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Ultrastructure of Spermatogenesis and Mature Spermatozoa
in Sepia lycidas

LUO Jiang JIANG Xia-Min® TANG Feng PENG Rui-Bing
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Abstract: The ultrastructures of spermatogenesis and mature spermatozoa in Sepia lycidas were determined by
scanning electron microscopy and transmission electron microscopy. The results show that there are five
developmental stages of spermatogenesis: spermatogonium, primary spermatocyte, secondary spermatocyte,
spermatid, and mature spermatozoon. The spermatid undergoes five phases ( [ through V) for differentiation,
and the phase I can be further divided into early and late periods. During spermameiogenesis, the nucleus
undergoes a process of lateral contraction and longitudinal elongation, making it convert from a round or oval
shape to an irregular spindle-like shape, and finally to a slightly curved long cylinder shape; the size of the
nucleus reduces from 6.27 pm x 5.84 pm to 5.75 wm x 1.53 pm. The chromatin in the nucleus forms
flocculent blocks, dense granules, fine fibers, crude fibers, and lamellae, and condenses into a region with a
high electron density. The morphology of acrosome is also changed, from a round shape with a diameter of
1.02 pm, to helmet-like, conical, backward “U” -like, and finally to bullet-like with a length of 1. 71 pm and
a maximum width of 0.91 pm. The vacuole-shaped mitochondria experience migration and fusion, and they

exhibit an oval shape with abundant cristae, and form a mitochondrial spur that incompletely surround the

BB ERRVBCRELTHE (No. 2009GB2C220415) , 7 # i F R FHE B H (No. 2011C11002) ;
# IAEH , E-mail: jiangxiamin@ nbu. edu. cn;

FE—EENR P B B S 1 K S W) T R % F ; E-mail : luojiang1988 @ 126. com,,
W ke H 91 :2013-05-27 4 5] H 4 :2013-09-28



=72 - Y r ik Chinese Journal of Zoology 49 %

flagellum in the middle piece. The mature spermatozoa are 101.28 pm long, and consist of a head and a tail.

The head shows a long pepper shape, approximately 7. 73 pwm in length and 1. 15 pm in width, and it consists

of an acrosome and a nucleus. The arosome resembles a bullet with a length of 1.71 pm and a width of

0.91 wm, and the nucleus is slightly curved and cylindrical, and is approximately 5. 75 pum long and 1. 53 pum

wide. The 93.18 pm long tail is slender with a typical “9 +2” structure, and it consists of middle, principal,

and end pieces.
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BUH & W0 1 & 4

LORSTRAIM R A0MIR , x 12 000 2. 1 R, 7R 28 R R, x 20 0005 3. B 1 B, 7% 2R U €3 05, x 20 0005 4. 47 GRS FE 40
M, /R AR, x 20 0005 5. (8] 4 JOK, /8 42k (A R L 80 3 JR R4, x 80 0005 6. [ 4 Lk, 2% 2R {4 5T, x 30 0005 7. ¥R 28 5 40
JHL 7% 240 i A% R0 0 D SR 18] A9, x 2 0005 8. 8] 7 K, 38 2R AL 7R R i ZR B 1A, % 60 0005 9. &1 7 JBC K, 3% 1 A% 43 30 1) 22 oIk P 4 5,
x40 000; 10. K540 T 41, 78 20 ML A% AN THUAA 2, x 20 000 11. &1 10 K, 75 PR 23 A6 9 4 64 5T, x 30 0005 12. K540 /i1 T 81, 7 (B JE
O 4 A R L4, x 80 000

Explanation of Plate I

Spermatogenesis of Sepia lycidas

1. Spermatogonium, showing the nucleus, x 12 000; 2. Magnification of Fig. 1, showing the vacuole-shaped mitochondria, x 20 000;
3. Magnification of Fig. 1, showing the flocculent chromatin, x 20 000; 4. Primary spermatocyte, showing the nucleus, x 20 000;
5. Magnification of Fig. 4, showing the mitochondria and typical Golgi apparatus, x 80 000; 6. Magnification of Fig. 4, showing the
flocculent chromatin, x30 000; 7. Secondary spermatocyte, showing the nucleus and the cytoplasmic bridge, x2 000; 8. Magnification of
Fig.7, showing the mitochondria and Golgi apparatus, x 60 000; 9. Magnification of Fig. 7, showing the block flocculent chromatin
distribute along the nucleus envelope, x 40 000; 10. Spermatid [ , showing the nucleus and round acrosomal vesicle, x 20 000;
11. Magnification of Fig. 10, showing the reticulate chromatin, %30 000; 12. Spermatid | , showing the round acrosomal vesicle and Golgi

apparatus, x 80 000.

B R 1T 15 AR

LH & W RRE T &

LS A0 M TS 30, 7S 0 A% A TR 4, x 25 0005 2. [ 1 30K, 7 BB TRAR 2, x 70 0005 3. K5 200 A I 309 77 300 , 7% e ik 3¢ 4 A0 it
BRI L 5T, x 60 0005 4. K5 20 ML T 391 J5 499, 7 20 MO A U 8 AR 4, 20 0005 5. P 4 KR, 7R Sk ZE IR TR, x 80 000; 6. 5] 4
BOR 7R ZORL AR ABURLAR 4 4 5T, x 50 0005 7. 5 4ifd T4 , 7= A #0275 42 T 40 M A% T TS0, > 20 0005 8. 4i il TT 401 , 75 410 2T 4
RYETT, x60 0005 9. [ 7 K, 725 B HEJE i TR R BRI TUA T, x 60 0005 10. [ 7 K, /R GBI FIA 22, x 50 0005 11. 41
J 39T, e B A U0, 7 il 22 FLZORE 4%, % 30 0005 1245 4 At 11301 , 4R B A% RGO, 7= A% R 37, = 12 000,

Explanation of Plate II

Spermatogenesis of Sepia lycidas

1. Early period of spermatid II , showing the nucleus and acrosomal vesicle, x 25 000; 2. Magnification of Fig. 1, showing the round
acrosomal vesicle, x70 000; 3. Early period of spermatid I , showing the gathering mitochondria and graininess chromatin, x 60 000 ;
4. Late period of spermatid Il , showing the irregular oval nucleus, posterior nucleus fossa, and acrosomal vesicle, x 20 000;
5. Magnification of Fig. 4, showing the helmet-shaped acrosomal vesicle, x 80 000; 6. Magnification of Fig. 4, showing the mitochondria and
graininess chromatin, x 50 000; 7. Spermatid Ill, showing the irregular spindle-like nucleus, and conical proacrosome, x 20 000;
8. Spermatid Il , showing the fine fibrous chromatin, x 60 000; 9. Magnification of Fig. 7, showing the conical proacrosome and “bowl
shaped” subacrosome, x 60 000; 10. Magnification of Fig. 7, showing the mitochondria and axoneme, x 50 000; 11. Spermatid I ,
transverse section of the middle piece, showing the axoneme and the mitochondria with abundant cristae, x 30 000; 12. Spermatid I ,

transverse section of the nucleus, showing the peri-nuclear microtubules, x12 000.

] R T 352 AR

WE SR T &

LR AN IV 3, 78 A MR 2 B T2 A M A%, x 15 0005 2. 85 20 MO IV 301 , 20 M A% i i 88 U, 7 8 =6 FIOHL 2T ZifR e (6 5, = 40 0005 3. %5 4
IV 31, 7R LT iR 2 55T, > 70 0005 4. [ 1R, 7R M8 U7 TR B DUACRT N7 JE S TAA B , > 60 0005 5. K5 41 A IV 30, R AR LI,
7N IEFE B A BRI , x 60 0005 6. 4% 41 i IV 39, op B 48 V) 7% 1E 76 B & B9 LKL, x 50 0005 7. K541 A V 101, 78 &5 BBV 40 M %,
x20 0005 8. K520 ML V30, A0 MAZ AR V], 5 7 J2 IR Ge ()5, x 70 0005 9. KA V 1, 75 )2 R Be (i, x 70 0005 10. 8 7 J ok, 7
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“UTFIERTBUAR A 07 M BUA N, x40 0005 11 FFEHAE VI, R IBAL], m bk, x50 0005 12. 540 AE VI, i Bt 40, 2= 2okt
PR, x 70 000,

Explanation of PlateIll

Spermatogenesis of Sepia lycidas

1. Spermatid IV, showing the long spindle-like nucleus, x 15 000; 2. Spermatid IV, transverse section of the poeterior nucleus, showing the
flagellum and coarse fibre, x40 000; 3. Spermatid [V, showing the coarse fibrous chromatin, x70 000 ; 4. Magnification of Fig. 1, showing
the backward “U” shaped proacrosome and “ N ”shaped subacrosome, x60 000; 5. Spermatid IV , longitudinal section of the tail, showing
the fusing mitochondria, x 60 000; 6. Spermatid IV, transverse section of the middle piece, showing the fusing mitochondria, x50 000 ;
7.Spermatid V , showing the spindle-like nucleus, x 20 000; 8. Spermatid V , transverse section of the nucleus, showing the lamellar
chromatin, x70 000; 9. Spermatid V , showing the lamellar - like chromatin, x70 000; 10. Magnification of Fig. 7, showing the backward
“U” shaped proacrosome and calyptriform subacrosome, x 40 000; 11. Spermatid V , longitudinal section of the tail, showing the

mitochondria, x50 000; 12. Spermatid V , transverse section of the middle piece, showing the axoneme and the mitochondria, x 70 000.

] hig IV 5% BA

L E 2 ORS RR I A

LR B BT T, 78 AR ALE AR, > 1 4005 2. [8 14, 7 THUMR (40 MO A% A1 h B, x 6 0005 3. s 700, 7 A 25 il 19
KA AN ML A%, x 15 000 4. B &K 7, 78 F 50 KB TR A N7 208 W TR 5, x 30 000; 5. A2 KE +, TUPR &8 U, 7 ToUA&
x80 000; 6. MG T, BUAKE YT, 75 UM AN TR A4 S, x 80 0005 7. b BVKT 7, DU BE U, 7% 44 | 0 T90 (A% frs 1 2 £, x 80 0005
8. MUK T, AR M A AR D, 7 A A AR R BT, x 70 0005 9. JRBVKE T, h Be YD, 7R R IR BE SRR ANHETR , x40 0005 10. i
PR, D BT BEBT O, R OB BE AN 22, x 100 0005 11. me#40Ks 7, v B J5 Be MU, 7% RO PR BE Al 22, > 100 0005 12. g 24K
T, EBYI, x60 000; 13. K T, EBBEY), 789 + 27 S5 B 2Z BT, x 100 0005 14. sBVKs 7, KRBT, x60 000; 15. i
PO T RBUE YT, x 120 000,

Explanation of PlatelIV

Ultrastructure of Spermatozoa in Sepia lycidas

1.SEM Fig. , mature spermatozoon, showing the head and tail, x 1 400; 2. Magnification of Fig. 1, showing the acrosome, nucleus and
middle piece, x6 000; 3. Longitudinal section the a mature spermatozoon, showing the slightly curved long columnar nucleus, x15 000;
4. Mature spermatozoon, showing the bullet train-like acrosome and “ N 7 shaped subacrosome, x 30 000; 5. Mature spermatozoon,
transverse section of the acrosome, showing the acrosome, x80 000; 6. Mature spermatozoon, transverse section of the acrosome, showing
the acrosome and subacrosome, x80 000; 7. Mature spermatozoon, transverse section of the acrosome, showing the acrosome, subacrosome
and nucleus, x80 000; 8. Mature spermatozoon, transverse section of the nucleus, showing the nucleus and skirt membrane, x70 000;
9. Mature spermatozoon, longitudinal section of the middle piece, showing the mitochondrial spur, mitochondria, and flagellum, x40 000;
10. Mature spermatozoon, transverse section of the anterior middle piece, showing the mitochondrial spur and axoneme, x 100 000 ;
11. Mature spermatozoon, transverse section of the posterior middle piece, showing the mitochondrial spur and axoneme, x 100 000;
12. Mature spermatozoon, longitudinal section of the principal piece, x60 000; 13. Mature spermatozoon, transverse section of the principal
piece, showing the axoneme with a “9 +2” structure and plasma membrane, x 100 000; 14 Mature spermatozoon, longitudinal section of

the end piece, x60 000; 15. Mature spermatozoon, transverse section of the end piece, x 120 000.

AT s Av. A% Ax. Bz Ch. AEITEIME; Ch. Y )it F.HEE; G mi/REK; H. 338, M. ZRRifk, Mp. thBE; Ms. Lk fk
i, Mu G058 s N.4IMEA% ; Pa. AU T0{4C; Pm. FifE; Pnf. )5 755 ; Sh. W I ; Sm. SR B ; T. B

A. Acrosome; Av. Acrosomal vesicle; Ax. Axoneme; Ch. Cytoplasm bridge; Ch. Chromatin; F. Flagellum; G. Golgi apparatus; H. Head;
M. Mitochondria; Mp. Middle piece; Ms. Mitochondrial spur; Mt. Microtubule; N. Nucleus; Pa. Proacrosome; Pm. Plasma membrane; Pnf.

Posterior nucleus fossa; Sb. Subacrosomal fossa; Sm. Skirt membrane; T. Tail.
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