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Morphological and molecular characterisation of Heliconema
hainanensis sp. nov. (Spirurina: Physalopteridae) from congers
in the South China Sea, with a key to the species of Heliconema

Liang Li'/*, Yuan-Yuan Liu', Bao-Chen Liu?, Lu-Ping Zhang'

'College of Life Science, Hebei Normal University, Hebei Province, PR China *Botou Vocational College, Botou, Hebei Province, PR China

Heliconema hainanensis sp. nov. collected from Uroconger lepturus (Richardson) (Anguilliformes: Congridae),
Muraenesox cinereus (Forsskal) and Congresox talabonoides (Bleeker) (Anguilliformes: Muraenesocidae) in the
South China Sea was described using light and scanning electron microscopy. The new species differs from its con-
geners by the following morphology: pseudolabia, the number and arrangement of caudal papillae (4 pairs of pe-
dunculate precloacal papillae arranged in 2 groups of 2 and 2 pairs and 6 pairs of pedunculate postcloacal papillae
arranged in 4 groups of 1, 2, 1 and 2 pairs), the length of spicules [left spicule 0.51-0.69 mm, right spicule 0.20-0.27
mm, spicule (right:left) ratio 1:2.20-2.69] and the morphology of the female tail tip. In addition, specimens of the new
species collected from the three different hosts and specimens of an unidentified species of Heliconema collected
from U. lepturus were characterised using molecular methods by sequencing the internal transcribed spacer (ITS)
of ribosomal DNA. Analyses and comparison of the ITS sequence of H. hainanensis sp. nov. with Heliconema sp.
support the validity of the new species based on morphological observations. An identification key to the species of
Heliconema is also provided.
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Adult Heliconema nematodes commonly occur in the
digestive tract of fishes of the orders Anguilliformes and
Synbranchiformes (Li 1934, Ogden 1969, Gupta & Dug-
gal 1989, Crites & Overstreet 1991, Moravec et al. 2007),
but some species can also parasitise snakes (Ortlepp 1923,
Fusco & Palmieri 1980). Travassos (1919) erected the ge-
nus Heliconema and designated Heliconema heliconema
Travassos 1919 from the chain moray Echidna catenata
(Bloch) (Anguilliformes: Muraenidae) as the type spe-
cies. Until 2012, there were only nine recognisable spe-
cies in Heliconema worldwide, including H. heliconema
Travassos 1919, Heliconema longissimum (Ortlepp 1923),
Heliconema brevispiculum Baylis 1934, Heliconema bay-
lisi Ogden 1969, Heliconema serpens Fusco and Palmieri
1980, Heliconema psammobatidus Threlfall and Carvajal
1984, Heliconema kherai Gupta and Duggal 1989, Heli-
conema brooksi Crites and Overstreet 1991 and Heli-
conema savala Akram 1996 (Travassos 1919, Ortlepp
1923, Baylis 1934, Li 1934, Ogden 1969, Fusco & Palm-
ieri 1980, Threlfall & Carvajal 1984, Gupta & Duggal
1989, Crites & Overstreet 1991, Akram 1996, Moravec et
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al. 2007). Of these, only three species have been reported
in China: H. longissimum from Anguilla japonica Tem-
minck & Schlegel (Anguilliformes: Anguillidae) and H.
heliconema and H. brevispiculum from Muraenesox ci-
nereus (Forsskal) (Anguilliformes: Muraenesocidae) (Li
1934, Wang et al. 1976, 1977, Pan et al. 1990). During
a helminthological survey of marine fishes in the South
China Sea from November 2009-December 2010, large
numbers of spirurine nematodes identified morphologi-
cally as a new species. Heliconema hainanensis sp. nov.
were collected from the intestine and stomach of the con-
gers Uroconger lepturus (Richardson) (Anguilliformes:
Congridae), M. cinereus (Forsskél) and Congresox tala-
bonoides (Bleeker) (Anguilliformes: Muraenesocidae).
In recent years, morphological features combined
with genetic information, such as sequences of the in-
ternal transcribed spacer (ITS) of nuclear ribosomal
DNA (rDNA) and mitochondrial cytochrome C oxidase
subunit I and II, have been successfully used for the ac-
curate identification of nematodes at the species level for
eggs, larvae and adults (Ivanova et al. 2007, Koubkova
et al. 2008, Mattiucci et al. 2008, MasSova et al. 2010,
Guerrero et al. 2011, Li et al. 2012a, b, Testini et al. 2011).
Consequently, specimens of this new species collected
from three different hosts and specimens of Heliconema
sp. collected from U. lepturus were characterised using
molecular methods by sequencing and analysing the ITS
region of rtDNA to validate their taxonomic status. The
present study is the first use of ITS-region sequencing
for the purpose of species discrimination and identifica-
tion in the genus Heliconema and represents a substantial
step toward using sequence variation for species delimi-
tation in this poorly characterised group. An identifica-
tion key to the species of Heliconema is also provided.
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MATERIALS AND METHODS

Light and scanning electron microscopy (SEM) -
Fishes collected from the South China Sea were exam-
ined for parasites. Nematodes recovered from the diges-
tive tract of various fishes were washed in physiological
saline and then fixed and stored in 70% ethanol until
use. For light microscopy studies, nematodes were clari-
fied in lactophenol. Drawings were rendered with the aid
of a Nikon microscope drawing attachment. For SEM, a
portion of the specimens was selected for fixation in 4%
formaldehyde solution, post-fixed in 1% OsO,, dehydrat-
ed via an ethanol series and acetone, then critical-point
dried. The specimens were coated with gold and exam-
ined on a Hitachi S-570 scanning electron microscope at
an accelerating voltage of 15 kV.

Measurements (the range, followed by the mean in
parentheses) are given in micrometres unless otherwise
stated. Type specimens are deposited at the College of
Life Sciences, Hebei Normal University (HBNU), Hebei
Province, China. The collection data for the specimens
of H. hainanensis sp. nov. are presented in Table.

Molecular procedures - Twenty-one nematodes (i.c.,
6 randomly selected paratypes of H. hainanensis sp. nov.
from each of the host species, U. lepturus, M. cinereus
and C. talabonoides and 3 specimens of Heliconema sp.
from U. lepturus) were subjected to molecular analysis.
Genomic DNA from individual worms was extracted
with the Column Genomic DNA Isolation Kit (Shanghai
Sangon, China) according to the manufacturer’s instruc-
tions. DNA was eluted in elution buffer and stored at -20°C
until use. The ITS region was amplified by polymerase
chain reaction (PCR) using the primers NC5 (forward:
5'-GTAGGTGAACCTGCGGAAGGATCATT-3") and
NC2 (reverse: S“TTAGTTTCTTCCTCCGCT-3") (Zhu
et al. 1998). PCR was performed in 50 pL of PCR reac-
tion buffer containing 10 mM Tris HCI, pH 8.4, 50 mM
KCl, 3.0 mM MgCl,, 250 uM of each deoxynucleotide
triphosphate, 50 pmol of each primer and 1.5 U of Tag
polymerase (Takara) in a thermocycler (2720, Applied
Biosystems) using the following conditions: 94°C for 5
min (initial denaturation), followed by 30 cycles of 94°C
for 30 s (denaturation), 55°C for 30 s (annealing), 72°C for

70 s (extension) and a final extension at 72°C for 7 min.
PCR products were verified on a GoldView-stained 1.5%
agarose gel and purified with the Column PCR Product
Purification Kit (Shanghai Sangon, China). Sequencing
was performed using the DyeDeoxy Terminator Cycle
Sequencing Kit (v.2, Applied Biosystems, California,
USA) and an automated sequencer (ABI-PRISM 377). Se-
quencing for each sample was performed for both strands.
Sequences were aligned using CLUSTALW?2 (Thompson
etal. 1994) and adjusted manually. The ITS sequences ob-
tained were compared with those available in the National
Center for Biotechnology Information (NCBI) database
(ncbi.nlm.nih.gov) using the BLASTn algorithm.

RESULTS

H. hainanensis sp. nov.
(Figs 1-4)

The morphometrics of specimens collected from the
three different hosts, U. lepturus, M. cinereus and C. ta-
labonoides, were strikingly similar (i.e., no notable mor-
phological variations were detected between specimens
from different hosts).

Diagnosis - Medium-sized, whitish nematodes. Cuti-
cle with fine transverse striations. Cephalic end rounded.
Cuticle in cephalic region inflated to form a cephalic ves-
icle extending posteriorly to the level of deirids (Fig. 1A).
Oral aperture dorsoventrally elongated, surrounded by
two lateral pseudolabia (Figs 1C, 2A, 3A); each pseudola-
bium bears two large submedian (dorsolateral and vent-
rolateral) cephalic papillae and one small amphid situated
at the base of the pseudolabium (Figs 1C, 2A, 3A); inner
surface of each pseudolabium with a large median conical
tooth and ridged subdorsal and subventral teeth (Figs 3B,
4A); any series of denticles absent. Buccal cavity short.
Oesophagus divided into a short, narrow anterior mus-
cular portion and a significantly longer, wide glandular
portion. Nerve ring encircles the muscular oesophagus
posterior to its middle (Fig. 1A, B). Small simple deirids
situated at the level of the nerve ring (Figs 1A, 3C). Ex-
cretory pore situated slightly posterior to the anterior end
of the glandular oesophagus (Fig. 1B). Posterior end of
the body sexual dimorphism (Figs 2C, 3D).

TABLE

Specimens of Heliconema hainanensis sp. nov. collected from the South China Sea

Hosts Date of collection

Locality of collection

Prevalence and intensity (mean)

24-30 November 2010
24-25 November 2010

Uroconger lepturus

Muraenesox cinereus
25-26 November 2009
1 December 2010
Congresox talabonoides
26 November 2009
29 April 2010

Off Sanya, Hainan Island
Off Sanya, Hainan Island

Off Beihai, Guangxi Province
Off Sanya, Hainan Island

Off Beihai, Guangxi Province
Off Zhanjiang, Guangdong Province

2/11, 42-126 (84.0)
1/2, 30 (15.0)

6/6, 25-100 (66.2)
1/2,90

2/2, 3-84 (43.5)
11, 54
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Male (24 specimens) - Body 17.3-23.8 (20.5) mm long;
maximum width 274-392 (337). Pseudolabia 29-39 (35.0)
long, 118-127 (122) wide. Cephalic vesicle 127-343 (204)
long, 20-29 (22.9) wide. Entire oesophagus 1.96-2.74
(2.37) mm long, representing 10.4-13.4 (11.7)% of body
length; muscular oesophagus 245-363 (312) long, 78-108
(90.9) maximum width; glandular oesophagus 1.72-2.38
(2.06) mm long, 147-196 (162) maximum width; length
ratio of two parts of the oesophagus 1:5.71-8.00 (1:6.66).
Oesophageal-intestinal valve 49-98 (75.6) long, 118-157
(141) wide. Nerve ring, deirids and excretory pore 167-343
(253), 186-372 (289) and 235-441 (376), respectively, from
the anterior extremity. Spicules dissimilar in shape, un-
equal in length; left spicule relatively long, 510-686 (574)

in length, arcuate, narrow, tapering to fine point distally,
representing 2.26-3.25 (2.83)% of body length; right spic-
ule short, 196-265 (238) long, thicker than left spicule,
with distal end recurved, representing 1.01-1.40 (1.17)% of
body length; spicule (right:left) ratio 1:2.20-2.69 (1:2.42)
(Fig. 1E, G). Gubernaculum absent. Posterior end of body
spirally coiled ventrally (Fig. 2C). Caudal alae slightly
expanded, supported by four twin pairs of subventral pe-
dunculate precloacal papillae and six pairs of subventral
pedunculate postcloacal papillae arranged in four groups
of one, two, one and two pairs (Figs 1E, F, 2D). Each
caudal papilla surrounded by a ring consisting of numer-
ous small cuticular, papilla-like protuberances (in young
males, caudal papilla as knob-like projection without sur-

Fig. 1: Heliconema hainanensis sp. nov. from Uroconger lepturus (Richardson) in the South China Sea (A-C, E-J). A: anterior part of female,
lateral view; B: anterior part of female, ventral view; C: cephalic end of male (reconstructed from scanning electron microscopy, apical view;
D: cephalic end of Heliconema longissimum (Ortlepp), apical view [(redrawn after Moravec et al. (2007)]; E: posterior end of male (showing spi-
cules and caudal papillae), lateral view; F: posterior end of male (showing caudal papillae and caudal alae), ventral view; G: spicules; H: region
of vulva; I: larvated egg; J: posterior end of female, lateral view. Bars: A, B, E, F, H, J: 200 pm; C: 40 um; D: 30 um; G: 100 pm; I: 50 pm.
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rounding cuticular, papilla-like protuberances) (Figs 2E,
F, 4B-D). Ventral precloacal surface forming 20 or more
rows of tessellated longitudinal ridges (Fig. 2H) (in young
males, tessellated longitudinal ridges weak, ridges lack
clear demarcations) (Fig. 2G). Tail 294-412 (364) long
with rounded tip (Figs 2B, 4C). Phasmids not observed.

Female (24 specimens) - Body 23.6-42.1 (35.3) mm
long; maximum width 490-735 (622). Pseudolabia 29-49
(44.8) long, 127-147 (140) wide. Cephalic vesicle 196-294
(216) long, 29-39 (31.4) wide. Entire oesophagus 2.89-3.92
(3.38) mm long, representing 8.27-12.2 (10.4)% of body
length; muscular oesophagus 392-461 (425) long, 118-176
(147) maximum width; glandular oesophagus 2.50-3.47
(2.96) mm long, 176-265 (234) maximum width; length
ratio of two parts of the oesophagus 1:6.23-7.76 (1:6.98).
Oesophageal-intestinal valve 78-137 (103) long, 157-274

Fig. 2: scanning electron micrographs of Heliconema hainanensis sp.
nov. from Uroconger lepturus (Richardson) in the South China Sea.
A: cephalic extremity of mature male, apical view; B: apical portion
of young male tail (last 2 postcloacal papillae arrowed), ventral view;
C: posterior end of mature male, dorsal view; D: posterior end of ma-
ture male (caudal papillae arrowed), ventrolateral view; E: postcloa-
cal papillae of mature male; F: postcloacal papillae of young male; G:
precloacal tessellated longitudinal ridges of young male; H: precloa-
cal tessellated longitudinal ridges of mature male.

(213) wide. Nerve ring, deirids and excretory pore 294-
363 (317), 343-372 (353) and 392-441 (415), respectively,
from the anterior extremity. Rectum a hyaline tube. Vulva
slit-like without a protruding flap (Figs 1H, 3E) situated
11.2-16.9 (14.2) mm from anterior extremity at 35.4-47.4
(40.9)% of the body length. Vagina narrow, muscular, ini-
tially directed anteriorly from the vulva and then oriented
posteriorly (Fig. 1H). Uteri didelphic, amphidelphic, con-
taining numerous oval, thick-shelled, embryonated (lar-
vated) eggs. Eggs suboval to rounded, 39-49 (45.7) long,
20-39 (30.5) wide (Fig. 1I). Posterior end of body nearly
straight, not spirally coiled ventrally (Fig. 3D). Tail 294-
412 (363) long with nipple-like tip. A pair of small lateral
phasmids is present near tail tip (Figs 1J, 3F).

Type host - U. lepturus (Richardson) (Anguilli-
formes: Congridae).

Site of infection - Intestine and stomach.

Type locality - South China Sea, Off Sanya (109°30’E
18°12°N), Hainan Island, China.

Type data and depository - Holotype: male from U.
lepturus, South China Sea, Off Sanya (HBNU-F1135);
allotype: female from U. lepturus, South China Sea,
Off Sanya (HBNU-F1136); paratypes: 75 males, 91 fe-
males from U. lepturus (HBNU-F1137), 29 males, 61 fe-
males from C. talabonoides (HBNU-F1138), six males,
24 females from M. cinereus (HBNU-F1139), South
China Sea, Off Sanya; 22 males, 65 females from C.
talabonoides (HBNU-F1140), 172 males, 225 females
from M. cinereus (HBNU-F1141), South China Sea, Off
Beihai; 23 males, 31 females from C. talabonoides (HB-
NU-F1142), South China Sea, Off Zhanjiang.

Other material examined - M. cinereus (Forsskal)
(Anguilliformes: Muraenesocidae) and C. talabonoides
(Bleeker) (Anguilliformes: Muraenesocidae).

Distribution - South China Sea, Off Sanya (109°30’E
18°12’N), Hainan Island, Off Beihai (109°12°E 21°48°N),
Guangxi Province, Off Zhanjiang (110°39’E 21°26’N),
Guangdong Province, China.

Host-parasite data - For details, see Table.

Etymology - The species name refers to the name of
the type locality, Hainan Island.

DNA characterisation - Ten sequence types were ob-
tained for the ITS region of the partial rtDNA in H. hai-
nanensis sp. nov. based on the specimens collected from
the three different hosts examined here. The length of
the ITS sequence of H. hainanensis sp. nov. ranged from
1,191-1,203 bp and showed low intraspecific nucleotide
variability among the different sequence types (nucle-
otide differences from 0.16-1%) (Supplementary data).
In Heliconema sp., two sequence types were obtained for
the ITS region and the length of the ITS varied between
1,349-1,354 bp. A pairwise comparison between the two
sequence types of Heliconema sp. demonstrated 0.96%
nucleotide differences (Supplementary data). No ITS
sequence from Heliconema is registered in GenBank;
therefore, a pairwise comparison could only be per-
formed between H. hainanensis sp. nov. and Helicone-
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ma sp. A high level of sequence variation was detected
between the two species (greater than 50% nucleotide
differences) because of the large number of nucleotide
insertions, deletions and substitutions present (Supple-
mentary data). The ITS sequences of H. hainanensis sp.
nov. and Heliconema sp. were deposited in the GenBank
database (ncbi.nlm.nih.gov) under the following acces-
sions: H. hainanensis sp. nov., JQ750474-JQ750483 and
Heliconema sp., JQ750472 and JQ750473.

DISCUSSION

In the genus Heliconema, the new species described
here is similar to the congeners H. longissimum, H. bay-
lisi, H. serpens and H. kherai in that they exhibit a vulva
that lacks a prominent protruding flap. H. hainanensis
sp. nov. can be readily distinguished from H. serpens and
H. kherai by having six pairs of pedunculate postcloacal
papillae (vs. 4 pairs in the latter 2 species). The new spe-
cies differs from H. baylisi by having distinctively un-
equal spicules (right:left spicule ratio of 1:2.20-2.69 in the
former vs. 1:1.11-1.36 in the latter), a different arrange-
ment of postcloacal papillae and a different morphology
of the female tail tip. H. hainanensis sp. nov. differs from

Fig. 3: scanning electron micrographs of Heliconema hainanensis sp.
nov. from Uroconger lepturus (Richardson) in the South China Sea,
female. A: cephalic extremity, apical view; B: cephalic extremity, lat-
eral view; C: deirid; D: posterior end of body, lateral view; E: vulva;
F: apical portion of tail (phasmid arrowed), lateral view.

H. longissimum by having a pseudolabium without de-
pressions or grooves (Fig. 1C, D), a female tail with a
nipple-like tip and a different number, morphology and
arrangement of postcloacal papillae; all of the six pairs
of postcloacal papillaec are pedunculate in the former,
whereas three of the seven pairs of postcloacal papillae
are sessile in the latter. The Heliconema sp. material in
the present study was also collected from the same host
and locality (U. lepturus, Off Sanya, Hainan Island) as H.
hainanensis sp. nov. We were unable to precisely identify
the present material to the species level morphologically
because only four female specimens were found in the
digestive tract of U. lepturus. However, from H. haina-
nensis sp. nov., Heliconema sp. differs by having a sig-
nificantly larger body size (body length 43.3-56.7 mm in
Heliconema sp. vs. 23.6-42.1 mm in the new species in
the female) and the female tail lacks a nipple-like tip.
According to the traditional diagnostic characters
and keys to the Heliconema species provided by Fusco
and Palmieri (1980), Gupta and Duggal (1989), Crites
and Overstreet (1991) and Akram (1996), the number of
ventral precloacal tessellated longitudinal ridges (area
rugosa) is critical to discriminating species of Helicone-
ma. However, based on observations in some spirurine
nematodes, such as Rhabdochona spp, Moravec et al.
(2007) determined that this feature might be unreliable
and variable within a species of Heliconema because
the number of such ridges depends in part on the body
size and age of the worm. In our study, the precloacal
tessellated longitudinal ridges in the young males of H.
hainanensis sp. nov. were weak (ridges without clear de-
marcation) and difficult to observe by light microscopy.

Fig. 4: scanning electron micrographs of Heliconema hainanensis sp.
nov. from Uroconger lepturus (Richardson) in the South China Sea.
A: large median conical tooth and ridged subdorsal tooth, apical view;
B: cloacal region of mature male (precloacal and postcloacal papillae
arrowed), ventral view; C: apical portion of mature male tail (last 2
postcloacal papillae arrowed), ventral view; D: cloacal region of young
male (precloacal and postcloacal papillae arrowed), ventral view.
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This result agrees well with the opinion of Moravec et
al. (2007) and this feature was discontinued from use in
our identification key. In addition, the morphology of the
caudal papillae varies markedly, depending mainly on
the age of the worm. In mature males, the caudal papil-
lae are mammiform and surrounded by a ring consisting
of numerous small cuticular, papilla-like protuberances.
However, in young males, caudal papillae only form as
knob-like projections, without surrounding cuticular,
papilla-like protuberances. This observation indicates
that care must be taken in designating the age of speci-
mens when differentiating species according to the mor-
phology of caudal papillae.

The molecular analyses of the ITS sequence data
obtained for H. hainanensis sp. nov. revealed 10 dif-
ferent sequence types based on the limited number of
specimens collected from the three different hosts and
exhibited a low level of sequence variation (nucleotide
differences from 0.16-1%), which is far lower than the
interspecific sequence differences (greater than 50%
nucleotide difference between H. hainanensis sp. nov.
and Heliconema sp.). Therefore, it is reasonable to con-
sider the sequence differences in H. hainanensis sp.
nov. as intraspecific nucleotide variations, similar to
Heliconema sp. Moreover, the level of the intraspecific
sequence differences in H. hainanensis sp. nov. do not
appear to relate to any particular group of specimens,
such as from different hosts or geographical locations.
This result agrees with the morphological observations
(i.e., no notable morphological variations were detected
between specimens from different hosts or geographical
locations) and confirms that all of the nematode material
of the morphospecies H. hainanensis sp. nov. collected
from the three different hosts represents a single species.
The results from the present study demonstrate that util-
ising the ITS sequence of rDNA as a genetic marker is
a powerful approach for the accurate identification and
distinction of species of Heliconema.

Key to species of the genus Heliconema

1. Vulva with prominent protruding flap ................. 2
- Vulva without protruding flap ........cccccoeevvieenenc. 6
2. Spicule (right:left) ratio of 1:9.1-20.0 ........cccccu... 3
- Spicule (right:left) ratio of 1:2.4-4.3 .......ccc.co..... 5
3. Paracloacal papillac absent, left spicule of 2.09-
3.50 MM oo H. brooksi
- Paracloacal papillac one-two pairs, left spicule of
4.00-7.30 MM oo 4

4. Four pairs precloacal papillae, one pair paracloa-
cal papillae; left spicule of 5.40-7.30 mm, right spicule
of 0.30-0.35 mm; vulva at approximately the second
quarter of the body .....cccocovvirrrririecne H. heliconema

- Three pairs precloacal papillae, two pairs paraclo-
acal papillae; left spicule of 4.00 mm, right spicule of
0.27 mm; vulva at approximately the first third of the
DOAY s H. savala

5. Spicule (right:left) ratio averaging 1:2.4 .................
.................................................................... H. brevispiculum

- Spicule (right:left) ratio of 1:4.1-4.3 ....cccevvvviererernnee
................................................................. H. psammobatidus

6. Postcloacal papillae five-seven pairs .................... 7

- Postcloacal papillae four pairs .........ccooeeevecerecunenee 9

7. Pseudolabium with oval lateroterminal depression
(Fig. 1D), postcloacal papillae seven pairs ...........cceveeee..
....................................................................... H. longissimum

- Pseudolabium without oval lateroterminal depres-
sion (Fig. 1C), postcloacal papillae five-six pairs ......... 8

8. Spicule distinctively unequal (right:left) ratio
of 1:2.20-2.69 (averaging 1:2.42); tail of female with a
nipple-like tip H. hainanensis sp. nov.

- Spicule subequal (right:left) ratio of 1:1.11-1.36
(averaging 1:1.21); tail of female is rounded, without a
NIPPIE-1IKE tIP woveverieireieieecee e H. baylisi

9. Spicule (right:left) ratio averaging 1:1.7 collected
from water Snake .........cocoeoeevneieeiercnccen, H. serpens

- Spicule (right:left) ratio averaging 1:2.1 collected
from freshwater fish ... H. kherai
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----- TGTACAGCGCTACTACTAC---AGCIGCTIG-
=TGTACAGCGCTACTACTAC--~AGCIGCIG-
~TGTACAGCGCTACTACTAC---AGCTGCTG-
~TGTACAGCGCTACTACTAC--~AGCIGCIG-
~TGTACAGCGCTACTACTAC---AGCTGCTG-
————— TGTACAGCGCTACTACTAC---AGCIGCIG-
----- TGTACAGCGCTACTACTACTACAGCIGCTIG-
~TGTACAGCGCTACTACTACTACARGCIGCIG-
TICGARTCAG==========TTGT====~ TGTACAGCGCTACTACTAC---AGCIGCTIG-
TTCGARTCAG--------—-TIGT----- TGTACAGCGCTACTACTAC---AGCIGCIG-
TCCGTGICGGAGAGACGGGGITGACCARATATATGICICTACTACTAR--~GICICCIGE
TCCETGTCCEACACACGGEGTGEACCARATATATGTCTCTACTACCAA---GICTCCTGE

* ok kR ¥ * % * kE I TITITI Y T

--ACCAACGECETCCACGTTEETETCTACTCCICETTCEAG-CTAC-——-~ CECCCCTEE
==ACCAARCGGCGICCACGITGGIGICTACTICCICGITCGAG-CTAC-=~==~1 CGCCCCIGG
--ACCAACGECETCCACGTTGGTGTCTACTCCICGTTCARG-CTAC
--ACCAACGGCGTCCACGITGGIGTCTACTCCICGITCGAG-CTAC
--ACCAACGGCEGTCCACGTTGGTGTCTACTCCTICGTTCGAG-CTAC-
--ACCAACGGCGTCCACGITGGIGTCTACTCCICGITCGAG-CTAC
--ACCAACGGCGTCCACGTTGGTGTCTACTCCTICGTTCGAG-CTAC

--ACCAACGGCGTCCACGTTGGTGTCTACTCCICGTTCGAG-CTAC =~~~
--ACCAACGECETCCACCTTEETCTCTACTCCICETTCEAG-CTAC-——-~
GARACCACGGCGTIT-~GGTGCIGCITGCAGGGTGTGCGAGACAACAACAGCACCICICE
GARACCACGECETIT--GETCCTGCTTECAGCETGTGCCACACAACAACAGCACCTCICE

B ok hkkRkEE * okE kR R *h ok kR ok Ak * kE kR

CCGICGGTAGIGAIGAGIGACGAGGCTCGA-GCGGCTCCITITICCGGCARCACCARCCCC
CCGICGGTAGTIGATGAGTGACGAGGCTCGA-GCGGCTCCTTTICCGGCAACACCAACCCT
CCGICGETAGIGAIGAGTGACGAGGCTCGA-GCGECTCCTITICCGGCARCACCARCCCC
CCGICGGTAGTIGATGAGTGACGAGGCTCGA-GCGGCTCCTITICCGGCAACACCAACCCT
CCGICGETACTGATGAGTGACGAGECTCEA-CCEECTCCTITICCGGCARCACCARCCCC
CCGICGGTAGIGATIGAGTGACGAGGCTCGA-GCGGCTCCTTTICCGGCAACACCARCCCC
CCGTCGETACTGATGAGTGACGAGGCTCEA-GCEECTCCTITICCGGCARCACCARCCCC
CCGICGGTAGIGAIGAGTIGACGAGGCTCGA-GCGECTCCIITICCGGCAACACCARCCCC
CCGTCGETAGTGATGAGTGACGAGGCTCGA-GCEECTCCTITICCGGCARCACCARCCCC
CCGICGGTAGIGAIGAGIGACGAGGCTCGA-GCGECTCCIITICCGGCARCACCARCCCC
TCCCC--TAGAGGCACGT--CTAARCTCARCACTACCTGTGTIACTGTA-CTICCA--TTG
TCCCC--TAGAGGCACGT--CTARACTCARCACTACCIGIGTIACTGIA-CTCCA--TIG
* ok kR ok *k ok ok kEk kK Kk Rk ok ok ok Kk Kk

TGIGARTC---GTTGTTGCTGCTGCCTGGAGAAGACGAAGAGCGGTAGACTTARTGAGCG
TGIGARIC---GIIGIIGCTGCTGCCTIGGAGARGACGAAGAGCGGTAGACTTARIGAGCE
TGTGARTC---GTTIGITGCTGCTGCCTGGAGAAGACGAAGAGCGGTAGACTTARTGAGCG
TGTGARTC---GTIGITGCTCCTGCCTGEAGARGACGAAGAGCGETAGACTTARTGAGCE
TGIGARTIC-~-GTTGITIGCTGCTGCCTIGGAGAAGACGAAGAGCGGTAGACTTARTGAGCE
TGTGARTC---CTIGTTGCTCCTGCCTGEAGARCACCAAGAGCGETAGACTTARTGAGCE
TGIGARIC---GTIIGITGCTGCTIGCCTGGAGAAGACGAAGAGCGGTAGACTTARIGAGCG
TETGAATC---GTIGTTGCTCCTGCCTGEAGAAGACGAAGAGCGETAGACTTARTGAGCE
TGIGARIC---GIIGIIGCTIGCTGCCIGGAGARGACGARGAGCGGTAGACTTARTGAGCGE
TGTGAATC---GTTGTTGCTGCTGCCTGGAGAAGACGAAGAGCGGTAGACTTAATGAGCA
TITAARCCCAGATCACTACGICTICCCACARGICTICCCGAGGCAG-AGAC--GGCGEARG
CTTAAACCCAGATCACTACGICTTCCCACAAGTCTCCCGAGGCAG-AGAC--GGCGGARG

T * TR T T * * Rk ok kkRk *

CCCGAAGCGGTGCCACCAR-CARGARARARARAARARRA--CARCACACGARTIGITCGGC
CCCGARGCGETGCCACCAA-CARGAARARRARAARANA--CAACACACGAATTGTITCGEC
CCCGARGCGGIGCCACCAR-CARGARARARRRARRRARAR -CARCACACGARTIGITCGGC
CCCGAAGCGETGCCACCAA-CARGRARARAARAARA----CAACACACGAATTGTITCGGC
CCCGARGCGGTIGCCACCAR-CARGARRRARRARARR--~~CAACACACGARTIGITCGGC
CCCGAAGCGGTGCCACCAA-CAAGAAAAARARA -~ CAACACACGAATIGITCGGC
CCCGARGCGGTIGCCACCAR-CARGARARARRARARA----CAACACACGARTIGITCGGT
CCCGAAGCGGTGCCACCAA-CAAGAAAAARARAARAR -~ -CAACACACGAATIGITCGGC
CCCEARGCGETGCCACCAR-CARGARRRRRARAAR-—----CARCACACGAATTGTITCGEC
CCCGARGCGGTGCCACCAA~CARGRAARARRRAAR ===~ CAACACACGAATIGITCGGC
TCTGEACCA-CCCCTCCAAACARARARARAGTACAACTCTTAACG-GIGEATCACTCEEC
TCIGGGGCA-CGCCTCCARACARARAARRARGTACARCTCTITARCG-GIGGATCACTCGGC

Kok Kk hhk AKKK ARA KARARA & Khk KoKk RARRK

ARCAACARTTCTIGCGT-GCTGAGCTCTICICGTICTATICITGCTIGCTIGGCTITIGITACTIGT
AACAACARTTCTGCGT-GCTGAGCTCTCICETCTATCTTGCTIGCTGECTIGITACTIGT
ARCAACARTTCIGCGI-GCIGAGCTCICICGICTAICTIGCTIGCIGGCITIGITACTIGT
AACAACARTTCTGCGT-GCTGAGCTCTCTCETCTATCTITGCTIGCTGGCTTGTITACTIGT
ARCAACARTITCTIGCGI-GCTIGAGCTCICICGICTAICTIGCTIGCIGECITIGITACTIGT
AACAACAATTCTGCGT-GCTGAGCTCTCTCGTCTATCTTGCTCGCTGGCTTIGITACTIGT
ARCAACARTTCTGCGI-GCTGAGCTCTICTCGICTAICTIGCTIGCTGECTIGITACCIGT
AACAACARTTCTGCGT-GCTGAGCTCTCTCGTCTATCTTGCTIGCTGGCTIGTITACTIGT
AACAACARTTCIGCGT-GCTGAGCTCICTCGTCTATCITGCTIGCTGGCTTGITACTIGT
AACARACARTTCIGCGT-GCTGAGCTCTCTCGTCTATCTIGCTIGCTGGCTIGITACTIGT
-===--—-TCGIGGGICGATCARGAC-CGCAGCARGCT-GCGTGICGGTATGTGARTCG
-====----TCGIGGGICGATGARGAC-CGCAGCARGCT-GCGIGICGGTATGIGAATCG-

* *Ek kk ok kkw * * ok * ok kk Ak * i wkk ok *

CGTGTARCATICAGAAGTGAGCGARA-~~~GAAARCACTTTTIGATA-~-~-CACICT-TA

CGTETARCATICAGARGTGAGCGARR- -CACICT-TA
CGTGTARCATICAGAAGTGAGCGARA~ =CACICT-TA
CGTETARCATICAGAAGTGAGCGAAA- -CACICT-TA

CGIGTARCATICAGAAGTGAGCGARA--=-GAAARCACTTTITIGATA--~-=CACICT-TA
CGTGTAACATTCAGAAGTGAGCGARA----GAAARCACTTITIGATA----CACICT-TA
CGIGTARCATICAGARGTGAGCGARA~
CGTGTARCATICAGAAGTGAGCGAAA-
CGIGTARCATICAGARGTGAGCGARA~
CGTGTARCATICGGAAGTGAGCGARA---~GAAARCACTTTTIGATA-~---CACICT-TA
CARG-RARTAC-CAGATAC-ATCGACAAGTCGARCGCACATIGCGGCGECEGCACICICTA
CAAG-ARTAC-CAGATAC-ATCGACAAGTCGAACGCACATIGCGGCGGCGGCACICICTA

L T T A hkk ok I T T T hhkhhk Rk

GCGETGG-ATCACTCG-GCTCGIGGATCG--—-ATGARG—--ARCGCA-———- GCIAGCIG
GCGGTGG-ATCACTCG-GCTCGTGGATCG-~~ATGARG-~~AACGCA~

GCGGTGG-ATCACTCG-GCTCGTGGATCG~=~ATGARG=~~RACGCA== ==~ GCTAGCTG

GCGETEE-ATCACTCG-GCTCGTGEATCG---ATGAAG---AACGCA-----GCTAGCTE
GCGGIGG-ATCACTICG-GCTCGIGGATCG--~ATGARG-~~RACGCA-~~~~GCTAGCIG
GCGETGE-ATCACTCG-GCTCGTGGATCG---ATGAAG---AACGCA-----GCTAGCTE
GCGGIGG-ATCACICG-GCTCGIGGATCG--~ATGARG-~~RACGCA-~-~~~GCTAGCIG
GCGGTGG-ATCACTCG-GCTCGTGGATCG---ATGAAG--~AACGCA-----GCTAGCTG

GIGITGCCGCCACTCCTACACGAGGGTCGGATATCARTTCCAATACATCGGCGCICTICG
GIGITGCCGCCACTCCTACACGAGGETCGGATATCARTTCCARTACATCGGCGCICTICG
* ok R EkkkE ok Rk kk KRR Rk kR EE Rk whk *

CGATARCTAGIGCGARTTGCAGACACATT----GAGCACA----ARRATIT-CG--RAACG
CGATAACTAGTGCGAATTGCAGACACATT -~~~GAGCACA-~--~ARRATIT-CG--AACG
CGATARCTAGTGCGARTTGCAGACACATT----GAGCACA-—--AARATIT-CG--RAACG
CGATAARCTAGTIGCGAATTGCAGACACATT -~~~GAGCACA~~~~ARRATIT-CG~~ARCG
CGATARCTAGTGCGAATTGCAGACACATT----GAGCACA----AARATIT-CG--AACG
CGATAARCTAGIGCGARTTGCAGACACATT --~~GAGCACA--~~ARRATIT-CG--AACG
CGATAACTAGTGCGAATTGCAGACACATT----GAGCACA----AARATIT-CG--ARCG
CGATARCTAGIGCGARTTGCAGACACATT --~~GAGCACA----ARRATIT-CG--AACG
CGATAACTAGTGCGAATTGCAGACACATT --~-~GAGCACA---~-ARRATIT-CG--AACG
CGATARCTAGIGCGARTTGCAGACACATT----GAGCACA----ARRATIT-CG--AACG
TGCCGCGTGGAGTACGGCGCCGACACAAACAAGARGCACACGGGGAGGTGTGCGTICGGCE

TGCCGCGTGEACTACGGCGECCGACACARACARGARGCACACGEGEAGETGIGCGICGECE
* * ok ok ok kkkRER AEEEEE * ok ok k¥ *E

CATATIGCGC-CAICGGGIT-TAIT---
CATATIGCGC-CATCGGGIT-TAIT--
CATATIGCGC-CRICGGGIT-TAIT--
CATATTGCGC-CATCGGGIT-TAIT-~
CATATIGCGC-CRAICGGGIT-TAIT--
CATATTIGCGC-CATCGGGIT-TATT-~
CATATIGCGC-CRICGGGIT-TAIT--

==CCCCTIGGCCCGICIG-GC-~
-CCCCTIGECCCETCTE-GC-
-CCCCTIGGCCCGICIG-GC-
-CCCCTIGGCCCETICTG-GC-
-CCCCTIGGCCCGICTG-GC-
-=CCCCTIGGCCCGICTG-GC-~
-—CCCCTIGGCCCGICTG-GC--

CATATTIGCGC-CATCGGGTT-TATT-~ -CCCCTIGGCCCGTICTG-GC- =-IGA
CATATTGCGC-CATCGGGIT-TATT-- -LCCCCTIGECCCETCTE-GC- -IGA
CATATIGCGC-CAICGGGIT-TAIT=======CCCCTIGGCCCGICIG-GC-=====TIGA

CCTITTARGAGCATCGGATCCTATTARACGCACTATCTGACATGTATGTGCGTTATACGA
CCTITTARGAGCAICGGATCGTATTARRCGCACTATCIGACATGTATGTIGCGITATACGA
ok Rk ok RkhkAR K Kkkk * Kk ok Kk kh hk *

GGGICGT-TTIGICA-GAARTTICCAT == ======= CGTCGC-TCTCACICCAGIGI-GA
GGEICET-TTIGTCA-GAAATTICCAT -—-——-—-~ GTCCC-TCTCACICCAGIGI-GA
GGGICGI-TTIGICA-GAAGITICCAT~ =CGICGC-TCICACICCAGIGI-GA
GGGICET-TTIGTCA-GAAATTICCAT- -CGTCGC-TCTCACTCCAGTGT-GA
GGGICGI-TTIGICA-GAARRITICCAT~ -CGICGC-TCICACICCAGIGI-GA

GGGTCGT-TTIGICA-GAARTTICCAT- -CGTCGC-TCTCACTCCAGIGI-GA
GGGICET-TTIGICA-GAARTTICCAT- -CGTCGC-TCTCACICCAGIGI-GA
GGGICGT-TTIGICA-GAARTTICCAT -~ ~~~~==~ CGTCGC-TCTCACTCCAGIGT-GA
GGGEICET-TCIGICA-GAARTTICCAT-—-—-———— -CGTCGC-TCTCACTCCAGIGI-GA
GGGICGT-TTIGICA-GAARTTICCAT === =mm=ux CGTCGC-TCTCACTCCAGIGT-GA

GAGGCATECCTGCEACGACCTICETCITICTGECECECETCECATCCTATECIGEIGLCES
GAGGCATGCCTGCGACGACGTCGTCTTITIGGCGCGCGTCGCATCGTATGCTIGGTIGCCGE

Aok koK ARk Ak K & ok Ahkhhh Rk ok  khk &
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H. hainanensis sp. nov. from congers ¢ Liang Li et al.a

GIGTETGCGTIGTIGTGCECGA--—--~ TGAGTGGICGICGAGCGATTCCGAATGC--ARGC
GIGIGIGCGIGIGIGCGCGA---~~~TIGAGTGGICGICGAGCGATTCCGARTGC--ARGC
GIGTGTGCGIGTGTGCGCGA---~--TGAGTGGTICGTCGAGCGATTCCGARTGC--ARGC
GIGIGIGCGIGIGIGCGCGA------IGAGTGGICGICGAGCGATTCCGARIGC--ARGC
GIGTIGTGCGIGTIGTGCGCGA-~~~~-TGAGTGGTICGTCGAGCGATTCCGARTGC--ARGC
GIGTGIGCGIGIGTGCGLGA—————- -TGAGTGGICGICGAGCGATTICCGARTGC--ARGC
GIGTGTGCGIGTIGTGCGCGA====== TGAGTGGTCGICGAGCGATTICCGARTGC-~ARGC
GIGTETGCGTICTICTCCECGA------TCGACTCETCCTCCAGCGATICCGARTGC--ARGC
GIGIGIGCGIGIGIGCGCGA======' TGAGTGGICGICGAGCGATICCGARTIGC-=ARGC
GIGTETGCGIGTGTGCELGA--—-—- TGAGTGGICGTCGAGCGATTCCCAATGC--ARGC
CCACGCGCGIGCGGGAGCGACCGCCTIGGGGAGTICTICGC-CTATTTTGARCGGGAARAC
CCACGCGCGTGCGGEAGCGACCECCTIGEEGACTICTCGC-CTATTTTGAACGEGAARAC

d kkkkk ok ok kkkd L ok ik ok hkk & L
AGCARCAR--————===—=—————m— -CGATTGC----GCACA----CATCGGART -—-

-GCACA-~---CATCGGAAT-~~
~GCACA----CATCGGAAT-—-
=GCACA=-===-CATCGGAAT-~~
~GCACA----CATCGGAAT--~
-GCACA--~-CATCGGAAT -~
-GCACA----CATCGGART---
-GCACA----CATCGGAAT---
-GCACA----CATCGGAAT---
GGATTGC----GCACA---~CATCGGART -—-
CGTTACARAGCTGGCGTTCCCTTAAGATGGACTGCTACGGCGCARRGCCGTRGEGACAGE

AGCRACAR

CGITACARRGCTGGCGITCCCTITARGATGGACTGCTACGECGCARAGCCGIGGEGACAGC
* dhk ok wkk LA L] * ok kk &
CCCT--TGRICAGIC====== TGICTARTGCGCACGARTGIGTGCCIGCTGCIGCIGIIG
CCCT--TGATCAGTC------TGICTAATGCGCACGARTGTCTCCCIGCTECTECTICTIC
CCCT=--TGAICAGIC=====~ TIGICTAATGCGCACGARTGIGIGCCIGCIGCIGCIGIIG
CCCT--TGATCAGTC-----~ TGICTARTGCGCACGARTGTCTGCCTGCTGCTGCIGTIC

CCCT--IGAICAGIC--
CCCT--TGAICAGIC--
CCCT--IGAICAGIC--

~IGICTARTGCGCACGRATGIGIGCCIGCIGCTIGCIGTIG
~TGTCCAATGCGCACGARTGTGTGCCTGCTGCTGCIGTIG
~IGICCAATGCGCACGARIGIGIGCCIGCIGCIGCIGTIIG
CCCT--TGATCAGTC--~----TGTCTAATGCGCACGARTGTGTGCCTGCTGCTGCTIGTIG
CCCT--TGAICAGIC------IGICTARTGCGCACGARTGIGTGCCIGCTGCIGCIGIIG
CCCT--TGATCAGTC-===== TGTCTAATGCGCACGARTGTGTGCCTGCTGCTGCIGTIG
CGCTAGTGATGEETCCI TTCATGICAGATACCCCCTAG-GCAGECC-GCTECAGCTICCIC
CGCTAGTIGAIGGGTGGITTCATGTCAGATACGCCCTAG-GCAGGCC~GCTGCAGCTGCAG

b okk khkk kk hhkh  hk hhhk ok kK hhh hhhhh hkkhk ok

CIGCIGCTGCTGCTGC---CCCAGGTATCATCATIC-~~~~~===~] -ATGCGCARCGCGAR
CTGCTGCTGCTGLTEC---CCCAGETATCATCATIC- -~ ==~~~ -ATGCGCAACGCGAA
CIGCIGCTIGCTIGCTGCIGCCCCAGGTATCATCATIC-----~—=~~]

CTGCTGCTGCTGCTGC---CCCAGGTATCATCATIC
CIGCIGCTGCTIGCTGC-—-CCCAGGTATCATCATIC-
CTGCTIGCTGCTGCTGC-~-CCCAGGTATCATCATIC
CTGCTGCTGCTGCTGC-——-CCCAGGTATCATCATIC-
CTGCTGCTGCTGCTGC-~~CCCAGGTATCATCATIC

CTIGCIGCTGCTGCTGC---CCCAGGTATCATCATIC-————————~ -ATGCGCAACGCGAR
CIGCIGCTGCTIGCIGC--=CCCAGGTATCATCATIC-=========, -ATGCGCAACGCGAR
CTGCTGCTGCTGTGEC-----CORGTECTETCATCCCGCGTGCTGCGTCCECGECECARG
CIGCIGCIGCIGIGGEC-~~~~ -CGAGTGCIGICATCCCGCGTGCIGCGICCGCGGCGCARG
EEE SRS SR RS R * hk khkk & * hkk LR
-CCT--TCCATGTGCTGAT-GCAC- ~GCCGATGTTCGCACACGCACGT
~CCT--TCCATGTGCTGAT-GCAC- —GCCGRATGTTCGCACACGCACGT
-CCT--TCCATGTGCTIGAT-GCAC- =GCCGRATGTTCGCACACGCACGT
----- CCI--TCCATGTGCIGAT-GCAC--—---GCCGATGTTCGCACACGCACGT
----- CCT--TCCATGIGCTIGAT-GCAC-~=~===GCCGATGTTCGCACACGCACGT
~CCT--TCCATGTGCTGAT-GCAC- ~GCCGATGITCGCACACGCACET
=~CCI=--ICCATGIGCIGAT-GCAC~ ~GCCGATGITCGCACACGCACGT
~CCT--TCCATGTGCTGAT-GCAC- ~GCCGATGTTCACACACGCACET
~CCI~--ICCAIGIGCTIGATI-GCAC- ~GCCGAIGITCGCACACGCACGA

----- CCT--TCCATGTGCTGAT-GCAC---~---GCCGRTGTTCGCACACGCACET
TCGTAAGGACCICGICCATACCCTCGICGICCAGTGGTGACGACGTIICTIGAARGTTIICGG
TCGTAAGGACCTCGTCCATACCCTCGICGTCCAGTGGTGACGACGTICTGAAAGTITCGG

hhk T T Kh kR ok B okkk hkhh A hh

TICC--RACGTIGA-TGCGCGCI TTAGCG--CCCGCCGCCGCTAGICAG--—~--~
TTCC--AACGTIGA-TGCGCGCTITAGCG--CCCGCCGCCGCTAGTCAG-
TICC--AACGTIGA-TGCGCGCT TTAGCG--CCCGCCGCCGCTAGICAG--—-—~
TTCC--AACGTIGA-TGCGCGCTITAGCG--CCCGCCGCCGCTAGTICAG=~ ===~
TTCC--AACGTIGA-TGCGCGCTTTAGCG--CCCGCCGCCGCTAGICAG-
TTCC--AACGTIGA-TGCGCGCTITAGCG-~CCCGCCGCCGCTAGICAG= ===~
TTCC--AACGTTGA-TGCGCGCTITAGCG--CCCGCCGCCELTAGICAG--———=
TICC--AACGTIGA-TGCGCGCTITAGCG--CCCGCCGCCGCTAGICAG-
TTCC--AACGTIGA-TGCGCGCTTTAGCG--CCCGCCGCCGCTAGTCAG-
TICC--RACGTIGA-TGCGCGCITTAGCG~~-CCCGCCGCCGCTAGICAG-~~~~~

CTCCCARACCCTGGGTGAGGGTGGAGEAGECTCTGCTGC-ACTA-TCAGARGTGGGCGAC

CICCCARACCCTGGETCAGEGTCRAGEAGGCTCTGCTCC-ACTA-TCAGARGTCAGCGAC
EaE RkE EE R kW KRR AR RR AR ARk .,
CTGT--GCATACTIGAAGCAGTGCGTGTCAGCAGAA-————— GACGCAGCATCGACTCT
CGIGT--GCATACTIGGAGCAGTGCGIGTGAGCAGAA-====~ GACGCAGCATCGACICT
CGTGT--GCATACTIGAAGCAGTGCGTCTCAGCAGAA -~~~ -~GACGCAGCATCGACTCT
CGIGT--GCATACTIGGAGCAGTGCGTGIGAGCAGAA--==~-GACGCAGCATCGACTCT
CGTGT--GCATACTIGGAGCAGTGCGTGTGAGCAGAA- - ----GACGCAGCATCGACTCT
CGCGT--GCATACTIGGAGCAGTGCGTGTGAGCAGAR -~~~ --GACGCAGCATCGACTCT
CGTGT--GCATACTIGGAGCAGTGCGTGTGAGCAGAA--~~--GACGCAGCATCGACTCT
CGTGT--GCATACTTGEAGCAGTGCGTGTGAGCAGRA-—- -~ GACGCAGCATCGACTCT
CGIGT--GCATACTIGGAGCAGTGCGTGTGAGCAGAR ===~ GACGCAGCATCGACTCT
CTGT--GCATACTTGAAGCAGTGCGTCTGAGCAGAA-————— GACGCAGCATCGACTCT

CGGGICGGTGTACCTACCGCGGCTCGCACCAGCAGARCCARARARRGRGGGACCGAACAT
CGEETCGETETACCTACCGCGECTCCGCACCACCAGAACCARAAAARGAGGEACCGAACAT

wk kE ok kkk R [T T EETTTT ] Rk ok kER *

TCACTCATGCATGG-TCCGLGLGTIGCEIGCGICCCIGCTIGGIGCTACTGCIGCTIGCIG-T
TCACTCATGCATGG-TCCGCGCETGCETGCGTCCCTGCTGETGCTACTGCIGCTIGCTG-T
TCACICATGCATGG-TCCGCGCGTGCETGCGICCCTGCTGGIGCTACTGCTIGCTIGCIG-T
TCACTCATGCATGG-TCCGCGCGTGCEIGCGICCCTGCTGETGCTACTGCIGCIGCTIG-T
TCACTCATGCATGG-TCCGCECETECETECETCCCTECTGETIGCTACTECTGCTECTG-T
TCACICATIGCATGG-TCCGCGCGIGCGIGCGICCCIGCIGGIGCTACTGCIGCIGCIG-T
TCACTCATGCATGG-TCCGCGCETGCETGCGTCCCTGCTGETGCTACTECTGCTGCTG-T
TCACICAIGCAIGG-TCCGCGCGIGCGIGCGICCCIGCIGGIGCTACTGCIGCIGCIG-T
TCACTCATGCATGG-TCCGCGCETGCETGCGTCCCTGCTGETGCTACTGCTGCTGCTG-T
TCACICATIGCATIGG-TCCGLGLGIGCGIGCGICCCIGCTIGGIGCTACTGCIGCIGCIG-T
CAGGTAAARAARGRATCAGAGGATARGAG-GACGCARCARGGG--ACTGCCARGRARGGT
CRAGGIARRRRAAGAATCAGAGEATARGAG-GACGCARCRAGEG--ACTGCCARGARAGET

* * & *k k& k& & Kk F * K & * & L el * *

TGCTACTIGCCGCAGIACCTACCAGCTGGARGCAGCAGCACACTIGITT-TGA-GACCICA
TGCTACTGCCGCAGTACCTACCAGCTGGAAGCAGCAGCACACTIGTTT-TGA-GACCICA
TGCTACTGCCGCAGIACCTACCAGCTGGARGCAGCAGCACACTIGITI-TGA~GACCICA
TGCTACTGCCGCAGTACCTACCAGCTGGAAGCAGCAGCACACTIGTTT-TGA-GACCICA
TGCTACTGCCGCAGIACCTACCAGCTGGARGCAGCAGCACACTIGITI-TGA-GACCICA
TGCTACTGCCGCAGTACCTACCAGCTGGAAGCAGCAGCACACTIGTIT-TGA-GACCTICA
TGCTACTGCCGCAGTACCTACCAGCTGGARGCAGCAGCRCACTIGITT-TGA-GACCICA
TGCTACTGCCGCAGTACCTACCAGCTGGARGCAGCAGCACACTIGTTIT-TGA-GACCTICA
TGCTACTGCCGCAGTACCTACCAGCTGGARGCAGCAGCACACTIGITT-TGA-GACCICA
TGCTACTGCCGCAGTACCTACCAGCTGGARGCAGCAGCACACTIGTTIT-TGA-GACCICA
TGCTAAAG--ATIGIG---GCCEECTC--————- CECCCTCTITCCTATGICGACCICE
TGCTAAAG--ATIGIG---ACCGGCIC-=====~ CCGCCCICTITCCTATGICGACCICG
EEE L L *h wh khk LR * hk ok hhkh

GCICAGICGIGAGCACCCGCTGARITTARGCATATARCTA 1193
GCTCAGTCGIGAGCACCCGCTGAATTTAAGCATATAACTA 1196
GCICAGICGIGAGCACCCGCTGARITTARGCATATARCTA 1203
GCTCAGTCGIGAGCACCCGCTGAATTTAAGCATATAACTA 1194
GCICAGICGIGAGCACCCGCTGARITTARGCATATARCTA 1194
GCTCAGTCGIGAGCACCCGCTGAATTTAAGCATATAACTA 1191
GCTCAGTCGTIGAGCACCCGCTGARTTTARGCATATAACTA 1197
GCICAGICGIGAGCACCCGCTGARTTIARGCATATARCTA 1198
GCTCAGTCGTGAGCACCCGCTGARTTTAAGCATATAACTA 1193
GCICAGICGIGAGCACCCGCTGARTTTARGCATATARCTA 1196
TGTTAGGGTAGAGTACCCGCCTARTTTAAGCATATTAATA 1349
TGITAGGGTAGAGTACCCGCCTARITTARGCATATTARTA 1354
* ok KhE RRERRE  KANRARRRARRAN & A

762
765
769
763
763
760
766
767
762
765
£53
&5¢

791
794
798
792
792
789
795
798
791
794
913
918

843
£46
&850
g44
244
g41
£47
848
243
846
a7
976

£90
£93

£90
893
1026
1031

936
939
946
937
937
934
240
941
936
939
1086
1091

ags
988
995
986
986
983
289
990
85
agg
1144
1149

1037
1040
1047
1038
1038
1035
1041
1042
1037
1040
1204
1209

1095
1098
1105
1096
1086
1093
1099
1100
1095
1098
1261
1266

1153
1156
1163
1154
1154
1151
1157
1158
1153
1156
1309
1314

Alignment of internal transcribed spacer sequences of Heliconema hainanensis sp. nov. (JQ750474-JQ750483) and Heliconema sp. (JQ750472, JQ750473). Num-
bers to the right of alignment indicate the alignment position and the same nucleotide sites were designated using the asterisks.



