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What is a gyliauchenid?

Platyhelminthes, Digenea
Indo-West Pacific distribution
herbivorous fishes

> 60 spp. 1n 16 genera

defined by unusual
specialisations of male
genitalia and digestive tract




“Gyliauchenid Genome Project”

aims to assess genetic diversity of gyliauchenids
across IWP

material from Japan, Lizard Island, Heron Island,
Ningaloo, New Caledonia and Palau

DNA extracted from 414 individual worms from
93 collection events (= 1 host at 1 location)

6 replicates per collection event (where possible)

sequence rapidly evolving loci:
ND1 mtDNA and ITS rDNA regions
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Host-Location Combinations

Host Family  Host Genus
Acanthuridae  Zebrasoma

Zebrasoma Total

Acanthuridae Total
Chaetodontidae Chaetodon

Chaetodon Total
Chaetodontidae Total
Pomacanthidae Centropyge

Centropyge Total
Chaetodontoplus
Chaetodontoplus Total

Pomacanthus

Pomacanthus Total

Pomacanthidae Total
Scaridae Chlorurus

Chlorurus Total

Scarus
Scarus Total
Scaridae Total
Siganidae Siganus

Siganus Total
Siganidae Total
Zanclidae Zanclus
Zanclus Total
Zanclidae Total
Grand Total

Host Species
scopas

citrinellus
kleinii

vrolikii
meredithi

sexstriatus

microrhinos

rivulatus

argenteus
canaliculatus
corallinus
doliatus
fuscescens
guttatus
lineatus
puellus
punctatissimus
punctatus
spinus
trispilos
unimaculatus
virgatus
vulpinus

cornutus

Location
Heron Island Kyushu
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1
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Host-Location Combinations

Location
Host Family  Host Genus Host Species Heron Island Kyushu Lizard Island New Caledonia Ningaloo Okinawa Palau Yaeyama Grand Total
Acanthuridae  Zebrasoma scopas 1 ] 7
Zebrasoma Total 1 [ 7
Acanthuridae Total 1 ] 7
Chaetodontidae Chaetodon citrinellus 1 1
kleinii 3 3
Chaetodon Total 4 4
Chaetodontidae Total 4 4
Pomacanthidae Centropyge vrolikii 2 2
Centropyge Total 2 2
Chaetodontoplus meredithi ~ 5
Chaetodontoplus Total 5 5
Pomacanthus sexstriatus ] 2 8
Pomacanthus Total 6 2 8
Pomacanthidae Total < 8 2 15
Scaridae Chlorurus microrhinos 3 1 7
Chlorurus Total 6 1 7
Scarus rivulatus 3 3
Scarus Total 3 3
Scaridae Total 9 1 10
Siganidae Siganus argenteus 9 11 11 31
canaliculatus ] ]
corallinus 29 2 11 42
doliatus 3 14 20
fuscescens 61 9 18 b 94
guttatus 2 2
lineatus 16 16
puellus 3 12 ] 21
punctatissimus 17 b 23
punctatus 5] [ 10 5 27
spinus 12 12
trispilos 12 12
unimaculatus 16 16
virgatus 10 16 26
vulpinus 24 5 29
Siganus Total 9 61 122 12 22 ] 70 6 377
Siganidae Total 9 61 122 12 22 75 70 ] 377
Zanclidae Zanclus cornutus 1 1
Zanclus Total 1 1
Zanclidae Total 1 1
Grand Total 16 61 145 15 22 75 74 3

Grand total =414



Heron Lizard New
Island Issand Ningaloo Cdedona Palau Okinawa Kyusht Yaeyama
Acanthudae Zebrasama ScCopa . .
Chaetodontlae Chadodon citrindlus o
Kleinii .
Pomacathide Centropyge vrolikii .
Chadodontoplu meedithi .
Pomacanths  sexstriatus
Scaidae Chlorurus microrhincs
Scarus rivdatus
Siganidae Siganis argenéus
canaliculatis °
coralinus . ° °
doliatis . .
fusceens o . . o
guttat .
lineatws
puellus .
purctatssimus
purctats .
spinus
g o) [oX .
unimaculatis *
virgatus . .
wilpints o o
Zanclidae Zanclus cornutg °

43 unique host/location
combinations
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whole worm in ND1 mtDNA
90% EtOH
ITS2 rDNA
28S (D1-D3) rDNA
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ITS2 rDNA ~ 475 bp

samples from pomacanthid fishes of the GBR
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1. C. neredithiHeron16.1
2. C. neradithHeron22.1
3. C. neredithHeron22.2
4. C. neredithiHeron22.3
5. C. neredithHeron14.1
6. C. bicolorHeron1

7. P. sestriatwsLizad 171
8. P. sexstriatisLizad 172
9. P. sestriatwsLizad 173
1Q P. sexstriatwsLizad 174
11 P. sestriatwsLizad 175
12 P. sexstriatwsLizad 176
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2 3 4 5 6 7 8 9 10 11 12

1. C. meredithiHeron16.1
2. C. neradithHeron22.1
3. C. neredithHeron22.2
4. C. neredithiHeron22.3
5. C.
6. C.
7. P.

meredithiHeron14.1
bicolorHeron1

sestriatwsLizad 171 -
8. P. sexstriatisLizad 172 0 -
9. P. sestriatwsLizad 173 1T 1 -
1Q P. sexstriatwsLizad 174 O 0 1 -
11 P. sexstriatisLizad 175 O 01 0 -
12 P. sexstriatwsLizad 176 1T 1 0 1 1 -
~0-0.21%

variation
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1. C. meredithiHeron16.1
2. C. neradithHeron22.1
3. C. neredithHeron22.2
4. C. neredithiHeron22.3
5. C.
6. C.
7. P.

meredithiHeron14.1
bicolorHeron1

sestriatwsLizad 171 -
8. P. sexstriatisLizad 172 0 -
9. P. sestriatwsLizad 173 1T 1 -
1Q P. sexstriatwsLizad 174 O 0 1 -
11 P. sexstriatisLizad 175 O 01 0 -
12 P. sexstriatwsLizad 176 1T 1 0 1 1 -
~1.26-1.89%

difference
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Chaetodontoplus meredithi, Heron Island
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17.1-17

3

22.1-22

Pomacanthus sexstriatus, Lizard Island
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ITS2 rDNA ~ 455 bp

samples from siganid
and zanclid fishes of

the GBR



uel | us Heron 21.1 A
uvel | us Heron 21.2 .
unctatus Heron 12.1
unctatus Heron 12.4
unctatus Heron 12.6
ul pi nus Heron 1
rgenteus Lizard 6.2
rgenteus Lizard 6.3
rgenteus Lizard 6.4
rgenteus Lizard 6.5
uscescens Lizard 7.1
uscescens Lizard7.2
uscescens Lizard7.3
in eatus Lizard 3
in eatus Lizard 4.2
in eatus Lizard 4.3
in eatus Lizard 4.4
unctati ssimw Lizard 1.3
unctati ssimws Lizard 1.4 e e e e
unctati ssimws Lizard 1.5 S |

3.

3.

S

unctati ssimws Lizard?2 3.1
unctati ssimws Lizard23.3
unctati ssimws Lizard23.4
ul pi nus Lizard 2 e e e e e e e e
ul pi nus Lizard9.1 R | N I |
oral | in us Pal au . .

oral lin us Pal au
oral | in us Pal au
oral | in us Pal au
oral | in us Pal au

uhwmn =

ul pi nus Pal au 8.
ornutus Heron 5

LD OLUOINOLOLOLOLOLULULOn LU v uhhuhhh;hh:hh:nuhnh:n»n
S KEK<KOKCK<<KOOOOOS<T T T TTT - T"TT"T""" 1" WD DLDVWDOWDKSKTTTTTO

5.
5.
5.
5.
5.
ul pi nus Palau 8.1
2
.2
3
4
.5

ul pinus Lizard9 A . . G. G
ul pi nus Lizard9 A..C.... G . G. G
ul pi nus Lizard?9 A..C.... G . G. N
ul pinus Lizard9 A..C.... G . G. G

6 fixed differences
~1.3% difference
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Z.c ornutus Heron sp. 25 G..6G..G..G.TG.GCA..G..G..GG... .A..G..A..A .. .T GG.
333 333 333 333333 333 333 333 444 444 444 444 444
555 555 777 777 788 888 889 999 000111 111 333 344
234 567 345 678901 234 890 123 678 234 567 678 901
S.d oliatus Lizardsp. 1 3 GAAG AG AC ””” AGAGAGC GGC CC CGG GG
S.d oliatus Lizardsp. 1 4 e e e e e T
S. v ul pinus Heron sp. 11 ..C|
S.vulpinus Lizardsp. 12 e e e e e e e e e ce e
S.vulpinus Lizardsp. 2 2 .GGG.A T.GAT..A..T..AT.G..GT.. A..
S.| ineatus Lizardsp. 2 3 .. GG.A I.GAT..A..T..AT.G..GT.. A..
S.| ineatus Lizardsp. 2 4 G.G.A LGAT..A..T..ATL.G..GT.. A. 113 99
Z.c ornutus Heron sp. 25 GG.A T.GAT..A..T..AT.G..GT.. A.. bad Sequence?



000 000 000 000 000 000 000 000 00O OO0 000 000 OT7T 117 117 17111171 111 111 111
000 000 111 111122 444 444 444 455677 888 999 900 000 001 111 222 333 444 444
123 789 012 678 901 012 345 678 901 901 789 678 901 234 890 789 012 567 123 456
S.d oliatus Lizardsp. 13 GAA G A GAGAAGC GGA G GGGGAGG AG A TAT GA
S.d oliatus Lizardsp. 1 4 e e e e e e e e
S.v ul pinus Heron sp. 1 1 .G G... e e C... R .RN... R . Y R
S.vulpinus Lizardsp. 12 v e e e e e e e e e e e Cee e e c e e
S.vulpinus Lizardsp. 22 .G... . A ..G... . ..A G A. G. GA ... C . AL
S.| ineatus Lizardsp. 2 3 .G... .A .GT.C .C. ..A G A. G. C GA C . AL
S. T Ineatus Lizardsp. 2 4 .G L. A L G L. . . A G A. G. GA. C . A
Z.c ornutus Heron sp. 25 G... .A ..G..1 LA G A. G. GA. C . A
11T 111 1171 1111171 1171 1171 122 222 222 222 222 222 222 222 222 222 222 333 333
666 666 666 677 777 778 999 900 000 000 001 111 333 444 444 777 888 999 223 333
012 345 678 901 567 890 012 901 234 567 890 123 567 456 789 789 345 567 890 123
S.d oliatus Lizardsp. 1 3 CAA AGT GGT GTT GCT AA A TTA GIT ATT ACT AGA AGI TGG GGT TGC CGG GGC ATA G
S.d oliatus Lizardsp. 1 4 e e e e e e e e eee e e e e e e e e e e
S. v ul pinus Heron sp. 11 .G. LA L.
S.vulpinus Lizardsp. 12 e e e e e e e e e e e e e e e cee
S.v ulpinus Lizardsp. 2 2 G..6G..G..G.TG.GA..G..G..GG... .G..G..A..A .. G.G.
S.| ineatus Lizardsp. 2 3 G..6G..G..G.TG.GA..G..G..GG... .G..G..A..A .. G.G.
S.T ineatus Lizardsp. 2 4 G..G..A..G.IG.GA..G..G..GG... .G..G..A..A... . G.G.
Z.c ornutus Heron sp. 25 G..6..G..G.TG.GA..G..G..GG... .A..G..A..A..C. rGG.
333 333 333 333333 333 333 333 444 444 444 444 444
555 555 777 777 788 888 889 999 000111 111 333 344
234 567 345 678901 234 890 123 678 234 567 678 901 “b d” 9
S.d oliatus Lizardsp. 1 3 GAAG AG AC ””” AGAGAGC GGC CC CGG GG d Se(luence'
S.d oliatus Lizardsp. 1 4 e e e e A
S.v ul pinus Heron sp. 11 ..C
S.vulpinus Lizardsp. 12 e e e e e e e e
S.v ulpinus Lizardsp. 2 2 .GGG.A T.GAT..A.. AT.G..GT.. A..
S.l ineatus Lizardsp. 2 3 .. GG.A T.GAT..A.. AT.G..GT.. A.. |
S. 1 Ineatus Lizardsp. 2 4 GCG.A I.GAT ..A.. AT.G..G . AL,
Z.c ornutus Heron sp. 25 G.G.A T.GAT..A.. AT.G..GT.. A..



1
2
3
4
5
6
14
8

S. ddiatusLizard sp1 #3
S. daiatusLizard sp1 #4
S. vdpinusHeronsp. 1#1

S. vdpinusLizard sp1 #2
S. vdpinusLizard sp2 #2
S. lineauslLizard sp2 #3
S. lineauslLizard sp2 #4
Z. cornuusHeronsp. 2#5

1 2 3 4 S /
1 -

/ 6 -

1 0 6 -

51 50 48 50| -

54 53 51 53| 6

51 50 48 50| 3 .
52 51 49 51| 4




1
2
3
4
5
6
14
8

S. ddiatusLizard sp1 #3
S. daiatusLizard sp1 #4
S. vdpinusHeronsp. 1#1

S. vdpinusLizard sp1 #2
S. vdpinusLizard sp2 #2
S. lineauslLizard sp2 #3
S. lineauslLizard sp2 #4
Z. cornuusHeronsp. 2#5

1 2 3 4 S /

1 -

/ 6 -

1 0 6 -

51 50 48 50| -

54 53 51 53| 6

51 50 48 50| 3 -

52 51 49 51| 4
~0-1.55%

variation




1
2
3
4
5
6
14
8

S. ddiatusLizard sp1 #3
S. daiatusLizard sp1 #4
S. vdpinusHeronsp. 1#1

S. vdpinusLizard sp1 #2
S. vdpinusLizard sp2 #2
S. lineauslLizard sp2 #3
S. lineauslLizard sp2 #4
Z. cornuusHeronsp. 2#5

1 2 3 4 S 6 7 8

1 -

/ 6 -

1 0 6 -

51 50 48 50| -

54 53 51 53| 6 -

51 50 48 50| 3 7 -

52 51 49 51 4 8 =
~0.66-1.77%

variation




1
2
3
4
5
6
14
8

S. ddiatusLizard sp1 #3
S. daiatusLizard sp1 #4
S. vdpinusHeronsp. 1#1

S. vdpinusLizard sp1 #2
S. vdpinusLizard sp2 #2
S. lineauslLizard sp2 #3
S. lineauslLizard sp2 #4
Z. cornuusHeronsp. 2#5

1 2 3 4 S 6 7
1 -

/ 6 -

1 0 6 -

51 50 48 50| -

54 53 51 53| 6 -
51 50 48 50| 3 7 -
52 51 49 51 4 8

~10.60-11.92%

difference




d ol iatus Lizard sp.
d ol iatus Lizard sp.
v ul pi nus Heron sp. 1 1
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ND1 mtDNA translated to amino acids ~ 151 oo

samples from siganid and zanclid fishes of the GBR
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ol i atus Lizard sp.
ol i atus Lizard sp
ul pi nus Heron sp.
ul pi nus Li zard sp.
ul pi nus Li zard sp.
in eatus Lizard sp.
in eatus Lizard sp
c ornutus Heron sp. 2 5



0O00000O0O0OO00O0O0OO0O0OTTTTITN

000011134456611222A4

3467456701909095676
S.d oliatus Lizard sp. 1 3 | LLLMKLLVFANI I SSTLYV
S.d oliatus Lizard sp. 1 4 .. ..
S.v ul pinus Heron sp. 1 1 V. | [N .
S.v ulpinus Lizard sp. 1 2 . e e e e e
S.v ul pinus Lizard sp. 2 2 * . . Il LVSVVGNSI |
S. 1 ineatus Lizard sp. 2 3 *ICS PSI LVSVVGNSI |
S.1 ineatus Lizard sp. 2 4 L. ..l LVSVVGNSI I
Z.c ornutus Heron sp. 2 S * | Fl. | LVSVVGNSI |

11 fixed differences
~7.28% difference




— S. doliatuslLizard sp. 1 #:

S. doliatuslizard sp. 1 #

S. wulpinusLizard sp. 1 #:

— S. wulpinusHeron sp. 1 %

— S. wulpinusLizard sp. 2 #2

S. lineatuslizard sp. 2

S. lineatuslizard sp. 2 #¢

5 change: — Z. cornutusHeron sp. 2 #5




Siganus vulpinus

Lizard Island




Siganus corallinus
Green Island

Siganus vulpinus

Lizard Island

Zanclus cornutus
Heron Island



Species 1

Great Barrier Reef
Lizard Island
Siganus doliatus
Siganus vulpinus
Heron Island
Siganus vulpinus

ITS2 rDNA sequences: complete 1dentity
ND1 mtDNA sequences: <1.77% variation




Species 2

Great Barrier Reef

Lizard Island
Siganus argenteus
Siganus fuscescens
Siganus lineatus
Siganus punctatissimus
Siganus vulpinus

Heron Island
Siganus puellus
Siganus punctatus
Siganus vulpinus
Zanclus cornutus

Micronesia
Palau
Siganus corallinus
Siganus vulpinus

ITS2 rDNA sequences: complete 1dentity
ND1 mtDNA sequences: <1.55% variation




Verdict: ITS2 rDNA

pomacanthid worms:
0-0.21% intraspecific variation
1.26-1.89% interspecific difference

siganid worms:
0% intraspecific variation
1.32% interspecitic difference

differences are fixed over wide host range
differences are fixed over wide geographic
areas

low level of variation makes locus sensitive to
errors in sequencing



Verdict: ND1 mtDNA

siganid worms:
0-1.77% intraspecific variation
10.60-11.92% interspecitic difference

differences are fixed over host range

differences are fixed over geographic areas
internal variation in addition to fixed differences
magnitude of interspecific difference increases
confidence in taxonomy



How many bases is that?

ITS2 rDNA:
about 5 fixed

ND1 mtDNA:
about 45 bp (or 10 o)
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