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Abstract— We examined general characteristics and genetic divergences of whole mitochondrial genome sequences for all 19

species/subspecies of the genus Anguilla including a recently described new species, A. luzonensis. The entire genome ranged

from 16,550 (A. borneensis) to 16,833 base pairs (A. nebulosa labiata), and general characteristics such as length of each gene and

gene order were very conservative across the genus and also similar with other anguilliform and bony fishes. Pairwise compar-

isons of sequence differences showed that interspecific divergences did not overlap with intersubspecific variations and found a

clear hierarchical structure in the genus Anguilla, in which the two subspecies of A. australis and A. nebulosa had slight and the

smallest differences among all species/subspecies pairs, followed by the two subspecies of A. bicolor, the A. anguilla and A. ros-

trata pair, and the other species pairs in order. A. luzonensis showed considerable sequence differences from all other species in

all genes and was appeared to be genetically close to A. interioris. The present study analyzed the whole mitochondrial genome

of A. luzonensis for the first time and genetic divergences for all anguillid species and subspecies, and provided basic informa-

tion for revision and reaching agreement about the taxonomy of the genus Anguilla using molecular characteristics, which have

been discussed recently.
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Introduction

Recent remarkable progress in molecular genetics has
given rise to various questions in traditional taxonomy of
many organisms based on morphological characters. The in-
clusive taxonomy of freshwater eels of the genus Anguilla by
Ege (1939) has long been widely accepted. However, the use
of molecular genetic information as a taxonomic character
has found several possible flaws in Ege (1939)’ taxonomy.
Dijkstra and Jellyman (1999) demonstrated no significant
genetic divergence between two subspecies of A. australis
using partial nucleotide sequences of control region of mito-
chondrial DNA (mtDNA), and thus suggested that these sub-
species should be considered as a single species, although a
microsatellite study lately suggested that this subspecies des-
ignation is likely valid (Shen and Tzeng 2007). Aoyama et al.
(1999a) used 128 and 16S ribosomal RNA (rRNA) and cy-
tochrome b (cyt b) gene sequences and found some A. interi-

oris among individuals that were collected from New Guinea
and were identified as A. celebesensis according to Ege
(1939), showing that morphological characters were not suf-
ficient to distinguish different species that are genetically rec-
ognized.

Watanabe et al. (in press) recently described a new
species of the genus Anguilla, A. luzonensis, for the first time
in seventy years after Ege (1939)’s revision. However, they
examined the specimens only morphologically, and taxo-
nomic status of this new species in genetic aspects has not
yet been evaluated. MtDNA sequences have been frequently
used for phylogenetic analyses and population genetic stud-
ies, which has consequently contributed to evaluate tradi-
tional taxonomy of animals and to establish many molecular
species identification methods. The aim of the present study
was to evaluate interspecific and intersubspecific genetic di-
vergences of all species/subspecies of the genus Anguilla, in-
cluding A. luzonensis, by determining whole mitochondrial
genome sequence of the new species for the first time and an-
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alyzing it along with sequences of all anguillid species, in
order to provide basic information about their taxonomy and
species identification.

Materials and Methods

Mitochondrial DNA sequences

The present study followed the taxonomy and all species
names of the genus Anguilla by Ege (1939), which has been
the basis of studies of freshwater eels, in order to avoid con-
fusion in comparisons with other literatures.

An adult eel of 4. luzonensis was collected at a tributary
of the Cagayan River in northern Luzon in Philippines on
January 29, 2008, which was deposited in the Fish Collection
of National Science Museum, Tokyo (registered number
NSMT-P 90001, Watanabe et al. in press). Species identifica-
tion based on morphological observation in detail for this
specimen was reported elsewhere (Watanabe et al. in press).
Small tissue was stored in 99% ethanol until DNA extraction
by a classical phenol/chloroform/isoamyl alcohol method
after digestion by proteinase K. Entire mtDNA was first puri-
fied by a long PCR technique (Cheng et al. 1997) using a
total of five fish-versatile primers (L12321-Leu, S-LA-16S-
H, L8343-Lys, H12293-Leu, AnUn-CYB-H; Miya and
Nishida 2000, Inoue et al. 2001a, Minegishi et al. 2005).
PCR conditions were as same as Minegishi et al. (2005).
Long PCR products were then diluted 10 times with steril-
ized TE buffer for subsequent PCRs. Using the diluted long
PCR products as template DNA, nested PCRs were con-
ducted with a total of 75 fish-versatile primers under reaction
conditions as described in Minegishi et al. (2005). For de-
tailed locations and sequences of all primers used, see Miya
and Nishida (2000), Ishiguro et al. (2001), Inoue et al.
(2001a) and Minegishi et al. (2005).

For comparisons of genetic diversity of mtDNA among
anguillid species, we used whole mtDNA nucleotide se-
quences for other 18 species and subspecies of the genus An-
guilla, which were determined by Inoue et al. (2001a) and
Minegishi et al. (2005) (DDBJ/EMBL/GenBank Accession
nos. AB038556, AP007233 - AP007249).

Genetic variation investigations

Each gene was identified by referring to the mtDNA se-
quence of A4. japonica (Inoue et al. 2001a). Individual gene
sequences for all 19 species and subspecies were manually
aligned using DNASIS version 3.7 (Hitachi Software Engi-
neering) and MacClade (Maddison and Maddison 2000) after
automatic alignment with Clustal X (Thompson et al. 1997)
as needed. Number of substitutions and genetic distances
were calculated for all possible species/subspecies pairs at
each gene with PAUP* 4.0b10 (Swofford 1998).

Results

General characteristics of mitochondrial genome of
the genus Anguilla

The complete mtDNA sequence of 4. luzonensis was
deposited in DDBJ/EMBL/GenBank (Accession No.
AB469437). The entire mtDNA genome of 19 Anguilla
species and subspecies ranged from 16,550 (4. borneensis, a
synonym of 4. malgumora) to 16,833 (A. nebulosa labiata, a
synonym of A. bengalensis labiata) base pairs (bp) and 4. [u-
zonensis showed a total of 16,635bp (Table 1). Whole
mtDNA genomes of all anguillid species contained 13 pro-
tein-coding genes, two rRNA genes, 22 transfer RNA
(tRNA) genes and a non-coding region general to vertebrates
(Boore 1999). All genes were encoded by the H strand, ex-
cept NADH dehydrogenase subunits (ND) 6 gene and eight
tRNA genes. Their gene order was identical to those of other
typical bony fishes (e.g., Johansen and Bakke 1996, Hurst et
al. 1999, Inoue et al. 2000, Broughton et al. 2001).

Length of each gene, base composition, codon usage in
protein-coding genes, estimated secondary structures of two
rRNA and 22 tRNA genes were highly conserved across the
genus, and also very similar to those of other fishes and typi-
cal vertebrates as reported in A. japonica (Inoue et al.
2001a). In contrast, a huge variation in lengths of control re-
gion was observed, which ranged from 828 (4. borneensis) to
1107 bp (4. nebulosa labiata), with a maximum difference of
279 bp. Apart from termination-associated sequence (TAS,
Doda et al. 1981) and conservative sequence block (CSB-S, -
I1, -I1I; Walberg and Clayton 1981), control region was ex-
tremely variable among species so that a reliable alignment
could not be obtained.

Genetic divergences of anguillid species/subspecies
Pairwise sequence differences among all 19 anguillid
species and subspecies including A. luzonensis ranged as fol-
lows: 0-5.71% for 12S rRNA, 0.18-4.82% for 16S rRNA,
0.15-11.42% for ATPase subunits (ATP) 6, 0-11.91% for
ATPase8, 0-8.48% for cytochrome c oxidase subunit (CO) I,
0-6.22% for COII, 0.26—8.28% for COIIL, 0-10.35% for cyt
b, 0.51-9.26% for ND1, 0.29-13.11% for ND2, 0-12.31%
for ND3, 0.36-10.57% for ND4, 0-12.12% for NDA4L,
0.49-10.10% for ND5, 0.19-9.39% for ND6, 0-3.71% for
combined tRNAs (Table 2, 3, Fig. 1). Nucleotide divergences
of two rRNA and tRNA genes in genus Anguilla were rela-
tively smaller than those of 13 protein-coding genes. The
minimum sequence differences between species ranged from
0.26% (tRNA) to 4.21% (cyt b) and the maximum was from
3.64% (16S rRNA) to 13.11% (ND2) (Table 2, 3). The 4. an-
guilla and A. rostrata pair constantly presented the minimum
interspecific sequence differences among all possible previ-
ously recognized species pairs except for 12S rRNA, ATP6,



Minegishi, Y. et al.: Genetic divergences of the genus Anguilla

Table 1.

Length of each mitochondrial gene sequences of all species and subspecies of the genus Anguilla.

Species/subspecies

mtDNA gene (base pairs)

125 16S ATP6 ATP8 COI COIl COIlll cytb ND1 ND2 ND3 ND4 ND4L ND5 ND6 tRNAs CR  total

A. anguilla 949 1708 683 168 1593 691 785
A. australis australis 947 1709
A. australis schmidti . 1709
A. bicolor bicolor 948 1704
A. bicolor pacifica 948 1704
A. borneensis 948 1707
A. malgumora 948 1710
A. dieffenbachi 947 1711
A. interioris 948 1712
A. japonica 946 1704
A. marmorata . .
A. megastoma 947 1709
A. mossambica 950 1710
A. nebulosa labiata 948 1710
A. nebulosa nebulosa 948 1710
A. obscura 948 1709
A. reinhardti 17N
A. rostrata 947 .
A. luzonensis 949 1711

1140 972 1045 349 1381 297 1842 522 1565 964 16683

966 16 686

. 958 16 682
1564 978 16 700
1564 976 16 693
1566 828 16 550
. 978 16 700
1564 961 16 687
982 16 713

. 967 16 685
1564 1020 16 745
. 987 16 714
1566 971 16693
1564 1107 16 833
1564 982 16 707
1564 981 16 704
967 16 690

962 16679

908 16 635

The same lengths as A. anguilla were shown as dot. Underlines show maximum and minimum lengths.

Table 2. Sequence divergences (%) of each mitochondrial
gene between previously described species, between previously
described subspecies, and between A. luzonensis and other an-
guillid 18 species/subspecies

Between
Between Between .
previously previously A. luzonensis
Gene described described and other 18
. . species/
species subspecies )
subspecies
12S rRNA 0.95-5.71 0-0.53 0.63-5.70
16S rRNA 1.11-4.82 0.18-0.59 1.70-4.71
ATP6 3.66-11.42 0.15-1.32 3.37-10.4
ATP8 1.79-11.91 0-1.19 2.38-8.93
COl 2.95-8.48 0-1.13 3.64-7.78
coll 1.74-6.22 0-0.87 2.46-5.21
COlll 2.04-8.28 0.26-1.91 3.06-7.64
cyt b 4.21-10.35 0-2.11 3.60-9.04
ND1 3.09-9.26 0.51-1.75 3.81-8.64
ND2 3.64-13.11 0.29-3.64 3.73-9.67
ND3 3.15-12.03 0-2.01 2.87-12.32
ND4 3.84-10.57 0.36-1.88 4.27-10.14
ND4L 2.69-12.12 0-1.01 3.37-10.10
ND5 3.26-10.10 0.49-1.95 3.96-9.28
ND6 2.68-9.39 0.19-2.11 2.30-7.85
tRNAs 0.26-3.64 0-0.51 0.77-3.71

cyt b, ND3 and ND6, whereas maximum differences were
found in various species pairs, for example between 4. aus-
tralis schmidtii and A. borneensis in 16S rRNA, A. anguilla
and A. neblosa labiata in COl, A. megastoma and A. rostrata

in cyt b (Table 2, 3).

Genetic variations between subspecies were generally
smaller than those between species. The maximum sequence
differences between subspecies ranged from 0.51% (tRNA)
to 3.64% (ND2), and the minimum was from 0 (12S rRNA,
ATP8, COI, COII, cyt b, ND3, ND4L, tRNA) to 0.51%
(ND1) (Table 2, 3). The subspecies pairs having the smallest
differences were the two subspecies of 4. australis and A.
nebulosa, and either of these two subspecies pair had identi-
cal nucleotide sequences in eight of these 15 genes. The two
subspecies of A. bicolor were the most diverged among three
pairs of subspecies, and demonstrated similar sequence dif-
ferences with 4. anguilla and A. rostrata pair in some cases
such as the ND2 and COIII gene (Table 2, 3, Fig. 1).

The new species, 4. luzonensis, showed considerable se-
quence differences from all other species in all genes. The
smallest differences were found with 4. interioris among all
species pairs, ranging from 0.63% (12S rRNA) to 4.27%
(ND4), except 16S (with A. nebulosa nebulosa), ATP8 (with
A. nebulosa nebulosa), COIII (with two subspecies of 4. neb-
ulosa), ND3 (with A. obscura) and ND6 (with 4. mar-
morata). Genetic divergence between A. luzonensis and A. in-
terioris was similar with that between A. anguilla and A. ros-
trata, except 12S rRNA, ATP6, cyt b, ND4 and ND6 that
were slightly smaller than those between 4. anguilla and A.
rostrata (Table 2, 3, Fig. 1).
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Table 3. Pairwise sequence differences of each mitochondrial gene of all anguilld species and subspecies including A. luzonensis
(above, %; absolute number, below)
(A) 12S rRNA

Angu Auau Ausc Bibi Bipa Born Cele Dief Ine Japo Marm Mega Moss Nela Nene Obsc Rein Rost Luzo

Angu 286 285 275 254 254 285 243 243 254 285 264 455 338 338 296 286 1.06 2.53
Auvau 27 0.21 338 328 3.60 370 233 349 402 338 349 529 402 402 359 360 275 3.28
Ausc 27 2 338 327 360 370 233 349 402 338 349 507 380 380 359 360 275 3.27
Bibi 26 32 32 053 3.07 211 349 180 254 201 264 539 211 211 148 222 285 1.80
Bipa 24 31 31 5 3.17 201 296 148 244 169 211 507 201 201 137 212 254 148
Born 24 34 34 29 30 338 339 349 349 412 370 444 391 391 338 371 264 4.02
Cele 27 3b 35 20 19 32 3.28 190 254 232 264 571 222 222 180 201 317 232
Dief 23 22 22 33 28 32 31 254 349 286 296 444 349 349 3.07 296 2.11 2.96
Inte 23 33 33 17 14 33 18 24 212 095 180 539 137 137 095 180 264 0.63
Japo 24 38 38 24 23 33 24 33 20 222 265 529 222 222 222 201 275 201
Marm 27 32 32 19 16 39 22 27 9 21 211 549 169 169 148 201 3.17 0.95
Mega 25 33 33 25 20 35 25 28 17 25 20 518 254 254 211 254 264 1.80
Moss 43 50 48 51 48 42 54 42 51 50 52 49 571 571 571 528 412 570
Nela 32 38 36 20 19 37 21 33 13 21 16 24 54 0 1.27 190 3.38 1.58
Nene 32 38 36 20 19 37 21 33 13 21 16 24 54 0 1.27 1.90 3.38 1.8
Obsc 28 34 34 14 13 32 17 29 9 21 14 20 54 12 12 191 296 1.16
Rein 27 34 34 21 20 35 19 28 17 19 19 24 50 18 18 18 2.86 2.01
Rost 10 26 26 27 24 25 30 20 25 26 30 25 39 32 32 28 27 2.75

Luzo 24 31 31 17 14 38 22 28 6 19 9 17 54 15 15 1 19 26

Abbrebiations are as follows; Angu, A. anguilla; Auau, A. australis australis; Ausc, A. australis schmidtii; Bibi, A. bicolor bicolor, Bipa, A. bicolor pacifica; Born,
A. borneensis; Cele, A. malgumora; Dief, A. dieffenbachii; Inte, A. interioris; Japo, A. japonica; Marm, A. marmorata, Mega, A. megastoma; Nela, A. nebulosa
labiata; Nene, A. nebulosa nebulosa; Obsc, A. obscura; Rein, A. reinhardtii; Rost, A. rostrata; Luzo, A. luzonensis.

(B) 16S rRNA

Angu Auau Ausc Bibi Bipa Born Cele Dief Ine Japo Marm Mega Moss Nela Nene Obsc Rein Rost Luzo

Angu 329 352 372 366 366 3.06 305 3.64 336 336 335 288 3.65 359 341 323 1.11 3.94
Auau 56 023 448 436 459 406 3.17 440 424 423 440 346 429 423 429 428 358 4.63
Ausc 60 4 453 442 482 411 334 445 447 435 440 3.64 429 423 434 434 382 4.69
Bibi 63 76 77 059 461 354 430 217 372 259 395 419 247 241 217 395 378 252
Bipa 62 74 75 10 479 348 424 223 360 265 4.01 419 259 241 223 401 3.60 258
Born 62 78 82 78 81 436 459 471 432 466 459 371 460 466 436 4.77 4.06 4.71
Cele 52 69 70 60 59 74 3.99 329 372 354 264 359 359 341 312 347 330 359
Dief 52 b4 57 73 72 78 68 416 424 400 417 328 417 411 3.93 3.93 3.28 4.40
Inte 62 75 76 37 38 80 56 71 365 199 370 370 1.70 164 205 393 394 1.70
Japo 57 72 76 63 61 73 63 72 62 371 360 371 3.60 354 3.65 3.83 342 3.88
Marm 57 72 74 44 45 79 60 68 34 63 3.89 412 259 241 240 412 354 264
Mega 57 75 75 67 68 78 45 71 63 61 66 3.70 389 3.83 388 393 347 364
Moss 49 59 62 71 71 63 61 56 63 63 70 63 3.83 3.77 394 358 335 4.11
Nela 62 73 73 42 44 78 61 71 29 61 44 66 65 0.18 223 3.71 3.95 205
Nene 61 72 72 41 41 79 58 70 28 60 41 65 64 3 205 3.65 3.89 1.99
Obsc 58 73 74 37 38 74 53 67 35 62 41 66 67 38 35 3.41 365 240
Rein b5 73 74 67 68 81 59 67 67 65 70 67 61 63 62 58 3.68 3.99
Rost 19 61 65 64 61 69 56 56 67 58 60 59 57 67 66 62 61 4.12

Luzo 67 79 80 43 44 80 61 75 29 66 45 62 70 35 34 41 68 70
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(C) ATPB

Angu Auau Ausc Bibi Bipa Born Cele Dief Ine Japo Marm Mega Moss Nela Nene Obsc Rein Rost Luzo
Angu 6.88 6.74 981 966 849 893 7.17 922 849 996 952 966 10.40 10.25 10.10 893 4.39 9.37
Auau 47 0.73 9.66 893 820 922 6.88 966 879 996 952 879 1142 11.42 10.256 996 7.32 9.52
Ausc 46 5 9.81 937 849 937 7.03 9.66 879 10.10 9.66 8.79 11.42 11.42 10.25 10.10 7.47 9.52
Bibi 67 66 67 1.32 10.10 7.17 8.64 410 732 6.30 8.93 10.10 6.74 6.88 4.83 7.47 981 5b.27
Bipa 66 61 64 9 9.81 761 849 439 747 674 937 996 688 7.03 556 791 937 5127
Born 58 56 58 69 67 849 7.91 952 9.08 10.10 8.79 8.93 10.10 9.96 9.66 849 835 9.96
Cele 61 63 64 49 52 58 820 6.44 747 7.17 556 864 864 849 7.17 7.17 9.08 7.17
Dief 49 47 48 59 58 54 56 8.20 9.52 9.37 952 6.74 10.54 1040 9.08 7.76 6.88 8.79
Inte 63 66 66 28 30 65 44 56 7.76 556 7.47 9.08 483 469 366 6.88 966 3.37
Japo 58 60 60 50 51 62 51 65 53 981 9.22 996 9.81 9.66 9.22 8.05 864 7.76
Marm 68 68 69 43 46 69 49 64 38 67 8.49 10.10 6.88 6.74 6.15 8.20 10.98 6.15
Mega 65 65 66 61 64 60 38 65 51 63 58 9.22 9.08 893 835 805 981 7.91
Moss 66 60 60 69 68 61 59 46 62 68 69 63 10.84 10.69 10.25 8.64 9.08 10.25
Nela 71 78 78 46 47 69 59 72 33 67 47 62 74 0.15 6.30 9.08 11.13 6.59
Nene 70 78 78 47 48 68 58 71 32 66 46 61 73 1 6.15 8.93 10.98 6.44
Obsc 69 70 70 33 38 66 49 62 25 63 42 57 70 43 42 8.49 10.69 5.12
Rein 61 68 69 51 54 58 49 53 47 55 56 55 59 62 61 58 9.08 7.76
Rost 30 50 51 67 64 57 62 47 66 59 75 67 62 76 75 73 62 10.40
luzo 64 65 65 36 36 68 49 60 23 53 42 54 70 45 44 35 53 71
(D) ATP8

Angu Auau Ausc Bibi Bipa Born Cele Dief Ine Japo Marm Mega Moss Nela Nene Obsc Rein Rost Luzo
Angu 6.55 655 893 893 595 893 476 7.74 1191 833 774 536 7.14 655 595 655 238 6.55
Auau 11 0 10.12 952 893 6.55 595 833 11.31 833 7.74 7.74 833 7.74 7.14 6.55 655 7.74
Ausc 11 0 10.12 952 893 6.55 595 833 1131 833 7.74 774 833 7.74 7.14 655 6.55 7.74
Bibi 15 17 17 1.19 655 7.14 833 7.14 7.74 536 7.14 952 536 476 4.17 595 952 595
Bipa 15 16 16 2 536 6.55 7.14 595 7.74 536 6.55 893 536 4.76 4.17 536 10.12 5.95
Born 10 15 15 11 9 7.74 476 595 952 655 7.14 595 655 595 536 6.55 833 7.14
Cele %5 1 11 12 11 13 6.55 655 7.14 536 357 7.14 536 476 298 357 7.74 476
Dief 8 10 10 14 12 8 11 476 952 655 655 536 536 4.76 4.17 417 7.14 476
Inte 13 14 14 12 10 10 1 8 952 536 595 7.74 417 357 417 536 1012 3.57
Japo 20 19 19 13 13 16 12 16 16 8.33 952 11.91 7.14 6.55 595 7.14 10.71 8.93
Marm 14 14 14 9 9 11 9 11 9 14 6.56 893 357 298 357 536 10.71 2.98
Mega 13 13 13 12 11 12 6 11 10 16 11 476 6.55 595 417 476 893 5.95
Moss 9 13 13 16 15 10 12 9 13 20 15 8 7.74 714 655 595 7.74 7.14
Nela 12 14 14 9 9 1M 9 9 7 12 6 11 13 060 238 4.17 952 2098
Nene 11 13 13 8 8 10 8 8 6 M 5 10 12 1 179 357 893 238
Obsc 10 12 12 7 7 9 5 7 7 10 6 7 11 4 3 1.79 7.14 298
Rein m 1 11 10 9 11 6 7 9 12 9 8 10 7 6 3 7.79 3.57
Rost 4 11 11 16 17 14 13 12 17 18 18 15 13 16 15 12 13 8.93
Luzo 11 13 13 10 10 12 8 8 6 15 5 10 12 5 4 5 6 15
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(E) COI

Angu Auau Ausc Bibi Bipa Born Cele Dief Ine Japo Marm Mega Moss Nela Nene Obsc Rein Rost Luzo
Angu 6.97 697 7.78 766 829 822 634 7.72 816 791 760 7.41 848 835 7.85 810 295 7.72
Auau 111 0 7.72 804 7.28 753 521 785 772 7.03 703 6.72 7.72 735 7.22 7.22 6.53 7.60
Ausc 111 0 7.72 804 7.28 753 521 785 772 7.03 703 6.72 772 735 7.22 7.22 6.53 7.60
Bibi 124 123 123 113 7.78 6.53 7.16 483 6.72 502 6.03 735 496 471 358 6.72 7.85 5.09
Bipa 122 128 128 18 7.91 653 6.97 471 6.72 496 596 7.60 496 4.83 333 6.91 7.60 4.96
Born 132 116 116 124 126 778 722 778 766 722 797 766 778 741 797 797 791 7.4
Cele 131 120 120 104 104 124 6.65 590 6.03 552 477 778 622 596 559 596 810 6.22
Dief 101 83 83 114 111 115 106 6.53 6.72 622 6.15 6.22 684 659 640 7.16 578 6.72
Inte 123 125 125 77 75 124 94 104 534 414 565 760 452 427 408 6.15 766 3.64
Japo 130 123 123 107 107 122 96 107 85 527 552 816 596 571 584 6.22 8.04 5.65
Marm 126 112 112 80 79 115 88 99 66 84 546 7.28 439 414 389 559 753 4.27
Mega 121 112 112 96 95 127 76 98 90 88 87 6.91 6.03 590 571 571 760 578
Moss 118 107 107 117 121 122 124 99 121 130 116 110 8.04 766 7.60 760 7.03 7.47
Nela 135 123 123 79 79 124 99 109 72 95 70 96 128 0.38 458 6.40 8.10 4.21
Nene 133 117 117 75 77 118 95 105 68 91 66 94 122 6 433 6.03 7.85 3.83
Obsc 125 115 115 57 53 127 89 102 65 93 62 91 121 73 69 6.59 7.47 465
Rein 129 115 115 107 110 127 95 114 98 99 89 91 121 102 96 105 7.97 6.34
Rost 47 104 104 125 121 126 129 92 122 128 120 121 112 129 125 119 127 7.78
Luzo 123 121 121 81 79 118 99 107 58 90 68 92 119 67 61 74 101 124
(F) coll

Angu Auau Ausc Bibi Bipa Born Cele Dief Ine Japo Marm Mega Moss Nela Nene Obsc Rein Rost Luzo
Angu 3.33 347 420 449 521 405 434 521 362 434 492 521 463 463 507 507 1.74 434
Auau 23 0.15 492 521 449 463 362 564 463 463 492 564 492 492 579 536 362 449
Ausc 24 1 5.07 536 463 449 376 579 478 478 507 579 507 507 593 550 3.76 4.63
Bibi 29 34 35 0.87 564 391 536 376 3.76 3.76 536 564 289 289 376 507 434 2.89
Bipa 31 36 37 6 6.22 405 536 405 420 391 521 593 318 3.18 376 4.92 463 347
Born 36 31 32 39 43 5.07 536 550 3.62 492 536 593 521 521 579 492 478 492
Cele 28 32 31 27 28 35 463 4.05 391 318 246 492 449 449 420 347 405 3.18
Dief 30 25 26 37 37 37 32 564 478 478 478 492 507 507 564 521 434 478
Inte 36 39 40 26 28 38 28 39 391 420 550 593 3.04 3.04 449 579 536 2.46
Japo 25 32 33 26 29 25 27 33 27 289 521 521 362 362 492 478 391 3.91
Marm 30 32 33 26 27 34 22 33 29 20 449 478 376 376 4.05 449 463 3.33
Mega 34 34 35 37 36 37 17 33 38 36 31 579 593 593 564 362 4.63 492
Moss 36 39 40 39 41 41 34 34 41 36 33 40 5.64 564 550 5.07 536 521
Nela 32 34 35 20 22 36 31 35 21 25 26 41 39 0 434 536 4.78 2.61
Nene 32 34 35 20 22 36 31 35 21 25 26 41 39 0 434 536 4.78 2.61
Obsc 35 40 41 26 26 40 29 39 31 34 28 39 38 30 30 521 5.07 4.05
Rein 35 37 38 35 34 34 24 36 40 33 31 25 35 37 37 36 449 521
Rost 12 25 26 30 32 33 28 30 37 27 32 32 37 33 33 35 31 4.63
Luzo 30 31 32 20 24 34 22 33 17 27 23 34 36 18 18 28 36 32
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(G) COlll

Angu Auau Ausc Bibi Bipa Born Cele Dief Ine Japo Marm Mega Moss Nela Nene Obsc Rein Rost Luzo
Angu 739 752 739 675 7.77 7.77 7.01 7.01 662 650 739 7.77 662 6.88 7.26 764 204 7.13
Auau 58 038 6.24 624 713 6.24 573 6.12 6.75 561 6.75 7.01 637 6.12 586 599 637 6.12
Ausc 59 3 6.37 637 7.26 637 586 6.24 683 573 688 7.13 650 6.24 599 6.12 6.50 5.99
Bibi 58 49 50 191 6.12 637 6.24 268 510 382 573 7.01 395 395 382 561 6.88 3.95
Bipa 53 49 50 15 599 586 599 268 522 331 599 6.75 3.69 369 357 561 6.24 3.95
Born 61 56 57 48 47 726 6.62 6.12 739 637 7.01 828 6.24 650 6.12 6.75 6.88 6.37
Cele 61 49 50 50 46 57 6.88 484 573 471 369 790 497 471 535 599 752 522
Dief 55 45 46 49 47 52 54 573 650 6.24 7.13 662 586 586 599 650 599 5.86
Inte 55 48 49 21 21 48 38 45 510 255 433 650 319 3.19 293 535 650 344
Japo 52 53 54 40 41 58 45 51 40 510 5.73 6.88 433 433 510 459 6.88 5.48
Marm 51 44 45 30 26 50 37 49 20 40 471 7.01 3.19 319 242 497 650 3.19
Mega 58 53 54 45 47 55 29 56 34 45 37 6.88 497 522 484 510 7.13 548
Moss 61 55 56 55 53 65 62 52 51 54 55 54 7.01 7.01 739 637 739 764
Nela 52 50 51 31 29 49 39 46 25 34 25 39 55 0.26 382 5.10 6.37 3.06
Nene 54 48 49 31 29 51 37 46 25 34 25 41 55 2 3.82 510 6.62 3.06
Obsc 57 46 47 30 28 48 42 47 23 40 19 38 58 30 30 522 7.01 3.31
Rein 60 47 48 44 44 53 47 51 42 36 39 40 50 40 40 41 6.88 5.22
Rost 16 50 51 54 49 54 59 47 51 54 51 56 58 50 52 55 54 6.62
Luzo 56 48 47 31 31 50 41 46 27 43 25 43 60 24 24 26 41 52
(H) cyt b

Angu Auau Ausc Bibi Bipa Born Cele Dief Ine Japo Marm Mega Moss Nela Nene Obsc Rein Rost Luzo
Angu 7.98 790 939 912 833 991 6.93 886 921 868 1026 886 921 921 886 886 4.21 851
Auau 91 0.18 895 860 7.72 833 570 816 860 798 851 746 860 860 939 754 798 8.86
Ausc 90 2 8.86 851 7.81 825 561 807 868 790 842 746 851 851 930 746 7.90 8.77
Bibi 107 102 101 211 9.04 711 7.46 597 860 640 833 877 6.67 6.67 632 7.19 877 684
Bipa 104 98 97 24 8.86 7.19 7.37 579 825 6.58 868 9.04 667 6.67 6.14 7.37 886 6.75
Born 95 88 89 103 101 860 6.93 7.63 842 790 956 825 860 860 825 798 8.68 8.16
Cele 113 95 94 81 82 98 6.14 658 6.58 649 6.14 9.47 658 6.58 754 6.49 912 7.37
Dief 79 65 64 85 84 79 70 6.93 711 737 781 7.11 693 6.93 7.63 6.67 6.84 7.11
Inte 101 93 92 68 66 87 75 79 7.37 430 7.46 868 500 500 561 6.23 895 3.60
Japo 105 98 99 98 94 96 75 81 84 6.67 737 877 693 6.93 798 579 886 7.54
Marm 99 91 90 73 75 90 74 84 49 76 7.19 842 535 535 588 509 842 5.09
Mega 117 97 96 95 99 109 70 89 85 84 82 9.12 763 7.63 851 7.54 10.35 8.60
Moss 101 85 85 100 103 94 108 81 99 100 96 104 9.12 912 930 798 851 9.04
Nela 105 98 97 76 76 98 75 79 57 79 61 87 104 0 597 6.23 8.77 5.18
Nene 105 98 97 76 76 98 75 79 57 79 61 87 104 0 597 6.23 8.77 5.18
Obsc 101 107 106 72 70 94 86 87 64 91 67 97 106 68 68 6.93 8.60 5.53
Rein 101 86 85 82 84 91 74 76 71 66 58 86 91 71 71 79 8.68 6.67
Rost 48 91 90 100 101 99 104 78 102 101 96 118 97 100 100 98 99 8.77
Luzo 97 101 100 78 77 93 84 81 41 86 58 98 103 59 59 63 76 100
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(1) ND1

Angu Auau Ausc Bibi Bipa Born Cele Dief Ine Japo Marm Mega Moss Nela Nene Obsc Rein Rost Luzo
Angu 586 5.97 854 813 833 844 679 823 9.26 885 844 772 823 864 854 751 3.09 864
Auau 57 051 761 792 700 741 6.17 751 833 823 731 772 720 741 782 7.10 6.48 7.61
Ausc 58 5 7.72 813 7.10 7.82 6.28 7.61 813 833 7.10 7.82 741 7.61 803 731 6.79 8.03
Bibi 83 74 75 1.756 895 7.41 761 6.17 741 638 7.72 833 556 576 494 6.28 823 6.28
Bipa 79 77 79 17 8.85 7.10 7.92 586 7.00 6.38 7.72 833 545 566 422 597 782 586
Born 81 68 69 87 86 6.89 689 7.72 926 844 803 9.05 792 833 844 875 7.82 833
Cele 82 72 76 72 69 67 7.10 638 720 7.20 545 9.16 7.10 7.31 658 6.69 7.41 6.69
Dief 66 60 61 74 77 67 69 6.48 7.72 731 782 648 669 7.10 6.89 7.20 576 7.00
Inte 80 73 74 60 57 75 62 63 720 566 597 813 525 545 514 7.10 7.72 3.81
Japo 90 81 79 72 68 90 70 75 70 792 731 844 731 731 628 731 782 792
Marm 86 80 81 62 62 82 70 71 55 77 751 823 473 525 586 6.58 823 545
Mega 82 71 69 75 75 78 53 76 58 71 73 895 648 6.69 720 7.41 761 658
Moss 75 75 76 81 81 88 89 63 79 82 80 87 8.03 854 772 792 751 7.92
Nela 80 70 72 54 53 77 69 65 51 71 46 63 78 1.03 5.04 6.17 7.10 5.14
Nene 84 72 74 56 55 81 71 69 53 71 51 65 83 10 525 6.17 751 535
Obsc 83 76 78 48 41 82 64 67 50 61 57 70 75 49 51 6.48 7.41 535
Rein 73 69 71 61 58 85 65 70 69 71 64 72 77 60 60 63 7.31 6.58
Rost 30 63 66 80 76 76 72 56 75 76 80 74 73 69 73 72 71 8.13
Luzo 84 74 78 61 57 81 65 68 37 77 53 64 77 50 52 52 64 79
(J) ND2

Angu Auau Ausc Bibi Bipa Born Cele Dief Ine Japo Marm Mega Moss Nela Nene Obsc Rein Rost Luzo
Angu 7.18 7.08 10.14 11.10 8.71 8.04 880 861 794 947 737 1081 794 785 880 861 3.64 8.80
Auau 75 0.29 871 10.056 7.46 6.41 660 689 6.79 794 6.89 852 6.70 6.60 699 7.56 7.08 7.37
Ausc 74 3 8.71 10.056 7.56 6.51 6.51 6.99 6.70 8.04 699 842 6.79 6.70 7.08 746 6.99 7.46
Bibi 106 91 91 3.64 10.056 852 1062 7.18 852 794 7.27 1187 7.18 7.27 6.41 8.80 10.81 6.99
Bipa 116 105 105 38 10.62 9.57 1158 8.04 938 9.19 852 13.11 823 833 7.66 10.24 11.48 8.04
Born 91 78 79 105 111 8.04 900 6.99 804 794 727 928 6.89 6.99 804 842 861 7.85
Cele 84 67 68 89 100 84 833 6.03 565 641 507 995 584 574 584 6.89 804 574
Dief 92 69 68 111 121 94 87 8.61 833 9.09 900 9.86 852 861 9.00 928 842 8.90
Inte 90 72 73 75 84 73 63 90 6.70 479 55b5 9.67 440 431 469 6.89 880 3.73
Japo 83 71 70 89 98 84 59 87 70 7.08 584 842 651 641 6.79 7.08 7.66 6.12
Marm 99 83 84 83 96 83 67 95 50 74 6.60 10.43 4.69 459 507 7.85 938 5.07
Mega 77 72 73 76 89 76 53 94 58 61 69 9.09 498 488 593 6.12 813 536
Moss 113 89 88 124 137 97 104 103 101 88 109 95 9.67 9.38 9.86 9.95 1081 9.67
Nela 83 70 71 75 86 72 61 89 46 68 49 52 101 0.29 536 6.60 833 3.92
Nene 82 69 70 76 87 73 60 90 45 67 48 51 98 3 526 6.70 8.23 3.83
Obsc 92 73 74 67 80 84 61 94 49 71 53 62 103 56 55 7.37 852 498
Rein 90 79 78 92 107 88 72 97 72 74 82 64 104 69 70 77 8.90 7.18
Rost 38 74 73 113 120 90 84 88 92 80 98 85 113 87 86 89 93 9.09
Luzo 92 77 78 73 84 82 60 93 39 64 53 56 101 41 40 52 75 95
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(K) ND3

Angu Auau Ausc Bibi Bipa Born Cele Dief Ine Japo Marm Mega Moss Nela Nene Obsc Rein Rost Luzo
Angu 10.32 10.03 10.32 10.60 9.46 10.32 8.02 8.88 8.88 10.32 9.46 11.46 10.32 10.32 9.46 860 3.15 9.74
Auau 36 0.29 11.46 10.89 10.89 11.18 6.59 9.74 10.89 8.88 10.03 11.75 10.03 10.03 9.74 8.88 9.46 9.46
Ausc 35 1 11.18 10.60 10.60 10.89 6.88 9.46 10.60 8.60 9.74 11.46 9.74 9.74 9.46 860 9.17 9.17
Bibi 36 40 39 2.01 12.03 9.74 9.74 401 888 487 860 1032 5.16 516 4.87 7.45 8.88 4.87
Bipa 37 38 37 7 10.60 8.88 9.17 459 888 459 831 946 544 544 401 716 974 544
Born 33 38 37 42 37 10.89 8.88 12.03 10.32 11.75 11.18 9.74 11.75 11.75 10.60 10.32 10.32 12.32
Cele 36 39 38 34 31 38 8.88 7.74 8.02 831 6.59 1060 745 7.45 802 573 946 9.17
Dief 28 23 24 34 32 31 31 8.60 7.16 831 802 946 831 831 7.74 516 7.74 831
Inte 31 34 33 14 16 42 27 30 7.74 401 831 974 373 373 344 6.59 802 344
Japo 31 38 37 31 31 36 28 25 27 8.88 6.88 10.03 7.16 7.16 7.74 6.30 8.60 7.45
Marm 36 31 30 17 16 41 29 29 14 31 831 946 430 430 4.01 6.59 888 3.73
Mega 33 35 34 30 29 39 23 28 29 24 29 1032 7.45 745 8.02 6.02 9.17 8.02
Moss 40 41 40 36 33 34 37 33 34 35 33 36 8.88 8.88 8.88 8.88 10.32 9.17
Nela 36 35 34 18 19 41 26 29 13 25 15 26 31 0 3.73 6.02 9.46 3.44
Nene 36 35 34 18 19 41 26 29 13 25 15 26 31 0 3.73 6.02 9.46 3.44
Obsc 33 34 33 17 14 37 28 27 12 27 14 28 31 13 13 6.59 8.60 2.87
Rein 30 31 30 26 25 36 20 18 23 22 23 21 31 21 21 23 8.31 6.59
Rost 11 33 32 31 34 36 33 27 28 30 31 32 36 33 33 30 29 8.31
Luzo 34 33 32 17 19 43 32 29 12 26 13 28 32 12 12 10 23 29
(L) ND4

Angu Auau Ausc Bibi Bipa Born Cele Dief Ine Japo Marm Mega Moss Nela Nene Obsc Rein Rost Luzo
Angu 10.28 10.21 949 9.27 1057 9.63 840 898 869 898 9.34 941 10.36 10.36 898 876 449 963
Auau 142 0.36 9.20 920 934 876 7.02 883 862 898 855 992 1050 10.28 855 891 898 9.70
Ausc 141 5 9.20 920 956 876 7.02 869 869 883 840 9.99 10.50 10.28 855 8.98 891 9.70
Bibi 131 127 127 1.88 891 7.24 818 543 768 6.23 782 912 623 6.08 492 7.10 8.69 5.65
Bipa 128 127 127 26 898 688 7.82 500 7.75 550 7.17 934 565 550 406 7.02 818 5.00
Born 146 129 132 123 124 9.20 912 847 956 920 978 999 9.63 934 934 927 10.21 10.14
Cele 133 121 121 100 95 127 8.04 724 7.7 717 6.08 876 847 804 731 695 840 7.3
Dief 116 97 97 113 108 126 111 8.18 8.04 8.18 818 862 920 927 768 753 7.68 8.18
Inte 124 122 120 75 69 117 100 113 6.66 384 6.66 891 558 543 406 6.37 840 4.27
Japo 120 119 120 106 107 132 99 1M1 92 6.81 6.73 9.12 869 876 6.81 652 7.24 7.31
Marm 124 124 122 86 76 127 99 113 53 94 7.17 891 529 521 413 7.60 826 5.21
Mega 129 118 116 108 99 135 84 113 92 93 99 9.27 847 811 681 637 876 7.60
Moss 130 137 138 126 129 138 121 119 123 126 123 128 956 970 9.12 891 934 934
Nela 143 145 145 86 78 133 117 127 77 120 73 117 132 0.72 529 833 970 6.37
Nene 143 142 142 84 76 129 111 128 75 121 72 112 134 10 5.00 8.18 956 6.37
Obsc 124 118 118 68 56 129 101 106 56 94 57 94 126 73 69 7.39 855 4.71
Rein 121 123 124 98 97 128 96 104 88 90 105 88 123 115 113 102 8.40 7.60
Rost 62 124 123 120 113 141 116 106 116 100 114 121 129 134 132 118 116 9.20
Luzo 133 134 134 78 69 140 104 113 59 101 72 105 129 88 88 65 105 127
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M) ND4L

Angu Auau Ausc Bibi Bipa Born Cele Dief Ine Japo Marm Mega Moss Nela Nene Obsc Rein Rost Luzo
Angu 7.07 7.07 842 875 842 7.07 539 875 842 8.08 6.06 1044 808 8.08 943 842 269 7.41
Auau 21 0 8.08 842 10.10 572 741 808 842 7.41 539 875 741 741 808 572 7.41 8.08
Ausc 21 0 8.08 842 10.10 572 741 808 842 7.41 539 875 741 741 808 572 7.41 8.08
Bibi 256 24 24 1.01 8.08 7.41 808 438 741 404 539 976 337 337 269 7.07 943 4.04
Bipa 26 25 25 3 8.75 8.08 842 505 741 438 572 1010 3.70 3.70 337 7.41 9.09 438
Born 25 30 30 24 26 875 808 875 9.09 875 7.41 1212 9.09 9.09 943 842 943 9.09
Cele 21 17 17 22 24 26 6.40 640 572 640 438 7.74 640 6.40 640 539 7.74 7.07
Dief 16 22 22 24 25 24 19 8.08 640 6.40 404 808 7.41 741 842 774 6.73 7.41
Inte 26 24 24 13 15 26 19 24 8.08 3.37 5.39 10.10 3.37 337 505 7.07 875 3.37
Japo 25 25 25 22 22 27 17 19 24 6.73 6.40 842 640 640 7.07 774 774 774
Marm 24 22 22 12 13 26 19 19 10 20 471 842 337 337 438 572 8.08 3.37
Mega 18 16 16 16 17 22 13 12 16 19 14 8.08 471 471 572 572 673 539
Moss 31 26 26 29 30 36 23 24 30 25 25 24 8.75 8.75 9.43 9.76 10.77 10.10
Nela 24 22 22 10 11 27 19 22 10 19 10 14 26 0 438 7.07 875 3.37
Nene 24 22 22 10 11 27 19 22 10 19 10 14 26 0 438 7.07 875 3.37
Obsc 28 24 24 8 10 28 19 25 15 21 13 17 28 13 13 7.07 10.44 5.05
Rein 25 17 17 21 22 25 16 23 21 23 17 17 29 21 21 21 8.08 7.07
Rost 8 22 22 28 27 28 23 20 26 23 24 20 32 26 26 31 24 7.41
Luzo 22 24 24 12 13 27 21 22 10 23 10 16 30 10 10 15 21 22
(N) ND5

Angu Auau Ausc Bibi Bipa Born Cele Dief Ine Japo Marm Mega Moss Nela Nene Obsc Rein Rost Luzo
Angu 8.42 858 10.10 9.72 9.72 9.66 7.17 950 847 9.66 9.07 896 956 950 9.12 869 326 9.28
Auau 155 049 9.07 928 831 825 6.24 874 7.76 869 869 847 918 939 874 836 858 858
Ausc 158 9 9.12 945 874 858 635 880 809 890 890 8.63 9.28 950 874 858 874 8.80
Bibi 186 167 168 195 945 7.44 863 521 766 592 738 890 6.08 6.24 532 7.06 10.10 5.54
Bipa 179 171 174 36 9.61 766 863 478 7.82 581 755 858 597 6.14 500 6.79 983 538
Born 179 153 161 174 177 8.80 814 9.12 852 869 966 945 939 961 950 852 9.83 9.18
Cele 178 152 158 137 141 162 7.87 717 6.84 722 597 896 744 755 771 690 972 6.95
Dief 132 115 117 159 159 150 145 825 706 7.60 755 7.22 831 852 809 7.76 7.76 7.60
Inte 175 161 162 96 88 168 132 1562 7.66 472 6.73 874 467 472 500 7.06 9.61 3.96
Japo 156 143 149 141 144 157 126 130 141 6.84 7.17 858 7.87 8.09 7.76 6.90 8.80 7.06
Marm 178 160 164 109 107 160 133 140 87 126 6.68 820 505 521 597 6.84 961 4.78
Mega 167 160 164 136 139 178 110 139 124 132 123 825 700 7.22 755 7.06 934 7.00
Moss 165 156 159 164 158 174 165 133 161 158 151 152 896 9.18 836 7.93 9.01 842
Nela 176 169 171 112 110 173 137 153 86 145 93 129 165 0.49 586 7.28 9.61 4.18
Nene 175173 175 115 113 177 139 157 87 149 96 133 169 9 6.03 749 9.66 4.34
Obsc 168 161 161 98 92 175 142 149 92 143 110 139 154 108 111 7.55 956 5.86
Rein 160 154 158 130 125 157 127 143 130 127 126 130 146 134 138 139 8.47 6.90
Rost 60 158 161 186 181 182 179 143 177 162 177 172 166 177 178 176 156 9.28
Luzo 171 158 162 102 99 169 128 140 73 130 88 129 155 77 80 108 127 171
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(O) ND6

Angu Auau Ausc Bibi Bipa Born Cele Dief Ine Japo Marm Mega Moss Nela Nene Obsc Rein Rost Luzo
Angu 6.13 594 690 651 747 594 536 690 843 7.28 632 805 632 594 690 7.09 2.87 6.90
Auau 32 019 7.47 728 747 728 728 728 920 843 766 6.71 7.09 6.71 728 7.66 6.71 7.28
Ausc 31 1 728 7.09 7.28 7.09 7.09 7.09 900 824 747 651 690 6.51 7.09 747 6.51 7.09
Bibi 36 39 38 211 824 651 747 287 843 460 6.13 651 536 498 364 632 747 4.02
Bipa 34 38 37 11 728 632 7.28 268 7.85 422 594 536 460 422 268 575 747 345
Born 39 39 38 43 38 824 651 690 824 7.09 785 747 785 747 747 824 881 6.32
Cele 31 38 37 34 33 43 690 594 7.85 632 479 7.09 594 556 632 6.13 747 556
Dief 28 38 37 39 38 34 36 6.71 824 805 728 7.85 805 7.66 690 6.90 6.51 6.90
Inte 36 38 37 15 14 36 31 35 7.47 383 594 651 441 402 268 536 785 268
Japo 44 48 47 44 41 43 41 43 39 7.85 7.09 939 805 7.66 7.47 7.66 939 7.09
Marm 38 44 43 24 22 37 33 42 20 41 6.90 747 460 422 383 7.47 824 230
Mega 33 40 39 32 31 41 25 38 31 37 36 7.28 651 6.13 632 6.13 7.66 556
Moss 42 35 34 34 28 39 37 41 34 49 39 38 747 7.09 6.71 805 862 6.71
Nela 33 37 36 28 24 41 31 42 23 42 24 34 39 0.58 422 6.13 805 4.22
Nene 31 35 34 26 22 39 29 40 21 40 22 32 37 3 3.83 575 7.66 3.83
Obsc 36 38 37 19 14 39 33 36 14 39 20 33 35 22 20 594 7.66 2.68
Rein 37 40 39 33 30 43 32 36 28 40 39 32 42 32 30 31 8.43 b5.75
Rost 15 35 34 39 39 46 39 34 41 49 43 40 45 42 40 40 44 7.85
Luzo 36 38 37 21 18 33 29 36 14 37 12 29 35 22 20 14 30 41
(P) tRNAs

Angu Auau Ausc Bibi Bipa Born Cele Dief Ine Japo Marm Mega Moss Nela Nene Obsc Rein Rost Luzo
Angu 205 205 262 249 211 262 179 294 294 256 256 294 307 3.00 275 275 0.26 3.01
Auau 32 0 3.13 3.00 249 268 205 281 320 269 249 326 320 313 281 3.07 192 3.13
Ausc 32 0 3.13 3.00 249 268 205 281 320 269 249 326 320 3.13 281 3.07 192 3.13
Bibi 41 49 49 051 3.07 205 320 134 243 122 173 332 147 141 122 256 249 154
Bipa 39 47 47 8 320 217 314 134 256 1.09 198 3.07 134 128 122 256 237 154
Born 33 39 39 48 50 3.07 269 339 339 313 3.00 326 364 358 339 332 198 3.58
Cele 41 42 42 32 34 48 275 192 211 147 096 281 217 211 205 205 249 1.86
Dief 28 32 32 50 49 42 43 3.13 301 288 269 282 326 320 3.14 288 1.66 3.27
Inte 46 44 44 21 21 53 30 49 262 090 1.73 345 1.15 1.09 090 230 281 0.77
Japo 46 50 50 38 40 53 33 47 41 224 192 358 262 256 249 275 281 2.50
Marm 40 42 42 19 17 49 23 45 14 35 141 3.13 090 083 0.90 2.37 243 0.96
Mega 40 39 39 27 31 47 15 42 27 30 22 313 198 192 185 211 243 1.79
Moss 46 51 51 52 48 51 44 44 54 56 49 49 3.58 352 358 332 281 3.71
Nela 48 50 50 23 21 57 34 51 18 41 14 31 56 0.32 090 281 294 1.28
Nene 47 49 49 22 20 56 33 50 17 40 13 30 55 5 0.83 275 288 1.22
Obsc 43 44 44 19 19 53 32 49 14 39 14 29 56 14 13 269 262 1.02
Rein 43 48 48 40 40 52 32 45 36 43 37 33 52 44 43 42 2.62 2.56
Rost 4 30 30 39 37 31 39 26 44 44 38 38 44 46 45 41 41 3.01
Luzo 47 49 49 24 24 56 29 51 12 39 15 28 58 20 19 16 40 47
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Fig. 1. Distributions of sequence differences for all 19 species and subspecies of the genus Anguilla, including A. luzonensis, for 13 pro-
tein-coding, two rRNA genes and concatenated tRNA genes of mitochondrial genome. In each panel, a shows comparisons between the
two subspecies of A. nebulosa, b for the two subspecies of A. australis, ¢ for the two subspecies of A. bicolor, d for the A. luzonensis

and A. interioris pair, and e includes the A. anguilla and A. rostrata pair.

Discussion

The present study examined whole mtDNA sequences
of all species and subspecies in the genus Anguilla along
with a newly described species for the first time, and found
anguillid species to have typical mtDNA characteristics com-
paring to other vertebrates and bony fishes as reported in 4.
Japonica (Inoue et al. 2001a). It was also revealed that basic
characteristics of mtDNA such as length of each gene and
gene order are common among all anguillid eels. This sug-
gests that general mtDNA characteristics are likely very con-
servative at a genus level. In contrast, gene order rearrange-
ment in mitochondrial genomes has been reported in various
higher leveled taxa like families, orders, and classes (e.g.,
Macey et al. 1997, Boore 1999, Inoue et al. 2001b, Peng et

12

al. 2005, Perseke et al. 2008). In this case, such particularity
may be also shared among closely related species, for exam-
ple among their congeners.

The mitochondrial genomes of the genus Anguilla
demonstrated clear divergences between species and sub-
species. This indicated that the all previously recognized 18
species/subspecies of the genus and recently described A. /u-
zonensis diverged enough to be considered as different
species as they stand so far based on their morphological
characters. In 16S rRNA and cyt b genes, which are most fre-
quently used as taxonomic characters and for genetic species
identification in this genus, sequence differences found in
this study were almost same as reported in Aoyama et al.
(2001), except cyt b between the two subspecies of A. bicolor
(4.6%). Since this difference between the two studies was un-
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likely caused by misidentification of species, a possible ex-
planation is that the two subspecies of 4. bicolor have al-
ready diverged at species level. Indeed, sequence differences
of ND2 and tRNA between two subspecies of A. bicolor
reached interspecific divergence level, and COIII also
showed divergences that were close to interspecific variations
(Table 2). Genetic divergence status of the A. bicolor sub-
species will be determined by examining their sequence dif-
ferences carefully with more specimens.

Among all possible species pairs, 4. anguilla and A. ros-
trata were found to have the smallest divergence as has been
well known. In the present study, the mtDNA divergence be-
tween A. luzonensis and A. interioris was appeared to be
roughly same as between 4. anguilla and A. rostrata. On the
other hand, genetic differences between the two subspecies
of A. australis were very slight as previously suggested
(Aoyama et al. 1999b, 2000, 2001, Watanabe et al. 2004,
2005). Moreover, it was revealed that the genetic variation
between two subspecies of A. nebulosa is also as small as
that of 4. australis. Therefore, according to mtDNA diver-
gences, there is likely a clear hierarchical structure in the
genus Anguilla that the A. australis and A. nebulosa sub-
species had the smallest differences in the genus, then the 4.
bicolor subspecies, A. anguilla and A. rostrata pair, A. luzo-
nensis and A. interioris pair, and the other species pairs in
order.

The present study showed the genetic variations of
whole mitochondrial genome sequences for all 19 species
and subspecies of the genus Anguilla and suggested that A.
luzonensis is likely genetically valid as a new anguillid
species. The inter-species and subspecies genetic divergence
of the whole mtDNA sequences revealed in this study could
provide the fundamental information for the future revision
and agreement of the taxonomy of the genus Anguilla based
on the molecular characteristics of each species or sub-
species.
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