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Abstruct

Primordial Germ Cells (PGC) appear very early development and migrate to the genital ridge
during ontogeny. Then, as the genital ridged differentiate, PGCs differentiate into oogonia in
females and spermatogonia in males. In the testis, spermatogonia proliferate and differentiate as
stem cells, after which spermatocyte differentiation and meiosis, and morphogenesis with the
nuclear form of the haploid germ cell take shape, the mitochondria are rearranged in a specific
manner, the flagellum develops, and the acrosome forms. It has been found that almost all genes
and many specific genes are expressed in the testis containing a series of sperm cell differentiation
and the cells that support it. Furthermore, it was revealed that many intron-less genes, which
were caused by retrotransposition, are functioning among these genes. In this paper, we
summarize the intron-less genes expressed during spermatogenesis and consider the reasons why
they exist in large numbers.

Key word
Germ Cells, Retrotransposition, Chromosome, Testis, Miosis

E B

SR D IEF I HIIN R IEASA: Uy AT AE O @R I AR FE SISl E LEET 5, T D,
OB > T, METEINEIE, TR~ &b d 2, FERICB O TiE R
WA E U THIGE « s L. 2 OBRIGREIE O 730 & IRE 24, IR0 2484 O PRUAKS T-Hflass a7 7
o< F UIERERE D B SER LR 5, —HORHIMLE T 2K Z B HllEE &SRR TR,
FEAETNTOBEEIHBREILL, T2 ORENBLEINEENTOE I EMNHSMIIIN TN S,
ESIT, ENODBIEFOPIIL I S VARV Y g ViITk-THELEEZEIZSNTVWS A v bV
L ZBIEZT . B BEL TS 2 EMB oIS N, ATk, BTREGBRTRIT 21 b
Oy LV ZABIEFIZOVTEED, BELFAETIHBIISDOTEERET %,

F—T—F
(TN I BT PIRPNE YOI/ N [N 0 x

1. 3L ®»IC — R D A FTEHNE O 3 LIEHE O LT, Jefafk
ZHEINE, K EIN1h o2 fkhsh 7 DNA DNA iIZHT0» T O R EBR SRR 5 Enbh
Z ERE IS B Ui = Dk 4, 2 Rl TWaY, ULh U, HibEo s s s s 5l

157



/S

B Z - 2D 5 B, B0 R
faTid, WS & - THEBRIHER S h
% (K1) AwHilaiz—E0sotk, i
Z B0, MR B AR & - T,
R AHZ ERBS 2 E LR 5 7D icah
HTh BV, e ld, Rl & T 5 - 7245
A ORI DWW TN 2 3 30 5 7, itk
DG T & 245 - THRIEIIT BT 2 814
THO I —= v T EFT - 129 & DR »
5. BMcEA vy bo v U ABREFLE
CRBUEREL TL B Z Mo hITHE o7 (£

1 )2,4,5)0

2. BFRAK
KEsx. BRIV E Y 2EEET BRHT

HEEENG, FTERIE. HROPICH K
W I h B Rk EoHTiibh, OR 1
MR o e T b 2 K5I M o 85l & 3k, @
i BRI D I 24, @ RN -l DX 1
NOJERETELD 3 BERIZ 31 5 2 EMTE, Hix
1 FRIVE VRRITI BER ORI & & T
AT 3, KEROUIA T, K% a3k
MELZORDITHET T4 T 1 v EFIfEA
B SN, 20IEHMITY Vo BN
EDIRE R PO 0T > — UDEET
% (K2)%, MHEEIREEEzhE LD E
kGG HAE S L OCHMEFHIIE L Dk D . =612
BEQAITIE, A4 N[ LT a,
V&b, IMERBICTIZEALETRTOME
BB RBLTHBEEEbNTHAEY, TOH

BILFIHEEEND.

Conservative

————————————

0 Proliferation

R0y

____________

Proliferation

\‘ "
0—»><

HE IR

Ege)

1 RESREES

K& ) L b 2EYTIE, Mlghimc

& 5> T DNA IZ£ERNERT 5,

WHAHEERITE > T, DNA OZREIFEESIhTITBEE SN S b onBlh,
TERR O M O HHE AL S B (Tanaka, H., Baba, T. (2005) & b %),

K1l TI9RQYUNIEEI—-FTREEFICEIFE4 Y bo v L REEREFOEES

BT 5 Ml BIZFOB A b YLVABREFOR AV by U REROEHIE X
g1~ Be s 2 i 246 51 20% 4

WHITAE 1 s & OJRRREEI #925,000

1,966 8% 5




H&E LT, ITB 0 TR 2 22 bR DS TELE
FTEIENEZOND, FIHFRIZEOTIE,
RGN & I 2484 O ERUIA O RS T-Hiaiz
RBEMEEXZ DBIETE. TNEXZFT 54
i & O OBEFBREL TSI &8, £
HHEOBEFRIOMBELTEZ SN S,

3. BFERBENEETF

< U ZATIHEENEED S HEEERIE Ok
k) oMb E D REERNED S 2L
ERTHERNE T EKT 52 £ TS HIFED
M5B, BxIEEED cDNA 54 751 —HiWEkl
EN TA Ty v bTF 4 ATV —, K
RTINS 774 v RIA4T5Y—, =4
ra7r AL, BIETBITEoESE &b
12, KR THEEMNICRIT 2 Bz FAEE S L
TERY, ZOFE, 1,0008(8 0K EIELE T
DGR FITHUE Uy B x I g tafhn S ARG

A FEE

'nfxwﬁﬁ

K I R BT 510 v b v L ABETFICTONT

JaR R EEFRREE LTS 2 ENH S0
128572 51T, EIE TR~ Y X2 ER
THZEITED, ThoEETOEKRTORKEE
DN tED S, £DZ L T 1 DDOEREM L
b T HZFRESR TIRRNEZ 5 2 LAUR
ENTWAEY, 2D Eho, filx OFRRAHE
o ToRENL, EEOEL ORI
£ o THE =, BRI K OGRS 1L AsHE
FFE&NTWa 2 EHRTX %,

4., A bO VL REEF

A bha YV REETE. ViR RS VR
Vvavitk-TAIMENE (K3)s 7/ L e
TVl MIL-T, B MR <Y 2 Gk
FiZidB X 22,0001 L ba T v AR
V VBT IEELY. T DX RO
THIETREL TS Z EMPFSHITHE 5 72,
¥ 7oL KNI CREZINICRTLY 5 25085 T

B. R OBENE

wE W e
Vas deferens Epididymis #0388
Rete

X2 RBELZOME (AHZEE (2019 L0 &%)

159



/S

MXPAKIAEET 5 L0 DY D, X Gt
REHIz, FROENBIZFOV b Ty
ZRV v av, bLLBZOoHHEERS
BT EMpENKY, & ZITEROE I
HB2O0DA4 v ba vV ABIG. KAKT
V&V VERY V(LS (phosphoglycerate
kinase—2/PGK-2) & EIVE VKR BER Y
7=y b e2a (pyruvate dehydrogenase
subunit e2a) 13, XHEL Lo LEERT O
WESICXE L ba T v ARY Vg VITHEK
5 EEZ SN, W TTEBEETO X AR
TEAL AL B e wIciEE LicE b Tin
59, —J, XPEIRITIEET 2 8 Tk
fEd 51 v ho v L REET PGAM4, NKAP
LR EMEEINTE Y X QRO A
(Lo [nlsdE & BRI 7S« > b o v EEFA E D
BRI TH 5,

PERLAR I HT U O s T O Bl I R A
ERIZLTOBEEEZSNTO S, MRS
HIME TE Qe ik & RIBRIC 2 Ko X etafk LT
DAL A A X D EERR AR Rk & 728
Pl o b5V RARY Y g v Lz 0B
HISMTHE T, BRI RAEYRT 5 2 LT
B, U U, HEMEAGEMINE T3, X\ Y §efaik
DFEFMKE L 1FAD/NS SRR A B

TIEEA EDHIE THEM AR A X700y,
BE - THEARFE A I & 7o ARG © o s
FOEIZ, BESHECL->-TEHESENE I &
7, WIRITZEb > T L, 20X
LT vha b v xRy Aoy
U R PEGYfR bR i e s
TR IRITZ kD, IR RE 2 15 e th
KIZJEM > Tz0h b LA,

ESANE S Uk S AN P S N GV N IR
2GS BEL T AR E LT, BT
DEZMKOIODTIRE M, Lo b5
ZRY Y a v EEET DNA OZREIL, fHk
FEDOREA BB TREI 5, LALEALS, R
DRI S AN B 721213, T DI
WD S 7R RERIIE T DNA OZ2 =50
CHMENH B, FHZ, Lo T U ARY Y g
VTHEZREA. EMETRE LW A, T
73HH mRNA & U TiESE I Wc@ iz Aol
TOARI B LI 5, e TRIL T
WAL T, AU YV FIVOBETITA T 2
SDHOBEAFELT T VARY ¥ g v LEGE
Lz & &, &V Y FIVOBEILFHEFH I TH
BELTOWREETTHE I ENS, KMIRTHE
HlUBRE 21159 2 & b & AEsiin e < R BlE%hE
L. ZO%, BiET 2 EETELTHEHATS S

TRE-R- ,@Eg
e - e— -, 4/ L\ DNA
i @7ty g
ll 7
F o S, W Poly(A) MRNA
s 1l
Poly(A) cDNA
{l @A
———— ///jif@éﬂ&?oaczz 4 J 1 DNA

taEIE

E3 LhrObMSUVRRED 3V
S N7z mRNA 7 5 ¥ ERERIZE > T cDNA BES N, EESNY ) A
LRAOBFRICTHEASN B, HASH7 DNA IZiF poly (A nEh, Wi O
i3 SR O BEIC & - THIFIBSESIAE L 5,

160



EOSMEOEGTRELNEEZ SRS, &
7o FHIC B LT, MlRESIZEA ERD
N, BTREAERORKIGNE A 6T H
T IVITEERDY, XTS5 4 V2 T OGN
5% 57, O &S 75 Ml O RERR S N 4 b8
FIZBWTA v ho v L ZABEFE. BEFD
B FIEICHE L THB DM LA,

TR, KT, Zva—zxhsTeF
b CoA £ TOMFERDITEA ETNTORRE
TN B & 3R - Pk - M R 7
LVFALLDAL v oy L ZAEEENRBLT
W3d (HM4)?, 5z, TRV F-—R#wEE
a—Rg 342 bba vl SCOT-t BisT b
TENTHBEY,

Fro, BN v hey VABIZFELT
HASPIN # iz 2BIRZENLY, HASPIN i,
EZX oY VERLS VX7 E T, KO
Gt R BLICHERE S 2 ERA R A2 2 LT
%9, HASPIN #fz 113, faiciy( > hov
EHEOBIGTFPEFET 720 Th B0, lidH

AR RAICRBIT 24~ b v L ABIZFITO0NT

TEA v by VRBETEHOSZ D EA V
e v EBLEIRTEHOCS SONEET 5,
WEHETR A v bo v L REIEFELTA VT
FVvaEDoA4 v ha iEELY, £ v bR
v D¥H %5 HASPIN #iE T3 BEL T L T
5o e« BETIE, Fick-TA bV
L Z HASPIN 2RE LT 208, Jefafk Lo
HASPIN &1 1 OFET 5 B O BIE T DRk
MEIL 5 T3, HASPIN 1 » bo v L Z#El6 T
DOYALIE LD 3.5 F LD I, E kD
WEREAEZEERTLDICHEVLDEDEEZ SN,

5. B Y IC

L. BERISIERID A ) LD —IRFETE DS 5
McIh, FEHETHKRT S EiIckd, A b
0y UV ZEETORFEGH SN 5, AT
Bz sk s 3 2 & O BrEIT &L WS
LN O OERBIH S NI NS T &MY
Ihb,

Glucose
Hexokinase (HK1-s)
G6P
P-glucose isomerase Ui (GPI/SA-36)
Fep )
P-fructokinase Il (KHK isoform)
F1,6P
Aldolase (ALDOA)
Glyceraldehyde 3-p Gk s===DHAP (GAPDS)
dehydrogenase 13PG
P-glycerate kinase (PGK2)
3PG
P-glyceromutase i (PGAM4)
2PG
Enolase Il (ENO1)
PEP
Pyruvate kinase l (PK-M1)
Lactate F Pyruvate
Lactate dehydrogenase | (LDHC)
Acetyl CoA

%, (

TCA cycle etc

X4 BERICEY ZELTE
FEMNCBERA 2R o IRORERIZ, HET-HIARIE T 1 34 LHRBIL T

) NIZT A V¥ A LOBIE %7157, KHK isoform &, #HE Oz

TRENBIE SN TS, (Tanaka, H., Baba, T. (2005) & 0 &%),

161



/S

5 | FA 3Tk

1) Furusawa, M. (2014) ‘The disparity muta-
genesis model predicts rescue of living things
from catastrophic errors.’ Front Genet. b, P. 421.

2) Tanaka, H., Baba, T. (2005) ‘Gene expres-
sion in spermiogenesis.’ Cell Mol Life Sci. 62, PP.
344-354.

3) Tanaka, H., Yoshimura, Y., Nishina, Y., No-
zaki, M., et al. (1994) ‘Tsolation and characteri-
zation of cDNA clones specifically expressed in
testicular germ cells.” FEBS Lett. 355, PP. 4-10.

4) Kato, Y., Nozaki, M. (2012) ‘Distinct DNA
methylation dynamics of spermatogenic cell-
specific intronless genes is associated with
CpG content.” PLoS One 7, P. e43658.

5) Sakharkar K.R., Sakharkar M.K., Culiat
C.T., et al. (2006) ‘TFunctional and evolution-
ary analyses on expressed intronless genes in
the mouse genome.’ FEBS Lett. 508, PP. 1472—
1478.

6) HPZE (2019) K ERICB Y 212
B BN AER « WREEF 10, PP. 546-553.

7) Guo, J., Zhu, P., Wu, C., Yu, L., et al. (2003)
‘In silico analysis indicates a similar gene
expression pattern between human brain and
testis.” Cytogenet Genome Res. 103, PP. 58—62.

8) Fujii, T., Tamura, K., Masai, K., Tanaka, H.,
et al. (2002) ‘Use of stepwise subtraction to
comprehensively isolate mouse genes whose
transcription is up-regulated during spermio-
genesis." EMBO Rep. 3, PP. 367-372.

9) Miyata, H., Castaneda, J. M., Fujihara, Y.,
Yu, Z., et al. (2016) ‘Genome engineering
uncovers b4 evolutionarily conserved and testis-
enriched genes that are not required for male
fertility in mice.’ Proc Natl Acad Sci. 113, PP.
T704-7710.

10) Wang, P. J., McCarrey, J. R., Yang, F., Page,
D.C. (2001) ‘An abundance of X-linked genes
expressed in spermatogonia.’ Nat Genet. 27, PP.
422-426.

162

11) Emerson, J. J., Kaessmann, H., Betran, E.,
Long, M. (2004) ‘Extensive gene traffic on the
mammalian X chromosome.’ Science 303, PP.
537-540.

12) McCarrey, J.R., Thomas, K. (1987) ‘Hu-
man testis-specific PGK gene lacks introns and
possesses characteristics of a processed gene.’
Nature 326, PP. 501-505.

13) Okuda, H., Tsujimura, A., Irie, S., Yama-
moto, K., et al. (2012) ‘A single nucleotide
polymorphism within the novel sex-linked
testis-specific retrotransposed PGAM4 gene
influences human male fertility.’ PLoS One 7, P.
e35195.

14) Okuda, H., Kiuchi, H., Takao, T., Miya-
gawa, Y., et al. (2015) A novel transcriptional
factor Nkapl is a germ cell-specific suppressor
of Notch signaling and is indispensable for
spermatogenesis. PLoS One 10, P. e0124293.

15) Skaletsky, H., Kuroda-Kawaguchi, T., Minx,
P.J., Cordum, H. S., et al. (2003) ‘The male-
specific region of the human Y chromosome is
a mosaic of discrete sequence classes.” Nature
423, PP. 825-831.

16) Koga, M., Tanaka, H., Yomogida, K., No-
zaki, M., et al. 2000) ‘Tsolation and characteri-
zation of a haploid germ cell-specific novel
complementary deoxyribonucleic acid; testis-
specific homologue of succinyl CoA: 3-Oxo
acid CoA transferase.’ Biol Reprod. 63, PP. 1601-
1609.

17) Yoshimura, Y., Tanaka, H., Nozaki, M.,
Yomogida, K., et al. (2001) ‘Nested genomic
structure of haploid germ cell specific haspin
gene.’ Gene 267, PP. 49-54.

18) Wang, F., Dai, J., Daum, J. R., Niedzialkows-
ka, E., et al. (2010) ‘Histone H3 Thr—3 phospho-
rylation by Haspin positions Aurora B at
centromeres in mitosis.” Science 330, PP. 231-
235.



