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Abstract
A karyological analysis on six Italian populations the slow worm (Anguis veronensis Pollini, 1818) was 
performed and their genetic differentiation at the mitochondrial 16S rRNA gene fragment from a Span-
ish sample has been assessed. The Italian populations were karyologically uniform, all showing 2n= 44 
elements, of which 20 were macrochromosomes and 24 microchromosomes. Comparison with literature 
data on Central European populations showed a difference on the morphology of the 10th chromosome 
pair: submetacentric in Italian populations and telocentric in the Central European ones. Our analysis 
showed the presence of a fragile site on chromosomes of this pair, suggesting its propensity for structural 
rearrangements. Analysis of the 16S rRNA gene fragment showed uniformity among Italian popula-
tions (uncorrected genetic distance of 0.4%), and their genetic distinctness from the Spanish individual 
(uncorrected genetic distance of 4.2%). Our results confirm the existence of two different Anguis fragilis 
Linnaeus, 1758 lineages, each one characterized by a different cytotype.
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Introduction

Until recently there were only two recognized species of the genus Anguis Linnaeus, 1758 
in the Palaeartic region: A. cephallonica Werner, 1894 and A. fragilis Linnaeus, 1758, 
commonly known as slow worms. The first species was considered a Mediterranean en-
demic restricted to the Peloponnese and some Ionian islands, while the second (A. fra-
gilis) was considered a widespread taxon distributed from Western Europe to NW Iran 
and from the Mediterranean coast to Scandinavia, with a broad altitudinal distribution, 
ranging from the sea level up to 2300 m above sea level (Gasc et al. 1997, Sindaco 
et al. 2006). Two recent studies (Gvoždik et al. 2010, 2013) based on the analysis of 
mitochondrial and nuclear genes and morphology redefined the distribution and the 
phylogenetic relationships of various populations of the genus Anguis and identified five 
main distinct evolutionary lineages: A. fragilis sensu stricto (present in Austria, Bosnia 
and Herzegovina, Bulgaria, Croatia, Czech Republic, France, Germany, Great Britain, 
Greece, Hungary, Italy, Macedonia, Montenegro, Norway, Poland, Portugal, Serbia, Slo-
vakia, Slovenia, Spain, Sweden and Switzerland), A. graeca Bedriaga, 1881 (in Albania, 
Greece and Montenegro), A. cephallonica (limited to the Peloponnese), and A. colchica 
(Nordmann, 1840) (widely distributed from Eastern Europe to Iran) and subdivided 
into three main lineages (A. c. colchica, A. c. incerta and A. c. orientalis) each with a geo-
graphically distinct distribution; and more recently A. veronensis Pollini, 1818 (present 
in Italian peninsula and some areas from south-eastern France). Both the mitochondrial 
(mtDNA) and the nuclear (nuDNA) analyses analyses identified A. cephallonica as the 
sister lineage of a wider clade comprising A. fragilis, A. colchica and A. graeca (Gvoždik et 
al. 2010), while the position of the Italian lineage still remains unresolved (Gvoždik et al. 
2013). The proposed species overall parapatric distributions, excluding some apparently 
isolated populations of A. fragilis sensu stricto from Greece (Gvoždik et al. 2010). In a 
previous karyological study (Gigantino et al. 2002) on the herpetofauna from the Matese 
Regional Park (Campania, Southern Italy) showed that local slow worm populations had 
a different chromosome formula when compared with available karyological data of A. 
fragilis (Dalq 1921, Margot 1946). Those karyological data, indeed scarce and dated, 
referred to referred to Central European populations of A. fragilis and described a karyo-
type of 2n=44 elements, of which 20 were macrochromosomes (the first, the fourth and 
the fifth pairs shaped as metacentric and the rest as telocentric elements) and 24 micro-
chromosomes, arm number (A.N.) = 48. The populations of the Matese Regional Park 
differed in showing as submetacentric the elements of the tenth macrochromosome pair 
(A.N.= 50). On the basis of the recent finding of Gvoždik et al. (2013) and our previous 
karyological data (Gigantino et al. 2002), we extended the chromosome analysis to other 
Italian populations. The results of this comparative karyological study are here presented 
together with the re-worked analysis on populations from Matese Regional Park. In ad-
dition, since in Balkan Peninsula two endemic Anguis species were found (Gvoždik et al. 
2013), we also perfomed a molecular analysis of a fragment of the mitochondrial 16S 
rRNA gene in order to test the genetic uniformity of the studied Italian specimens.
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Material and methods

Eleven individuals from six geographically distinct Italian localities were analysed in 
this work: Travacò Siccomario (Pavia, northern Italy), one male; Ancona (central Italy), 
two males; Valle Agricola (Caserta, southern Italy), one male and one female; Giffoni 
Valle Piana (Salerno, southern Italy), one male and one female; Ruvo del Monte (Po-
tenza, southern Italy), two males and one females; Monte Cocuzzo (Cosenza, southern 
Italy), one males. As already successfully performed (Gigantino et al. 2002), adult indi-
viduals were sexed in the field by means of hemipenis extroversion before their release. 
For the samples of the Matese Regional Park we benefitted from stored chromosome 
suspensions obtained from organs (see Odierna et al. 2004 for details) kept in the 
herpetological collection of one of the co-author (G.F.M.). For all other samples, chro-
mosomes were obtained by establishing blood cultures using a freshly collected blood 
sample (100–500 µl), drawn on the field from the caudal vein, incubated for 5 days in 
3 ml of peripheral blood karyotyping medium (Biological Industries). Colcemid (100 
ng/ml) was added to culture two hours before harvesting. After washing in Phosphate 
Buffer Saline (PBS) 1x, and incubation in hypotonic solution (KCl 0,075 M) per 30 
min, cells were fixed in 3:1 methanol-acetic acid. This non-invasive method, useful 
for both karyologycal and molecular investigations, allows the avoidance of specimen 
sacrifice and animals were released at capture sites immediately after the sampling. In 
addition to standard staining method (5% Giemsa solution at pH 7) we performed 
various chromosome banding techniques: Ag-Nor banding (Howel and Black 1980), 
C-banding (Sumner 1972), C-banding+CMA3+DAPI staining (Odierna et al. 2004 ), 
Chromomycin A3-methyl green staining (Odierna et al. 2007); G banding performed 
on 10 days old slides by a brief incubation (10–30 sec) in a 0,05% trypsin solution 
(Odierna et al. 1994). For Late Replicating banding pattern (LR), bromedeoxyuridine 
(BrdU; 35 µg/ml) was added to blood cultures during the last six hours and differential 
staining was revealed by staining chromosomes with 4% Giemsa solution in 2% 4Na-
EDTA for two minutes (Odierna et al. 2004).

Total genomic DNA was extracted from blood cells using conventional phenol-
chloroform method (Sambrook et al. 1989). A fragment of ca. 320 bp of the mito-
chondrial 16S rRNA gene was amplified for one individual for each studied popula-
tion using the primers 16Sa 5’ - CGCCTGTTTACCAAAAACAT - 3’ and 16Sb 5’- 
CCGGTCTGAAACTCAGATCAGT- 3’ (Palumbi 1996). Amplification consisted of 
an initial denaturation step at 94°C for 5 min, followed by 36 cycles of denaturation 
at 94°C for 30 s, annealing at 55°C for 30 s, and elongation at 72°C for 30 s, fol-
lowed by a final extension of 72°C for 7 min. Amplicons were sequenced on an auto-
mated sequencer ABI 377 (Applied Biosystems). Sequences were blasted in GenBank 
and chromatograms were checked by eye and edited, when necessary, using Chromas 
Lite© and the BioEdit sequence alignment editor (version 7.0.5.3; Hall 1999). Newly 
provided sequences were compared with a homologous sequence of a Spanish indi-
vidual from Vilarmiel (Lugo province, Galicia, Spain) available in GenBank (Albert et 
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al. 2009; NC012431). A homologous sequence of Ophisaurus attenuatus Baird, 1880 
(EU747729) from Castoe et al. (2008) was add to the alignment and used as outgroup 
in the phylogenetic analysis. The alignment of all sequences required the inclusion of 
gaps to account for indels in only a few cases. All newly determined sequences were sub-
mitted to the European Nucleotide Archive (ENA) (accession numbers: HG003678-
HG003683). Uncorrected pairwise distances (p-distances transformed into percent) 
within individuals of A. veronensis and between species were computed using MEGA, 
version 5.05 (Tamura et al. 2011). Bayesian analyses were performed in MrBayes 3.1.2 
(Ronquist and Huelsenbeck 2003). The HKY model was determined by AIC in jMod-
eltest (Posada 2008) as the best-fitting model of substitution. We performed two runs 
of 10 million generations (started on random trees) and four incrementally heated 
Markov chains (using default heating values), sampling the Markov chains at intervals 
of 1,000 generations. Stabilization and convergence of likelihood values was checked 
by visualizing the log likelihoods associated with the posterior distribution of trees 
in the program Tracer (Rambaut and Drummond 2007). The first three millions of 
generations were discarded and seven thousand trees were retained post burn-in and 
summed to generate the majority rule consensus tree (Fig. 1).

Results and discussion

The alignment of the analysed 16S rRNA gene fragments showed a minimum of 14 
nucleotidic substitutions (11 transitions and 3 transversions) and 2 insertion/dele-
tions between samples from Italy and Spain, corresponding to an average uncorrected 
genetic distance of 4.2%, thus confirming the genetic distinctiveness of the Italian 
populations. On the contrary, the analyzed Italian specimens were genetically very 
uniform and showed an intraspecific uncorrected divergence of 0.4%, whereas their 
uncorrected genetic distance from the outgroup, O. attenuatus, was 12.8%. According 
to Gvoždik et al. (2010) the average genetic divergence at the ND2 mitochondrial 
locus among the several Anguis species is about 7%, while the maximum intraspecific 
distance within the various A. colchica clades is 4.4%. Unfortunately, we did not use 
the same molecular marker, but the observed 4.2% distance at the more conserved 16S 
rRNA gene fragment among Spanish and Italian samples provide further evidenced 
for the differentiation of these two lineages. Even if the phylogenetic analyses resulted 
in a tree (Fig. 1) with largely unresolved relationships, we could recover a good sup-
port for the monophyly of the Italian specimens, as well as for a clear mithocondrial 
segregation between them and the extra-Italian Anguis samples analysed in this study. 
Metaphase plates suitable for chromosome analysis were obtained from four out the 
six investigated populations (Travacò Siccomario, Valle Agricola, Ruvo del Monte and 
Monte Cocuzzo). All individuals showed a karyotype of 2n = 44 elements, compris-
ing ten pairs of macrochromosomes and twelve pairs of microchromosomes. The first 
macrochromosomes pair was metacentric, the fourth and fifth were submetacentric 
and the others were telocentric with the exception of the tenth pair (Fig. 2A; Table 
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1). Chromosomes morphology did not differ between sexes and in any of the various 
Italian localities studied. The Ag-NOR banding revealed the presence of NOR loci 
on three microchromosome pairs in all examined specimens (Fig. 2B, arrows). This 
condition is considered an apomorphic character in Squamata, derived from a ple-
siomorphic single NOR locus (Porter et al. 1994, Aprea et al. 1996). The C-banding 
+ Giemsa and the C-banding+fluorochromes colorations rrevealed small pericentro-
meric C-bands on almost all macrochromosomes and on three pairs of microchromo-
somes, namely those NOR bearing ones (Fig. 2C, D, E). Both G and LR-banding did 
not reveal any difference among analysed populations or between sexes (Fig. 3A, B). 
However, LR banding highlighted the presence of a uncondensed trait in three out 

Figure 1. 70%-majority consensus tree derived from a Bayesian inference analysis of 321 bp of the 
mitochondrial 16S rRNA gene. Ophisaurus attenuatus was used as outgroup. Sequences retrieved from 
GenBank are marked with their accession numbers.
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of 20 examined metaphase plates (15% on the short arms of one chromosome of the 
tenth pair). This uncondensed trait was observed only on metaphase plates from cul-
tures with BrdU addition and probably is a fragile site. In fact, it is known that BrdU 
promotes the expression of fragile sites (e.g. Sutherland 1979, Stone and Stephens 

Figure 2. A Giemsa stained karyotype of an individual from Valle Agricola B Ag-NOR-banding stained met-
aphase plate of an individual from Ruvo del Monte C, D, E metaphase plate of an individual from Valle Ag-
ricola stained with C-banding (C) and C-Banding+ CMA3 (D)+ DAPI (E). Arrows in (B) point at NOR loci.

A
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Figure 3. Karyotypes of a male from Travacò Siccomario (A) and of female from Ruvo del Monte 
(B) stained with G-banding and replication pattern, respectively. The arrow in (B) points at a fragile site.

1993) (Fig. 3B). Fragile sites are usually due to a DNA strand breakage and represent 
hot spots for recombination (Glover and Stein 1988). The presence of a fragile site 
on the tenth chromosome suggests the propensity for this chromosome for structural 
rearrangements. By chance, this chromosome pair karyologically differentiates Italian 
slow worm populations from Centro-European ones, this pair being shaped as sub-
metacentric in the former populations and as telocentric in the Centro-European ones. 
A pericentric inversion can account for the different morphology of the tenth chromo-
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some pair. Due to the absence of karyological data on other congeneric species, the 
polarity of chromosome rearrangements cannot be unambiguously assessed. The role 
of chromosome rearrangements in speciation is heavily debated (White 1978, Odierna 
et al. 1996, Simard et al. 2009), as it is difficult to ascertain if chromosome changes 
occur after species diversification or if they are involved in the speciation process in 
itself, acting as proximate cause of diversification. Chromosome polymorphism as well 
as interspecific differences characterized by a single chromosome inversion are known 
in lizards (Odierna et al. 2004, Kupriyanova et al. 2008, Aprea et al. 1996 ). Thus, the 
difference in the chromosome 10th pair might have occurred during or after the diver-
sification between Italian and central European lineages. It should be also taken into 
consideration that the different morphology of the 10th pair may be a consequence of a 
centromere repositioning, so far observed only among different species using compara-
tive genome analysis (Montefalcone et al. 1999, Cardone et al. 2007).

To conclude, our karyological study is consistent and provides further support for 
the recently discovered molecular and morphological differentiation of the Italian slow 
worm lineage (Gvoždik et al. 2013), who ascribe the Italian populations to the recently 
resurrected Anguis veronensis.

Acknowledgements

Animal sampling was conducted under following authorizations: n. SCN/2D/2000/9213 
of 01/06/2000 by Ministero dell’Ambiente of Italy. We are grateful to A. Gentilli, S. 
Scali and V. Caputo Barucchi for providing blood aliquots of the samples from Pa-
via and Ancona. We thank Prof. Rakesh Rastogi for his criticisms and for language 

Table 1. Chromosome relative length (RL), centromeric index (CI) and chromosome shape (CS) of 
studied samples of A. veronensis. The values of RL and CI are expressed as mean ± standard deviation. 
Chromosome morphology was measured according to Levan et al. (1964). For the microchromosomes 
11–22 only their complessive RL value is provided.

chrom. RL CI CS
1 15,2 ±3,5 0,45±3,6 metacentric
2 11,7 ±2,7 0,10±3,8 telocentric
3 9,7 ±3,3 0,08±4,4 telocentric
4 7,6±3,1 0,07±3,5 telocentric
5 7,4±3,4 0,42±3,6 metacentric
6 7,1±3,1 0,07±4,1 telocentric
7 6,2 ±3,1 0,10±3,1 telocentric
8 5,7 ±2,8 0,08±2,9 telocentric
9 5,1 ±2,7 0,07±4,0 telocentric

10 4,6 ±3,2 0,34±3,8 submetacentric
11–22 19,7 ±6,8 – –



Karyological evidence for diversification of Italian slow worm populations... 225

revision. The work of Angelica Crottini was supported by Fundação para a Ciência 
e a Tecnologia SFRH/ BPD/72908/2010. We acknowledge the project “Genomics 
and Evolutionary Biology” cofinanced by North Portugal Regional Operational Pro-
gramme 2007/2013 (ON.2 – O Novo Norte), under the National Strategic Reference 
Framework (NSRF), through the European Regional Development Fund (ERDF).

References

Albert EM, San Mauro D, Garcia-Paris M, Ruber L, Zardoya R (2009) Effect of taxon sam-
pling on recovering the phylogeny of squamate reptiles based on complete mitochon-
drial genome and nuclear gene sequence data. Gene 441 (1–2): 12–21. doi: 10.1016/j.
gene.2008.05.014

Aprea G, Odierna G, Capriglione T, Caputo V, Morescalchi A, Olmo E (1996) Heterochro-
matin and NOR distribution in the chromosomes of six gekkonid species of the genus 
Phelsuma (Squamata: Gekkonidae). Journal of African Zoolology 110: 343–349.

Cardone MF, Lomiento M, Teti MG, Misceo D, Roberto R, Capozzi O, D’Addabbo P, Ventu-
ra M, Rocchi M, Archidiacono N (2007) Evolutionary history of chromosome 11 featur-
ing four distinct centromere repositioning events in Catarrhini. Genomics 90: 35–43. doi: 
10.1016/j.ygeno.2007.01.007

Castoe TA, Jiang ZJ, Gu W, Wang ZO, Pollock DD (2008) Adaptive evolution and functional 
redesign of core metabolic proteins in snakes. PLoS ONE 3(5): e2201. doi: 10.1371/
journal.pone.0002201

Dalq A (1921) Étude de la spermatogenèse chez l’orvet, Anguis fragilis. Archives de Biolologie 
31: 347–452.

Gigantino R, Aprea G, Capriglione T, Guarino FM, Odierna G (2002) Caratteristiche geno-
miche dei vertebrati ectotermi del Parco del Matese. I. Risultati dell’analisi cromosomica. 
In: Odierna G, Guarino FM (Eds) I vertebrati ectotermi del Parco Regionale del Matese. 
Napoli, 29–55.

Glover TW, Stein CK (1988) Chromosome breakage and recombination at fragile sites. Amer-
ican Journal of Human Genetics 43(3): 265–273.

Gvoždik V, Jandzik D, Lymberakis P, Jablonski D, Moravec J (2010) Slow worm, Anguis fragilis 
(Reptilia: Anguidae) as a species complex: genetic structure reveals deep divergences. Molecu-
lar Phylogenetics and Evolution 55: 460–472. doi: 10.1016/j.ympev.2010.01.007

Gvoždik V, Benkovsky N, Crottini A, Bellati A, Moravec J, Romano A, Sacchi R, Jandzik D (2013) 
An ancient lineage of slow worms, genus Anguis (Squamata: Anguidae), survived in the Ital-
ian Peninsula. Mololecular Phylogentics and Evolution. doi: 10.1016/j.ympev.2013.05.004

Hall TA. BioEdit: a user-friendly biological sequence alignment editor and analysis program 
for Windows 95/98/NT. Nucleic Acids Symp 1999, 41: 95–98.

Howell WM, Black DA (1980) Controlled silver staining of nucleolus organizer regions with a 
protective colloidal developer: 1-step method. Experientia 36: 1014–1015. doi: 10.1007/
BF01953855

http://dx.doi.org/10.1016/j.gene.2008.05.014
http://dx.doi.org/10.1016/j.gene.2008.05.014
http://dx.doi.org/10.1016/j.ygeno.2007.01.007
http://dx.doi.org/10.1016/j.ygeno.2007.01.007
http://dx.doi.org/10.1371/journal.pone.0002201
http://dx.doi.org/10.1371/journal.pone.0002201
http://dx.doi.org/10.1016/j.ympev.2010.01.007
http://dx.doi.org/10.1016/j.ympev.2013.05.004
http://dx.doi.org/10.1007/BF01953855
http://dx.doi.org/10.1007/BF01953855


Marcello Mezzasalma et al.  /  Comparative Cytogenetics 7(3): 217–227 (2013)226

Kupriyanova L, Kuksin A, Odierna G (2008) Karyotype, chromosome structure, reproductive 
modalities of three Southern Eurasian populations of the common lacertid lizard, Zootoca 
vivipara (Jacquin, 1787). Acta Herpetologica 3: 99–106.

Margot A (1946) Demonstration de l’absence d’heterochromosomes morphologiquement dif-
ferencies chez deux éspeces de Sauriens: Anguis fragilis L. et Lacerta vivipara Jacquin. Revue 
Suisse de Zoologie 53: 555–596.

Montefalcone G, Tempesta S, Rocchi M, Archidiacono N (1999) Centromere repositioning. 
Genome Research 9: 1184–1188. doi: 10.1101/gr.9.12.1184

Odierna G, Aprea G, Capriglione T, Caputo V, Olmo E (1994) Chromosomal diversifica-
tion in the gekkonid Tarentola mauritanica (Reptilia, Gekkonidae). Bollettino di Zoologia 
61: 325–330. doi: 10.1080/11250009409355902

Odierna G, Aprea G, Arribas OJ, Capriglione T, Caputo V, Olmo E (1996) The karyology of 
the Iberian rock lizards. Herpetologica 52: 542–550.

Odierna G, Aprea G, Capriglione T, Puky M (2004) Chromosomal evidence for the double 
origin of viviparity in the European common lizard, Lacerta (Zootoca) vivipara. Herpeto-
logical Journal 14: 157–160.

Odierna G, Aprea G, Andreone F, Böheme W, Vences M (2007) Cytosystematics of hy-
peroliid frogs: Phylogeny of Heterixalus, low karyotypic variability in hyperoliines and 
separate phylogenetic position of Leptopelis. Italian Journal of Zoolology 74: 71–81. doi: 
10.1080/11250000601088564

Palumbi SR (1996) Nucleic acids II: the polymerase chain reaction. In: Hillis DM, Moritz C, 
Mable BK (Eds) Molecular Systematics, 2nd Edition. Sunderland, USA, 205–247.

Porter CA, Haiduk MW, Queiroz de K (1994) Evolution and phylogenetic significance of 
ribosomal gene location in chromosomes of squamate reptiles. Copeia 1994: 302–315. 
doi: 10.2307/1446980

Posada D (2008) jModelTest: Phylogenetic Model Averaging. Mololecular Biology and Evolu-
tion 25 (7): 1253–1256. doi: 10.1093/molbev/msn083

Rambaut A, Drummond AJ (2007) Tracer v1.4. http://beast.bio.ed.ac.uk/Tracer
Ronquist F, Huelsenbeck JP (2003) MRBAYES: Bayesian phylogenetic inference under mixed 

models. Bioinformatics 19: 1572–1574. doi: 10.1093/bioinformatics/btg180
Sambrook J, Fritsch EF, Maniatis T (1989) Molecular cloning: a laboratory manual. 2nd edi-

tion. Cold Spring Harbor Lab Press, New York, 1626 pp.
Simard F, Ayala D, Kamdem GC, Pombi M, Etouna J, Ose K, Fotsing JM, Fontenille D, Be-

sansky NJ, Costantini C (2009) Ecological niche partitioning between Anopheles gambiae 
molecular forms in Cameroon: the ecological side of speciation. BMC Ecology 9: 17–45. 
doi: 10.1186/1472-6785-9-17

Sindaco R, Doria G, Razzetti E, Bernini F (2006) Atlante degli Anfibi e dei Rettili d’Italia/Atlas 
of Italian Amphibians and Reptiles. Societas Herpetologica Italica. Edizioni Polistampa. 
Firenze, 792 pp.

Stone DM, Stephens KE (1993) Bromodeoxyuridine induces chromosomal fragile sites in 
the canine genome. American Journal of Medical Genetics 46: 198–202. doi: 10.1002/
ajmg.1320460220

http://dx.doi.org/10.1101/gr.9.12.1184
http://dx.doi.org/10.1080/11250009409355902
http://dx.doi.org/10.1080/11250000601088564
http://dx.doi.org/10.1080/11250000601088564
http://dx.doi.org/10.2307/1446980
http://dx.doi.org/10.1093/molbev/msn083
http://beast.bio.ed.ac.uk/Tracer
http://dx.doi.org/10.1093/bioinformatics/btg180
http://dx.doi.org/10.1186/1472-6785-9-17
http://dx.doi.org/10.1002/ajmg.1320460220
http://dx.doi.org/10.1002/ajmg.1320460220


Karyological evidence for diversification of Italian slow worm populations... 227

Sumner AT (1972) A simple technique for demonstrating centromeric heterochromatin. Ex-
perimental Cell Research 75: 304–306. doi: 10.1016/0014-4827(72)90558-7

Sutherland GR (1979) Factors affecting expression in lymphocyte cultures. American Journal 
of Human Genetics 31: 125–135.

Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar S (2011) MEGA5: Molecular 
Evolutionary Genetics Analysis using Maximum Likelihood, Evolutionary Distance, and 
Maximum Parsimony Methods. Molecular Biology and Evolution 28: 2731–2739. doi: 
10.1093/molbev/msr121

White MJD (1978) Modes of Speciation. WH Freeman. San Francisco, 455 pp.

http://dx.doi.org/10.1016/0014-4827(72)90558-7
http://dx.doi.org/10.1093/molbev/msr121
http://dx.doi.org/10.1093/molbev/msr121

