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Abstract - Phylogeny of the species mainly from the genus Amynthas in family M egascolecidae
was inferred at the molecular level using ITS regionsin rDNA. With 26 species of earthworms
from 10 generain 2 families, a stretch comprising the 3'-end of the 18SrRNA, ITS1, 5.8SrRNA,
ITS2, and 5'end of 28S rRNA was amplified by applying the primers ITS-1, ITS-2. Phylogenetic
analyses of nucleotide sequences with a help of MP, NJ, and QP yielded 5 groups similarly. Genus
Amynthas was separated largely into two groups, Korean and Philippine origins. Species grouped
into the 1st were Amynthas jirensis, A. agrestis, A. gucheonensis, A. sopaikensis, A. bubonis, A.
multimaculatus, A. koreanus, A. dageletensis, A. heteropodus, A. odaesanensis, Pontoscolex sp.,
Pheretima sp. 1, and Dendropheretima banahawensis. Amynthas halconensis, A. isarogensis, A.
mindrooensis, Pithemera sp. 2, Pithmera sp. 1, and Pleionogaster sp. clustered into one clade form-
ing the 2nd group. Polypheretima sp. 1 and polypheretima. sp. 2 stayed closely together representing
a separ ate monophyletic status, forming the 3rd group, apart from speciesin other genera. Archi-
pheretima sp. fallsinto the 4th group. Distinct mor phological characteristics from Archipheretima
also coinsides with its branching away from othersin the previously reported molecular analyses.
Similar to Perionyx excavatus that has been selected as an outgroup, Aporrectodea tuberculata also
showed a long branch in the phylogram, but it differed from other 24 speciesincluded in the analy-
ses. Unlike others, for example, its habitat isvery closely related to that of man.
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Z] 2 o] 3} (family Megascolecidae)?] =]&lo] 1%
(Pheretima-complex) <2 5'_311%1 %] 1,000 F0]] &3}
£ e BRes, S4Re Oligoohedd) Fo)
FRINoE B wo] B3 g dEA 1Fol
ot F 2ol & Fokrlel A9E %*u‘ii @ FE5e] A
2o] F7}E 12 9lv}. Sims and Easton (1972)2 2-#3H4
o2 293 3= <l body shape, intestinal caescum, oeso-
phageal pouches, clitellum location, copulatory pouches,
nephrida 5-& ©]&3}e] Pheretima 7152 &3 22
M3ty a2Fo=z 2]yt & Archipheretima, Pithe-
mera, Ephemitra, Metapheretima, Planapheretima, Amyn-
thas, Metaphire, Pheretima 5-o|t}. 7 & Easton (1979)¢]]
2lslA] Ephemitra®} Metaphere-timaZS Metapheretimag}:
Polypheretima=z 2] A 2]s}12 1982\d¢]|= Amynthas &2
Begemiuss} Amynthasz thA vHrgieh E el A2
#| 2kl James (2005a)= H|AX|Fell M AA T FTES
=712 Dendropheretima, Isarogoscolex 5 2712 4l<
IS F71st vb ok ulEbA] R EF7EA] A= o))
Pheretima-complexel] <438l= 152 A 1U19] &0
= Aelge] Qe Aulelnt & g2l Fo wAUA
5} 2 o] 4 (genus Amynthas) & A o] o] &3t T
ZF 74 2 2§02 500% o|AS =¥slw gk (Sims
and Easton 1972). &}x|qt 2| F7}A] oA Baigl A
Holzte] FEL Mol BT Pheretima gl %3
Zo037 7] %9t} (Kobayashi 1934, 1936, 1938; Song
and Paik 1969, 1970a, b, 1971, 1973). gt=ol|A 7]A ¥
Pheretimael] &£3l= 2528 2 &7 AA< Sims
and Easton ¥WHell @eiA] obA] EF o Amynthas,
Metaphire ¥ Pithemera 502 7823 4 gl

AR A A el 33 94 101%Fe] R EA
(Kobayashi 1938; Song and Paik 1973; Hong 2002; Hong
and James 2001a,b; Hong and Kim 2002a,b). 435 x| 2] ¢]
=} (family Moniligastridag)2] 9%z} A x| 2] o] 3} (family
Lumbricidag)®] 12%-& A| )8k AA o] 79.2%7} A3 e]
7}2] Pheretima-complexel] 43h= Z£Eo|t}

AT Are A% {A9AF ¥ A7) DNA
FAE ol 43 Breket WY Ee] 4453 giek(Bankset
al. 1993; Anderson and Adlard 1994). 3125} x]8jo] 257
ol R wAYEE pEe] Qe PR 29
T, 39 EREel E (Phylum) S0 AR gl 9l
o] ©x] 2§ EE% (Phylum Annelida)e] 1Fo0=2 gl&

t AAeld AT DNAE o] gslel Aelo]st

Alole] 7| E-2-F (Jamieson et al. 2002), rDNA S} mtDNA
£ o] &3t &3 FAbelo] fFAMAE M3 Al
=7} o]Fox| 3 9)t} (James 2005b; Chang et al. 2005;
Chang et al. 2007).

# QoA AR 4 DNAS] ITSeleh o] 4
AR 49 BRZe] ohet & W, F mx AAZL
$9 HEE o W F2 AHE SA4EA 4B

oA wel o3t glom, H: BB TFIME
1 o]g-o] =)= a1 ¢lu}(Badwin et al. 1993; Hwang and
Kim 1999; Yang et al. 1999). E74]¢] £ A4 $x2+
2 FE AMEE B9 ITSe) COl, 1831 cyto bs
ol ol galT glorh & AFeINL ITS $07 39
AHgste] AFAER N FRIH o eatol

3 Qe Aol gHels 2ol sl EAA
AU e ol43led $2 50 FADA 9 A
2 odoluaa seick =3 el
4 Amynthas 451 FEE FelAeeld F
I59E 92 Aol #etsted Amynthass 5
3t Pheretima-complex 7%2] 2732 WA
ol HaA B ATE FARAT 2 RN AF
3 —«ﬂw+ QelAe AT Felalete] B A, 5
By, 2 2o 59 Pheretima-complex 759] of
FES 378k, A% o) BF 59 93 A5

oprzy wgol HA B

A é

= gl gy

o -

——

LA 2 E24Y

A2 A= el7F we] AMABI e e ARl
A A, Bk, BoF W] 912 52 28 ste] A=
ol7} X oz At Fo| M et A7)l 7
el Al 10 Atelol] AAIBFH. 54 3 FFE Sms
and Easton (1972), Easton (1979, 1982)°] 7|21& 113}
At =lel]l 712E 80%-2] hA|Fe]4 7h-dl &= 1930
ddiel 60dd el 71 = 3, GA] HAHA] ke FEol
R B el FZedl AA o] ulHIA H
t S5 fEveEl 0 S 22E Lol 2R
g & ode YAs Agaiie 29 dA e
= o 125 ¥ 3FXR 42 Pheretima &0l 2338t £
Eo] fjRE o2 (James 2004) 222 o] < (Amynthas)©.
2 9%7to] B yE e ¢lt}(Hong and James 2004). =3t
QAL Folvt MlEE 59k &e Pithemera,
Metapheretima, Polypheretimatima 5-2] 7§ A So] t}oks)
A &3 = Al4o2 7)x¥ Dendro-

o o] 11, 2
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Table 1. The specieslist that belongs to the Pheretima-complex

Species Locality Accession No.
Archipheretima sp. griakind
Amynthas koreanus Mt. Gariwang, Korea
Amynthasjiriensis Mt. Choowalsan, Korea
Amynthas gucheonensis ~ Mt. Baikwansan, Korea
Amynthas agrestis Mt, Paikam, Korea
Amynthas bubonis Mt. Minjoogi, Korea

Amynthas multimaculatus ~ Mt. Minjoogi, Korea

Amynthas sopaikensis Mt. Baekdeog, Korea
Amynthas odaesanensis ~ Mt. Baekdeog, Korea
Amynthas heteropodus Seoguipo, Jeju-do, Korea
Amynthas dageletensis Albong, Ullung-do, Korea

Amynthasisarogensis Mt. Isarog, Camarines Sur,

Philippines
: Mt. Halcon, Mindoro Oriental,
Amynthas halconensis Philippines
! . Mt. Halcon, Mindoro Oriental,
Amynthas mindoroensis Philippines
Dendropheretima Mt. Banahaw, Batangas,
banahawaensis Philippines
Dendropheretima Mt. Isarog, Camarines Sur,
bicolensis Philippines
: Riparian forest, Mountain,
Pheretima sp. 1 Philippines
Pheretima sp. 2 Mindoro, Philippines
) Akbab, Nueva Vizcaya,
Pithemera sp. 1 Philippines
) Mt. Amuyao, Mountain,
Pithemera sp. 2 Philippines
Pleionogaster sp. Camarines Sur, Philippines

Polypheretima p. 1 Akbab, Nueva Vizcaya,

Philippines
. Akbab, Nueva Vizc
Polypheretima sp. Philippines ya,
Pontoscolex sp. Bulsan NP, Philippines

Perionyx excavatus Jeonbuk Univ., Korea
Aporrectodea tuberculata  Californiaworm farm, USA

pheretimaz} A28k Aot} 3t & AFoM&= g
=Ab e ol et wlwalr] $jste] T AT A
Ab A F o] 3FE et wlmT} WellA] A= ol 2
9] Pheretima-complexel] w3t A|EAe] $A& 23}
7] 918k EA oM ARg-El BF-S Table 13} 2t}

2. PCR ¥ DNA sequencing

Genomic DNA FZ2 kit(Qiagen)E Al&3l9lem, 3
23} genomic DNAZEE] ITS @714 Qe EAs7] ¢
le] ]3] genomic DNAE F3 o2 3 PCRS 43
shedh. PCRL- 94°Coll 4] 30, 63°Coll 4] 30, 72°Col
A 1% 3029 Aoz 35cycless 43)skdTh wkgol

4

Abg-st ITSprimer:= o33 2t} ITS1 CGC CCG TCG
CTA CTA CCG ATT, ITS2 GTC CCG AAC ACC ACA
GTT CCC.

PCR AHE-S 1.0% agarose gelol|A] 80V = A7) s}ed 1
band °}AH& &heldlel e, HiYield Gel/PCR DNA frag-
ments Extraction Kit (RBC)E ©]£-3}e] PCRAIE S F&
stk F&§ plasmide] |71 L& 247} forward (T7),
reverse (SP6) primerz2. BAsled ITS 9714 dS &3
et

3. dlole 24

BEFLE28E dojzxl 7|4 d& Clusta X program
& 283t A}y Sequence alignment= DNA <
NNLE 2z @ FAAE QTN BFEA g
ARA ABSE drd Qo) o 24 F shiol
2 2 (Castresana 2000) Clustal XE o]4-3 aligned®l
sequence fileg o zet=l G-Block (http://www.
embl-heidel berg.de/ ~ castresa/Gbl ocks/Documentation/
Gblocks _documentation.html) program2- o]-§-3}o] X1
A 9lE= redignmentE 483l o] = ulelow PAUP*
(Swofford 2002)3} Tree-Puzzle 5.0 program = ©]£-3}¢3
A2 S AAEHA

Maximum Parsimony %42 PAUP*¢||A] Heuristic
searchZ 1,0003] ukE- A18)3}9] 37, Neighbor Joining 3
Al s PAUP*oA] Als)sle] o, GTR (general time-
reversible) model 2 ¢]£-3}ed 1,0003] ¥FE-s}9]ch. Quar-
tet Puzzling-2 Tree-Puzzlesl| A Al8)3sle HKY (Hasegawa
-Kishino-Yano) model 2 A &322 3}t

Fol| A& 23} 104 26%2] 18SrRNA gene
o] 3dehrE ITSI, 5.8S rRNA gene, ITS2, 28S rRNA
gene5'°] YRES ZiE dH7kA] F DNA 94714
o 1,4137) 30l A G-BlockZE A3 sle] w3l 924712]
NG AR T o] Abeld] AF fARAF HA3)
At o] @97 shHelE primerdiel 18S (152
bp), 28S(164 bp)E = 3&+5}9].oH, ITS2 AFe] 2] 58S (146
bp)= Z3sted A3k

z o

grE 9y de wleloe=z Clustal X, MEGA,
PAUP* 5o 24 23S o843l AXH 43
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HEoh 23 104 265 i3 ITSAHA 9714 <

gom, JHg Q7IMES viEtez F2 A% &
AZ #elslr] 9)sted MP(Maximum Parsimony),
NJ (Neighbor Joining), QP (Quartet Puzzling) 2 A& =&
3190t (Fig. 1). AE=el] Yebd 5494 Asts 4
s ohewt .

A7) Qo] 31rE Megascolecidae (X2 o] 2] =)
9] 26%ol dF AFTEH 9 IS duFE BF F
A3t 59 aFez UHE AL skl webA
]7]o M= MPE FAlo 2 7)&38kedr}. =3 Amynthas
&2 ZA =k 2FF FEjEA 2geE FEEN
o ol ITS 4447k 47ke] Ffol g HejF Auck

224l 2o o deks I 9SS ¢ & U+
ool Wit M AT AFE ofA md vl glv] WE
of £ dAFeME= vud 4 sk

A WA I1F5-2 Ajirensis, A agrestis, A. gucheonensis,
A. sopaikensis, A. bubonis, A. multimaculatus, A. koreanus,
A. dageletensis, A. heteropodus, A. odaesanensis, Ponto-

_{J i

r2 oo X
2}

scolex sp., Pheretima sp. 1, Dendropheretima banahawen-
s olgith o IFel &ake FES 9N F
23 Hol7k glo Mlmd 4 gl o] B WyES
Amynthas ol &3t ERE2A Selvel AYelA
AR = FHECIT =& A odaesanensse} = o
cladeE 3 AI3}+= Pontoscolex sp, Pheretima sp. 1, Den-
dropheretima banahawensis 52 Zz|912] A=A A

A=, FHAME o] HaEzA k2 £ FEo
o} o]= B AT ALLEH ITS $HAZ X|go] i

A AE &2 Aee TEskeT AHEE Aol 297t
oAk ARt & A7 A% ol9lo] e fAA 39, &
oytob = COIl 5-& AHgsted ¥4k, 2 ITS 44}
sk elgel Al Aol Rl ol 3 olskel 1%L
A oS 284 S5 ek o] Bl %38
T FEL YUMoz FHT 7S Holy FEOIT
3] Amynthase] 431t 105 $euel WA
Amynthas E4-& HolFE= ZFE-o|t}. Amynthas dagele-
tensise} Amynthas koreanuse w2 FERGE oS &
AH oz WA Jehptx 9lo). A dageletensis= 3
A selvet 5=t $xse e ad Fol
a2, A koreanus:= 19361 A2 ®uEl ol Sz}
A=) ARelA 7P gl AAH e F 7k
Shefeleh. A dageletensis 351 7bg = %42 44
I (male pore)7} k= AolA g2 o2 2E3) =

H3A FEEHE Zo|t. B2 A A (spermathecae) =
YeltA] oki=th A koreanus £ ¥e|H oz Wo|r}
i AT Fo= A3 (spermathecal pore)e] $13]

Dendropheretima bicolebsis

*Pontoscolex sp.
Pheretimasp. 1
43 Dendrophererima banahawaensis

A ) Amynthasjiriensis
Amynthas agresti s Amynthas gucheonensis
Amynthas sopaikensis
nthas odaesanensis*

ithas bubonis
has multimacul atus

Amynthas heteropodus

= Amynthaskoreanus
- % ! Amynthas dogel ett
o, 124,104 s
29 b Amynthas halconensis
Pheretima sp. 2 “ Amynthas isarogensis
c o memhasnm roensis
- B pithemera sp. 2
26 . pithemerasp. 1
pieionogaster sp.
: 24
Polypheretima sp. 2.__.___.
Polypheretima sp. 1
D
#. 39

Archipheretima sp.

73

Perionys excavatus

Aporrectodea tuberculata

5 changes

Fig. 1. Maximum parsimonious tree inferred from 26 ITS nucleo-
tide sequences showing the phylogenetic position of Amyn-
thas species within the Pheretima-complex using PAUP*.
The numbers above the branches are bootstrap proportions
obtained with 1,000 bootstrap replicates.

7} 516, 6/7 == 5/6 o|1} 6/74] JeR 7= st AF
e A= ok =3 maeporert Sl 797 WA
T s el A g A= e, 8 A A
Hol F7 7l XMAMW DA S B
FAF A 9ok B EAMoA F Fo] WA A
AZE Bolx Zlo| o3t FelH FAA <A
o2 FAHAT AZE slolM ez 1
agrestis®} A. heteropodus:= Z+7h 343} 442 A
7HAI AL gleh Amynthas 4] o8 FE2 2749
< 7 glovt olE F2 AAhde] B FojA
2 wgFow z3tE sla 9 ok Thai (1983)°] 713

o,
o X

o

2 ozi
o ol
& ol e > L f
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= dAehe AF Holoh o= mDNAS =&
Azl 3918 vlwsted FH AFlA vebd pi-g 5
A Ao A o] A

doroensis, Pithemerasp 2, Pithmera sp. 1., Pleionogaster
.59 £ B0l shte] dadez Folt A ¥ > I
ok o] IF FE 5L FHdAME A AFEHA
%3, B AR Foldet 53] FlelA HA
HE Amynthas 49 3t de] FejddA AxE 3
Z9] Amynthas &2 o] T WA 1Fo] 2% &3l 7

oz BFYe) o FAZ Fole} steiete A
Apolo] mHe #74] JFE Wk % 5 Yok 5 I
B 23} ol felgutn stejeke Ao : B4
A& veplx 3lgE o 4 9l Pleionogaster & =

2 el Rold ARHR e Fll AL ob2] 71557

o

AL oot

Polypheretima sp. 1 2 Polypheretima sp. Zii A5
< ¥Ash=d, o] Polypheretima <ol 3= 252 o
T ol &3h= 50l vlste] R FsH b‘rf‘ﬂﬂ
£ AL FAF 71 sih o] Polypheretima -2 Meta-

pheretima &l &3l 25 F 43 o2 Iz =4
o 2Jsl|x] Easton (1979)¢l] 2)siA M2 &Lo=z Y
o] Al u} glo}. spA|vt o] A3tz Polypheretimast
Archipheretima 4-2] §-A3A45 93 = ¢go. & ITS
SRl 97 Zl], 27 EAe AelA A fmap
PAEE WE 4k TFo= A4

wlx]et 752 Archipheretima sp.£} Dendropheretima
bicolensise]t}. o] Archipheretima <ol &3l 9] 7}
72} Z 222 Pheretima-complexe]] 438l= o1& 253
=] 3 (clitellum)7} A 13r} ol A e Al =t= o)
7 o]t}. Archipheretima sp.7} o2 2E53= t27)
A ® AL o|g} 7o A ExO] oL HigreS
F4 & 5 ek F A AHE g8 352 Fdrt
A14m}e] o] A Astste] 16ukelel A ke ARA
Holzt R BAL welF: o AF HE 54
2}, = mDNA §-52F BAS Edle] o]2)3t W48 =
7 At =2Eu FelA FA-el slein
Ao FeA, =3 Aol HellA o ¢°ﬂ e
5o ASERIY HAE A =oske Fod X E
R34 gl A o]t} Archipheretima sp. &3} )]
A 24 EAHE 2458 Bol:= F Dendropheretima
bicolensise F #4] djAle= Alxw gl Pheretima-
complex 18 Fol|A] 7} FZe ME3A S22
Fo2 o] aFolE 2%0] HaE o] gt} (James 2005).
o]F A & E=E2] A2x Akl Jamesel] JsiA D]

cde el ol

s

=

°PN

i
031 ﬂllo

o AHelA AAR Foz o} o LFol W Ei,
AEA e =2 A e AR olu & Ao o]9}
ol gz FAE o]fi= o] Fol &F 1FS 7,
At EA3 ddto] gleogz F3H
Outgroupe 2 A3+ Perionyx excavatuse} zro] A%
= ¢le] 701 branchE v}el]= Aporrectodea tubercu-
latat= FAlell AHS-¥l 98 2453 2| AR 54
o] Attt wi-¢- HAE = Aol vk MPE 73%, NJ=
75%, QP= 88%2] bootstrap valueE HoJFt}, o]5 =
o] MAA] ol niz FAEjAl ik 53] Per-
pionyx excavatus (2= o] 2] 2 o]) £ A 57He] AHEAF
o F2EAFH )9} HEe] de] AMSEHI e Folh
w3 o] T AA7Ie eyt S oFde] AP o=
Hehbs 259 S5 9y SRtez A o
ehte o 25 Btk o33 A2 238 i
s 2¥she Pheretimae] &3k £E3 fAHE 54
Z o] 2FE AAA Felgol Addge] ohd, A}
=]

S5} DA el AFST ek Aol

Rl

&
ZEA L = AHE §AHx=E= (DNAITSe) CO1,
oytob 4R 917k 7b 99 o453 glek. o
AR BRzel meh s 2l BAE Bl
oleh % E9 ITS §44ue} COle] WA ol
A7k dm(EAE AT A F), U
colue} ITS7h vhe A% e (hdd 583 =
7). 3 QTN L TSGR B Ade Al
Agolsh ¥Rzel N AEE FAste] wokh oA
g 2 A vehd uke) o] & olsle] 15-&
AZEF v Qe 270 44
ek ohe 407 3918 2ol BARGR o 4154
A A%te 4 4 e 47w
TS 3 ¥l o1, COLH oyobell % A
o5 fAAel AT Aol 53] F

T Qe Aol T, Fol e fABAE AU 5
ol Aeleh 3rbdoe mduse xzade FAA
GTR+I+G mdlo] AeE T, Aee woe Bayesian

zzadgel Agste] ASEA ARE ANk R
Perionyx excavatus =2 outgroup2 2 &}e] 1,000,000
A A3 PAUPZ #41 Agxs g2 AL A

342 £3ltH ol PAUPE E3iA

s S s ol

2Ag Ave 7
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]2 o] 3} (family Megascolecidae) €}%] = o] < (genus
Amynthas) 75-& rDNA ITS $AA2 o] &3l AE &
AR/AE et A}t B 23 1040 A 2659
DNA 714 9E o] &3te] F7+ A5H FddAE MP
(Maximum Parsimony), NJ (Neighbor Joining), QP (Quart-
et Puzzling) 2 Ale=% #Assdch 947144 gxs
Megascolecidae (#]= o] 2h) ] =W ] 26%¢] w3 A%
FAL 9 IHe] daEFE B FUdT e 2Fe=
W AL gekgeh =3 Amynthas -2 =7 B
AL 2 gk age R TR A WA 1F,
Amynthas jirensis, A. agrestis, A. gucheonensis, A. sopai-
kensis, A. bubonis, A. multimaculatus, A. koreanus, A.
dageletensis, A. heteropodus, A. odaesanensis, Pontoscol ex
sp., Pheretima sp. 19} ©}& 1%, Dendropheretima bana-
hawensis. Amynthas halconensis, A. isarogensis, A. min-
drooensis, Pithemera sp. 2, Pithmera sp. 1, and Pleiono-
gaster sp.ojet. o= ITSFAA7L £7bk9] zle] & HelF
 Aun 598 Solet selete Aeld Aolo] upe
@730 Je WSS ¢ & A 5 YuA w)
o] zeigckn delets fAMoRE $A49E vheh
A&E ok 5 Ak FehH 5ol o2 Pt sho)

F#54) ghsieh

(|

AL AL

¥ ATE 20049% FFARAG 7 2IEgAT
(KRF-2004-015-C00516) #| ¥ o 2 3] = )5}

o
rek

o 2
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