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ABSTRACT

Thiz study described the spermatozoa of the discoglossidae Bombing orientrlis nzing light, scanning and
transmission electron microscopes. Sperm head posgess a crescent or leaf shape, with a moderately flexible
head, and with a shamp anterior and posterior tipg, The micleus are a thicl cone shaped in the widest middle part
of micleny, and a slender anterior and posterior of muiclear tips. The chromatin iz not completely compact, but
irregularly imbricated such as roof. Some nuclear lacunae, irregular in shape, are scattered within the nuelens.
No neck and middle piece were deweloped. The flagellum iz composed of $4-2 axoneme, anial rod and
undulating membrane, The mitochondria were distributed only in cytoplasmic membrane around the micleus.
In particular, the nuclear rod containg bundles of fibers, the rod penetrating from anterior potion to the middle

of the nucleus, is exttended roughly two thirds of the mucleus such az eyelashes shaped.
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701, 30 R S S U glA 43
{Delahoussays, 1965; Fouqustte & Delahoussaye, 1977,
Lee & Kwon, 1992; Kwon & Lee, 1995; Garda et al.,
2004), 2¥% F BFY ARE Fr A= 4
(Sandoz, 1974b; Lee & Kwon, 1992; Kwon et al,, 1993;
Kwon & Lee, 1995), o] & 39 2442 48 3
59 AHAs 54 A & + G 229 =
A B ot $2 FEIEAS F2F keyrt 3
W, o8 e B4 FeH 592 2 s o
S she 2ot dTe gl oA x
% 250 4538 WA oY $AFS 05
% A2FF A7 Bx WIFL T2 429
2HohT sl ol d WAL Ad A A
& ke 4BEe BAE Tt B §o
T ARE Ay Fo= A

WA 71ET w2 FUlE AR ATz A5
A 2o a ) 72 F (Discoglossidae)®] Discog-
lossus pictus (Sandoz, 1974a, b), Bombing variegata
(Furieri, 1975) 32] 31 Bombing orientalis (Kwon & Les,
1992; Kwon & Lee, 1995; Lee & Kwon, 1996)¢f ==k
AATFEE ARG A Tkl AN o}
perforatorium = =2 <] i3t At F)A5 22
Fobeh webd] 2 AFAE $sFels (Disco-
glossidae)®] 47|72} (Bombina orientalia)f] =3t
A7 Wee B 9 WA (FAN TN
ol g8t o] F2E MAHESIT FE FUF T4
Folf 4 AoldE Ul A £ AFE A4
shaict.

ME S

2 oAFey Aleam RAA| ] (Bombing orientalis)
2004 4,5, 69 BA A Rk dbdafe] A
57 108tele skl Abashach

ZF AAEL AF =4 APAzE Fukste] etherz
14 % 3 34 AaE A2eac 429 Aaxs
B2 vy &4 3 € AET €l Hd Az
AL 2L L §5En)AH (Modsl: SM-10) 5}
A ez Arxde S ohd 29 348

& wobolz el zUac 2% F 10275
Zgt & =4 3%-glutaraldshyde (4°C, pH 7.4,
Millonig's Buffer) 498« 30~6022F vAstEd, o
Aol B = &dbe|= Acts] ARFA-2 Millonig’s
Buffer (4°C, pH 7.4)2 1~23% 4314 31, alcchol 5

A1 (70, 80, 90, 1000)2. D547 che T
WolAc A4S Foe BT A 4
A &o] B TSR o2 387] (o coater
Giko,IB-3)4+ Fo=z 38 Ax 38 I & %ﬁx}
A= @n]A (ISI SX-40, FEG-SEM: S-4200)22 2}
4 AR A AFE BRG] A
2252 3% -glutaraldshyds (4°C, pH 7.4, Millonig’s
Buffer) =& of| 242|2F F7be & AT s5de

FH g & Adsydc A" £ A 3%-gluta
raldebyde (4°C, pH 7.4, Millonig’s Buffer) &8 & =2
A% A A AT A el B 24T B
dpdoz 233 pHE FE 133% 00,49
2% % 7 bk 2ol B 248 5L
a3z 2-33) 24 B i Boe rE A4S
w02 B 5193, HF propylene oxide®Z. FEEH
oh& Bpon 8122 Fwisle] 23t Zefj7l B 23
H &2 ultramicrotome (MT 6000; Sorvall, Dupont)2
o] g8fe] S0~90 nm# =¥ FHL de] uranyl
acetate 28 = lead citrate 807 o] A5l T

A2 o] (TEM. H-600, Hitachi) o 2 4t ek
g7 ® 2
2 AT e U F (Anuran)d] Fokr)e] =t

(Discoglossidas)s] &3} Fo7)| 7] (Bombing orien-
wlisye A¥E FAFY 54 D G W
Fo19 BAE Q¥ BA AR e Aoe 24

=t

1. TR

£ AFAA FHATA AT 24 A T
o Bol mEWAD i 4L F 24
(crescent) F2 HE 4 (leaf) 2oFs] B3 F2F
Hutw ¢l (Figs. 1, 2, 3). Fombing variegara 7 =}
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2 H 2 F2AHFurier, 1975), Rana nigromaculata, R.
dvbowskii 12T R rugosz 352 AFE]2 FE Eo
et =3 W= (Kwon & Lee, 1993), Epipedo-
bates flavopicius F7He AR (Garda et al, 2002) 2
Bl Bufo bufo gargarizans AR W2 fdEFen,
QuLe LA FEHeA G ] (Kwon &
Les, 1995), # oM A - 39k<] 7z 92
2o} HEo| ohd F2 ¥ (cone shaped)o] et
(Figs. 1, 7). 9442 of2] dwbz] T2 7|95 o}
¥ BN FEEA EEstA ez sidHA
slgdet (Fige. 1d, 4), Zo] T o) el 2733 S
2 nuclear lacunaeE¢] &+ 4l T (Fig. 4b, ¢
(arrowheads)), ¢]¥ 3t FF3 Furier (1975), Kwonf
Lee(1995) W Lees} Kwon (1990) 54 Zsdfel el
o} Dendrobatids Epipedobates femoralis 2} Colostathus
sp. ARRY] A 2k Hesgs] A 4E Y subac
rosomal cone &2 FAEH A gl9, T A& parazo-
nemal rod & e T 72 Hx2> st mitochon-
drial collare]l 2] & e glow, 4zb2] HE
axial sheathed] 22 A gl v jusxta-
axonemal fibers® A= o] gleb= A4 (Aguiar-TIr
ctal,2003) 2 3 Fe) e TF Hel7} alch

o) B AT Preudis£s] Pecudis bolbodac-
wla, P. paradoxe, P. bolbodactvla, 3210 P. tacantins
A AaEe | $E9 AbyE 93 glew,
94 AR FEEE AN Ab bR,
Lysapsus lgevis’® subacrosomal cons-2 |4 W3 = <
A Gl3 AAdxe Se] AL 2 Qg
el A Fi 2pe]E R F2 (Garda etal, 2004), 2
HAFA| 2 AFAE5t Tysapsus laevis (Garda et al,
2004) B9 wpRolA 2 Do sleie(Fig 4), Bpip-
edobates flavopictus A A4 ¥ |2, I 7 sub-
acrosomal cone2 HA|AF el ] Ale]e] eodA ¢lx
Wk 4| perforatorium2 & 517 2 FHeofl4 Epipe-
dobates flavopicius’ Ranoidea® o} Bufonoidea W2
I8 eslohy sl (Garda et al, 2002)

T £ T8 Hvnobius nebulosus (Picheral, 1979)
& H leechii(Kim et al, 1995)8] A== ARPHe=
A e gz oz AA A= gl 2 g

2 #Zzgub 292 517 513 Y, Kimet al. (199952

olf3t 723 542 Hynobiust A 2= =85
4 Bz Fstgich A2 4R AHAe
I Heiwlo] Faald] dhbs] Ru| R Ty £
Fo W& F2 Aez B E4c} (Lee & Jamisson,
1992; Kwon & Lee, 1993).

HA &l 2epd| g¢ledM, Rana nigromaculata, R, dv-
bowskii 2212 R rugose AR (Kwon & Lee, 1995) =]
9 b F2E Ak es, oF BAEE 7
Ay Hogst AAYRE A2 lged, o
Furieri (1975), Kwon® Lee (1995) ¥ Leedt Kwon
(1996) 53 Fdst 245 vepf ¢lct (Fig. 4),

Perforatorium®] 282 | «|4] 2] It T2
H = e FF=824 (Russel et al, 1986), o2
0] & (Burgos & Fawcett, 1956; Fisano & Adler, 1968;
Reed & Stanley, 1672, Sandoz, 1974a, b; Furleri, 1975;
Rastogl et al., 1988; Béao et al,, 1991; Kwon & Lee,
1992; Lee & Jamieson, 1992, 1993; Lee & Kwon, 1992;
1993; Kwon stal, 1993; Kwon & Les,
1995; Lee & Kwon, 1996)% #0]F (Baker, 1962,
1963; Baker & Biesele, 1967; Baker & Baker, 1970;
Nicandsr, 1970; Kim st al,, 1995; Lee & Kwon, 1996)
dlx 2R Hejel HAe Zelrb slES ReiFT
shem, B. orientalis®] G4 BAY Pz FAHE
perforatorium2 &2 ke ¥k (endonuclear
canal)© ZHE whavtel ¢low (Kwon & Lee, 1995;
Lee & Kwon, 1996), =5% 2 A
spacey A WE wel FEi et subacrozomal rod
E 71A A9 Kim et al., 1995) F@d7]F2] = subacro-
somal rodE FFR| T 41" et (Kwon & Lee, 1995,
Lee & Kwon, 1996), 53], 2 dF A= i3 A4
Apel2] o] F2B ufEht §lEE, ol Furen (1975),
Kwon= Lee(1995) 78] % Lesd} Kwon (1996) 59
A~ EE perforatorinm T2 B HE FF FA4 o
bk B4 o 4 H el 8191 (Figs. 4, inset
a, b, c, 5-9). o] FFEBL Bombinad Alvtes (Furleri,
1975)2) ASd WAz B 27 FHA
(Figs. 1-9, Text-fig, 1), A¥¥E= Fo] 21 T3 &
E99 FEzd bl Zoz T4 rwelds
obz] Abghe] £ dRof 22 Hel g Hshe (Figs.
2,3, 4), 8= oA 2 oh iAol slEE B

Jamiszon et al,,

4%, subacrosomal
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F3 5lct (Figs. 2b, 3a, b). ¢|7] R2® Frprje)s
ARFFF (Furieri, 1975; Kwon & Lee, 1995; Les &
Kwon, 1996} 4 A|A= @zt HAxfe|e] F2B
perforatorium2 & FF B4 2o
I YT FEEEY| R 287 Fdi el AT
Mea] FzBFA] Furien (1975)7F A 25 285
$A13d, o] FBel W] EAFLZ uclear rod
Sy w Ao Ehestely Al

Ascaphids (JTamieson et al,, 19932} discoglossids
(Sandoz, 1974b; Furieri, 1975; Kwon & Les, 1992)%
T ¢ 2 H endonuclear perforatorium-a 7p=|H, 21
Re §¥54 S22 S92 B Bl jgporica
A perforatorium o & Fo|f2] AR 2
H T mHAES HAld rdede® FAEAH 5L
4w (Lee & Kwon, 1992; Kwon & Lee, 1995), Rana
nigromaculata, R dybowskii, 72117 R. rugosa 35 &
¥ perforatorium™® W# Fhe] glohe A FelE
o] (Kwon & Les, 1993), Baccetti et al, (1980) 5
Al AHzE 749" perforatorium F# whg-ot
A% A 3% 992 +9% oz Fady

S perforatorium

Mook rle

=k

bl § ARl gy A TR AR
A% Sl AT T, E AAL 207 §
S 5200 L W B 3
Aed oo asdd B4 AAEFL =
w9 PEF o) 3 A $hoe %
ATFL2A AR HBEFE AR Fe,
9% B 729 4RAF £349 AP 49
5] = g&she (Stanley, 1971).

o

v

4,

&

1 L

-,

ok

2. FR B

AA Ay U8 slddAe FoEEEdA sl
AWt Discolossus pictus (Sandoz, 19740)F A 43 o
L R AAEE A1 B 9 B

wese el Gehu, & GFAAE 37 AN 3
2501 9 B AT BR 2 wet 2
rings] FFYEA ST Al § woled B 2
F2AAL 1 T AR PEE RolA|T (Baker

& Beisele, 1967; Picheral, 1979) Hymobius® ZH3F

dET 2Rt A3 e weld ged
{Baker, 1962; Baker & Baksr, 1970).

2 AFe B orinentialis’s oFE BU|F Azl M o
SRz T g4e ARE AT Qe A
FUhE FoI5 A A% T ring FEE
AR T 41A e ] BEe 99 S 4
25, axial rod2] A¥F ¥gst 7% 2405 & 55}

¢1xd (Fig. 9), ¢|&3F @82 Kwond Lee (1995)
A= F2 3 Jepfg -

rlo rr

3. ®xua

mely F27 2FEA 342 ehis, 305
RAme] 2o 94 718 TReE el
Z Z2} axial rod, Fee 2 FHE A (Burges &
Fawcctt, 1956; Baker, 1962, 1963; Baksr & Biesels,
1967, Sandoz, 1974b; Furieri, 1975; Fouqutte &
Delahoussay, 1977; Rastogl et al,, 1988; Béo et al,
1991; Kwon st al, 1993), Sk}t axial rod 9 2 74
=l A (Lee & K-won, 1992; Kwon & Lee, 1995) 22|17
4R EAPE B 55 AFe|o (Pisano & Adler, 1968,
Poirier & Spink, 1971; Reed & Stanley, 1972; Garda st
al, 2004), 28| = B2EET, Hyla japonica® EA}
axial rod & ZFA|AGE F39E FhAw glAle o
(Lee & K-won, 1992). Baker (1962)¢] 2]5}9, axial rod
7152 supporting rodd] 7S FlElghw sty
slemeels res b T ¥
S8R, $7 RS H leechii 34 % T4 Bx
G gled 9T P HFT 497
Crtobranchusd| A = VER e Aoz @ 1E 9o 4l
B9 ringd AL e TSR 98 AAAE
slsgeelolt 3AY 9G] 4144 ringe] o]
s==loly 2xd JTE Fe Aes Azl
(Kim et al, 1993). Epipedobates flavopictus 7 A= =}
Eut o] =813 (Garda et al, 2002), 7. leeckii A
Al protoplasmic bead Wef] A5, 2 fF = €
#oAste] gl AL 7 HHRE 9HKim et al, 1995),
2 AFH 2 Hvrobiust Cryptobranchus 7372} o}
Wiz HEEEejolr BEFAd A2 o
49 paye THAT 3

* cytoplasmic membrane
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el Wk 23 e 2A)5k2 419l (Figs. 4b, 7, 8, 10),
TER F9IF2 A, BA4E T4 4l =
Foajota] w2 B o) axzial rode]] 2T | EEE
2]el= urodeles (Baker, 1962, 1963; Baker & Biesele,
1967), discoglossids (Sandoz, 1974b; Furieri, 1975;
Kwon & Lee, 1992}, myobatrachids (Lee & Jamieszon,
1992) 2] 32 caphids (Tamieson et al., 1993)+f 4] =3
=] Few, cytoplasmic canale] ¢ bl =E =]}
2 pipided] 4 FHLEE Aoz BUEYT (Reed &

Stanley, 1972; Bernardini etal.,, 1986).

ATl PreudisZdl| 312 Peeudis paradoxa,
P. bolbodactvla, P. tacantins, P. minuta 12|30 Lysap-
sus laevis AR RS2 2414 2 o247 o2
o FHEHE AT s A FUE
P minuta> ¥ $Z=+| subacrosomal conedF multila-
minar structure & 7R B, Preudis paradoxa
group2 & $Z+| granular meterial & 717 = A4
i 2be)E e L Lysapous leevis A sub-
acrosomal cone®] Zred Bt Fl=|ar 414} (Garda et
al, 2004). 2 A FHAFE HFHA Hgobt

B AT\ A H leechii2t B, orientalis (Lees & Kwon,
1996)3?4- ufErlR) 2 axial rod, 942 azonems, F-F9F

< 7R gleded (Fige. 6, 7, 8, 10, Text-fig. 1), #]
oo B 2 A, 391F WA 392 AT
S Wl 30132 SR SFETE T Ao
© AT o Aele deh e 35 2 a7
Ae HE FoR TAN B+ 4 FolT 349
AR5 nuclear rod & FHA| T glote A FE
% e
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FUGURE LEGENDS

Fg. 1(a—d) Light and gcanning electron micrographs showing mature spermatozoa of Bombing orientalis, Sperm head possess a
crescant or leaf shape (inset a, b, ¢), with amoderately flextible head, and with a sharp anterior and posterior tips. The miclens
are a thick cone shaped in the widest middle part of micleus, with a sharply anterior and posterior of tips, Mote projected
muclear rod (inset ¢, d). Ar, axial rod; N, mueleus;, Nr, nuelear rod, Um, undulating membrane. la: light microscope; 1b-d:
seanning electron microgcope.

Fgs. 2=3. Scarming electron micrographs of the dorsal (2a, b) and ventral (3a, b) views showing the rmuclens, nuclear rod, axial rod
and undulating membrane, (Figs, 2a, 3a and 3b): These sample were ameared on slide glasses af room temperature for Smin,
and washed in 0.1 M Milloing’ & buffer (pH 7.4). They were then fixed n 3% ghitaraldehyde (0.1 M Milloing™s buffer, pH
7.4y and dehydrated in a graded series of ethanol for 10 min, respectively. (Fig. 2b): This sample was smeared on slide glass
at room temperatre for 10 min, and washed in 0.1 M Milloings buffer (pH 7.4), then fixed in 3% glutaraldehyde (0.1 M
Milloing’s buffer, pH 7.4), and dehydrated in a graded series of ethanol for 10min. The miclear rod (Nr) penetrates from
anterior to the middle of the nucleus (M), which iz extends roughly two—thirds of the miclens such as eyelashes shape. Note
collapsed nuclens (Fig, 2a), and axialrod adjacent at nuelear rod (Fig, 3a, b)), Ar, axial rod; Cn, collapsed nuclens; N, nucleus,
Nr, maclear rod; Urn, undulating membrare

Fg. 4. Logitudinal (Fig. 4) and parasagital sections (inget a—-c) of the anterior sperm head, showing the nuclear rod and the axial rod
in Bombina orientalis spermatozoa. The nuclens are athick cone shaped in the widest middle part of nuclenus, and a slender
anterior and posterior of nuclear tips (Fig. 4). The chromatin is not completely compact, but irregularly imbricated such as
roof(Fig. 4). Some nuclear lacinae (arrowheads;, nzet b, o), imregular in shape, are scattered within the miclens. The nuclear
rod penetrates anterior portion of the nuclens to the middle of the nuclens, Note the nuclear rod congists of bundles of fibers
(Fiz. 4, inset b, ). A, acrogome; Am, acrozomal membrane, Ar, axial rod; Cm, cytoplasmic membrane; Cv, clear wacuole,
M, mitochondria, M, micleus; Nm, nuclear membrane; MNr, miclear rod; Um, undulating membrane. <], nuclear lacunae.

Fgs, 5—8, Cross ssctions of the anterior and posterior of the sperm head in B, oriendalis, The nuclens (IN) was srrounded by the
cytoplasmic membrane (Figs, 5-8), The nuclear rod (Nr) penetrates middle of the nueleus. The chromatin is not completely
compact, but rregular arranged inthe nuclens. The nuclear lacunaes (arrowheads), irre gular in shape, are scattered within the
rmclens, The flagellum is compossd of 242 axoneme (Ax), axial rod (A1) and undulating membrane (Um). The mitochondria
(M) distributed only in cytoplasmic membrane (Cm) around the rcleus. A, acrosome; Crm, cytoplasmic mermbrane; Nm,
rmclear membrane.

Fg, 9, Parasagital section of the sperm head of B, orienialis, Inmatured neclt containg only an anterior portion of the axial rod(Ar)
and proximal centriole (Pe). Cm, cytoplasmic membrane; Cw, clear vacuole; N, rmcleus; Nr, nuclear rod; U, undulating
membrane. Cm, cytoplazmic membrane; W, nuclens; Nr, nuclear rod.

Fg, 10, Cross section of the tip of posterior of the sperm head, Mote the nuclens and nuclear rod was not obwerved. Ar, axial rod,;

Ay axonern e, Cm, cytoplasmic membrane; M, mitochondria, Um, undulating membrane.

Text—fig. 1. Diagrammatic representation of horizontal zections of the sperm in Bombing orisnialis bazed on scamning and
fransmission electron microscopy (such as Fig, le, Flgs. 6, 8), a—a, Section passing through the separated head. Sperm head
possess a crescent or leaf shape, with amoderately flexible head, and with a sharp anterior and posterior tips. The ruaclear rod
penetrating from anterior to the middle of the nuclens, is extended roughly two -thirds of the maclens such as eyelashes shape
{a). The chromatin is not completely compact, but rregularly arranged in the maclens. Some miclear lacunas, irregular in
shape, are scattered within the miclens. NMumerous mitochondria and some cell organelles were distributed only in
cytoplasmic membrane around the nuclens. The flagellum iz composged of 942 axoneme, axial rod and indulating mem brane
(b}, Mote the nuclear rod had a globular shaped but the axial rod had frifoliolate shaped in cross sections, respectively, Ar,
axial rod; Ax, axoneme; Crn, cytoplasmic membrane, M, mitochondria; N, nuelens, N, muclear membrane; Nr, nuclear rod,
Um, undulating membrarie. 4, nuclear lacunae.
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