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A A Ak Lebolnd and Clermont, 1952b:
Burgos and Fawcett, 1955: Clermont and
Leblond. 1955, 1959).

E3) Ao @3 AxdAn R dFEE
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e U wy
E g 8" Ase s 53
(striped field mouse, Apodemus agrarius
coreae) A 8/RHE AH&sI o, Ztziol A
ATLEL AFHAZ AT T Fae FHAGA
o2 g AHzsdo, AEFF AEL 3%
glutaraldehyde(4°C, pH 7.4, Milloning' s
buffer)® 1.33% 0s04(4°C., pH 7.4,
Milloning’ s buffer)2 Ztz} 3A17F Aud 2
2A1Z FuAsg et 20 B 2HEL FY
g gFHo g 33 £AE g M E ASsER
$£o02 243k Epon 812 &E3tgjez ¥n3}
o 2ok Tuirl B 2 EL A #H7
(sorvall. MT-6000)& °|&3%tdq 1 um FAZE
AA&s 0.5% toluidine blue® GA3te] 3
auie] Ade E3dA Fol FAEHAR S &
g & olol 60~90nme FAZ A
HAHBE do] uranyl acetate®} lead citrate
£q0 =2 olFFMed HFAAWA(TEM, H-
600. Hitachi)ez2 #EstAr, E3F FL2AAH
] fo) de=d A AE #EE] sk HF
g Z2F L FA] slide glassddd] =@sle 3
gHnj 4o g FFslgct.

25t

AAAE g & Dolu | flete AAdv|H o
2 ol 779 dAM vehvte SAES E
& 8lo] Lee 5(1992)98] #hid wa} gsrat
SZ# (A. agrarius coreae) AAAEY A}t

FE 9 Aphases)eg Vs & JAH(Figs.
1~12).
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7} Holn, wEZ=gols HE3 GRHAFTA
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(Smooth endoplasmic reticulum)E&°l 22
Al BakEol Ak 53], FAA ofdiFd A
AP E & A AR/ 8 shrtolo
Aot obA A F/EA Fdh(Fig. 1).

=X|&7|

o] A7l =2dt FAAMEe HAALZ7L #ut
T FEo] ozt FdEAH dow, ofHs Al
AN A A7 o] AW Exstn Ut
T3 nEE=olEy HEI AEAYe] 278
Eo] n2A EAitHo] AAUTHFig. 2).
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FRNT|

o] Al7lole HANHE T FALFEE ¢
5y #8g FUAIIn HALTUe HAEA
(acrosomal substance)= ©}3 HAAE W
o FnF BAEA &gtk oA AEAW
= i71La°l A2A EAE %lzur. A
Aol A - Frjge 2 nEZsolEe] ta
& o U‘*‘:’i ol FH ATt EU} A48 7Y

-n

(chromatin granule)£°] tta &5 vg
YoHFig. 3).
FRE7|

o] Al7|ol= o] B EZA=Ate] e F
# 3 HA E(acrosomal vacuole)7} 3] Fx
22 g QA Az, FARYEC] IAXY
of M3 o] HAE FANED. alm
unEZoglolgol HEy #Ho FWER olFE
of velen, ti o] AAH ofFe] WAE
(mancette)? T+2EI FAXe umiz &
FE A G (Fig. 4).
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0 AFs HolHo, ol W Zoldtd A
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Figs. 1-9. Electron micrographs showing Golgi, cap, acrosome, maturation and the subsequent spermiation phases.
Note arrows in Figs. 2~6, of mark boundaries of cover of nuclear membrane by acrosome.

Fig. 1. Electron micrograph of the early Golgi phase showing a small acrosomal vesicle (Av) near the juxtanuclear
Golgi complex region. Note well-developed Golgi complex (Gc), Mitochondria (M) and smooth endoplasmic reticulum
(sER) appeared in spermatid cytoplasm. Fig. 2. Electron micrograph of the late Golgi phase in April sample showing a
large acrosomal vesicle (Av) fixed to a recess of the nucleus (N). Fig. 3. Electron micrograph of a spermatid at the early
cap phase in April sample. The Golgi complex is seen in the neighborhood of the acrosomal vesicle (Av). Note the
formation of chromatin granules (Cg) in spermatid nucleus. Fig. 4. Electron micrograph of a spermatid at the late cap
phase in May sample shows acrosome (A), manchette (Mc), developing connecting piece (arrowhead), and axial
filament (Af). Note acrosomal vesicle (Av) spreading outward from the anterior pole of the nucleus (N) and flatting over
almost the acrosomal materials was not yet completely distributed into the fold of the acrosomal cap.
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Fig. 5. Electron micrograph of a spermatid at the early acrosome phase. The acrosome spreads over the anterior one-
third of the nuclear. Note the appearance of manchette (Mc) and nuclear ring (Nr) in the early acrosome phase. And,
the condensation of a cylindrical chromatin granules in nucleus. Fig. 6. Electron micrograph of a spermatid at the late
acrosome phase. This phase had the better elongation of nucleus and acrosome more than the early acrosome phase.
Note the acrosomic vesicle spreads to one-half cap of the nuclear surface. Fig. 7. Electron micrograph of a spermatid
at the maturation phase. Note this phase had the better condensation of chromatin granules in nucleus and the more
decrease of the volume of spermatid cytoplasm than acrosome phase. Fig. 8. Electron micrograph showing
spermiation phases. Note the nuclear ring (Nr) migrated near the basal plate (asterisk) of nucleus and the immature
spermatids must contain cytoplasmic droplet (Cd) in late spermatid just before spermiation (arrows). And, the nuclear
ring was located under the basal plate of sperm neck in late spermatid just after spermiation phase (arrowheads).
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Fig. 9. Electron micrograph showing the tail of mature sperm in spermiation phase.

Figs. 10-12. Micrographs showing the mature epididymal sperm.

Fig. 10. Transection of the middle (Mp), principal (Pp), and end piece (Ep) of the epididymal spermatozoa showing
extensively developed 9 outer dense fibers {(Od), a pair of mitochondria and the 9+2 microtubular structure. Note
Outer dense fibers of middle Piecem arranged in a horseshoe fashion, and the outer dence fiber number 1, 5, 6 and 9
are larger than others. Fig. 11. Light micrograph showing mature sperms in the cauda epididymis. Fig. 12. Electron
micrograph showing numerous sperm and stored sperm to contain large cytoplasmic droplet {Cd) in the lumen (L).
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A=l HAe ADRst g

2 EFHo] 2.
A71A HAE el =g 9o 3o
A ES AFE o HF(nuclear ring)el X
o 22n e FIES EdFHsm Axd
T7t Be dME FAHEo 982 FEHHC
A (Fig. 5).
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2] A Boldd Bl AAE Hu, AFL
ol AR} Zog gH ol 3} Mo
17252 F28tq fix3sta YA Fig. 6).
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ehton, AEAs AR e AN 29
H(Fig. 7).
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o] A719] HAL HAAUTs} WS En F
g g fAE vEZ=gol) FHURE 3§
Asta oy o] Azl AF P2
£ ZFA vt & AEeE MEzyE oA
8 olgHA ¢xm oJ¥e MEA 24 (cyto-
plasmic droplet)& 3 HE ME AX
o Axd Yol w3A YAk (Fig. 8.
arrows).
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2 e o9 gE Zoldte nEZ=ole
EFALE SAHo2 FH(EE 4R, Annulus)
AR FE oz A A FHEE
At Ak E, A AEXELS MEY A
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2 wji&" T (Fig. 8. arrowheads). A&
Z ojgste wj i AFER(Fig. 10). HZH
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o] FHR EALFEE 9+20H, A= HE
(outer dense fiber)& No. 1, 5, 6, 97} ¢t
2 A Bt oA F31 AHFig. 10). A5E
AR A W 2o RS Rt FHR
F5 9 v RE s 3 UdJHFig. 11). =
g, w5 e o4 ¢A4F dHE 2E
BAE HEId Hxd £23E F/T e
BAANEEE F2AHAHFig. 12).
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o] dA|H oz pEREoO Yehlsd, ole o
A7) E HA-s) 2EoRA HARES A%
Rolgt A2 et (Lee et al.. 1993a).

E AT e 3t 539 AxHegd A
g & vlApRed wet HelY 5HAR o
ol& TiAl AESIHT. & FAdA, FEUA,
HAAGA 2 ojgAE zt A Fr=, ¥
L AEHAE 1dAR 3 F 9712 Y5

B Ao A, d34 5E2FHT WIEA 4
A, BAF, A} A FAAE 2 Fe
AEFZES o] tha pel7t Utk & FA
el MAAZI dotr], &(Bae, 1984), ¢
2(Bae and Kim. 1985) el A (Kim,
1986)l e FAGA Q] A7|A M Ete 4
o]z & el ¥r|7F JERAM HAT G 2
27} o B AzFstzn lgdta ok g
H, #4514 (Pléen et al., 19799} NEZ¥E
ol (Afzelius et al.. 1982)dlM % EFx]H 7]l A
ne e Y977} dE= -, o|d walo, FF
FHe AS$E FEGA Frlo olv &g
P& /A E Aoz Bol(Fig. 4) olvtx
#(Lee et al.. 1992)8 o] FEA7 A4
5L Aojgl dAZL}, FH, Afzelius(1982)
5& 247 AEdA R g Al MER
235 Auloln], ojzlge] #3HF Fo Al
Mo ZAA MolA HIEu FHOZ o] 5o
A Eeto] Hateld A xuto] EALE BN A
o2 FsEd, JHdE B3k, HAe H
A} FHo mEZzoprt YdEg oz ZAAXA
MET HMERRE old TFd Iz oiEe
MEE Axe HEA] A s oF Fatn,
olgf mE WAKoz Fated 2¥TR, A
Ay FAEe 540l sled ogA o
Herbol g AlEA AL F sttt

el gaae) Hate] glojAl, il TREF
B2 FYsAl o] Fo] A} Abgre] s U
v 237 A5 ed (Pedersen. 1974),
Fawcett(1958) & X9 4L #vEda &
o] vl R udH 1, Bedford §(1979)&
o Zpatgel vehdM il #E5E e
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segment)o]Zx 3Tt ol9} BASA B,
FaA e YA £2EAIZIE W (Lee
et al.. 1992)91 H-Zo=2 Bn =HAY. nF
°](Son et al.. 1994)¢ 5&%(Figs. 3-8)l
Az vk et A9 Ui velET. #ze] A
$(Kim. 1986)9s= FEGA FrloA. AA
F(Kim et al.. 1987)= %3 7](collapsing
stage)olA HAALE7 B9 € F H&F7]
(nuclear protrusion stage)olr Az
o] g4A S5o] dojdrt. & ZAlAE
FRehd A7IRE MM FFdt JElY] Al
Zaf A (Fig. 3), AAA7ME & &5k
gadoz Jelded (Fig. 5) A57de A9
51 UFole A8 AXE 2E ojgdy
A3 $&5H3 dAs}ste H2a dHG A
HE FAstAcHFig. 8).

28, AAAEE FEEA A77AE A
Ao (Fig. 3), FEEA 7)o VA ES
FzEo] Vveen (Fig. 4), A4Ee 9
Aoz F&3t uvix EFA=LS FHH,
HARYEo] &= HANE FAAIT. & H
|, A5 AAAV|NMRE WA ES] FXE
o] yetow meofoles HA T FE THA
E9 F2Eo Yyt TAHEY A4 &
o] MAe Aol BE A I= Az T
e v {Lee. et al.. 1992: Son et al.,
1994) Rt EQ] 7|03 Fefdo #E AT
A B2, BAES nyABe e Fo o}
g7+A4E 7FA 9 (Rattner and Brinkley.
1972). Z4ztel Zwvich 49} dejo] zto]E e
Wi e EFolgt Exztx FAoiele] e
43S vl (Fawcett et al.. 1971), #A+=
tzl Bgolut ARG oFHF oY
(Kim. 1986), n%eole 98749 +2E(Son
et al., 1994)& zted o3 vid T g
7 ol ety vl AFEAE dvf 4
AFY A AAFHEIE WE RG] v 2
B89 e 51 FEAY Z8YE 7R
B T ES widd Fxo Aol Fae
BPAo| Fa A&g Fstelzt A,
wAEe} dFe A F A (EE)AIZ]ANA
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. &8 AS HAA A WA ES W Fo
Aol AsArd A=Y, Sixe Aee
A Eet R AAAVE 29 T}, &
B 7Y AsFrld A adEn, PARE d9F
A1l BgEo] A&l AdEe] IE B
thie] zolE Uehdth B Aoz dF9
287 o|F/MA = F (Uchida and Mbéri,
1974: Lee et al.. 1992)9} Y3 UG4S H
dedl &, HAA(Fig. 5 A FE o|gdttA
(Fig. 8)7kA1 yebgtl. ol FAAMEY & ¥
¥k 9 post-nuclear cap®d e A S
g q&g ddm AJAEs ded (Uchida
and Moéri, 1972), 9/ ER/Fe +8AFF
AR} dAte] HE9 §Fo] AAFH-2 post-
nuclear cap®#el A= date] 433
gt AtolelA deo] drie HA&(Stefanini et
al.. 1969: Yanagimachi and Noda. 1970)
EHHF AR 35 54 Fad 4EE 3
et AztEo] Aok, A FolA Abg
(Holstein and Schifer, 1978)9] HAAE 5
Al A AEAY] ERGTFE(flower-like
structure)7} YeEhteEd 2%l (Son et al..
1994)e] 7 foll= ojgH7]cA THE vt e
b 2 dAedxe #aEEa) g 19y 22
FFE) g A5 7Fe geiA A &
< Aot

ojgtAzlo| M= Hxtel meE]d nEZ=eolr}
Udg ez A FHRE Sdean(Fig. 9),
ol 3rld olme Hzte AT Wie=z w
AU7HA = 2(Fig. 8) FA4AE ol3dte] ol
Fo AAH A Figs. 10-12). 223 o4
o ol thr] AAE S v Fetd HAZH
B &9 Axzd AL F53 o s
T AN EE] #RHYHFig. 12). Yang®
(19919 Hmol 3t HgF =kl FHF 9
&M= No. 1. 4. 5. 97 92 A B2 ¢
A Fi Aty 7lestn e B, B A
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st FHFe X g uRE JERa AT
(Fig. 11). @%H, w4 FE<QA Suncus
murinus® 7% (Phillips and Bedford,
1985)2} Y B4t Soricidae®dl %3l Sorex
shinto, Chimarrogale
(Soricinae)® Crocidura dsinezumi,
Suncusmurinus(Crocidurinae)®} 4%l g
Ho(Moéri et al., 199D 98 olg =%
oA FHR eJ&MFe HARYS] FH= )
dHY doke AoA e B A7 dxsht, o
E 59 FHFY A4/ No. 12 F52
2 BZ&59 i, No. 5, 69 /7t G4
Bt A & wdd satellite fiber® Nos.
59} 69 MHHEc] UHez Rox wAdAGE
Aol &=tk TEF Y 2ol st sl

QYA o2 nAdg3 FAAEE HEYL I
of Az 42xe AR FHFA EAstn 1
Yiols 15z nA#T 48 &AXE ¥
3t Al EZo] %8 (Bloom and Nicander,
1961) ol&jdt Mxa 4£3E F/F FA7 A
A3 FRAAA AFZ o3t B AddET
1 B3stye e (Amann and Almquist,
1962), A8 F9 Azl EAF(Kojima
and Ishikawa. 1963). =& ¥#(Lee et
al.. 1992. Lee et al., 1993b)¢} 11%°](Son
et al.. 1994)& v|&£3ld & FFgMT P&
A R o] AEE 23S TR A
Argo] BaEE Y. oleigt AR EEC] 3
#AsteR9] gRe goz dFEojol & HA|
ota Agzhe
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ARAL

2 A3 19939 = Addista gsdT =
Ao olsle P EH UL

[=]
?_Ig"’.‘__

re

Afzelius, B.A., R.E. Johnsonbaugh, J.W. Kim, L. Pléen,
and E.M. Ritzn, 1982. Spermiogenesis and testicular



July 1995

spermatozoa of the olive baboon (papio anubis). J.
Submicrosc. Cytol. 14: 627-639.

Amann, R.P. and J.O. Almquist, 1962. Reproductive
capacity of dairy bulls. VII. Morphology of epididymal
sperm. J. Dairy Sci. 45: 1516-1526.

Bae, D.S., 1984. Electron microscopic studies on the
spermiogenesis and the structure of the korean cattle
spermatozoa. Korean J. Anim. Sci. 26: 509-526.

Bae, D.S. and J.W. Kim, 1985. Electron microscopic
studies on the spermiogenesis of the Korean goats.
Proc. 3rd AAAP. Anim. Sci. Cong. 1: 390-392.

Bedford, J.M., H.D.M. Moore, and L.E. Franklin, 1979.
Significance of the equatorial segment of the
acrosome of the spermatozoon in eutherian
mammalian testis. |. Differentiation of the spermatids
in the cat (Felis domestica). J. Biophys. Biochem.
Cytol. 1: 287-315.

Bloom, E. and L. Nicander, 1961. On the ultrastructure
and development of the protoplsmic droplet of
spermatozoa. Z. Zellforsch. 55: 833-844.

Burgos, M.H. and D.W. Fawcett, 1955. Studies on the
fine structure of the mammalian testis. |[.
Differentiation of the spermatids in the cat (Felis
domestica). J. Biophys. Biochem. Cytol. 1: 287-
300.

Chowdhury, A.K. and E. Steinberger, 1976. A. study of
germ cell morphology and duration of sper-
matogenetic cycle in the baboon, Papio anubis. Anat.
Rec. 185: 155-170.

Clermont. Y. and C.P. Leblond, 1955. Spermiogenesis
of man, monkey, ram and other mammals as shown
by the periodic acid schiff techique. Am. J. Anat. 96:
229-254.

Clermont, Y. and C.P. Leblond, 1959. Differentiation
and renewal of spermatogonia in the monkey,
Macacus rhesus. Am. J. Anat. 104: 237-255.

de Kretser, D.M., 1969. Ultrastructural features of
human spermiogenesis. Z. Zellforsch. 98: 477-505.

Fawcett, D.W., 1958. The structure of the mammalian
spermatozoon. Int. Rev. Cytol. 7: 195-234.

Fawcett, D.W., W.A. Anderson, and D.M. Phillips,
1971. Morphogenetic factors influencing the shape of
the sperm head. Dev. Biol. 26: 220-251.

Frankenhuis, M.T., M.F. Kramer, and D.G. de Rooij,
1982. Spermatogenesis in the boar. Vet. Q. 4: 57-61.

Holstein, A.F., 1976. Ultrastructural observations on the
differentiation of spermatids in man. Andrologia 8:
157-165.

Holstein, A.F. and E. Schafer, 1978. A further type of
transient cytoplasmic organelle in human spermatids.
Cell. Tissue. Res. 192: 359-361.

Holstein, A.F. and C. Schirren, 1979. Classification of

Son & Lee—Spermiogenesis in the Korean Striped Field Mouse 403

Abnormalities in Human Spermatids Based on Recent
Advances in Ultrastructural Reseach on Spermatid
Differentiation. In: The Spermatozoon (Fawcett D.W.
and J.M. Bedford, eds.). Urban and Schwarzenberg
Inc., Baltimore, pp. 341-353.

Kim, J.W., 1986. Electron microscopic studies on the
spermiogenesis of the swine. Korean J. Electron
Microscopy 16: 1-13.

Kim, T.W., H.R. Harding, and C.D. Shorey, 1987.
Electron-microscopic studies on the spermiogenesis
and spermatozoa of the Allied Rock Wallaby(petrogale
assimilus). Korean J. Electron Microscopy 17: 1-15.

Kojima, Y. and T. Ishikawa, 1963. Etude au microscope
électronique de la gouttelette protoplasmique observee
dans le spermatozoide chez les taureaux. Jpn. J. Vet.
Res. 11: 152-158.

Leblond, C.P. and Y. Clermont, 1952a. Spermiogenesis
of rat, mouse, hamster and guinea pig as revealed by
the “periodic acid-fuchsin sulfurous acid” technique.
Am. J. Anat. 90: 167-215.

Leblond, C.P. and Y. Clermont, 1952b. Definition of the
stages of the seminiferous epithelium in the rat. Ann.
N. Y. Acad. Sci. 55: 548-573.

Lee, J.H., B.J. Choi, and S.W. Son, 1992.
Spermiogenesis in the Korean greater horseshoe bat,
Rhinolophus ferrumequinum korai. Korean J.
Electron Microscopy 22: 97-117.

Lee, J.H., SSW. Son, T. Méri, and S. Shiraishi, 1993a.
Studies on the reproductive pattern in the male of
Korean greater horseshoe bat, Rhinolophus
ferrumequinum korai. | . The cycle of seminiferous
epithelium and histological changes of testis. Korean.
dJ. Zool. 36: 36-50.

Lee, J.H, SW. Son, T. Méri, and S. Shiraishi, 1993b.
Studies on the reproductive pattern in the male of
Korean greater horseshoe bat, Rhinolophus
ferrumequinum korai. | . Histological changes of
cauda epididymis by sperm entrance, storage and
disappearance. Korean. J. Zool. 36: 51-66.

Mori, T., S. Arai, S. Shiraishi, and T.A. Uchida, 1991.
Ultrastructural observations on spermatozoa of the
soricidae, with special attention to a subfamily revision
of the Japanese water shrew Chimarrogale
himalayica. J. Mammal. Soc. Jpn. 16: 1-12.

Oh. Y.K., T. Méri, and T.A. Uchida, 1985.
Spermiogenesis in the Japanese greater horseshoe
bat, Rhinolophus ferrumequinum nippon. J. Fac.
Agric. kyushu. Univ. 29: 203-209.

Pedersen, H., 1974, The human spermatoczoon. Danish
Med. Bull. Suppl. 21: 1-36.

Phillips, D.M. and J.M. Bedford, 1985. Unusual features
of sperm ultrastructure in the musk shew Suncus



404 Korean J. Zool

murinus. J. Exp. Zool. 235: 119-126.

Plden, L., 1971. A Scheme of rabbit spermateleosis
based upon electron microscopical observation. Z.
Zellforsch. 115: 553-564.

Plsen, L., H. Ekwall, and B.A. Afzelius, 1979.
Spermiogenesis and the spermatozoa of the european
common shrew (Sorex araneus L). J. Ultrastruct.
Res. 68: 149-159.

Rattner, J.B. and B.R. Brinkley, 1972. Ulrasturcture of
mammalian spermiogensis. . The oragnization and
morphogenesis. of the manchette during rodent
spermiogenesis. J. Ultrastruct. Res. 41: 209-218.

Son, SW., J.H. Lee, Y.M. Choi, and Y.M. Jeoung,
1994. Spermiogenesis in the Korean cat (Felis
domestica). Korean J. Zool. 37: 416-427.

Stefanini, M., C. Oura, and L. Zamboni, 1969.
Ultrastructure of fertilization in the mouse. 2.
Penetration of sperm into the ovum. J. Submicrosc.
Cytol. 1: 1-23.

Swierstra, E.E. and R.H. Foote, 1963. Cytology and
kinetics of spermatogenesis in the rabbit. J. Reprod.

Vol. 38, No. 3

Fertil. 5: 309-322.

Uchida, T.A. and T. Méri, 1972. Electron microscope
studies on the fine structure of germ cells in
Chiroptera. | . Spermiogenesis in some bats and
notes on its phylogenetic significance. Sci. Bull. Fac.
Agric. Kyushu Univ. 26: 399-418.

Uchida, T.A. and T. Méri, 1974. Electron microscopic
analysis of the mechanism of fertilization in
Chiroptera. 1. Acrosomal reaction and consequence to
death of the sperm in the Japanese long-fingered bat,
Miniopterus schreibersi fuliginosus. Sci. Bull. Fac.
Agric. Kyshu Univ. 3: 177-184.

Yanagimachi, R. and Y.D. Noda, 1970. Ultrastructural
changes in the hamster sperm head during
fertilization. J. Ultrastruct. Res. 31; 465-485.

Yang, B.G., H.D. Jeong, and H.S. Koh, 1991. Sperm
morphology of two species oh the Genus Apodemus
(Rodentia, Mammalia) in Korea. Korean J. Zool. 34:
59-63.

(Accepted June 13, 1995)

Spermiogenesis in the Korean Striped Field Mouse Apodemus agrarius coreae
Sung-Won Son and Jung-Hun Lee {Department of Biology, College of Natural Sciences,
Kyungnam University, Masan 631-701, Korea)

In order to study the process of spermiogenesis of the Korean striped field mouse Apodemus
agrarius coreae, the cell differentiation of seminiferous epithelium and morphological features of
mature sperm in cauda epididymis was examined and the results are as follows:

Spermiogenesis was divided, according to the features of cell structure; Golgi, cap, acrosome
and spermiation phases were further subdivided into two steps of early and late phases
respectively, and maturation phase has only one step. Hence, the spermiogenesis consists of nine
phases. In the changes of the chromatin in nucleus, the chromatin granules began to be
condensed in the cap phase and the condensation proceeded to form a globular of nucleus at the

acrsome phase. Finally, the chromatin regularization was completed and perfect nucleus of sperm
was formed at the maturation phase. Sperm head had the falciform, and the outer dence fibers of
middle piece were arranged in a horseshoe fashion. The outer dence fiber number 1, 5, 6 and 9

was larger than other fiber number 2, 3, 4, 7, 8.



