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PR, BARRI AT U R X R R 3 W (steps 1~3) THAARNE W (steps 4~7)~ THAR(fH ) W (steps 8~12)F1 34 (steps 13~16)
Figure 1 The process of spermiogenesis (in mice). Spermiogenesis can also be divided into four stages based on acrosome biogenesis in mice. It can
also be divided into 16 steps based on the morphology of the acrosome and head. The details are as follows: Golgi phase (steps 1~3), Cap phase (steps
4~7), Acrosome phase (steps 8~12), and Maturation phase (steps 13~16)

47



WIEVESE: KT AR AR SCHE R /> G5 I A 1Ak & A H (4

TRESNE
TS
Tk
A TRIR TP
//////// CE)
7
\\\\\\%%%W§>

FBEFM(F-actin)

B2 RETIETRBSWRER. KE PR TR
—NPAZ ARG T U A A . AL T4 A%
ET5, FETA T R I B T IR e 4% b

Figure 2 The head structures of a developing spermatid. Developing
spermatid head has an elongating nucleus surrounded by a perinuclear
ring and manchette. The acrosome is located above the nucleus and is
attached to the nucleus with assistance from the acroplaxome

(outer acrosomal membrane, OAM)FITHAA P % (inner
acrosomal membrane, IAM)EP[M].

WY 7L 30 4 ) TR R 2B 46 TR 28 T 1) R SR B
TE /IS B R A AT AR B8 T0 44 e 28 43 D DU AN 32 2852 (1) o B (1]
1): m/RE:H(steps 1~3)~ THARNE B(steps 4~7). Tiifk
(1K) Wi (steps 8~1245) Rl #4(steps 13~16)"). /R
BARHA, TR R A 46 T R R 344 M (7rans-Golgi
network, TGN)H 2 [ G4 390, X Le 30 g R A T T
1A %E I (pro-acrosomic vesicles, PAVs), ZEJEH & & L
S WURLFR B TR S0k (pro-acrosomal  granules), ‘&1/]
Bl 18 FE A SR AE A RAX T R, Bl S A TR P AR
TR R TR L. THAAIE B, TR 0I5 B
B b, TR IR S 1. RIS, SRR S
A F BN B T TR R B ()87 AR S0 X 38, TOAAR T 2R
(acroplaxome) H I, THAA AR, THAARAS (b AR 9 & A
gE I EEIAM L, [E RS T 4i(manchette) B AR
I, AHBRAZEESR. TOUAA ) AT RS oA THAA T, 1T TOUAAS 1)
JEH LA T LR T R ARSNGB A A % R
M. o, SREMAIRE A 2 A TEER 4, fFE
FURFER, ZRRifR. FEMAAZREIR, TERE TR BT
S L0 ML 55 v i £ 7 X Ak B ),

12 KTkiks

FEREE A R AR, TR T [ Skt & 0%
BRAELFRM, HIFRFRICHR TR, K1kl
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BRI S LRI S E . & S HE R4 & A (his-
tone) # i2k J £ [ (transition proteins, TP)EUAX, AR5 &
RS E R 1 UK B A (protamines, PRM) X & At % &
M, RS AA B T B DNAKE SE R % 1 3 2 45
WP R AR e R T SR T, 4
MR AA, BT EEEIR TR ERK 5T, B
FRCGATIAR, [FII AR TS T2k RE ). RIS AE
Jett i E MMDNA KA SRR, TR R, K
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Figure 3 The structure of mature sperm. The neckis the junction between the head and tail of sperm, which is composed of capitulum, segmented
column and centriole. Sperm flagellum is structurally divided into three parts—midpiece, principal piece, and end piece; each part contains a central
axoneme composed of a typical “9+2” microtubule structure. On the upper side are enlarged sketches of the midpiece and end piece. Below is an

enlarged schematic of the neck and principal piece

S A M A AR i T BN B, AR 5 A I, )5
MER/N K, TR G022 (axoneme) FHAT 4B/, AR B
2z, HE R GeA E B0 £ Y (outer dense fibers,
ODF)fl £ 1 {4 #4(mitochondrial sheath, MS); 3= B2 ks
TR I EEEE oy, PR 22, A1 LS A E B
WL YER T4 (fibrous sheath, FS); K3t I 3B (1)
B a — B, AU e P

WE TGN, FHETEAS T a2
BT ) B —Th 22, il 22 R T v A Ok,
I B AR B A0 T b 2P A K, Hodieo
2SR, L AT T HE (2 central pair of
microtubules, CPs), J& [l PR 5825 94 41 & XU (outer
doublet microtubules, DMTs), DMTs_E (115} 71 5 F 40 %,
HIN 3 /35 8 (inner dynein arm, IDA)F14h2h 118 H
T (outer dynein arms, ODA)F=4= AT s T 75 1 771, LA

FEAMIERMEIES). [FRDMTs A H U (radial
spokes, RS)[A]CPs 2SR 7041, #CPs5DMTsiE
k. EHZ2Z IR )G, HRTHR N R MERS
T REK B Bl 2 AR b ok, 1X S8R 45 1 B 46
ODF, MSHIFS%. ODF/&¥ 7 Rl nE 4L, Haeleidt
1z 3)), FAHE A W, (50 AR I8 e 2 e AR T I e
5 752 1k 71, MS HZeRARE ST i, Fer=2EATP, J9#f
BiZFNRALRE R, FSE MK 1 REHES i, M
YT HE RS R S HE B AR SN T AR S HE L S .
il 22 1R SE AP IR~ — G 5 1) 2L B R T R 1 I
MILEN ISR, B TREWNRE W RS
N iz (intraflagellar transport, IFT)FTAE 40 N iz fri&
% (intramanchette transport, IMT)HFh#&iaHLi], 1]
B EPUEMIZ S R RIS YE . IFTZ —
ANEHEE ORI RE, ¥ I DI KA (basal
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body)#yE K B IR 2 (AT )iz K, FFIE I e A ¢
3K 5 B B ik B H G f (0 AT). IMTII A
T RAFFFIER, 2@ SOk T & H s T,
T RG0S SIS 1 20 B A e AR B 2 TR 7 =k R
JEH:4% E (head-tail coupling apparatus, HTCA), M2
EREFRE, 52 R TRIEE,
kAR R > FEARTE . 2H 2 5 P R S
WNAKLAA L IR R A 5T X S5 2 ARG 1 AR B, e
FH S At (Sertoli) 77 Wi 2 AR [543

2 ORISR R N R S B /b 55 e T
W FhE

AL LL“oligoasthenoteratozoospermia”™fF Jy 5 il

99¢¢ 99¢¢ 99¢¢

4399 45 4 “spermiogenesis™“acrosome” ‘acroplaxome

99¢¢

manchette”“chromatin remodeling”*histone-to-prota-
mine transition”Fl“flagellar”2¢ £ M F5 T2 AL R 1
{1558 17 T PubMed A L 4K (AR 5 SCHR, il 1

F 1 SOATHICIER 38 T A AR I A

Table 1 Spermiogenesis-related genes associated with OAT

— AR LIS T A TEAR G AL O AT i A v T 7
R S AR ORNE (R 1),

2.1 FEMBimAnEE A R A E

Tif R A E AR A TS, il
E FHTHAAR- 40 Hu A% &5 & S5 72, HOMURR 1) 2 s S L )
BN R AR SR 35 DA R SRR R S5 4 2
A ERC A H RS T4 S A R A DR 1 22 DR A
T8 H 7 32 25 5 SRS 10E (globozoospermia) % A A
K. AHARAT — LE TRV IS H AN S A DG 3 IR S o AR I
HOATH) KA.

Da CostaZs N5 9t R I, W18 & 1943 % (vacuolar
protein sorting, VPS)Z /¥ 71 VPS13BX} T PAVsHE ]
BRI R R A T 1. VPS13BAE i /R LRI BORS 740
NEHIPAVS PR IR, FE/INR PR Vps 130 IS, B
A B I VpsI3b” T/NRAE LRI EOAT, /MR
MITHAR R A= 245, PAVSTCIEBIIAAZ IR, 12w G
WHEA R, AT H R R IR LR T, BT

HH4 AEXRME)  AFRHN) SENARG T AR R 1 A ) 2 R A A R
VPS13B OAT = FEHLIB Y -
GALNT3 OAT - FIERE -

GMAP210 OAT - TIAS -

HIPK4 OAT - THAR-THAR N 2R G /N HRERE R R
LRGUK-1 OAT - THAAR-THUAA R ARG 740 -
KATNTBI OAT - R AU 2 -
KATNAL2 OAT OAT T4 £ B -
Piwi/Hiwi OAT” OAT PIWI/piRNA /20 5 - f0kG B (1 % -

TAF7L OAT OAT SR - HORS B R GEa Ty

CEP128 OAT OAT hORRE ICSIZRI

CEP78 OAT OAT PO RRE ICSIR K

POCIB OAT OAT O RKRE -

CEP70 OAT OAT R ERE ICSI&IK

CFAP61 OAT OAT CSCH %5y ICSI& )

CFAP70 OAT OAT C2al 5y ICSIE N

IFTI140 OAT OAT IFTiZ%i -

CCDC34 OAT OAT IFTiZ 4 ICSIELh
MNSI OAT OAT IMTIE i ICSIZ K

a) “=FRoR H BT SA ARG, b) /N BByt B8 i A 2
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TR ANYE 7735 B B PRI

PAV s it & isf 7 b T 2 11 s 640 A 4k
HHELZ/EH. ZIAN- LBt 5 20 % 153 (polypep-
tide N-acetylgalactosaminyltransferase 3, GALNT3)/& %k
A AR 1) GalN A CHE 7 i ik R S R Rl 1, 7E
SERHE AR, AE /N R A B A TR BEGE M AR 48
A 5 2R 3644 L (cis-Golgi network, CGN). Miyaza-
ki NS B, Galne3™ HEME/NBARNE, BAE 7%
IR, KT E RIERCD R 2 Hoks 1 2 I Sk
RAS, I AR e o FEE T o B2 R AR HE 71 2% L.
FETRAARNE 3T, A 17 K /N 1R il T90 4 38 340 FfY 5 7 Galne3 ™
NIRRT AR b, XN R A A T AN T
¥, HGalnt3HEHMRZ 2 FERE Frh#iEA 8

SSRMERI R E D, I FEARTE 2, AR N
HR TR E R R SN, AU A OAT R Y.

15 R AR FH 9% B H210(Golgi-microtubule  as-
sociated protein of 210 kD, GMAP210) R F AR IR R
AR HAE F K F11(thyroid hormone receptor interac-
tor 11, TRIP11), [FESM T CGN. W5 KM,
GMAP210/2 ¥ & P %12 25 1 20(intraflagellar  transport
20, IFT20)(IFT20/2 /N BENE AL & Ak 128 BT b 75
(K8 N 32 PR ) F e R SR PRS2 ) — g
IRFAR N LR R IEE . WangZE NIRRT R IR, 76
TRARTE B IR IR IR e, PAVSIRRG DL S — 26 T4 B
H ) IE % R F e A # 75 ZEGMAP2102 5. AEFA 41
R Gmap2 107 HEME NS B TR, BT
ARG IESN IR, K1k 2 E R = T
. BB E TR, R aii R R A
IHL, PAVSECA Rl G, ANBETERUIEIR TR S, 2%
N ILOAT R AL,

22 TR EARAORS S Sk X

TR RS 80U kS 5 Sk B S T By s 2 2
giH, Hom A2 S E 1R, RN —t2 5
TR SR PRI i T I AT S ELOAT R Y,

[ 905 &5 #4380 FH LA FH 25 1 4 (homeodomain in-
teracting protein kinase 4, HIPK4)&— 5 TAA-TiifA
TERESHERA S BN, HEHERLT
TEANIE K TR T4 . Crapsterss N 72 R I,
205 METE Hiph4 3% R 5 /N SR BLA B FEOAT R .

Hipk4™ ™ SN T AR TA 5THA T ER 3, FH
Skt by e, TR, RIS At AT 3k — 20 W 52 3,
HIPK47E 35 77 ) i £ 4R 240 i vh o 3R 05 75 S T B S
F-actin£i ), HIPK4HE 6 Z 504 T F-actin il & F
(F-actin capping protein)7E 22 FLH AL AN AE 70 A, BAR
Hipkd™ /)N RS TAE AR AME SR T 3R BEAN T4 S B2 A0 g
71, B4 B EF AR Hipkd™ 5 Hipk4™ “HEVERIRE T
555 - 59 BE4H Al &2 A 7K (cumulus-oocyte  complexs,
COCs)fE b 78 Ca® A 45 Bk H K (¥ A %60 99 ¥ (human
fallopian tube fluid, HTF) "5 & J5 & B, 5 87 A= T Fil 2
GHRIAHEL, mbR/IN BRSO BEAE O 1) 255 RO LK.
BB WS R I, 5 RABKRE T & FICOCsIRHE T
V2 0 e 4i e, 15 B A B+ — ¥ 5 ICOCsFT A
U Fr 20 A0 A2 43 B8 1. XL sE SRR, HIPK4/25 5K
TR B P E BN, a2 THAAR- T AR T 2R
FEOAT/ A, H AT RS2 .

O’ Bryanift L IHF 7t 1w reE R E R T A
T RRIB I 45 #3588 1 1 (leucine-rich repeats and gua-
nylate kinase domain containing-1, LRGUK-1)Z)BE[# 5
FR /N BRASER. ABAT TR, B/ SRR B T SR OAT %6
B, A TIARER R . RS 8UR A e DLAORS T R TR
B TEAZ.  [FARA T BPIR TS R 46 5 1 2(hook
microtubule tethering protein 2, HOOK2)%E N
LRGUK-1HI&5 & AR, XTI, b AT3E 9]
LRGUK- 1 /EA -k & % B AN AR B 5 T 53 i DA &% B
22 H I 5 T AR B AT R EAE . LRGUK S
HOOK2 ¥ 5 & Wi A6 AR -Ti A&~ 2145 1 4
AT 12, LRGUK-1 ) RefEITI T B0Z1d 18 57 % [
IR =2 Ok [ A 1) 22 .

T T4 245 40 3 2t A0S FIF-actinZd . W 0
KB, WUEV)EE A Katanin £ T TR TATE R, Ka-
tanin& —MEEAL CR~F IS VI W & 54, HHp60 R IF &
(HKatnalFE R 9 15) Fp80%H B & H . 3 (i Katnb 13
(K 2w b ) 2H 1. Katanin 510U 455, FEATP/KIE G, A
FRAZA, R B B R E, S B
Wr#. Katanin®h H ] DAY S8 IO BEAE R i U]
T, DA O B R AR 1, Kamb 177 R
Katnal2® Ve /N B AR GRS AR, Ak b/ B
HILOAT R B LA K T 8UR AE AR B R B 7.
Weie NPV FoaRol, AT KATNAL2 XU b B[R 5
BWAOATEE, — a4 1c.328C>T(p.R110X)
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KA, H— 2 c.55A>G(p.K19E) flc. 169C>T(p.
RSTWHIH ARG R, HEENRE TR KT
TEAS DA S S R PR RN HE B 45 0 b 3 T HE B S F R .

23 AEH-FAREE RN

Wkt kadEY S 5 HEO- AR E
FEHOE R IR R R R EEAEH, 25 %l
(1) —Le L R AERAE AN B 55 M A Bl 1 B0 RAE AT
FHOAT.

PIWIE 24 5E R 40 fuke - PEAGO KR R, 8
i 5 — A i 4 R N T AR g S RN A——pi-
RNAZEA T PTWI/piRNAE E A1), NS A AN
R A v 2 R e A BV ER 9 2 5 R A A B 4 i v G
BRI ERIE, XAEFEA R E A BT T R R G
F - Goui NPV il 1 57 25 I PR BB A AN B REAR I,
OAT B H A A AE RS FTHIWIER (72 R AL B I D-box
TCPEII Hiwi( N Piwi) 3 R 4 45 5888, it f a2 1R 1
TR/ BB AYESCR2 18 A/L221 AGSAS S EUMENE AR
H; HE—BHRAD, /NERPiwi(Miwi)D-box R AFFL
MIWIE A 55 e e T e iR T4, 355
FUAH BAE FH I RNF# AT B T4 o7, A Re AL AL 4H
Bz A AE M, 2 2H A b R B S, 5l
RIETR W, RARINEEAE . FEHbA @S
189 55 52 NI FAED-box RAZ /N SRS T4 i 4R R
15 TRNFS-NAERE, 4550 R, R/ R MK A6k
R PRERE I, X HOAIG IR I 28 B a7 32
AL v K.

TAF7THRNA % & FEII(TAF7-like RNA polymerase
I, TAF7L)ZTAF7HI5 & [FJEY), TAF7ZTFUD(fE—
Fld B S R T 2 S AW E ). TAF7LYW
—Fh SR HE AR EAR, FEAER A RIL.
Chengs N\ ° Ui F Cre-loxP 55 W& 75 VR i 40 i v i it
(R ELLH = A Taf 7R R A8 /N Taf 7l /N RS U
B>, B R R TR SRR B TS R,
W TR E AR, B Taf 70 VT DUV E R AR, (H AT
B R, Baids APOES & A F OAT % h % 5E
E4NTAF7LHE R B 800 K48 (c.1301_1302del(p.
V434Afs*5), ¢.699G>T(p.R233S), c.508delA (p.
T170fs)Flc.719dupA(p.K240fs)), Ff & Pl iX LLH0 548
A RE S BURF L - O R OO, SRS Tk
YT RS, AR, AR R I, BA TAFTL
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S DR BUW RAZ I B IR A1 SR RE D 2 2 IR
24 POEEEHREN

s AR L E RS AR 7y, AR R R
KELE. R TRESES, fOREgRR kL RER
TIHURARE R RAE R, IR % BOHE 6 1 b 22 T
HATHIREFOR I, — e O R B AH SG R R ) e T
FEAMN/N R OAT.

FRUCMA R 4 128(centrosomal protein, CEP128)7E £}
PR E AR R /R, Zhang 25 A PTEY
FORI, R S H P8 44 5P R TR R B A B,
Flm R RS THCR SR MR W TIRSRHE, Xt
fATTEAT 42 40 B 7 ZH 0l ¥ (whole  exon  sequencing,
WES), KILP 4 B3 B350 — N CEP1 285K )4l &
i LR c.665G>A(p.R222Q). A A T Cep128
R R R /N BRI Cep 128(R222Q) RN /N, RIR4E &
M RAHE IR IAEIEAT, SEERY—F ¥
—BWF ORI, CEPI28IBIL AR 7 K A i F rp oG i
FRFE, LUK TGF-B/BMP/E 53 4 5 25> 111
WAL, MM HHEMEAE K G R, 3 Hx & A
RALIATICSIAYT Ja KB, & A/ BRICSIES )
VI, MGG IEEKE.

FRUCMA SR H 78(centrosomal protein 78, CEP78)E
AT ORI 2 5T O R E f]. Zhang%§
APRILT — % PR G B IR T B AE 1
JERRAK, TR, ik B BIAAE s HERT 5 72 A
RAEIT 7Bk R AL T8 IE WES, %58 CEP783: [H (1 4f
EITHERAR (c.1069+1G>A). TR EHE T Cep78
R RN R, RIZALE RAD /N RS B R A — 2,
HAEGEAN b ORUR 2B W5, CEP78 T
Ae il 152 24 T PEK R 16(ubiquitin specific pepti-
dase 16, USP16)I5K%, MIiMiEtiZ F g4 e i
22 v 22 8 1 (Tektin) I KPR IS0 88 AN SROEAT
ICSTVARYT RN &E A, BRI SR ARG
RE AR

HhLCoRLL A OB I B 2R H (proteome of centriole 1
centriolar protein B, POCIBY & — M H5HHEEFRA R
B AHERE 7R AN R (cone dystrophy or cone-rod dystro-
phy, CORD)AH % (3L K. Huas N V0F 5t K B0, 4547 1%
FE R 278 1) BB 2 (c. 15 1del G) AT H X B ) rie A /DS B 451>
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HILCORD A HOATRA.  H Xt &3 F/N B 2 LA
T B H S B T BB TR, PoclbR7A%
FEMAREE B IR POCIbE 178z v Lo
WL, AR A Ok B RN B s ) P OiS B EAE H, Huas
R, POC B 1L MRS 148 T3 At o vt b
DhRERF MR LM B R A, M SEOATH)
K.

FRCMA R 4 70(centrosomal protein 70, CEP70))&
TR RS R S, AR i A G AT AR I B AT i
Hs, NI ThERE. Lins Nk,
Cep 70 I BR A1 G /N I EEA B R AL, 1X A
REE H T H A SEE T B SKEBFITA K & A
T s 2 M BE T BRZ 4. RuanZs N VB 90 R BE,
P2 OAT B 73wl — N & B AG R c.615dupT
(p. P14Tfs*1)Flc.1058C>G(p.G353A)5c.1059 1063del
(p-W354Tfs*14) [N B ERERE, HEFRIEH T
R & P DL TR B S, 5 CEP70™ HEME /N
R — L

2.5 HheL R EAIREER

i REMKE LR E S E AL BT
Bl 22 B AH 5K (1) B DR B Bl 4 T8 5 55 e R ORG RE A
K, A D EEEFE NFNRBA R P kiE S
OATHHZK.

B HEFEAI R EH6](cilia and flagella-asso-
ciated protein 61, CFAP61)J&E T4 M T4 HE A
FR. B Y H 1 N 25 AH ¢ B A W) (calmodulin and
spoke-associated complex, CSC)H 11— 5. CSCHE
RSHBEMLA B/ RIZN T RERERZEEH. ARE
2RV H Ay LA R AR R GE T CFAPG6 1FE R Bk
BT SEFNEUBIOATHR A Lings N5tk
P, CFAP615CSC, RSMZEMLIEAHELAER. 7£
Cfap61™ KT R B M FIH B, RS 12844135,
{HHARRS 77 B 3 15 BT,  BEE RS+ K AR R,
Cfap6 I 5/ RIS FHT B 2 H IR AR E. K
WA SR I, 24 Clap6 15 RLE /N B R R e
H AP RE AR B T, BRECR I 2 R
M RERD, RAFEGEFRMER HILOATER AL Ik
4h, AR S T 4 CRAP6 1 H B0 48
1 ICSHAIT IR L, I OAT B K152 T1CSI
W%, —AEESER IR E, H—AOaRIIEE.

- EREFEAH R E [70(cilia and flagella-asso-
ciated protein 70, CFAP70)7E A i 1 tHFRXFAP70, H &
AL T-ODAMIEES, 72 RIME 2 & Cal) 4 Bk
4%, JinZ5 NV — % A OAT T A& B4 b & 3
T CEAP70R: R 4l o LR ¢.2962C>T(p.R9IZSX).
XFRIE LRAR = | — Fh i I CFAP708E 1, 148
ik = C- K 3 5~84~ VU JIK B & J7 ¥ (tetratricopeptide  re-
peats, TPRs). Hf 50t — 0/ T #k = 5~8 1N TPRIY
Cfap708x AT /N, Zrbr/D RS B H R —2L
CFAP70/2 45 T HEE R B b 75 1), FIm i 1 142
FEAH G ER [ 2235, ThBCSCIRZ0 IR s i, DL A I
il 22 AH G BRI AE R TR B E AL, SRR TR T
(AR, Besh, Jin%s NSWRF T R0, CFAP70REH 5
AR OAT 4 1] LLB T ICSER A B 54X,

2.6 IMTHIFTHZHH

RS TR RE T, IMTHIFTH 258 iiid 5 k4%
HREREMEN, 2 EFS 5B H KBS E T, X
A ) — 2 I PR B G Y R R 2 S BN R
OATHI KA.

i N IZ %5 A 140(intraflagellar transport 140,
IFT140)%E [9)& T4 & iz 4 & A K . Wang A1
WX —ZOATEF R HEATWES, &I H % 4
¢.1837G>A(p.D613N)Flc.4247G>A(p.S1416N) 1 & &
RERE., BERKTFREEERTE, TRS5HEZS
B, MRS, R BRI R, TR
LRRIR A . IFT140%% [ 1EH 9 A 15K 120 B R
R, (BAEBRERE T se Bk, AR FE N A 4 5 1 i
B Ife140/N BRI 22 RACH BADRE T, o R 10% 11 e
KT HA B, i TR T IEE R T =AM R
FET LA, MBI, AR, S
0 R O X AT e SR Y g 7R e 7O i T
STt 1406k [ T 6 = X S AT I8 M IFT- S8 30 71 £
H, FECE 7 HE B 2 m 8] = A HERR.

A0, 85 45 1 AE i 45 #3851 B 11 34(coiled-coil domain
containing 34, CCDC34)2& — ML fRF & H. Cong
s NV UL 5 44 OAT 53 v 5 5 i c.244dup(p.
N3Kfs*34)1c.799 817del(p.E267K fs*72) M />4 fih 5
A, BERETHENIE N BT B T s Kk 2
it EEL. RN BER TR ARG R E R,
CCDC348k = S CCDC34 i £ N #iE-BE S YHH
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KA F(WIFT20FIIFTS2) L3 Yo i, Cede34#t5
RAPHEENRAE, HFEMMBOATRAL. WA
N, CCDC34#k = vl feilid 2 5 AT IF T2 i ks ¥ Hi &
FITE R, 5378/ RN BB (OTIC SIS SRR, HAT 1% 548
FA) /N B 5 3 AR BE B I TIC ST A U A= B 45 ).
CEC Y 2R S MR 2544 £ 1 1 (meiosis-specific nu-
clear structural protein 1, MNS1)&—FP IRz & [ Kk
% 713 A(kinesin family member 3A, KIF3A)/\- T T84
BA, EIMTH R 2 e 3= B e . g el 7 R B,
Mns IR HENE N R BLOATE AL, K5 1 & 2D,
HHBRRMREFRATENN, BEFEE. fEMnsHh
RN RS THE R, “9+2 45 My A ODF# 58 4 B IR,
[ B ok /s BRI HE B T R AR R Y. W AR B,
Mus I /NRAE FREMR B EREE Jifol, AR
Sk B AN A A S E i B 5 T MINS 1) = A4l
5 D BE Bk 2k 2828 T B 5 0 00 1 Bk e A B A i U,
RUEA IR I, MNSTHIBUR A8t ] LS
HEF HIOATR A, AP HLE—MERL BN K
AR, — A OAT EE 451 MNSTH: R 1R 4l & B0 K
A5c.603_604insG( p.K202Efs*6) 8 [HAE 1+ HU B 57
BT S MIDMTs B A 4 3580, RN Bk
FRSIHT T =ANCSIFE H, (HHR A RE RN PR 4.

3 Bah5REE

KA MV TR B AR SR B R, R
SR P L E B A . fEIRR B, IZE BU
AT 2R AL AT RE 3 BUHKS TIE . RS TRE . 39K T
AE WG T AEMOATSEA R I B A M, Hrp
OAT 2R W IR, H AT/E N 4R3E 11 5 OATAH

REMEILBUREE R AL, (ERE TA AR EE R 78
FHAJOATAEIX LA T S HAR KA EEH). A UREA
A SCERRE R A28 | —LL 5 OATHI ™ AL % DI S HI RS
TATE A U KRB AR AR . B ghirh, &
WAL, Z 54 &5 E A ROl B A oS
PRIF R O R B ARG EE R, A2 AA/N R P 45 OATHH
K HRIE H A% XL K RAT AN B BFICSI4E R
RUAE, X T IR LB PR Ak ] DUk — B f e 1
S S RIHIRIG K G, BRI T-45 77 X L JE [
RABE MR ZTT FREERE. HAh, L8
TR T AH S 3 BRI L AEAH R B RIE 78 A 245 Hh R & 5 OATAH
K, WORS A8 i A A OC (1 2 R B2 FEMYND 2Y
| H15(zinc finger MYND-type containing 135,
ZMYNDIS) ™, MR B M IE N 4F B YE B MR
H47(cilia and flagella associated protein 47,
CEAP47)™, ¥ETLT B XRE F65(cilia and flagella
associated protein 65, CFAP65)""*", 4445 (13 (Tektin
3, TEKT3)®*"“ R IR B 7 (adenylate kinase 7,
AK 7)Ao MNP ARE 2 R LA 2 A
A, LR AT DAt — R R, AR, TR A%
IS A 5 B 5 R (A ST rh 28 45 3 R A e 2 5 IMT A
IFT& 2 AR 3L, wnvps13B™Y, GALNT3™,
GMAP210™ P RIIFT20™ e /N AR AL b i AR i 5
OATAHHZR, H H F & ARAEN R I, IX— BB RL PR AR
AT PAFEOAT (3 it — R 5T

FIE AT, I i P A A R R AT
R 22 DR 9 128 LA B e B AU AN B a8 A% RAZBOW 1 F AN
BUHIHIAE 20575, X WA 9l PR L RS 722 I RaekS Bir
SRS HIOAT HIZIR LA B R K 55 1 e 27 B8 s AR AT R 32
HE IR SE,
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The role of spermiogenesis-related genes in the occurrence of
oligoasthenoteratozoospermia
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Infertility is a major problem in human reproductive health. It is estimated that about 10%~15% of child-bearing couples worldwide
are affected by infertility, with male factors accounting for half of these. The production of sperm with normal morphology and
function is the basis of human reproduction. Spermatogenesis includes three stages: mitosis, meiosis and spermiogenesis. Among
them, spermiogenesis is a unique stage of male germ cell development. Some studies have shown that defects of spermiogenesis-
related genes are closely associated with oligoasthenoteratozoospermia (OAT), which is a common type of male infertility. In recent
years, it has been reported that abnormalities in spermiogenesis-related genes lead to OAT phenotypes in humans and mice. However,
the role of spermiogenesis-related genes in the development of OAT has not yet been systematically summarized. This review focuses
on the key events in spermiogenesis and the roles of some representative related genes in the occurrence of OAT, in the hope of
providing better assistance for fertility counselling, treatment, and pregnancy assistance for OAT-affected men.
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