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Seminiferous Epithelium Cycle and Developmental Stages of
Spermatids in the Apodemus agrarius coreae

Jung-Hun Lee'

Division of Natural Science, College of Natural Sciences, Kyungnam University, Masan 631-701, Korea

The cycle of the seminiferous epithelium and the development of spermatids of Apodemus agrarius coreae were
observed using a light microscope. The cycle of the seminiferous epithelium was divided into 10 stages, and developing
spermatids were subdivided into 10 steps. The Golgi phases occurs the first two steps (St;, Sty), and the cap phases had
the next two consecutive steps (St; and Sty). The acrosomal phases consisted of steps 5~8 (Sts - Stg), and the remaining
two steps consisted the maturation (Stg) and spermiation (St,) phases, respectively. Type Ad spermatogonia are appeared
in all stages (I-X). Type Ap spermatogonia appeared from stage I and 11, In spermatogonia from stage I1I, IV and V, and
B spermatogonia from stages V1. The leptotene spermatocytes appeared from stage VII, zygotene from stages I, II, VIIL,
IX and X, pachytene from stage III to VIII, diplotene in stage IX, and meiotic figures and secondary spermatocytes in
stage X. These data are considered in relation to interspecific differences in sperm morphology.
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Franca and Cardoso, 1998; Franca et al., 1999; Paula et al., 1999;
Garcia-Gil et al,, 2002), 1831 HAE HA ) A
to] &A% v o] At} (Kurohmaru et al., 1988; Patil and
Saidapur, 1991; van Haaster and de Rooij, 1993; Mufioz et al.,
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2002; Jung and Lee, 2004). AAke] HH-& 7hast wol7l
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BIHIA Qo) (Adachi et al., 1992; Lee et al, 1993;
Kurohmaru et al.,, 1994; Sanchez et al., 1995; Millar et al., 2000;
Mizukami et al., 2001; Morigaki et al., 2001; Garcia-Gil et al.,
2002; Segatelli et al., 2002; Jung and Lee, 2004; Kang and Lee,
2004; Lee and Mori, 2004; Jeong and Lee, 2005; Jeong and Lee,
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Figs. 1-10. Light micrographs showing stages of spermatogenic
cells in the seminiferous tubule of Apodemus agrarius coreae. All
scale bars=20 um. Ad (dark), Ap (pale), In (intermediate) and B
spermatogonia; L (leptotene), Z (zygotene), P (pachytene) and D
(diplotene) spermatocytes; M, metaphase of second meiotic divi-
sion; I1, secondary spermatocytes; St; and St,, round spermatids ot
Golgi phases; St; and Sty, spermatids of cap phases; Sts, Sts, St;
and Stg, spermatids of acrosomal phases; Sty, spermatids of matu-
ration phases; St;o, spermatids of the spermiation phases.

Fig. 1. Stage I shows type Ad (dark) and Ap (pale) spermato-
gonia; Z, zygotene spermatocytes; St;, spermatids of the early
Golgi phase; Sto, spermatids of the late maturation phase.

Fig. 2. Stage II contains zygotene (Z) spermatocytes including
type Ad and Ap spermatogonia; St, spermatids of the late Golgi
phase; Ste, spermatids of the late maturation phase.

Fig. 3. Stage III presents intermadiate (In) type of spermato-
gonia; P, pachytene; St;, spermatids of the early cap phase; Sty,
spermatids of spermiation phase.

Fig. 4. Stage IV shows Ad and intermadiate (In) spermato-
gonia; P, pachytene spermatocytes; Sty, spermatids of the late cap
phase; Styo; spermatids of spermiation phase.
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o] ARAIFE (Sy; step 1)} @A) FAAE
Eol #AHAL (Fig. 1).

(So; step 9)

Stage |l

ARFNN = Stage 13 wp7A 2 7143k Ftbolsl] Ad
3 ApBEY] HUAE 9 HA7e AR et
B, 71 FA AL AL (S, step 2) B S Fo] A
K (Sy; step 9)7F BREH AT} (Fig. 2).

Stage Ill

ol BAllME AdY AUALE v|Fale] 20 A
UAE (In¥, Intermediate spermatogonia)’} L}EFGO W T}
Z=0] 21]1733A1]¢4 FAF] (P; Pachytene)Z H|3-35te] 27]

Flg 5. Stage V shows type Ad and intermadiate (In) spermato-
gonia; P, pachytene spermatocytes; Sts, spermatids of the early
acrosomal phase.

Fig. 6. Stage VI presents Ad and B spermatogonia; P, pachytene
spermatocytes; Ste, spermatids of the mid acrosomal phase.

Fig. 7. Stage VII contains Ad spermatogonia; L, leptotene sper-
matocytes; P, pachytene spermatocytes; St;, spermatids of the mid
acrosomal phase.

Fig. 8. Stage VIII shows Ad spenmatogonia; Z, zygotene sper-
matocytes; P, pachytene spermatocytes; Stg, spermatids of the late
acrosomal phase.

FEGA AAAE (Ss; step 3) F olEh
(Syo: step 10)7} F2E AT} (Fig, 3).

Ale] AAAE

Stage IV

Stage M} w372 AdE 2 3ol AUMEZE v %
ote] TS A RA LS} F7] FE whAl] HRpAE
(Sg; step 4)7F U FEEI oW, o] ©Ale] HRIHE (Sy;
step 10)5¢] HEH A (Fig. 4).

Stage V
o] GANAE 3, 49AIS} PRV E Ad 2 nE Y AY

A g Al Al RAEEe] #EEh 18T 7]
HAGA o] AAAE (Ss; step 5)7F TR T AT (Fig. 5).

Stage VI

o} GAMFE BE (B type of spermatogonia) 8- E
7F BEH[E 1l FAP]Y MARHEE v)FESH] H
A FrIEAe) AAAEL (S, step 6)E°] U BRI
(Fig. 6).

Stage VI

AdY AYMNEE v)ES] MA7Y (L leptotene) 2 FAL
7)o} ANARAFEE] FREA oW, HA F/1aA At
AE (S step 7)7F TH FEF AT (Fig. 7).

“

Stage Vil

AdY FUAEL} FA7] B FARY A EAZE)
HEHo g o A nEvA R HA T dAlY A

Fig. 9. Stage IX shows type Ad spermatogonia; Z, zygotene
spermatocytes; D, diplotene spermatocytes; Sto, spermatids of the
early maturation phase.

Fig. 10. Stage X shows Ad spermatogonia; Z, zygotene sper-
matocytes; M, metaphase of second meiotic division; I, secon-
dary spermatocytes; Sty, spermatids of the early maturation phase.
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Fig. 11. Schematic illustration of 10 stages in the cycle of the
seminiferous epithelium in the 4. agrarius coreae. Roman numerals
indicate each stage. Ad (dark), Ap (pale), In (intermediate) and B
(B) types of spermatogonia; L (leptotene), Z (zygotene), P (pachy-
tene) and D (diplotene) spermatocytes; M, metaphase of second
meiotic division; I, secondary spermatocytes; St; - St,, spermatids
of Golgi phases; St; - Sty, spermatids of cap phases; Sts - Sts,
spetmatids of acrosomal phases; Sty, spermatid of maturation phase;
Styq, spermatid of the spermiation phase.

AN (Sg; step 8)E°] MEEE] A (Sertoli cell)2] 4| E =
of gso] HEE vl glon JHeu dA We HA=
of A7lo) Az A=A, B ey FEH AT
(Fig. 8).

Stage IX

getAlel PR A2 AdY FYAIES BA) 2 o]Ev)e)
AEAZE] AFEdey, BF AL5IAY AR (S,
step 9)E°] T HAEQITE 53 o) Ao AR L] 3
e et &= oA ATt (Fig. 9).

Stage X

AdEY HLINEE vIE31] A1) A1 AR E e}
A FAATE AE Fodo 2o

1o
o
&
i
e
1o
i,
<)
fru
o 39 ol
X orr o

A58 27) 43 9do] FANY AARALI)
Hehtos!, theel Y% Fol AAAESO] BRHUG
(Fig. 10)

w4 (Kurohmaru et al,, 1988; Adachi et al., 1992; van Haaster
and de Rooij, 1993)°l] 7]zsted #zkelt A}, AR Abas
719] 10 stages, AAAEL] FETAE 10 step o2 FRE 0]
Aok AAAE 2she] ZF @A RS 1~2 stepS TAVI
(Golgi phage), 3~4 step-> FXE7] (cap phase), 5~8 step> &
7] (acrosomal phase), 9 step AJ%7] (maturation phase),
10 step= ©J¥ 7| (spermiation phase)® ZHz} FRE o] At
(Fig. 11).

2 AFolA AdE (dark type A) BUAEE ZE @A)
(stage)oll Al S@ERET, o= 2] 455 (Order Insec-
tivira) #¥3 2} (Family Rhinolophidae)2] # (Lee et al.,
1993), o719k 3} (Family Vespertilionidae)®] 7127 ¥+
(Kang and Lee, 2004), 223113 (Lee and Mori, 2004),
A3} (Family Soricidac) 5 <4; (Genus Crocidura)®] <}EbA]
% (Adachi et al,, 1992), AF3F%3] (Kurohmaru et al., 1994),
2% (Jeong and Lee, 2005)9} A 5=%3 (Jeong and Lee,
2006), FEF 7} (Family Talpidae)®] FU% (Mizukami et
al, 2001), 12|31 M X% (Order Rodentia) 34 X7} (Family
Sciuridae) THEF & (Genus Tamias)?) UFE3 (Jung and Lee,
2004), 228} (Van Haaster and De Pooil, 1993), Q1E4} 5]
YF (Worawittayawong et al,, 2005)9} U8 272 el
© RALR mFo] Hol AFEA HXE & 5
ZI1REAHoZ BE BN FEHOE AdFY] HYMIE
7= Ao AR aay a9 edae] 3 (Family)
Sl ME AGE AF e T} Avlt) 224 xjolE B
o]=Hl (Adachi et al., 1992; Kurohmaru et al., 1994; Mizukami
et al., 2001; Sanchez et al., 1995) ©]2|3} ©AIE xjoj= W17
o} #do] 9= vl AR 7|7 WA @) glo
e} Az}

% FANZA AA, L&A FHF (Mizukami et al.,
2001)= I9HA] (stage)oll M ¥ e whd o, Al Fmy
F (Worawittayawong et al., 2005)9} ¥+ AF8FR= (Kuroh-
maru et al, 1994 [, IEHAIN A, 314 thehs (Jung and
Lee, 2004)9} &3 = 2253 (Jeong and Lee, 2005)2] % $-
= A Yebgrh B dia shebags
(Adachi et al,, 1992)= IL IVEA A, A543 (Jeong and
Lee, 2006)= V@Al Lyelston, B Axdis ma
ASEH VEA7A et (Table 1).
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Table 1. Comparison of cell types and stage of appearance of spermatogonia in the seminiferous tubules of mammals

Stage ‘

nm | u | wv

Cell type

i

v ‘ VI | VIl

l
VI IX | X | XTI XI | XII XTIV Authors

@

l

i

A
(Ad & Ap)

(1,3,5,6,8)

|

)

e —p e —
e e e e —— )

&)

2.4

n —

6,7

Sg

(1,5)

T

1

®)

€

@

4

(C)

(1,5,8)

| e

l | | ¥

Ad, dark type of spermatogonium; Ap, pale type of spermatogonium; In, intermediate spermatogonium; B, B type of spermatogonium;

Sg, spermatogonia.

1) Djungarian hamster, Phodopus sungorus sungorus (Van Haaster and De Pooij, 1993)

2) Bandicoot rat, Bandicota indica (Worawittayawong et al., 2005)

3) Japanese shrew mole, Urotrichus talpoides (Mizukami et al., 2001)

4) Musk shrew, Suncus murinus (Kurohmaru et al., 1994)
5) Watase's shrew, Crocidura watasei (Adachi et al., 1992)
6) Korea squirrel, Tamias sibiricus (Jung and Lee, 2004)
7) Crocidura shantungensis (Jeong and Lee, 2005)

8) Crocidura dsinezumi:(Jeong and Lee, 2006)

1) Apodemus agrarius coreae (Present studies)

VEAZA, d&AF ATA FHUREE mrdA o AT, AR
W L IVEHAll A e e H, 2 28 VIThA ol A
el ¥ BEY AYAZ £ A7) I=
UF et A& FriF e AbaEFTE P e S8k 4
o7 Ho} (Table 1), AE]A AX8A (&% J3hi

=] o)

ol 2E7t 4 A%l )= Gl F

1 101 v gk v ol A
P e 9} AewH = VI VIITHA 24 7}
2), B FolME EdshA Fsich

Arz19) 7%, AAA S w7 2 B4R AV =
VIEHA, Q1=Al FHURE VIGA R vIDgA7ZAA = 7}
Ak Wi, fAEE IX, XA A 1e|a 2

e X%ﬁMW XIGAAA] Fdagied, & +2
FFA o] VITS A A T ST (Table 2). HA}

RAE 28 Al7|E dEAY ARFRFH7E VIIZA] 7}
I, B ELS VI IX, XEAS [ meA el

H b Z QA EdseivkE Hol Eolsith. $AM9]
BAE &8 A7)+ Table 2004 B nle} o} &4
71 B 22 Adsas Ui 9AFE Edste
29 zloli= glent XnaAZA veRded whal, # 2
LIk e m%ﬁ] A E@alsithe Aol Bolaidith &
kil

oZiL

%?,

DM Z7b VI, VIl A 24 713
IHE‘rﬁ]i/\i 7W = &

e,
of
rlo
X
[RUNEY
)
fa
>
O{N
1
k1
&
zsz
L

A A zﬂz%wﬂ}:—; JEJ T,
5F7, #ag, QB FOFH, SEPRH, ATEHE 4
7t gk G A ol A ?‘;6& A (Table 2) ol J FHUF

Cﬂ A, %E]r/‘ﬂ L‘*H ] Hf
XA A 283890 B Aol stage XAl &
sseh

AARY @AE H|wd| & W, Bandicota indica (Wora-
wittayawong et al, 2005)% 971 (phase), Phodopus sungorus
sungorus (Van Haaster and De Pooij, 1993)%+ Urotrichus talpoides
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Table 2. Comparison of cell types and stage of appearance of spermatocytes in the seminiferous tubules of mammals

Stages

Cell types I 1

11X [

Ivrv
r
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Vi

IX

X XI

XII | XIII

X1V
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|

@
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@
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3
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G.®

M

O]

i

)

Ps

i

@53)

G.®

Sc
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(&)
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t
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|
—

_’.
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3,5,6,8)

Q)

M

@

T

Ss | M/II

|
—_

(1’ 3) 5’ 69 8)

—

“)

N T I |

]

|

| e (7) |

D, diplotene spermatocyte; L, leptotene spermatocyte; M, metaphase of second meiotic division; P, pachytene spermatocyte; PL,
pre-leptotene spermatocyte; Ps primary spermatocytes; Sc, spermatocytes; Ss, secondary spermatocytes; Z; zygotene spermatocyte; II,

secondary spermatocytes.

1) Djungarian hamster, Phodopus sungorus sungorus (Van Haaster and De Pooij, 1993)
2) Bandicoot rat, Bandicota indica (Worawittayawong et al., 2005)

3) Japanese shrew mole, Urotrichus talpoides (Mizukami et al., 2001)
4) Musk shrew, Suncus murinus (Kurohmaru et al., 1994)

5) Watase's shrew, Crocidura watasei (Adachi et al., 1992)

6) Korea squirrel, Tamias sibiricus (Jung and Lee, 2004)

7) Crocidura shantungensis (Jeong and Lee, 2005)
8) Crocidura dsinezumi:(Jeong and Lee, 2006)
1) Apodemus agrarius coreae (Present studies)
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Table 3. Comparison of developmental stages of spermatids in the seminiferous tubules of mammals

. ! Developmental stages of spermatids dd;ihg spermiogenesis
Species ‘ 1 ‘ ‘ | T I 1 ! Authors
St oS | S50 8 S| S RS i S ' Syg ‘ Sii | Sia| Si | S| Sis
o | | ‘ | 3 i Worawittayawong
&mdzcom indica W ‘ | et al (2005)
Phodopus sungorus Van Haaster and '
sungorus De Pooij (1993)
. . | | Miéukami etal
Urotrichus talpoides | | ‘ \ J 2001)
: i ! | z
Tamias sibiricus Jun(gz?)r(;i)L ee
s . Kurohmaru et al
URCUS MUrinus (1994)
Crocidura watasei Ad(alc9h9l;)t al
Crocidura dsinezumi Jeorg&l)lg)Lee |
Crocidura shantungensis 1 JCOIE%SSS)L%
Apodemus agrarius | ‘ | Present studies
coreae | i | |

S1~Sis: spermatids

(Mizukami et al., 2001) 2 Tamias sibiricus (Tung and Lee, 2004)
= 1271, Suncus murinus (Kurohmaru et al., 1994)2} Crocidura
watasei (Adachi et al., 1992)% 1371, C. dsinezumi (Jeong and
Lee, 2006)x= 1471, C. shantungensis (Jeong and Lee, 2005)+:
15712 VEFST (Table 3). 8, FFH o2} (Soricinae)dl &
8= Sorex minutus gracillimus (Hoe and Lee, 2001)9} £ &2
22107124 71 Aated el Zlzte] A Vel whet
A gEzobate] 45t Hjolntel Aol b
FRos AR 777 o Aok A4S gRsge] e
AjZke] o] Avke 21& s T, FAgA7I7e) Hoke
AL WAe] 7137 o Bg-g AAbalE) b ofyz 4
AAEY] GAE FES v w3 B, S mwrinus= AT
1~3 step, TE715 4~5 step, BA 7%= 6~11 step, A47)
12~13 step 0.2 ZHZE TREIQ T C watasei®] 739 23]
718 FRAAE S murinst SL3A R, HA )= ohhk
2 6~10 step, 1L ASEAE 23 2 71 11~13
step@l ATY. C. shantungensisi= ZA D= 1~2 step, FEG
A= 3~6 step, FARXA S 7~12 step, A&7 13~14 step,
aYaL o]Z7]= 15 step o2 TEEHAULE C dsinezumi= &
AHAZE 1~2 step, FRGARE 3~6 step, AAGA = 7~10
step, =71 11~13 step, T2 OBV 14 step B
EETE o= AFHA (C dsinezumi)’t & F =S AL
FH (C. shantungensis) BT HAGASGARE o] gdA 7}
A ] dojutiE AME HoFe AoZ olvix At
z70] e &%) gk 7|98k v} M, a0

o1F % MHAT} A% JOB Hol AFRA £

21:0
=1

e oo

woox A
fo S

T zewgdd njE) o wseek A Oqﬂoﬂ A4
2pe] Aer|3re) wErks Ag ehlel S
= C shantungensisS} vFA7FA R EAEA (1~
A 3~6 stepy= 42 SAIG oY, HA

}74]77}7\] tha ZpolE vFERAITE & A
= 5~8 step, ASTHAT 9 step, ©1F7] 10 step 2 FA]

7V dAL ?&9}% 4, oleid AdE FF LTS Sorex

minutus gracillimus®) 739} A2l w3 AFE YeRiSch

oo} Zol 3} (family) L & (genus)oll A= ARG TA

(stages), Al AAM L] FahdA, F5E AREAE

o] ZHGA, A2 EAEY R3AA, FAHE A7 L]

@A (phase) B FIEA (step)d o] ZH2F th27) e}

U= A ojglo] TN E HEEE i) SAYE o

A3 T} (Jeong and Lee, 2006).

™ fe ol
2
-
=
_>L

Telal B Aol AF (Ad, Ap)E I BE 9] A UM £
=4

X7 (Table 1, Fig. 11), A1, 27+REGe) ARAs =
A (Table 2, Fig. 1)} AAPAAZA 9] DA (Table 3,
Fig. 11) Tl =4 FHUHE A9sties the Fo )
3 tha v 3 Bk ol AlEE ATl
B o, 5 FeYHE AQstas ¥ Fo] XHAEA
(Table 1~3, Fig. 11) A7H AHF7iet @AY 71 &+
b, ol&= AR} GAlEHE 717 gohes AL AlALe] F

upeb] AR dular)s 44 Ass 9 WA ATIE °‘0}

=

wid $89 Y Fo vk oA,
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