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BBE, SRJ5 38 IE Western blot Sz Sz 55 (1F) 43 41 548 X
AR KT B AL B 1) 5 1) % Bt B 235 460 s s 00 o B B 7K SF- 19
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R, AR AL EBRARA, RESFBILE AR
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A, AL R AR iy L A A b e R A AR
i1 TR 1) Bl R 0 6 il 22 201 20 8 10% , T S BI04
BB TCE I Sk | 4 e B R R il O A A% PR T
T, SETORG 732 2l BE 1 T B 52 ok - 1 320K fE
J1,

BHEAT W HAIE LN R, BL 2R E N
K2, Septins (SEPT) J: P 4% —2 GTP 4545
B, ENEEAZ Y T2 A7 N B I 2L 2
VI BEARSE , 25 T 2R it 12, s A L%
20 i B 2 VA M Ak I Bl g 2 RN A 52
S5 HE Septins FIEILA T, SEPTI2 15 %2 JL 35k
B IS, SEPTI2 SRS F 306 TR GG | 2k
B2 L B O T R AT A S Rk, SEPTI2
TEMFLSIIRG T & e A2 p R 2 G E T, L3Rk
KX TFRE TR R 2= o w2 % g i
WES it & B 1 9] SEPTI2 FePH 2 A 34558 Kk =78
BB I AR I R R BB L 2= 58, DI
PR & IESE T SEPTI2 K T8 i b i B 245
HAEZ B ERE TR TR B

1 HRETE

1.1 ##

1.1.1 ARAZE WELHERKZE K8 E
Be A 0 55 IR TR B 375 91, AR it T2 4
NG WA A RN A 3 S 55 =5 WA 7RG W 0 b, P
AREHFZPVWIZE R R A R H 2 42m
Frtr , HEBRAEREE TCAS 10 N 400 S (P R D fig
IR BEIRI  HUIR AR DD REGR ) (B SE ALA S R
Y Qe iRl ok i B 35, SRR SR M LA BE
(R A1 JE IREAS A TREAS I 3 st AE AT . AR
GRERF R — M e B B e LA A 2 b S W ALl
HeAE(FHHES 20200048 ), Fr A B EFFRA IR T
P AE R A

1.1.2 XA 5ME  24E3M B RIPA (1R,
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PO013)) (I EHT - — i (52 5: A0279) | M il ECL
b2 % AR F & (585 . PO018S) , —HUFi BT (1%
5. P0256) ¥ A i EE = KAV AR F RA
B-actin FLIK (525 . AC026) Iy H X7 ABclonal 23
AR KE - 4D (HE) B @ik 7 & (5% 5.
BL735A) 4% 22 2 F 40 6 [ 22 Y ( 555 . BLS39A)
W H " [ BioSharp 2\ Fl; SEPT4 #T {k (1% 5
DF13393) \SEPT6 $iiik (535 DF4459) I H V1.7 Af-
finity 2~ #l; RSPH3 $L {& ( 9% 5. 17603-1-AP ) |
TOMM20 HL 44 ( 52 5 : 11802-1-AP) HL &l B 3
Proteintech 7Y #; ACROSIN #i f& ( %% 5. NBP2-
14260 ) 1 H 32 [E Novus Biologicals 23 ] ; 8 i [& &
W (575 : G5882) . a-tubulin Fi4AK (T6793 ), SPAG6
ik (1% 5 HPA038440 ), ACTL7A ( 1% =
HPA021624) SEPT12 Hi{A ( §2*5 SAB1400789) It [
*H Sigma /NG WM EH Marker ( %%;26616) N
Hoechst Y47 (5525 :62,249) 5 H & [F Thermo Fisher
Scientific AT, BN R G0 (K5 . Tanon5200 )
H LKA Al Mot R A B ME (85,
LSM880) . 7 & 9 i f 7 B S 8% (AL %5 . Gemi-
niSEM 300 ) 1 F 5 [5 ZEISS 23 w5 25 7k 5 {3 (7Y
*Z : Cressington 108 ) lJ H JL[F Cressington 2\ ] ; IIfi F
SRR (5 . K850) T H L [E Quorum 2\ ] 5 i85 5
T 3% (815 ; Talos L120C G2 TEM) Iy H £ [
Thermo Fisher Scientific 22 ],

1.2 FHi&

1.2.1 4% 2 F 0 5 (whole exome sequencing,
WES) 5 Sanger A RSN E M PR R R 2]
DNA, 3% 2P A /Y, R 2 2848 4 45 59 4%
7 135848 RS A/ BRI BRAZ 1 R 22 5 (single
nucleotide polymorphisms, SNPs) 284845 | 7£ 2% BRAK
) reads Al PCR #82 J5 #EA T B IE . 7F 1000
Genomes Project S54{CHR 22 HhRar I 45 o7 35 [R] 5 742 i 42
<0.5% SEIURF R Rk s s FaA R A AR5 R
SIFT ,PolyPhen-2 il M-CAP %5/ 5 K 2 Sk 4 A7
TIRE I AN P i, i — 25 i Sanger M ¥ 5
Tk,

1.2.2 #ypaawhs HE SiEE2#3 ~7 d )5, 18
W TR PAFF G RAEA , 75 37 C T F 30 ~60
min FATIRACSS , AR R AR FR  pH (B K ¥ B2 AN
W1, BEBDEEPUCE IR . WRARA
SKHH PBS ¥k 3 ¥K,4% PFA [E5E B H, ARK Pk,
WY R BT — RYVEE B LB (70% ,80% 90% )
HOHE Jea iR I aE LR A IR AR T

WEE T 200 MG TG T IRIE R,

1.2.3 #FHEIRIEZ Western blot  HiHE L
WRZZ W RIPA $& UK 1 2511,95 C7ZZEME 5 min, IR
FES T IR 2L 050, i 258 V3 I 196 e ( SDS-PAGE)
BEME , T 2R LUKV, 5 IV W (4 °C 3K ) , TBST
VR 2% i s W DL K 5% W B IR A 15 B L, K
SDA-PAGE BEBHA LUK N, AR ] Marker
PLKER FARE A, FPUR B PR, 90 min J5 56 A HL gk, BB
PO B — 9 £ (PVDF) i, 44 SDS-PAGE Ji&E#%
| PVDF J I, % [ 90 min, JH TBST 22 il ¥ (20
mmol/L. Tris-HCl, pH 7.5, 150 mmol/L & 1k 44,
0. 1% i 20) BLil 5% WiNs W3 04, 8 F —Pr 4 C
W, 52 K, H TBST Bl vest 3 Wk, & — bt
2 h AR SR G R BRI RS T
g2 BNl S AT

1.2.4 HF ARk PEERH 4% £ B F
[ [ S5 XK AT S i, G 1
PFA [ FEASTE 5] o 3 0 #E 6 B 2803% 5 1, PBS %
FRER S PR A BE - 3 UK, BRI S min, T VB IS 1
0. 2% 1) TritonX-100 ¥ % & T 32 1k 30 min; &1L
55, PBS S I MR TR 3 WK, B S TR N 10% 1)
Pl , IR E B 2 h 6 3% A9 4 13
HE RS —PL, £ 4 C T H—PE LR Tk
HIT x PBS PR 3 WK, G IC ] 2t =9t L & Ho-
echst U, TEEIR N5 —HiIFE 2 h; PBS HGEE
THUEHE R 3 WK NI K 55 8k R R R i e B
PR SO 9 = ;25 PE e TA T G e B E L

1.2.5 #-Fi& % 4% (ransmission electron micros-
copy , TEM) #= 42 4% W 4% ( scanning electron microsco-
py,SEM) 52 3 IR fB UG R 1 0 A YA
A, H PBS V6 2 WK, 2N 1. 0 ml 2. 5% A9
W, PR ERULUE 4 C VKA IS 24 h, TEM prAs ¥
FEAAT B RRER 22 v I vk 4 W, BFK 1 b Bl S fif
F 1% W3R 4 °C [ 72 ; ddH,0 3% 3 ¥k, B 10
min, H-8 FH 2% BEFR /KSRGS 2 bl B &
%(50% . 70% .90% #1 100% ) i 7K , 4 YK 15 min,
100% PIER B 7K 2 W, UK 20 min; KB 5 A 3 7E
Epon 812 H & R0 i % -l i 8 00 e, W4
ARV R, AT R A R 2 1R o L o e ¢, O
TEM WEEHFHIHEM T . SEM FRAs B [ i i A 25 1
N2 500 r/min Z.0> 5 min, 2558 R @2 TR
PBS %t 3 ¥, 30% .50% 75% 95% 1 100% . T
T BE K, R V00 B8 i o A A I o 7 B ik
b, T KU N S BE RS, T CO, I S T g T
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BT o Fn, A Sl SRR U AT LR A T AR
afr, FE_EALIE AL 9 T B AT WL 0 SR

2.1 SEPTI2 EEEE#EHRTMBFTESEE
AWFFERT 375 151 55 W A A S8 5 A0 R L E T WES
MY E B 50, — Bl uE & b 3 2 4>
SEPTI2 B &G KR4S . c. C332A (p. T111K) Al
¢ . 406 _416 del TGCTCGTATTG(p . q 136 VFS *

39) , ILIEARA B IE H NHE 58 AR R AR H A,
WG B2A A T2 58728 A E 5878 . Sanger
JF b 7 35 PR A 67 1 8 A8 43 ok B L4 A AL
BE AP iR ke i (B’ 1) . SEPTI2 B
LT 16 SY R A& 10 N+, gafid—Fp
FH 358 P2 BERR4H i AR 1 o, HAE S L e R A
75 S SR 11 24 25 TR A AN [ 1 2z 1) gk Ak b v B R
5P BEEHEN SEPTI2 2878 ] R85 34055 Wik 7 iE
SHEBMHEATIRA ,

2.2 SEPTI2 EEARTSHBEFESHE LB

E 1 SEPTI2 REMEEMEYREE NN
A SEPTI2 3548 ¥ IR R B T Sanger B4 5 ; B . SEPT12 28 [1748 55 2 ZE R PRSP MR 20 s W B 2R 80 M, S8 AR Y, o faffE ) 21 5 555 3k
KB AL AR R BEE B R R B 5 55 €55 B« Septin-type G S5 FAIE ; S € 75 B . ML 1 5 At S0 1 02 3R A5 S5 # B85 1 €5, B . SEPTINT 7

FUARTL AR FH 25 35k
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G REM R TG4 (WHO) 6 R, R SENSCEE SEPT RESENEEEANBRL LG

SEPTI2 JE[H 57 OO LA BT 46 0 skl O AY0612 2%
WBURIHREIE N, TR RE i e R e »
MB(E 1), #F HE RERFMRBLA DR B prmeE xi00m) 53.6 $15.0
FHRE TIEESH 81T 69% BUAE Tk 350 1 30 /N T5 {ﬁiﬂ?(%) 8.9 >40.0
PRER TR BRI (% 1), H5 THREEH B3 (40 (5 ﬁf‘;g’:ﬁiﬁﬁi . 27 »32.0
S RISk (0 Sk ) Ko R T 3 B0 4 R I T 16.83(34/202) a0
s (#Eamik) (K2A~C), TR 13.86(28/202) <5.0
Sy T kAT SEPTI2 3P4 575 % KS T-45 1y j&;z 63‘3‘;*:;335;) <
IR SRESTEL I FE TEM X ER 20K TR s Mo £ iy 0.49(1/202) o
R, GnlE 2C B FEIEEAE T R TR BT IBEL% (/) ]
WA e RSN, SRk Az B oo
R eiic ST} E R RS R 3PS 7 a1l S-—— 86(172/200)
A, AR A R A — TR IMIRG , RER o v B 2 2hi Tz 9.5(19/200)
TR HE I 5 RS TRl 22 <9 + 27 A 25 1 iz 5(1/200)

2 SEPTI2 REEEFFHRESEREMEHD T
A B W HREF SEPTI2 5378 BFG T HE Y A B 8525 1 % 100 .1 200 ; 4 (457 3k . To @ S MK S RS T ; 15 (B i ok 4 R
BB C R T LM R b A B ES T x 13 600;D K FHEBHIZZ“9 + 27 MBILZEH /M x 22 0005 CP . e R A s MD . 34 XUk
MRS AR 18] B4/ ; ODF  ANZ B 7 4 s MS  ZERLAANY ; FS . £F 468 ; Mid-piece ; /' BE ; Principle-piece : B¢ ; End-piece ; 8B
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R RO Nt 1 e S = 1 N 7 (= DR NS R
SCHESN ZE L, O R sk 2k 48 (| 2D) . DA 2
PE7R, SEPTI2 FE R 53 48 5 30KS + T A, Zepi (48 S
7 4 E TS A B

2.3 SEPTI2 EERTEEBFRIHRE HT
WE—2AR &K SEPTI2 5875 5 33K T8t 4 W B B 1)
4TI, Wetsern blot Fl14 3 5 643 M1 SEPTI2 %
P S () S5 R LE 5% 6] BEORS 7 SEPT12 2 (1 A AH
P QB R O O | S DA TR O = IO = i =
SEPTI2 7% & K ¥ SEPT4 il SEPT12 & 147K
- AL, SEPT6 AR AN . (K 3D) , ffeal ot
AT, FE T AR T BR AL A RS T 2R A A S
SEPT4 SEPT6 F11 SEPT12 5% , ML 2 T, 7E & FI
T — 5T SEPTI2 FEH 278 38 R T30 LR A
I E] SEPT4 SEPT6 5% SEPT12( Kl 3A ~C),

THN TEIEFEAE T WUAFHOCHE 1 ACTLTA
ACROSIN & (ARG F A, b F h s (55
JLT5e 4 hde (HAE SEPT4 ™~ 875 B E K TR ik A
B EAZML (K 4A B) . Western blot 4558 i/~ , 5 1E
WO BCAH AH e, SEPTI2 3k H 22 48 B RS b
ACTL7A F1 ACROSIN £ LTS8 46tk (E 4C)

[Fi] s DA SR A B b 25 2 1 TOMM20 F11
MEERh 22 550 R, AL AR O R R A sk
RSPH3 il g ZHKAE 2 73 SPAG6, WAl 5 Fis, 78

IEFAEF 1, TOMM20 28 H 2 i 764 T #E & By
RAREY  TE SEPTI2 RN REBHERE T, HEARE
SR8 K M FE SEPT4 3R %45 B E K 1
o, TOMM20 42 928 2% )6 {7 5 2028 A4S K5 RSPH3 Al
SPAG6 # [ & i T 1IE % K T & 2K, WA, 76
SEPTI12 R:H %€ 5K T, RSPH3 il SPAG6 & [
{55 L F-5E 4k | MfE SEPT4 FEH %A B T
i Hfa e w5 5 L ANAE . Western blot 5655
P IGEE B — 3, TOMM20 . RSPH3 Fil SPAG6 % 47K
VAE SEPTI2 7378 ARG T W EFEAK,

3 itig

HRAE TS T AR 4140 (WHO) U BCHT A | 24457
SR EA ERIESRF0T 4% K16 510
F 40% B A2 W R 55 RS T5E | 578 RS TR Bl
o R i & A A Sk R B A R R B [n] A 5T
SEPTs 75 & B FIAE K i BRI 7 s |
55K 0 R 55 WRS TE Th AR S T SEPTI2 %R
A% KW SEPTI2 SHRERHATAH K, &5
Sk, JUFP SEPT 25 [ B 85 8 /2 i NG T3 19
LA ER AT, 10, SEPTA X iRk T B0 45 by 52 %
PEE LT SEPTI2 W RELENS T4k 5 SEPT2 |
SEPT4 SEPT6 11 SEPT7 ZH %% il /\ AR 22 4014, It
Y5 SEPT2/4/6/75 A WA HAE F LA Uy RDKS 7 35 19

B3 HZEHFH SEPTs BIKEREMMHT x63
A B .C:Septin ZJi 1 SEPT4 SEPT6 Fil SEPTI2 W4y ¢ 565313 D Western blot 4387 1 3 Hl SEPTI2 5[4 8 4% T SEPT4  SEPT6 Fl

SEPTI12 & /K
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El4 FEFIEEXEBS ACTL7A 1 ACROSIN EBEM B K F#RTA x63
A B IEH KT SEPTI2 SEF 5875 E K T I SEPT4 e [H 2878 RS T TR A S ZE 1 ACTLTA 1 ACROSIN Z& 1 %E 4% ; C; Western blot 43
AT BRI IE B % BEORS 7 ACTL7 A A1 Acrosin 25 FH/KF

E5 ZHiEHEER TOMM0, 5 HHEE A RSPH3 AR _EEE A SPAG6 L BRFEKTE x63
A B .C:TOMM20 . RSPH3 #l SPAG6 TE IE# SEPTI2 [ 2878 Hu 5 Al SEPTA JE[H 5878 B0 T B8 LA ; D : Western blot 23 M7 H 4 il
TF % R 20K - TOMM20 .RSPH3 F1 SPAG6 ()£ i57K
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TERL ",

SEPT12 £ N 2 il 380K 10 R0 i 0 2% 3] 3%
R ARG I TR 3 G A B 1 SEPT4
SEPT6 Fl SEPT12,, i% #6453t {7 T 1E # L2V
T EERE T, X 3 FHUIAR R T 5O E ST
K FERAL 58 A B e | I H 35 G L BRI IE 5L T 3k —
R, Kt —UE R TR T3 A E SEPT4/6/12
AW, H SEPTI2 SR SWIRZE S WIE
B, AR HoAM SEPTs (13835, 306 5 SO T 31 11 Bk
%o

SEPT12 #eHs T & A b i v A THU A S 75 3] 350368
FNERT | FLTIy BB AKE 5 M G S 30 13 700 2 3 A
KOV R M T SEPTI12 7K ) S 37 K 145 4 58 4
PERRE I8 ST DI Re . AV T, BEE T
16 77 O SR R T B B T A B s Sk
TR S8 /Nl ok i THLAA A BB RS T34
GRAERENT. M5, R EER TP
IXLEEREE

SEPT12 M-I K 3 30K T R a4 1B & &
B XHZ B EOR TR A 56 2 4T Western
blot Fl TF A, A4 H g KA 253 SPAG6 FIELHS
AR A% RSPH3 , S/ k F 1% SPAG6 1 RSPH3
AP R ek X R IR SEPTI2 R7A%E
2258 SPAG6 il RSPH3 4317 A4 ik 20> ml ke 4 | 3 1]
fiEJE H&E SEM F1 TEM W28 21 ik 1 B 5 i T2 1

Wang et al " HRiE SEPT4 2878 RF K LRk F
(I LAARTE T B A N34 5)  JFAE SRR A, AR5
1 SEPT4 275 H % 1) TOMM20 5 2¢ Y6 45 J - ik
B T3k — s S UL EI R, 76 SEPTI2 527 A
TOMM20 FFRE 5 ElE 5 Ak, HLBs s K 280
F AR E R AR ZZ LA BK , Western blot fi
AT TOMM20 BHEE T, ik, 5 SEPT4 %
A SR RARAE T BT AN S L SEPTI2 5875
W5 10— A5 B 2 AR 1) TE A 20 25 51 S 8O e R T
B . XAl RS SEPTI2 %78 S 80K i
FIPEEE T TS TEALS

WFFE S 1 W] SEPTI2 578 R E F I PLCLI
O3 AR SR ATRIE SR EE , SEPTI2 BT REE R A A%
TR R T 58 s e W, 55eE s —
i TEM WS SN2 RS 1 kA s 14 i)
TR EEE . F—25 Western blot Fl IF 4347, 5K
Ty ACTL7A H1 ACROSIN i & s /b a2k . X
PERT SEPTI2 75435 R TR & 2 15r ACRO-

SIN 1 ACTL7A J A 9 /b 5 ek A8 | #1717 5 | G - T
(NN

FEAERFSE W7, SEPT6KO /N LA TF 3, 0
FB AT ] Septins Y 52 = AE AL, SEPT3 I
SEPTS KO /NRA R B AT RE ) 78
/NEUP L, SEPT4 B BIE I 2 54 P4 i Th RET, 4R
1M, SEPT4 5378 [ 35 [k 55 W RS —F A S JC =AW I i AN
WAER X R septin R G0 HLA F A T4
o FEABFSE H, IF 087 SEPT4 ™~ RAS B HE N F
1Y ACROSIN (ACTL7A .RSPH3 1 SPAG6 K 1,3
W] SEPT4 5875 A 2% 5 30K - b 35 1) TOUIA fke o R
B E S 52X LAY, SEPTI2 2878
EE s G o< o i <5 A A A S ool (51 £/ T
SEPTI2 YAEFIE BUA % W b SEPT4 K, HH S
SRFIERFALRI 4 FEBYEART AR
JHATRETE 2L

SZ L SEPTI2 BEH 2 Fhig 5 5 5 538 e S Pk b
BT T 2R TRAE , R S SN R 5 RS TE 5 7
% SEPTI2 278 H.35 vh HUBE T 58T O KE T 20 it 2k K
SEMEG T BE & SEPTI2 875 4F B R & h 1 %
FESTTFHLH

i

o bk
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SEPTI2 gene mutation leads to asthenospermia and male infertility
Guo Senzhao'”,Yu Hui'*, Gu Meng'?>, Wu Baoyan'", Li Kuokuo'?,
Tang Dongdong'*, He Xiaojin'?, Cao Yunxia'?, Lv Mingrong'*
(' Dept of Obstetrics and Gynecology, The First Affiliated Hospital of Anhui Medical University ,
Hefei 230032 ;° National Health and Wellness Commission Key Laboratory of Gametes

and Genital Tract Anomalies Research, Hefer 230032)
Abstract Objective To investigate the role of member septin family ( SEPTI2)in human spermatogenesis and its
influence on sperm motility and sperm ultrastructure. Methods Whole exome sequencing ( WES) was performed
on peripheral blood DNA exiracted from 375 patients with asthenoteratozoospermia, and a patient with idiopathic in-
fertility carrying compound heterozygous mutation of SEPTI2 was screened out. Sanger sequencing was performed to
verify the mutation, and co-segregation analysis was performed in the family. The morphological abnormalities of
sperm were analyzed by hematoxylin-eosin ( HE) staining and scanning electron microscopy (SEM) , and the ulira-
structural defects of sperm were analyzed by transmission electron microscopy (TEM). Then the effects of the muta-
tion on the level and position of the protein and the changes of the location and level of the defect structure markers
were analyzed by Western blot and immune-fluorescence (1F). Results The compound heterozygous mutations c.
C332A (p. TI111K) and c. 406_416 del TGCTCGTATTG (p. q136 VFS *39) in the SEPTI2 gene were screened
and identified in a patient with asthenoteratozoospermia. The mutations were verified by Sanger sequencing, which
was consistent with the co-segregation genetic pattern of the family. The mutations resulted in loss of protein expres-
sion, decreased sperm motility and sperm morphological deformities, mainly including short tail, curly tail and ir-
regular sperm head. The ultrastructure of sperm showed that the annulus between the mid-piece and the principle-
piece was missing, the acrosome membrane of sperm head fell off and the nucleus contained vacuoles. In the mid-
piece of sperm flagella, the arrangement of mitochondrial sheath was disordered, most of flagella axoneme central
pair was absent, microtubules doublet was missing or disordered, and some radical spoke was absent. By Western
blot and IF, the marker proteins of related structural components were detected, and the results showed that the
level of SEPT4 protein decreased, SEPT6 protein unchanged, acrosomal related proteins ACTL7A and ACROSIN
protein missing, and the expression levels of mitochondrial and axoneme related proteins TOMM20, SPAG6 and
RSPH3 protein significantly decreased. Conclusion The deletion of SEPTI2 protein caused by SEPTI2 gene mu-
tation leads to the deletion of the annulus between the mid-piece and the principle-piece, and the abnormal assem-
bly of sperm acrosome, mitochondrial sheath and flagella.
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