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WE WKIAEREINIMEARELESENANARATIRE WA FLAMZ@. FUTTERN S0 —
MMM ADBREIASFEA, E— U LEFRETH CHMRILERH, AERNAZ 6 EOEEARFME
KB RE KL, 446 F G MR EmRNAS/f 5 ARNAL A RNAZ 4, £ RN EE, BREHXEFLEK
FREEE AR ERRE, ARTREFRETTRHRNERER, YRUELFTHLTE. LFERAFREL
A, RNARZERBEAEFAREEEHETTEME A, ETRNAREREZEMLTHAE. AXEEAHMAT
RNAREZESH TR AEMXHFRERE, FEZEMARNAGIMEE, TEHERE. BEFRE. RERESER
FREFHF ARG, AR TERERESFRTTNERERIEEFETT GRS IET IR L.

KR FUALH, BT AL RNAEE, RNA% && B

Pa i Ft P A 24 (World Health Organization,
WHO)Siit, 2FRZIH15%~20%1 F #5102 ARZR
BAREME, HhBERRSFBIAE HHEN40%
~50%. FEEMUEANE IWREBONE AR, EHEW IR AT
RO (BT 5B ARG S RN RS T T AR B
WArILH . RERER. MR, REER. Bk
DR 2R I T R B 5, e AR agt AL (R R 24015 15%, EA0A
Z150% B AR EAE B E TCEMBRE; KTE (R TR
AHLANREREE S AELE=FM) GBS,
20104F; FE6/R, 20214 )b dEALAL PP IRORS V23 H vl R 55
PEASE SE 79 N JCHGE (azoospermia; A5 oS )+

/HEIE (oligozoospermia; K& T A BUIK T-39x10%/— ki
KBRS FIR MK T-16x10%mL).  §94%%E (asthenozoos-
permia; T FIZEKE T 1 20 A48T 30%) A AS 7
(teratozoospermia; 1EW JEAKE T H 73 F KT 4%)
sgel1-3]
L

19784F i 22 ) Lt A, O 2 M B AR+,
A (assisted reproductive technology, ART)TEIGIK) iz
N, & ZAHE N T H2 K (artificial insemination). {44k
G- G M (in vitro fertilization and embryo transfer,
IVF-ET). ¥4V #£ 1 (gamete intrafallopian trans-
fer, GIFT). BFMu A 5K 113 0 (intracytoplasmic
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sperm injection, ICSI)FIAE N 7 & IG5 1% 512 Wi (preim-
plantation genetic diagnosis, PGD)Z. R Init, ARTH
IR BB AN EAE RARIIZE G AR
B R RERARE, IGRAEEAEEA 7 8
N T RENIFY T, BT R GERZR AT B 05 1995 [
KLl Hz xR, IEE AR CRI— 25155
PEAN B A 5 ) 5 DR AR T 42 I i S, Rt T AAT
X 5 S B R s L AR

Wi FLBN W KE 7  4E (spermatogenesis) A& 73 & 4%
A& B s, Zid R G T4 R 40 g (spermato-
gonial stem cell, SSC)H H I Bl o-1b. BARKBE, i
JR T2 AT 223 %4 (mitosis) T A JR 41 g (spermato-
gonia); #— P HHTDNAKE #ill 72 A 4] 06 B4 A (pri-
mary spermatocyte), Fifi RlI3E NIk %524 (meiosis)id 2,
¥ BEAN M (spermatocyte, SC)ilid i #E 1% 4L 4 47 A= .
FEARIRTE K 74 H(round spermatid, RS); [EEKE 141
128 I3 — F AN B AR B R A TR A R 25 40 A4k, A
WA AR, SRR MRS . i %k
SF, B ATY RN B A RS 4 AR B RS - (spermato-
z0a)". AT R A NE AT IRB T % B
L I5A% 55 22 T KSP-HEAT RAS HE LN 785 e 11k ) e
Rl ik 4%, FERG 1 KA R b, ARG 4E i 2 48 I Ik
B A 1k B — UGRAE IR 2L TN, 5 IR R AE
KPR BOSHE,  RIE ARG 40 B 1m) e K ARG 7 41 5
AT, TEIREO ZER G, AR 2t 2 2 7 T 5 3 RO
3, W E IR B TR R R AT 5%, A2 BUmRNAFS 5%
AR G R B BRI, R T R A R,
2OHEA B KERERFEREEMN, BIEG
L FE I il (primordial germ cell, PGC)HIFE G « %X
7> ZDNAFE AW BONKS T O RS, 52X R,
1t 15001RNAZE 4 85 F1(RNA-binding protein, RBP)
PL K £14EpiRNA(PIWI-interacting RNA). miRNA (mi-
croRNA)FIncRNA(long noncoding RNA)7E N ¥ 3E 4w
A RNATE 2 AL b Sk i 2k, IR LERNALE &
EAS ARG IAERNAL R TE ARNAHIEE 61, 8
o 2 BRI AR R R A s, TERS T
KA R ORAEA AT B M. I A B A R I PR
W FCUESE R B, RNAWEE 75 T Re 2 B A B 1Hs
B, ARERRH S AERNAG R . TSR . B
PR PR SRS TR E R BEAE T Re
LR FC e, FEERTT IR S 4% 4 FH 78 B A & IR IR

60

AR T AR .

1 RNABHG R St A58

RNABIiZRNARE 35 42 1 B A o, 1
BTN IR A B h I E B . A RNAE
R NER SR F B A RE, MR R IE IR 4
KIL, BN ZAFAE T it [ ARG A% (IRNA 1,
FE PR B R RABM . SR A BERR
BtisE. KREVFREY, RNABEEE R T
T R BUEEAT.

1.1 RNA{&/fi

RNAEAM) 12 1 T 4B RNA(mRNA) A JE 2w 5
RNA(f2#EmiRNA, IncRNA, circRNAZE % ERNAF]
tRNA, rRNAZEIREMERNA), FHIERNA KR E
JemRNAFIEEE". H AT IR 2 RNA S A
PR BSOS R R 1k
B, b, FEAE R RIEN - 3R (V' -methyla-
denosine, m'A). 5-F I IE(5-methylcytidine,
m’C). N°-H R4 (N -methyladenosine, m°A). 7-H
3£ 9,1 (N'-methylguanosine, m’G)FIM fR B I (pseu-
douridine, y)&; ZBLIEHIAIEN - ZBEMH (V' -acet-
yleytidine, ac'C). N'-Z.W-2'-O-F 5 i 1 (V'-acetyl-2"-
O-methyleytidine, ac'Cm)HIN®- 2/ 5 (N -acetylade-
nosine, ac’C)%%, Hrac'CmMlac’C H T#E K I AELE
F ORI H RNA,  Tac CIIAEAE T JFAZ AN &
KA IRNA Y, 2 B AL A A0 355 55 P L O
(5-hydroxymethylcytidine, hm’C)F16-%% F 3 i £ (6-hy-
droxymethyladenosine, hm°A); BB L AEH(2'- BN IR
1¥, 2'-uridine phosphate, UP)& iz 4 #7 % & 2, HAj#
PN T E I RE R TRNARFR E M, G BT 4u i
PUELIAL Gl

1.2 RNARIfAEER
RNABMi S 5 RNAKAHE . BY8. B3
SENL FRE RS, MMEIE AL (S B2k, A S 2R
VI RS AR 4%, RNAMBE & B — 4 AR 8 A
SR, BECTS 8 (writer) —E LR BB
PR CHEFR A (eraser)—MEALRE BB I L BR AT
[ 12 8% (reader)” PR RS A AR IAZ B R, T
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S EIRNA frig!.

(1) RNA m° A& Fsd 7. mCAIBHT 19744 1t
RN, R i — MRNAEA, 3B A7/ T mRNA
H5'F13'JEHH P X (non-translational region, UTR)FN1%
31X (coding sequence, CDS)IT#& L% F[X, Al if$s
mRNAFIFEF . R EAL. B AR a0
ml A AEE T IEAERNAT, miRNAKIm AL
MiAEAE T 9] ZmiRNA (primary miRNA, pri-miRNA)H,
HAIRRNA(circular RNA, cireRNA)Im A& % i
TmRNAH A P RAL AN T, T lncRNAFIm AL
T o3 AT T B AN B SR HLAE 248 v] AR BT 2 [ IncRN A H 77
TR % . mC AMBHRBIAIE B RE 9% 02 ik AR R FORNA B B T
ol A 2 o e,

TR IR Z M m AR E A, A5
HEHBEEZ A/ (HMETTL3, METTLI14,
METTL16, WTAP, RBM15%: 41 04 ). 25 H AL i
FTOMALKBHS, PiHEHYTHE WK EEH .
IGF2BPX i & (A FITHNRNPS i 55 (1%, Horp, HIJLH
ol 5 £ A 2 LAl 1) 38 7 A W A A o
Bk RT3 B A, PR (AT IR 0 R g A AN [F 1
RNAT N SR E A FidFE, WYTHDC1ZY5
mRNAFI B3 R I8 LR AR RS RN AP B4 it ik
T, YTHDFUZ#mRNAMIHI B, IGF2BP1/2/34EFF
mRNA [ fa g 25,

(2) RNA m’CIEii# e, m CIetlir AT
mRNAH, T/ T mRNAKICDSHMUTR, H&HET
BRGNS, 25 HEmRNAKHZ. g, 3]
. BmamEstt . mr, mlcBmthEE T
miRNAFIIncRNA, 2 5miRNAK] H A% A & 1 17
. B ANIncRNA e e v Ao,

m’C L % A 55 DNMT2FINOL 1/NOP2/SUN
(NSUN)H KB HA S . NSUNZE A 5% 74N ik 7 41
B, ETNSUNI1~7, HANSUN2/Z & 32 1m’C H 3%
FomE, 0 AE R AR RN A B
NSUNIAMINSUNS F 2 2 5 i§#%28S rRNARE1f;
NSUN3 I ZE R AR RNA RIS 1i; NSUN4 % 28 ki
ARNARIE1; TTINSUN6 L ZHE[AImRNA I3 UTR X
Je SR ICTCC A 7 M s e LR iR 26 1k, tb4t,
TETXU N4 B (ten-eleven translocation protein, TET) W]
PEm’C 3 ARG m CAEM b 25 1 W ALYR-
EF, YBX1f1YBX2™2'

(3) RNA ac'CBMiIEER. ac'CBMfifieE T
mRNA, EEHA FCDSAISUTRIX, {2iFmRNA[T
RsE VERIBIE. B4k, ac’CIEith {775 T 18S tRNAT,
AR AR AR Y ac'CiE M S I RN
N- B 723 10(N-acetyltransferase 10, NAT10), AJi#
i e HEmRN AR E MRS s B AR, te4h, NAT10
TEMEALIRNARIrRNA Z B A I 53 31 75 22 4 D5
THUMPDI1#1#%4=/NRNA(small nucleolar RNA, sno
RNAI PRI, (8 H §i 5% Frac'C% 2. WA A5 ikl
WU EE A BT

1.3 RNARIGRHEL RS EERE

m°A, m CHlac’CRH T K E 52 FVEMRNA
B R . Hd, WmCABWRIE £ EE TG T
METTL3, METTL14, ALKBH5, YTHDCI, YTHDC2
FIYTHDF225 7645 T R A B>, m°C i
H AT 5 B 7T A FENSUN2 FINSUN7LE RS T T B i
WEAE P, ac ORI £ EANATI0/ S
FRAEPEERY W1, A L MRNAS WG K
T RAH R R T RS A BR.

(1) RNA m AR SHEMEARE. KBTI ER,
m AR R A 7ERS T R AR AR T R T R
HIVER. HREE: 8 B MettI3 5 Mettl 1445 Vasa-CrelF 51
MR T, 3 Bm AR e Bk 40 N T IE Y 4
KR R EHAE J1; i Mettl3R Mettl 144 Stra8-Creti 5+
PSS, mC AR 232 R, 8 7 R LB e
KUK T 5 1355)°7). A, fESHSAE s,
METTL3 MIMETTL 144 5 ff1m° A& 16 K F 5 3 1
S, e B R ALK BHS Bl 2k 23 18 Bim A& i 2L,
B ARY SH B, SN B TR AEZ Y, moAR
28K F Y THDF2 i #%2m° AB I [ mRNA AT [ A, 3k 1T
PR JRANBR A IG5, LR 5 16 R S P SR AR
A, SHARETFESREENEARZRRIIZ
F0% mO AR5 — bR A YTHDC2 82k, £ S 30,
B ZIAR o KL R ik R

(2) RNA m’CREMi SHEPEAR T . NSUNK RS T
m’ CIEMIS 5 % AR TR 2E. NSUN2#k2&
S SHUNR AN, KRR BT T
A1) NSUN7TZE £ b i s, HRBH A S S5
/DN BB 22 P GRS TR R D L RS T R B 2R
RS SR BUESNRE 1) T, RICAMEMETAEDY. 78
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TN E SR RNAR AT IR

Table 1 RNA modification-related genes critical for male fertility
B A
(B FH 4
WEME IEL At /3 i 380 et KA F
Vasa-Creii, HEVEAR & s I N/A N/A
Metl3 50 fett11 4% Stra8-Cre XN E Sy
=T > 2. Fh1] ]
Vasa-Cremi [, HEVEARE 40 i N/A N/A
Mertl14 5 Metti3%:Stra8-Cre i
- g EK T T4
( RS fudiSith il N/A N/A
m°A
N \ Kl ST 2 i/
=R 120 )| Ny
Wtap R, HEVEANE SR T4 N/A N/A
Alkbhs kR, HEEAE igesanigion N/A N/A
- . ) , 3k P ¢.964C>T, p.Arg322*
Flo W, SR fRAE P B R
HIIE ¢.1277delT, p.Leud26fs
Ythdc2 bR, HEEAE R EHAm A N/A N/A
Nsun2 bR, HEEAE FHE RS RHT IR N/A N/A
m’C ‘ c.11337delA, p.Vall57LeufsTerl5
Nsun7 (bR, MEEAE JER TR T4 i GO IE
¢.26248T>G, p.Ser308Ala
ac'C Nati0 R, A BT N/A N/A

SSRSRE B E o, RIINSUN7E:REE B & 1IB0%
P B R, R BNRERR RS, 3
F5 TtRNARTA /PRNA(tRNA-derived small RNAs,
tsRNA) 1 HIm’°C 5 m>GIE i /K- TH &, Smiks 1
tsRNAIAE R,  MITIE AR/ R IR AR i g R 7,
(Em  CHE M i 1 72 52 2 /)N BRUKE T tsRNA T Fl il 72
Emi%%[%ﬁé].

(3) RNA ac'CIBHi S HEMEARE . ac’ CIBHR T4 1
BT RAEEFHEITERER. ac’'CZ WALl
NAT107E 55— YU AL/ 2400 IS BEAAE . A% S 40 i A
TR Rk, PR AR S AR PR e
REM Ky B RIEREEEH. NAT106E ),
/INBR BB R R SR AR KL, S50 L) Ok
BR T, SBORE RS E R8s, B

NERAEEL

2 AR BTRRIRE SR A E
21 FAEBIEARE

5k J5 I mRNA BT A (pre-mRNA) [ 7] 48 B 132 (al -
ternative splicing, AS)& —Fh B B 1) 5 % J5 /K PR K 3%
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LI, pre-mRNAH Y4244 (spliceosome) i it A
7 7 BT 7 AR AN [F] () BT e h A, o T m e ¢
HIE MM E A DI RE Z e B EERAEY)
S T BRI 0 UL, U2, U4/6FTUSSE4%
/PRNA(small nuclear RNA, snRNA)# %, il E &
2 RS E R I R R . R, U6 snRNAJE
2 MBSy, fEE iR, 52
snRNAFIHZ N ZINMZHE % B [ iUk (small nuclear ribonu-
cleoprotein particles, snRNP)&5 &, 78R A8 5 i
RAEE BN, U BAUH £ 9106 nt, (EAFEMALE
Wie wiIBHE LA KB 2 -0- B S0 s fir s
FWY, NKO5%HHE K AEAE P A By BT, T A By
P R %, B ISP AR 7Bk (exon skip-
ping, ES). W& T{& ¥ (retain intron, RI). #ME 7 HJF
(mutually exclusive exons, MXE). 5% o] 2% B 4% (alter-
native 5' splice site, ASSS) A 35t A] A5 BY % (alternative
3" splice site, A3SS), HHES & M FL 3040 et 1) ]
Ap iy gy Rl UL b AR B R A R
1R — R R i 2 A A AR IRE & E,
T DL mRNA )R8 E 11 I 82 ) 2 1 0 0 10 2k .
RItE, PIAR BT/ E ARNAE B, R &
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M Al s R R R ORRAE R, HROURIE R S
EZLDNESSIE IS

22 ARBIHEGEE ST

52 MR AT AR BT R A K s . mRNA AL R4
BRAEENHAN M MR ER, R E
)2 R A R A S /N BRORS T R AR I AR R R R Rk
PR H AL, FLESHFIRIE A= 5 41 e A 5 L f ] 2%
BT, ORISR SR TR AT, )
2.

A A B 49 Sk 2R 9 SRSF 13d i 428 k5 B 20 o sk
H oy FAH I IE R Rk, M [R5 e o AR I 2= i i, L sk

REBUNRIEMEARTE, KT R A B 75 R 26 00K BR 40 g
I HAOL ST AR (9 SYMPK A RS 5 40 it 77 3% RS BR 20
PR A B 06 7, ol ok £ it RO B 2L B,
RANBP9, MRGI15HIRBMS 1A A 7E KB40 il ATk 1
Y1 PR B PT AR B 0 R R R R E R o,
RANBP9ZRanZs & 8B A XEMK 1, SEIHAEH T
SF3B3MIHNRNPMZ: 4, Hifhde ol S/ B &1,
MRG15H] R I 45 G Ye th it IIH3K36me3, FF4H 5
B H2 IR R FPTBP RS By B 72, Mrg 15wl N B
W1 B E RS T4, RBMS /2 10
BYRR IR R, 767N BURS RS RN [ G 740 i Hh o
RIE, RbmSEbR/NRHEYEAT, FTERE 140 B

F 2 VAR SO AR AR B P A 4 A G DRUR T AR B4 e TR

Table 2 Alternative splicing-related and aberrant alternative splicing genes critical for male fertility

INEL N
BN 4 - -
AIH Lt /35 Wi 34 BHRA RAFNL A
Srsfl Stra8-Crefbr, HEVEAE LN ER4H N/A N/A
Sk Stra8-Creii [, HEVEAH FE B2 ff N/A N/A
m,
e Vasa-Crefib, HEVER 7 s N/A N/A
- - s T 230 /32
AR 20 | N
Ranbp9 R, HEYEARE b L4 N/A N/A
Mrgl5 Stra8-Creiilf, HEVEARE [ 05 4 N/A N/A
RbmS5 iR, HEYEARE B JEHS T 4 N/A N/A
Pthpl HEPEA B L2 ff N/A N/A
Sam68 W, A E TRA T4 N/A N/A
. , gl
-Cremsil%, HEVEAR T
Larp7 Stra8 CV@I’&F%, A’Eﬁfﬁ ﬂ:f %%%H@J N/A N/A
Sun’ R, HEEAE KA T2 T HEFRE c475C>T, p.Argl59*
7 E /DR RE c.1435-1G>A
Mlap b, EHEAE gl ol . ¢.676dup, p.Trp226LeufsTerd
A BEL P TR i
¢.1166C>T, p.Pro389Leu
¢.11771C>T, p.Thr3924Met; c.6689A>G,
p-Lys2230Arg
Dnah8 N/A N/A SSRERE €.9427C>T, p.Arg3143Cys; ¢.12721G>A,
p.Ala4241Thr
¢.6962_6968del, p.His2321Profs*4
¢.1293_1294del, p.Tyr431x;
¢.7994_8012del, p.Gly2665Glufss4
N ‘ N ¢.5486G>A, p.Cys1829Tyr
Dnahl7 bR, HEEAE KA 4 SAFIE

¢.10496C>T, p.Pro3499Leu; ¢.10784T>C,
p-Leu3595Pro

¢.10486_10497dup, p.Val3496_Pro3499dup

63
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o002 g R R 5 K T (W PTBP1, PTBP2,

RBMXL2HISAM68%5)#R 4 iF A I8 i 45 4 1 & 2E
AR B R, AR FARL Hd, PTBPIM
PTBP2 %3 5l 9 1 45 K5 SR 240 A 22 43 Z4R0RS B 40 B o 2
AL BT EE R R T, PTBPLGRZE M5 A4 LN kS
JFE AR E ), RBMXL2%k 2 S BB AR IE
WHET, AT FHASRS 7R IE % 3T, SAM68 %
VAR REAN AR AR A B P (AT AR B B, Bk H AR
FA RZOE, PR T AR E R EEDY . A
HIE R I, RNAZE A HLARPTH#EILIAEU6 snRNA
2"-O- B Ak A 1T B (R 2 2 FE 4l I mRIN A 7] AR BY
BEARE N, Larp 7 20 M S 5 P ml /0 BRUREPE R
B, HIBERAKE TR E IR, Ak,
ERMEATEE DR, SUNSFERKAE(c.475C>T,
p.Arg159%*) 5| e n] A8 By 32k A S 8 T 5 BB PR PR AT 28
1k, MR R BUATE A TRED, I 24 6 3k A
MIAPHI BT A SR AR A A RATT 5I EE Ak, B
H RN E RS, SSRIE B 15 I DNAHS A
DNAH1 73R oA n] 5 nl AR By 2 8, S8
K1 R B S5 MR8 TSS9 10157,

3 B S REE AR SH
3.1 RNABIFHESHETFRE

TR 25 B SRR T AR T 4 — R Y 4E
T B AR AL, B R B i BER LIRS 7, B A%
BRIk T % i (spermiogenesis) 2. 76/, T
KT AR S M AR, ATRAS T8 B R 7
N6 BER: 1~ FTEHRS ALY, So~11 K
RURS TAM L, 28 12~1420 4 Y eI 4 Y K 40 i 41,
BIS~160 K TN EE AL B 7e ke, EI A2
BRI, AR R, TEILEYI, R R
e R A RS, AR A E A
SIBWWEHE D . R ER RIS, AR
JE4E, FmsiB Wi E B e e kY, Wk,
T BSR4 ik BT R 7R o 40 i e 30 [ TR G -4
M s AmRNA,  JF 5RBPES & LARH A IR A A
A5 A% B 1% A (messenger ribonucleoprotein,
mRNP)H, Y5 TR B 25, mRNA#EK
T BE AR NS AT R E B G R, 2R
Nl SR - TR R AAARIBE ™, A2 K 0 L  R) ik i 42 ) gt

64

RURFAET ) BAR e - B AR AR i R R T I
feft T — AN FEDIR I S R AR T AL, (HA
PSR IFANE 2 fifi A7 16 T 20 I mRNAZ Wl e A7
Fr i B PR .

3.2 RNABFIRESHMAE

DA% 2 R0 F0RS B 1 AR 1 — B S TR 740
Ft BT 5 2 1A )R 3 e ol A 4 — R A P T 1 B
AR BRI, /N B R B AR I SR R KPR
L kS E A Prm] mRNA 3'UTRAEIELRSEIN
TCEJ G4 (translation control element), R 4EfF HmRNA
b T B AR 1Y, TR R ORI T R
TARBP2'!. RNAf# e GRTHZEHH 28 ks -2 fif A1
FITEAS A RIE, eSS R fokh & A
EAMBEFEET. BT RAETES, poly(A)Z &
# M (poly(A)-binding protein, PABP)X}FmRNAKfa
EMBIRYREHEE/EN, BAEEE BHELBEAE
e NIE DI RV R o b =Y S S v U oy =8 i e
o, {5 FIPABP(2IPABPC 1 FIPABPC2) 4 5 P &5
A mRNAMI3 Kiipoly(A) 8, HHEIF4G1, EIF4G3AN
PAIP1 SR PRALAS M G EE (4 sy, LA T RAER
BB R B4, PAIP2aTERE TR AL HAM 2R
ik ETFF, HPAIP2a5PABPLE A MR /D HelFAGLE 4,
PAIP2afif 2k /N F HPABPRIA /K- 2.3 FFF. mRNA
T 52 B 30058 T 30 FORS 1 R A 2 pR 7,

BRENIENLASAHSCEE 41404, RBPENME 7R AT
FEHmRNARH 72 0 B ZEA 7. SAM68HE A
AT RAESEFEENRNAREEAZ —, &5
mRNAEBI . % AmRNAKIZ FImRNAF X, K £
i, SAM6BLETET 2 BIZMEK (polysome)ZH 43
&S EmRNARIpoly(A) B, k£ 2 Bk
WA AT NRDazI3'UTRS & K&
mRNA, J5PABPE 45 A, HohkRm 2 RAZ A
HHEEmRNA ) 7 A 1 52 8 R, SR T RAEZ
BT AERBATTE A B, S R AR A e
FIEHIRNALE &8 HFXRUE D A 2 5 & £ mRNA K
MEXR1EkE, [FI4H 52 EIFAG3 MIPABPC 1 25 B PR AH ¢
HF, 57— B R a0 R & 0 75 22 D4 R
Wog, MTERRE TR AN R B R RS, HFxrl
S R 0 B BB A N R HEVE R . AN, AR
NS o 30, 7 B RS 70 /)N B PTWI(MIWT) A S
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FHHAEFHpiRNA S # & IG R FelF3AH BAEH, IF5
RNAZE 42 (A HuRE AMIWI/piRNA/eIF3 f/HuR # 2%
FREE A, (RFEmRNAFIIFEEGEH B close loop”%:
FIITE R, 33t s — 20 5 ARE TG4 (AU-rich ele-
ment) FEEmRNARIEHEE, /N BAS I b T4 20 2
W, AWK, KRR R, 55k T B
TEAEPIWILIFE K 5848 (¢.1108C>T, p.R370W;
c.1315C>T, p.R439X), i FEAR /N RS Y K 1% AR
FZMIW/piRNABH B BUE TR, MIWI/elF3f/HuRE
ARSI BRI (I RIA D, B AR N R
PWAB KT BTREREE, UFSNZ RN B
NEBURMERAS.

4  mRNAPFEAARB S i A2 58
4.1 mRNAREHRIBHARE

RNAR U 3 B i 2 Fuk 2 RN A B fif Sk F 4
TIERNAR P E A E, MUS 5 AV IE R K4
WG, T HRNARE ZELT W 5500 kK 4 KR VI
K. HK 2 B E AL AN AL A R mRNA B 0t T ot i
21k (deadenylation), BIXImRNA 3%fipoly(A) 4 714
KR, TEAIREAER. HABE. b, NBURAET S
A2 A I B0 HORS B 4 FE RN A RS 2 BRI I R 45 2k (R R
B BAN, RTERAR . MRS, AR, 3
DAL R B 81 B 422 5] NI A B AT 24 1% B - (pre-
mature termination codon, PTC)mRNAF 277 4E &
A AT, IS R A TE CRAE A 3 I mRNA %
fi#(nonsense-mediated mRNA decay, NMD)JTif#%,
NMDZ 54l sr b N 3B 4318t 4% P 7 90 DA
e JRE 1) 0P e T P A,

(1) AR A SRNAMSHATE. /EAURNAKF
MEZERETA, BETRESS 74000585 404
Ay ¥ 2 A 22 Fo B LA PRI B L R, v A AR FR B
(deadenylase)7E Mt 2 H B BIAZ AR F . i R 1 R T
EAmRNARRE B AR T, & T3-5" %M
filg, S PEHUEALRNA  3'3poly(A) I KM 3
RNA 3'¥iipoly(A) ) I FE, M A2 RN AR FI B f#
SRR HET, CAICCRAH AL E HFRICNOTS6/
6L), CAFI1(MiFL3P+H#ACNOT7/8), PAN2HIAN-
GELZE Wi IR R EG A7 £ T4 K Z Bz AW, m
PARN, Nocturninbh % PDE12%% ¥ A7 1L T 25 L W)

Al AR, R T mRIN A P A A
FPAN2-PAN3FICCR4-NOTH Fih 52 14 1) W5 2 [ it
WIS FE: PAN2-PAN3E A 1S 4f it i R 1 i 72,
FHEmRNA Hpoly(A) B £ 2 110 nt/£ 4, MCCR4-
NOTE &GRSR EL10 nt/E 47, 4mRNAIpoly
(A)R/NF 10 nthf, mRNAXE 73— 2 1 B fg ik
1;%[88,89].

EEYF, KERBPHIA AN ZEMRNAMIZE
PRI O A5y, ARAEmRNA KRS B0 40 75 3R R 54
JE IHImRNA, FF4 54 € T IR E RS, STmRNAR3’
AT B AR EAEBY, AT EmRNAGIZ. Flin, {2t
PR R AL A AR, 456 EmRNA 3'UTRIY
R RE O RN B IR BRI, R v I R R A 2R I s
I JEF R X B mRINA PRV ARE 7 12k B A 9o I JU 7 IR
WA EAE R & A SR RESS G5, PR R
TR 54 EmRNALS &, IR FEmRN AN A% 52
M F T T IV 200 e A AR AR AR 1, SN R
SE I 2 SEmRNA ARG HE AR T IR 1L, ShAb, EA7AE A
— FRRBP X AN [F] (14 i i 7 1% g 2 A AN [+ 5 1 ) 4% 0
WIPABP & #IH| PARNFIBG VS, 11 {2 3E PAN2-PAN3 Al
CCR4-NOTH &K B, X T CCR4-NOTHE &k H
) %5 i i B HF B2 iECCRAFICAF 1, PABP{E#FCCR4{H
HIEICAF 1 ORI

(2) T XRENFHImRNA K52
NMD & B AZ AW s FE AR ST FIRNAR @42, @
It B A PTCImRNATE HIRNAST &, P& H3
UTR. 3% b SEAE (upstream open reading frame,
UORF)Z5 25 F4) (ImRNA K 1 12 3 PR A 5 it 7
71, NMD A] B 32285 8] 2 b 5 i 7L sh 20 40 i 7 29 10%
EHmRNAM RSP e A w1k
AN R o A o B VA 2 b A B B e AR R
FEETEAEM.

NMD [ 88 35 8 & B FFUPF & 1 (UPF1, UPF2
FIUPF3, 3.3+ UPF3 AUPF3AFIUPF3B). SMG
EH(SMG1, SMG5, SMG6, SMG7, SMG8FISMG9)All
4h S5 T B4 5 & K (exon-junction complex, EJC)"*).
EJCTERNABY 21 2 rp 45 A 76 4 B -4 B 7 He 4
FUEEI20~24 nthb. BEEFRIVERIEET, BICKRZREAR
EEIMIEUR, MR R &R 7, eRF1
FIeRF3fE 1% B {57, PABPC15eRF345 & al (Lt %
FOR B R TR S AL BRI, 10 A% B R R 1 tH PTC M 3
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B &I 7 i, S8eRF35PABPCIAL &5
UPF145471% ZmRNAZS A K3'UTR, EiEL L
2 5 3eRF3 5PABPCI AL &, MMiffeRF35UPF145
4, HK3'UTR mRNASHWINHE”RRHELES
UPF1"". UPF1LAEICHK #1177 3 5 UPF2 MIUPF3 B4
&, HEHANMDIRER FFES S5 EMESEEY
(decay-inducing complex, DECID)J K, 75 S mRNA
AR, SMG1RDEUPFI#EER 1k, W R AL 3 Ik
SMGS8FISMG9 i, UPF2#il NZ2UPF15UPF3BH]
7 THFR, SURFE G4 iI UPF2FIUPF3BS EJCH:
R DECID! ' B (L IUPF 148 55 £ Fh 5| Kk
mRNA [EfRFIR T, BIiTSMGS-SMG77# A& &
Y, HEBIRFEFCCRA-NOTE SIS -3 W% IR
SMIIBEXRNT, 73 54 S mRNA R FNS-3" (1A% BR &b
1. SMGS5, SMG6HISMGTA] 555 A B FREFPP2A A
SUPF1 WA, H 5 FIGHNMDIA R+ 5] &8
#i—F/b\E/‘]NMD“M’IOS].

42 RNARERRBHAZE SHEEAE

(1) BERR B IR S HEMEA B . B TTRNAR B A
A, SRR RREGCE R T R A R I 2 O E B
FAER. 78RR/ B I ALEET 7R B, NANOS,
Pumilio, DND1%4:RBPifH i {3 CCR4-NOTHE A 1441
Ii1] [ fif A, F Mei-P267E PN BE L 4% K T ImRNA, T
24 T A B T 4 R 1 R R TR 1 A U000
CCR4-NOTHE A 1A HRNALE A W3 Cnot424: Stra8-Cre
R SRR RS, /N BURE T R AR BEL T 10 A 28 30U 2R 3
BEGH M B 8, FLER Ok 32 5 M XY L € 4R (1) T 6 AT
DN A XU W 2418 52 5 50 o 4 v L AR ) 2
F2'l CCR4-NOTHE &7k AL T Crot 7855, 71
REEMEART, BTREEE N, S0 5887
fE; #E— P K, CAF1a/CNOT7 5440 85 i 52 4
RXRB&: & il R ELBgiE, M2 5 7 koY,
SR, CCR4-NOTHE & 7 — Ak I Cnot6/ 6131
Ja, ANRMEEETT R . AR E N, X B CNOT6/6 Lk
RIEAFEMRE T KE, $#RCCRA-NOTH A IFAELL
Ha Rk RiEDR. ARIRBL, MIWL/
piRNA 5 H 45 & & A MM IR H BECAF 14 FipiRNA i
FHIVTERE & %)(piRNA-induced silencing complex, pi-
RISC), M5 T J5 HKs 740 i 2T FImRNA [ i i £
TR R, FRAL T RS 7T A AT mRIN A K AR i 55 P i
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(1953 F AL

(2) XA FHImRNARE R SHEEAE. NMDI&
2 X EE RS APTCHIMRNAZAT (R MRS R, EX T
KA FEMEELE. EARMM T, UPFLIEA K3
UTR X 355 45 & Ho At B A AH O 82 B JLPABPC1, AT
YHE3UTR mRNAGEATFEAR. RSS2 R R e 1 R s ik
[1)3"'UTR X 3 3k 554, (A 4752 52 UPF 4%, £ 4= 5i 40
e, PTBP1AI 45 & UPFIIETHINMD IE & #47, f#
mRNA BG4 B, PTBPL[EJ5 2% A PTBP2YE M PE A=
B4R AT A2 2 K 3'UTR mRNA, MIRIER 7 & 2E
(R IE % BEAT. 5 S M R 54 Serto L4 L Hh Up2 1 /) B
PEAE, BHEEFEDD, SRS EREH
SertolifF 4 M B A= FH 40 MR AE 40 i, $27RUPF2/r S
NMDZE 5 % H A Sertolidl i ¥ & & Rk A= & h K5
TEEMERYY. UPF3BE ZEAEKS R 40 M0 f ) K4 25
(ARG 4H M TR AEAE, FEE AR RIS )5 /MA (chroma-
toid body, CB)H'; TMUPF3AZEE BF4H M A% J WS 741
Wl RIE, Upf3at 540 M 5V bk /N BRORS 250 ek
A HBFEIC/ S AINMDEEmRNAEFE ETF, i3
UTRSr S [ANMDHEmRNAZE (A KM A5 0 1 2
UPF1, UPF2, UPF3BZNMDIEMHXEAYEET
TR T 20 ICBH, $&7RCB T B8 @A T I Bt 72
HNMDIg A K FE DR EZ I fr. AT EY, CB
FHH 5 5 FI TDRD6 T # BUPF 1 IEH & A T-CBH-#
B HAEZEUPE2, #HAR3'UTRA S IINMDI& 4% 1F 5 i
17, T Tdrd6Rs /N R A3'UTR mRNAE /& 5t

tbAh, OV #OER-loop A C 4% R 7 A8 A /g 3
FIAERE"". R-loopHEik A/2E FIDNA-RNA Z4 £ LA
JAH R EEDNAZH B RR R e (0 i 4544, {EDNAK
il B SR B o R R DR AR M S O TR ELAR
FAUSSE I 9 S, R-loopfa#s 42 FRNase HI
I FR-loop H RNA 1] B 5 B [FIFEXT TR T R AE B K
I A T A S P R R Rnaseh 1520 41 RADS 1
FIDMCIHR S, SFBURE RFEEEHBEE 7.
i@‘ﬁxﬁ[m’lm].

5 BE5RZ

WrRERZHARFNARAL TR, LAF
BEAT OB T AR . BEs 5 AR WIS A% 55 2 BTt
AT RS HE LI 225 S PR IR S R Rk i 4. S g
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New functions and mechanisms of RNA regulation in spermatogenesis
and male infertility
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Spermatogenesis is the most complicated and highly orchestrated cell development processes in animals, in which many mysteries
remain. Male infertility has become a major global concern for population health. Strikingly, more than half of infertile men are of
unknown pathologic causes, representing the major challenge in understanding the disease mechanisms. It is evident that a large
number of RNA-binding proteins are specifically or highly expressed in testis, forming RNA regulatory networks through binding to
the protein-coding mRNAs or/and regulatory non-coding RNAs. Importantly, many RNA-binding proteins and their associated
regulatory non-coding RNAs have been shown to regulate gene expression in male germ cells at epigenetic, transcriptional and post-
transcriptional levels, playing an indispensable role in spermatogenesis and essential for male fertility. Moreover, genetic mutations in
various RNA regulation-related genes have been demonstrated to play causative roles in infertile patients, suggesting abnormal RNA
regulation as a new cause of male infertility. In this Review, we summarize the most recent advances in the field, focusing on the new
functions and mechanisms of RNA modifications, alternative splicing, translation, degradation in spermatogenesis and male
infertility. We also discuss the potential application of RNA regulation in the clinical diagnosis and treatment of male infertility.
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