | 
512380170 | 512380168 | 
512380166 | 512380164 | 
512380162 | 512380154 | 
512380152 | 512380144 

553 553 553 T/C T/C T/C 

60 512380194 | 512380162 556 556 556 G/A G/A G/A 

61 512380200 | 512380198 | 
512380196 | 512380194 | 
512380192 | 512380182 | 
512380180 | 512380172 | 
512380170 | 512380168 | 
512380166 | 512380164 | 
512380162 

557 557 557 T/C T/C T/C 
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No. GenBank accession 
numbers 

SNP position SNP allele 

DnaSP MEGA ProSeq DnaSP MEGA ProSeq 

62 512380200 | 512380182 | 
512380172 

577 577 577 A/G A/G A/G 

63 512380182 | 512380180 | 
512380172 | 512380170 

578 578 578 T/C T/C T/C 

64 512380174 589 589 589 C/T C/T C/T 

65 512380198 601 601 601 C/T C/T C/T 

66 512380166 519 519 519 T/G T/G T/G 

67 512380182 | 512380180 | 
512380172 | 512380170 

622 622 622 C/T C/T C/T 

68 512380200 | 512380198 |  
512380194 | 512380192 | 
512380182 | 512380180 | 
512380172 | 512380170 | 
512380168 | 512380166 | 
512380164 | 512380162 

628 628 628 G/A G/A G/A 

69 512380178 | 512380176 | 
512380174 | 512380158 

631 631 631 T/A ; T/C T/A ; T/C T/A ; T/C 

70 512380200 | 512380198 | 
512380196 | 512380194 | 
512380192 | 512380182 | 
512380180 | 512380172 | 
512380170 | 512380168 | 
512380166 | 512380164 | 
512380162 

634 634 634 T/C T/C T/C 

71 512380186 649 649 649 G/A G/A G/A 

 

Table 5. Polymorphism analyses data of COI mtDNA for Apassus japonicus. 

POLYMORPHIC SITES 

number of variable sites „S” 71 

total number of mutations „ETA” 74 

selected region 1-658 

total number of sites 658 

number of sequences 31 

 


