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[Abstract] Objective To systematically analyze the mutation spectrum of the androglobin gene (ADGB) in
infertile males and investigate the association between its genotypes and phenotypes related to male infertility, thereby
elucidating the critical role of ADGB in male reproductive function. Methods  This study recruited 781 Chinese males
diagnosed with primary infertility. Whole exome sequencing (WES) combined with Sanger sequencing was used to screen
for and identify potential pathogenic mutations in the ADGB gene among infertile males. Bioinformatics analysis of
ADGB evolutionary conservation was conducted using MEGAI11 software. Western blotting was performed to detect

ADGB expression in patients' sperm. Semen analysis and modified Papanicolaou staining were used to evaluate sperm
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motility and morphological characteristics, while transmission electron microscopy (TEM) was used to observe
abnormalities in sperm ultrastructure. Additionally, real-time fluorescence quantitative PCR was used to detect Adgb
mRNA expression levels in various mouse tissues and testicular developmental stages. Immunofluorescence staining was
used to analyze the localization and expression distribution of ADGB in human and mouse germ cells across different
developmental stages. Finally, proteins associated with ADGB were screened using STRING data and validated by co-
immunoprecipitation. Results ~Among 781 infertile men, 148 ADGB gene mutation sites were identified. According to
the American College of Medical Genetics and Genomics (ACMG) Variant Classification Guidelines, 45 sites were
classified as benign mutations, one site as a potentially benign mutation, 96 sites as variants of uncertain significance, and
6 sites as potentially pathogenic mutations. Two potentially pathogenic mutations (c.4859G > A and c.4981A > G) were
identified in a compound heterozygous state in a patient with idiopathic oligoasthenoteratozoospermia (OAT).
Conservation analysis suggested that these mutations may disrupt functionally conserved domains of the ADGB gene
across species, indicating potential pathogenicity. Western blot analysis revealed absent ADGB protein expression in the
patient's sperm. Morphological analysis showed marked head abnormalities (microcephaly, conical heads) and tail defects
(short tails, acutely angled curved tails, coiled tails, and tailless sperm) in the patient's sperm. TEM observations showed
spermatozoa with acrosome loss, disorganized mitochondrial sheath helical structures, and disrupted or partially absent
“9 + 2”7 microtubule structures in the axoneme. Additionally, ADGB was found to be highly expressed after puberty in
both human and mouse testes and was localized to the acrosome and flagella of spermatogenic cells. Co-
immunoprecipitation experiments confirmed TTC29 and CFAP47 as interacting proteins of ADGB. The patient carrying
the pathogenic ADGB mutation achieved a successful pregnancy through intracytoplasmic sperm injection (ICSI)

treatment. Conclusion This study expands the mutation and phenotypic spectrum of ADGB in male infertility,

confirming its biological significance in maintaining human fertility.
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Table 1 Analysis of semen parameters in patients with ADGB gene mutations

Parameter Result Reference
Semen volume/mL 4.3 =14
Sperm concentration/ 10°mL™" 2.0 =16
Vitality/% 16 =54
Progressive motility/% <1 =30
Normal sperm morphology/% 0 =4

Abnormal head/% (case)
Abnormal neck and middle piece/% (case)

Abnormal flagella/% (case)

76.5 (153/200)
14 (28/200)

62.5 (125/200)
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Fig 1 Identification of ADGB compound heterozygous mutations in patients with oligoasthenozoospermia

A, Sanger sequencing results. B, Conserved amino acids indicated by alignment of ten species. C, Phylogenetic tree (red triangles represent Arg1620; white triangles

represent other amino acids at position 1620; green circles represent Lys1661; white circles represent other amino acids at position 1661).
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Table 2 Ggenetic information of patients with ADGB mutations

Parameter Mutation 1 Mutation 2
c¢DNA mutation c.4859G > A c4981A>G
Protein alteration p.Argl620GIn p.Lys1661Glu
Mutation type Missense variant Missense variant
Allele frequency

1000 Genomes-East Asian 0.0010 N/A

ExAC-Asian 0.0001 N/A

GnomAD v4-East Asian 0.002 85 0.0006
Function prediction

SIFT D D

PolyPhen-2 D P

CADD_phred 282 20.4

N/A: not available. Levels of function prediction: SIFT: D means deleterious; Polyphen-2: D means probably damaging, P means possibly damaging;
CADD_phred: = 30 highly deleterious, 20-29 likely deleterious, < 20 neutral/low risk.
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Fig 2 ADGB expression in sperm from patients with ADGB mutations

and normal controls
Predicted protein structure changes induced by ADGB missense variants
(A), expression and localization of ADGB in spermatozoa from the patient and a

control (B), scale bars = 5 um. ADGB protein from the patient and a control (C).
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ADGB mutations
A, Papanicolaou staining of spermatozoa obtained from a control and the
patient (scale bars = 5 um). B, Morphological defects in the patient's sperm
observed by transmission electron microscopy (CP: central pair of microtubules;
ODF: outer dense fiber; MS: mitochondrial sheath; Ac: acrosome; Nu: nucleus;

DMT: double microtubule. Scale bars = 200 nm).
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different stages of germ cells from human testes. Scale bars = 5 um.
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A, Expression of Adgb mRNA in various mouse tissues. B, Expression of Adgb mRNA in mouse testes at different postnatal days (P: postnatal day). C,
Immunofluorescence staining of ADGB in various stages of germ cells from mouse testes (Step 1-8: round spermatids; Step 9-12: early elongating spermatids; Step 13-14:

late elongating spermatids; Step 15-16: elongated spermatids. Scale bars = 5 um).



1

ERKEEE: A4 LN A /D G5 IR TEAS TAE S A B ADG B I B0 148 167

FHFEMEAEH (K6B) . X2 &R ADGBA] figil
iLZ5A TTC29MICFAPA7, MM AERE A B L BE R #E T 4l
2L IEH A

Normal Patient

DAPI/C(-TLIIJHIH] _ !!

DAPI/Q*'I‘leUIiIl _ !!

o L
'),9

X <C
R o

DAPI/

DAPI/

ADGB | s

N
\QQ& \Q'-Cﬁ

e ADGB -1_

6 ADGB5TTC29,CFAP47HThBEMR K 1%
Fig 6 Functional correlation between ADGB and TTC29, CFAP47
A, Immunofluorescence staining of TTC29 and CFAP47 in patients with
ADGB mutations (blue: DAPI; green: TTC29 and CFAP47; red: a-tubulin. Scale
bar=5 um). B, Co-immunoprecipitation analysis demonstrating the binding of

ADGB with TTC29 and CFAP47 using human testis lysates.

2.5 ADGBEERTLTEEMMHBEELER
FETRICSTIA YT A A o, 32 /8 3 A AR AR L 3k o
3645, 2K 18 hiTAh s IE 8 SUF 2R 2R R 70%, A
R ZREZAEIG: . ZRIMNEFREEIR, PR AT BALI
1200, WML G A T8 VR IR . IR E—
RS BHS K, BT W] R BRI 7AL, I rhai g%
AoF AN A B Gardneri P43 4BB X DA |, AT B B4R R
PRAF . B RVRRALEI I, B LMAABATE A BEN IS, B
R B G S, BATE R H 4306 G I 28 G0 BB
#2) . FIRBERR, £1%F A DGBIE R 278 G801 P H A
TH5A0 /DN REBG, TICSIEL A T A S5 kE H AR SZ K B, by
I PE B YA T B SR AT 17 Al B A B R

3 it

OATYE N HHEATE 1 L BLRAVRRE, Hast (L2~ HL ]
T AR W E R . T e A som FE R 29 &
WIS RERL L, — 2K T H B M S M R AH DI A,
DNAHZEHER . CFAPZIGHE N . DRCH Rk R AL H At
s 2 B R A R D 4 TR O A B AR I OGB4y

T, NZRARDNA | 4 5 2 A LB FIROSFFE 1, 4K
11T, T3 50% R4 1 PRI (81 JC T S, i A7 A R et oA N B0
WA . AR5 IS WESTEOAT R A A
ADGBIEH %875 (c.4859G>AMIc.4981A>G) . A IR, IE
9P FE AN ADGBER 15 4 T IO X R & X
MR FAEAR P AR IE TTUA X 1 PNA K ADGB A 114
5 EE S B, 78 ADGBERC AT RE S ORI R &
Uifg. KB WP —287R, Adgb mRNATE/N R 5
FU YRR B 835 7 OB R e, HOKPAEA:
H RS RS I, 2 AR A I A B I, 12 R IR
K5 e R 1 ADGBER A N FV N BRI B RS+
20 S A TR - 240 HE 1) TOUAA R 6 o 104 20 25 o7 v 3
W&, (H3TE e, ADGBRE B F K THi &+,
TTC29MCFAP47 R GARE 5 ¥ >, HTTC29H1
CFAP47¥) 5 ADGBFTE HAE X &, X N ADGB W] fEid iof
S5 HE B S5 40 2R Ok B2 KT 1 is sh kSR AL T 2 HIE
fglee, LR Y TR RN ADGBIE N BT LA
FIHA L R, 7 TR B B A =6 21 %% vp 1T 8 2 %
fEH .

ADGBE I & 4RSS IR — 293502 0
R O N 515 2 [ B 25 A B . — A~ 24300 12U BE R A AR A
TIRe X, — 21504 AR I L BREE 45 5, LUK
— Y750 R . R AN RERY Comas k™, 7E H AT
R IAYADGBEE K 57 35 v, DI R A 2 A 6 i o T
Com &3, KW BT R IAFTEOAT ! ¥, X HAMISY
A 1) 58 AR S5 F I I PRI — B, 7 A HITIRE 1) Coity
LRI AT BETEAG T R A P SRR E R . TR DR ST
TERT, Argl6207E T A H HESh Y h 1 s BE AR <F, iX R
‘B A AES 5 ADGBIY N RERLH; I L, Lys166111
PRAFIE N R 25 AR S, SR IIAEAR S HE 3
Py R AT IS AR, B 3K A7 a5 B T B 24 SR AT
REAATETR oy 25 5 . R, 285 HED A\ JE ADGBEE H Cliii 4%
FBAERE F R A il 55 CHEVEH, ADGBIY c.4859G>A %
SR e 5| T AR DI REA 3, (LR R AL I
g it — 5

HFLS RS+ HEBAE s B R e iz s an ), Ho
DT80S 9 X 2+ 2" T A RY AL R A il 22 B A
A B2 SRR T bR I B ) R VR | R R M
P VAR50 o ORS00 i 22 vh e e i, X —
SR SE RV R R B AR S ) S i S R v R )
FERA (HASSETER S, ADGBYE NS LT BAE
FE T, FE RGP AR ch AR A TE S o ol 22 v e
B HAER ] A B AR SR 3 PR /N R A



168 PUN S22 (B2 )

5 5745

WFoEdE— 7R, Adgbdk PRI mi bk vl 5 | &G 1 HE B 227
EHES AL AR Y W5, A FBURSNZ G R
TR TR A FA JE, ADGBI KA Z LT AR
B D T FOXT L BLE A% . 8 1 B HAR T STIE
S:, ADGBF 5 SEPT10(Hf £ 50 i e e 45 i A )
CFAP69 Uil 22 ) I3 W% 52 A A 51 ) LA S SPEF2 (28
LR YRS R ) T IR R AR, X Fh 24 B AN
KRR IR A AR P L S 0 U I R ERSE ) By 1
HEARAERY A5 KB FRE T TTC29H!
CFAP473R kK- 2 T, HTTC29MCFAP47H) 5
ADGBTEEA AR, H ADGBE I 5 Ifi PR 4238 19
TTC29/CFAPA7ER AT E MG Tk R EIE R AL — 32,
$278 ADGB ] A3 32 5 TTC29FICFAPA7 I HAE A 4354l
24 rp e B G SEROME R I, ADGBAAS ] BgH i R ¢
SR M EAE, AR A R MRS BT 55
BRI, A FEBMARE . X ADGBZRAE 1) R 1H
ZLICSIAYT BT AR AR W R AT Wi I 43 Ik, H iy 12 38 119 5.467)
ADGBHE F 2878 R0 R AA 143 3 TCSTHE A S BRI R 4T Uik
(3 DL P 246 B2 U BB 26 3) 1> ), FE 0 UE SE A7 #E ADGBA
T RIS AR S 114 B TT a1 TCS T AR AT 34 v Rk 2
ZHIBEDS

25 BT, AW Z 48R T ADGBS YR
B 2 CHE, Tt H R AEOATH I, 388 T ADGBTERS
TSR o AT Sy BRI R SIS R, TESE
ADGBZZE 4 RV NI RIS Wr i) 8 B0y T, sy
R T (18 35 2 0 A R R S M4l T SR w4 L T B4
Wi (HASTER SR, JETICSIHY A Bl A Jl B R AE ADGB%E
AR B3 TP R B R BB A U 45 R (I R AT IR 3 100% ), 1™
AR AR TR T RE T IR g . BB Ty
i, ADGBZEAE 5| K 1 T A R B 45 #4) S5 o B i B PR T
REE L VA7 22 4l L 25 Db R) K 8 s ks T2 fg, X — MR il
MR AEHE— I T AR AR

* * *

FEERBRAEY] B F RSO | Bl 4 . BT AT
FE BHFEIT ik Bk AT AR S 1R, AL ST ABT T . BT
TP, ) TR AR T WEFE ik bRl Ak, P33t
WSCHE Bl i, Z2 2R, WEFT I F AR SRR W A
SIS, FrARE CRR SRR A T, B E AR
FRIRRAR BEA T HRe 2 E A, I [ T T AR AT 7 T £ 58

Author Contribution WANG Qiuyi is responsible for conceptualization,
data curation, formal analysis, investigation, methodology, validation,
visualization, and writing--original draft. YANG Yihong is responsible for
investigation, methodology, and resources. JJANG Chuan is responsible for

investigation, methodology, validation, and visualization. SHEN Ying is

responsible for conceptualization, data curation, funding acquisition,
project administration, resources, supervision, and writing--review and
editing. All authors consented to the submission of the article to the Journal.
All authors approved the final version to be published and agreed to take
responsibility for all aspects of the work.

R AMEHEURREATIHESTFERE . SR
T b T A R AR I FIBOR AT, BRI NG TR, BRItz
b, FrA FE & PR WA R 5 vh 2

Declaration of Conflicting Interests SHEN Ying is a member of the
Junior Editorial Board of the journal. All processes involved in the editing
and reviewing of this article were carried out in strict compliance with the
journal's policies and there was no inappropriate personal involvement by

the author. Other than this, all authors declare no competing interests.

£ % x W

[1] AGARWAL A, BASKARAN S, PAREKH N, ef al. Male infertility. Lancet,
2021, 397(10271): 319-333. doi: 10.1016/S0140-6736(20)32667-2.

(2] MHET, VF T, WRARAR, 45, 2 BR2041 F R ANHLIX 1990—20194F RZLAR

BE GRS R BN, AR AR 2GR, 2025, 45(3): 277-285.
doi: 10.3760/cma.j.cn101441-20240908-00331.
SUNY N, XU N, CHENG Y Y, et al. Global analysis and forecast of the
burden of infertility in 204 countries and territories from 1990 to 2019.
Chin J Reprod Contracep, 2025, 45(3): 277-285. doi: 10.3760/cma.j.
cn101441-20240908-00331.

[3] EISENBERG M L, ESTEVES S C, LAMB D J, et al. Male infertility. Nat
Rev Dis Primers, 2023, 9(1): 49. doi: 10.1038/541572-023-00459-w.

[4] TOURNAYE H, KRAUSZ C, OATES R D. Novel concepts in the
aetiology of male reproductive impairment. Lancet Diabetes Endocrinol,
2017, 5(7): 544-553. doi: 10.1016/52213-8587(16)30040-7.

(5] JVEME, XA, U . B & AL R FAR SR T B o e oh
TER Y0 B2 22 2435, 2022, 45(5): 553-558. doi: 10.3760/cma.j.cnl14452-
20211111-00706.

LIU Z R, LIU Q C, HONG G L. Research progress of genetic testing in
male infertility. Chin J Lab Med, 2022, 45(5): 553-558. doi: 10.3760/cma.j.
cn114452-20211111-00706.

[6] KRAUSZ C, RIERA-ESCAMILLA A. Genetics of male infertility. Nat Rev
Urol, 2018, 15(6): 369-384. doi: 10.1038/s41585-018-0003-3.

(7] XA, 2 Z 8. K TR 2 RIBA S5 ARSI it . e
E kA 2%, 2021, 41(9): 843-849. doi: 10.3760/cma.j.cn101441-
20200401-00178.

LIU X D, LI Y F. Progress in the study of the related genes of multiple
morphological abnormalities of the sperm flagellum. Chin J Reprod
Contracep, 2021, 41(9): 843-849. doi: 10.3760/cma.j.cn101441-20200401-00178.

(8]  ERFRW, T5k, WiAF, 4. SEPTI2HEIN 275 S35 Wik FHES e B A
H. LEEFIR ¥R, 2024, 59(6): 939-946. doi: 10.19405/j.cnki.
issn1000-1492.2024.06.003.

GUO S Z, YU H, GU M, et al. SEPTI2 gene mutation leads to
asthenospermia and male infertility. Acta Universitatis Medicinalis
Anhui, 2024, 59(6): 939-946. doi: 10.19405/j.cnki.issn1000-1492.2024.06.003.

[9] HOUSTON B J, RIERA-ESCAMILLA A, WYRWOLL M J, et al. A
systematic review of the validated monogenic causes of human male
infertility: 2020 update and a discussion of emerging gene-disease
relationships. Hum Reprod Update, 2021, 28(1): 15-29. doi: 10.1093/
humupd/dmab030.

[10] BURMESTER T, HANKELN T. Function and evolution of vertebrate
globins. Acta Physiol (Oxf), 2014, 211(3): 501-514. doi: 10.1111/apha.12312.

[11] KEPPNER A, MARIC D, CORREIA M, et al. Lessons from the post-
genomic era: globin diversity beyond oxygen binding and transport.
Redox Biol, 2020, 37: 101687. doi: 10.1016/j.red0x.2020.101687.

[12] HOOGEWTJS D, EBNER B, GERMANI F, et al. Androglobin: a chimeric
globin in metazoans that is preferentially expressed in Mammalian testes.


https://doi.org/10.1016/S0140-6736(20)32667-2
https://doi.org/10.1016/S0140-6736(20)32667-2
https://doi.org/10.1016/S0140-6736(20)32667-2
https://doi.org/10.1016/S0140-6736(20)32667-2
https://doi.org/10.1016/S0140-6736(20)32667-2
https://doi.org/10.1016/S0140-6736(20)32667-2
https://doi.org/10.3760/cma.j.cn101441-20240908-00331
https://doi.org/10.3760/cma.j.cn101441-20240908-00331
https://doi.org/10.3760/cma.j.cn101441-20240908-00331
https://doi.org/10.3760/cma.j.cn101441-20240908-00331
https://doi.org/10.3760/cma.j.cn101441-20240908-00331
https://doi.org/10.3760/cma.j.cn101441-20240908-00331
https://doi.org/10.3760/cma.j.cn101441-20240908-00331
https://doi.org/10.3760/cma.j.cn101441-20240908-00331
https://doi.org/10.3760/cma.j.cn101441-20240908-00331
https://doi.org/10.3760/cma.j.cn101441-20240908-00331
https://doi.org/10.3760/cma.j.cn101441-20240908-00331
https://doi.org/10.3760/cma.j.cn101441-20240908-00331
https://doi.org/10.3760/cma.j.cn101441-20240908-00331
https://doi.org/10.1038/s41572-023-00459-w
https://doi.org/10.1038/s41572-023-00459-w
https://doi.org/10.1038/s41572-023-00459-w
https://doi.org/10.1038/s41572-023-00459-w
https://doi.org/10.1038/s41572-023-00459-w
https://doi.org/10.1038/s41572-023-00459-w
https://doi.org/10.1038/s41572-023-00459-w
https://doi.org/10.1038/s41572-023-00459-w
https://doi.org/10.1038/s41572-023-00459-w
https://doi.org/10.1016/S2213-8587(16)30040-7
https://doi.org/10.1016/S2213-8587(16)30040-7
https://doi.org/10.1016/S2213-8587(16)30040-7
https://doi.org/10.1016/S2213-8587(16)30040-7
https://doi.org/10.1016/S2213-8587(16)30040-7
https://doi.org/10.1016/S2213-8587(16)30040-7
https://doi.org/10.3760/cma.j.cn114452-20211111-00706
https://doi.org/10.3760/cma.j.cn114452-20211111-00706
https://doi.org/10.3760/cma.j.cn114452-20211111-00706
https://doi.org/10.3760/cma.j.cn114452-20211111-00706
https://doi.org/10.3760/cma.j.cn114452-20211111-00706
https://doi.org/10.3760/cma.j.cn114452-20211111-00706
https://doi.org/10.3760/cma.j.cn114452-20211111-00706
https://doi.org/10.3760/cma.j.cn114452-20211111-00706
https://doi.org/10.3760/cma.j.cn114452-20211111-00706
https://doi.org/10.3760/cma.j.cn114452-20211111-00706
https://doi.org/10.3760/cma.j.cn114452-20211111-00706
https://doi.org/10.3760/cma.j.cn114452-20211111-00706
https://doi.org/10.3760/cma.j.cn114452-20211111-00706
https://doi.org/10.3760/cma.j.cn114452-20211111-00706
https://doi.org/10.1038/s41585-018-0003-3
https://doi.org/10.1038/s41585-018-0003-3
https://doi.org/10.1038/s41585-018-0003-3
https://doi.org/10.1038/s41585-018-0003-3
https://doi.org/10.1038/s41585-018-0003-3
https://doi.org/10.1038/s41585-018-0003-3
https://doi.org/10.1038/s41585-018-0003-3
https://doi.org/10.1038/s41585-018-0003-3
https://doi.org/10.1038/s41585-018-0003-3
https://doi.org/10.3760/cma.j.cn101441-20200401-00178
https://doi.org/10.3760/cma.j.cn101441-20200401-00178
https://doi.org/10.3760/cma.j.cn101441-20200401-00178
https://doi.org/10.3760/cma.j.cn101441-20200401-00178
https://doi.org/10.3760/cma.j.cn101441-20200401-00178
https://doi.org/10.3760/cma.j.cn101441-20200401-00178
https://doi.org/10.3760/cma.j.cn101441-20200401-00178
https://doi.org/10.3760/cma.j.cn101441-20200401-00178
https://doi.org/10.3760/cma.j.cn101441-20200401-00178
https://doi.org/10.3760/cma.j.cn101441-20200401-00178
https://doi.org/10.3760/cma.j.cn101441-20200401-00178
https://doi.org/10.3760/cma.j.cn101441-20200401-00178
https://doi.org/10.3760/cma.j.cn101441-20200401-00178
https://doi.org/10.3760/cma.j.cn101441-20200401-00178
https://doi.org/10.19405/j.cnki.issn1000-1492.2024.06.003
https://doi.org/10.19405/j.cnki.issn1000-1492.2024.06.003
https://doi.org/10.19405/j.cnki.issn1000-1492.2024.06.003
https://doi.org/10.19405/j.cnki.issn1000-1492.2024.06.003
https://doi.org/10.19405/j.cnki.issn1000-1492.2024.06.003
https://doi.org/10.19405/j.cnki.issn1000-1492.2024.06.003
https://doi.org/10.19405/j.cnki.issn1000-1492.2024.06.003
https://doi.org/10.19405/j.cnki.issn1000-1492.2024.06.003
https://doi.org/10.19405/j.cnki.issn1000-1492.2024.06.003
https://doi.org/10.19405/j.cnki.issn1000-1492.2024.06.003
https://doi.org/10.1093/humupd/dmab030
https://doi.org/10.1093/humupd/dmab030
https://doi.org/10.1093/humupd/dmab030
https://doi.org/10.1111/apha.12312
https://doi.org/10.1111/apha.12312
https://doi.org/10.1016/j.redox.2020.101687
https://doi.org/10.1016/j.redox.2020.101687

L] ERKEEE: A4 LN A /D G5 IR TEAS TAE S A B ADG B I B0 148 169

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Mol Biol Evol, 2012, 29(4): 1105-1114. doi: 10.1093/molbev/msr246.

QU R, ZHANG Z, WU L, et al. ADGB variants cause asthenozoospermia
and male infertility. Hum Genet, 2023, 142(6): 735-748. doi: 10.1007/
500439-023-02546-0.

KEPPNER A, CORREIA M, SANTAMBROGIO §, et al. Androglobin, a
chimeric mammalian globin, is required for male fertility. Elife, 2022, 11:
€72374. doi: 10.7554/eLife.72374.

GAOY, LIU L, TIAN S, et al. Whole-exome sequencing identifies ADGB
as a novel causative gene for male infertility in humans: from motility to
fertilization. Andrology, 2025, 13(5): 1105-1116. doi: 10.1111/andr.13605.

ABOU TAYOUN A N, PESARAN T, DISTEFANO M T, et al.
Recommendations for interpreting the loss of function PVS1
ACMG/AMP variant criterion. Hum Mutat, 2018, 39(11): 1517-1524. doi:
10.1002/humu.23626.

RICHARDS S, AZIZ N, BALE §, et al. Standards and guidelines for the
interpretation of sequence variants: a joint consensus recommendation of
the American College of Medical Genetics and Genomics and the
Association for Molecular Pathology. Genet Med, 2015, 17(5): 405-424.
doi: 10.1038/gim.2015.30.

JIAO S Y, YANG Y H, CHEN S R. Molecular genetics of infertility: loss-
of-function mutations in humans and corresponding knockout/mutated
mice. Hum Reprod Update, 2021, 27(1): 154-189. doi: 10.1093/humupd/
dmaa034.

TU C, CONG J, ZHANG Q, et al. Bi-allelic mutations of DNAH10 cause
primary male infertility with asthenoteratozoospermia in humans and
mice. Am ] Hum Genet, 2021, 108(8): 1466-1477. doi: 10.1016/j.ajhg.2021.06.010.
LIU M, DAI S, ZHANG J, et al. A novel mutation in CFAP47 causes male
infertility due to multiple morphological abnormalities of the sperm
flagella. Front Endocrinol (Lausanne), 2023, 14: 1155639. doi: 10.3389/
fendo.2023.1155639.

DAIS, LIANG Y, LIU M, et al. Novel biallelic mutations in TTC29 cause

asthenoteratospermia and male infertility. Mol Genet Genomic Med,
2022, 10(12): €2078. doi: 10.1002/mgg3.2078.

[22] KOAY T W, OSTERHOF C, ORLANDO I M G, et al. Androglobin gene
expression patterns and FOXJ1-dependent regulation indicate its
functional association with ciliogenesis. J Biol Chem, 2021, 296: 100291.
doi: 10.1016/.jbc.2021.100291.

[23] GUNESS, SENGUPTA P, HENKEL R, et al. Microtubular Dysfunction
and Male Infertility. World ] Mens Health, 2020, 38(1): 9-23. doi: 10.5534/
wjmh.180066.

[24] TOURE A, MARTINEZ G, KHERRAF Z E, et al. The genetic architecture
of morphological abnormalities of the sperm tail. Hum Genet, 2021,
140(1): 21-42. doi: 10.1007/s00439-020-02113-x.

[25] SHAHROKHI S Z, SALEHI P, ALYASIN A, ef al. Asthenozoospermia:
cellular and molecular contributing factors and treatment strategies.
Andrologia, 2020, 52(2): €13463. doi: 10.1111/and.13463.

[26] JOACHIMIAK E, OSINKA A, FARAHAT H, et al. Composition and
function of the C1b/Clf region in the ciliary central apparatus. Sci Rep,
2021, 11(1): 11760. doi: 10.1038/s41598-021-90996-9.

(2025 - 05 — 10MitH, 2025 — 12 - 10f& 7))
HE A HE
FEHBARE A SO R R RS A — AR
TATE 4.0 bri il §1 (CC BY-NC 4.0), PE4R{E BV
https://creativecommons.org/licenses/by-nc/4.0/

OPEN ACCESS This article is licensed for use under Creative Commons

Attribution-NonCommercial 4.0 International license (CC BY-NC 4.0). For more

information, visit https://creativecommons.org/licenses/by-nc/4.0/.

© 2026 (PUJIRZEZEAR (BEEARR) YmiH

Editorial Office of Journal of Sichuan University (Medical Sciences)


https://doi.org/10.1093/molbev/msr246
https://doi.org/10.1093/molbev/msr246
https://doi.org/10.1007/s00439-023-02546-0
https://doi.org/10.1007/s00439-023-02546-0
https://doi.org/10.1007/s00439-023-02546-0
https://doi.org/10.1007/s00439-023-02546-0
https://doi.org/10.1007/s00439-023-02546-0
https://doi.org/10.1007/s00439-023-02546-0
https://doi.org/10.1007/s00439-023-02546-0
https://doi.org/10.1007/s00439-023-02546-0
https://doi.org/10.1007/s00439-023-02546-0
https://doi.org/10.7554/eLife.72374
https://doi.org/10.7554/eLife.72374
https://doi.org/10.1111/andr.13605
https://doi.org/10.1111/andr.13605
https://doi.org/10.1002/humu.23626
https://doi.org/10.1002/humu.23626
https://doi.org/10.1038/gim.2015.30
https://doi.org/10.1038/gim.2015.30
https://doi.org/10.1093/humupd/dmaa034
https://doi.org/10.1093/humupd/dmaa034
https://doi.org/10.1093/humupd/dmaa034
https://doi.org/10.1016/j.ajhg.2021.06.010
https://doi.org/10.1016/j.ajhg.2021.06.010
https://doi.org/10.3389/fendo.2023.1155639
https://doi.org/10.3389/fendo.2023.1155639
https://doi.org/10.3389/fendo.2023.1155639
https://doi.org/10.1002/mgg3.2078
https://doi.org/10.1002/mgg3.2078
https://doi.org/10.1016/j.jbc.2021.100291
https://doi.org/10.1016/j.jbc.2021.100291
https://doi.org/10.5534/wjmh.180066
https://doi.org/10.5534/wjmh.180066
https://doi.org/10.5534/wjmh.180066
https://doi.org/10.1007/s00439-020-02113-x
https://doi.org/10.1007/s00439-020-02113-x
https://doi.org/10.1007/s00439-020-02113-x
https://doi.org/10.1007/s00439-020-02113-x
https://doi.org/10.1007/s00439-020-02113-x
https://doi.org/10.1007/s00439-020-02113-x
https://doi.org/10.1007/s00439-020-02113-x
https://doi.org/10.1007/s00439-020-02113-x
https://doi.org/10.1111/and.13463
https://doi.org/10.1111/and.13463
https://doi.org/10.1038/s41598-021-90996-9
https://doi.org/10.1038/s41598-021-90996-9
https://doi.org/10.1038/s41598-021-90996-9
https://doi.org/10.1038/s41598-021-90996-9
https://doi.org/10.1038/s41598-021-90996-9
https://doi.org/10.1038/s41598-021-90996-9
https://doi.org/10.1038/s41598-021-90996-9
https://doi.org/10.1038/s41598-021-90996-9
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

	1 资料与方法
	1.1 研究对象
	1.2 遗传学分析
	1.3 生物信息学分析
	1.4 精液分析常规参数及巴氏染色
	1.5 TEM观察精子鞭毛及顶体超微结构
	1.6 免疫荧光染色检测精子中ADGB及其互作蛋白的表达
	1.7 Western blot检测精子ADGB表达
	1.8 实时荧光定量PCR检测小鼠组织Adgb mRNA表达
	1.9 免疫共沉淀验证ADGB蛋白的相互作用

	2 结果
	2.1 在男性不育群体中鉴定ADGB基因的新突变
	2.2 ADGB基因突变对精子形态和超微结构的影响
	2.3 ADGB在人和小鼠睾丸生殖细胞的特异性富集
	2.4 ADGB缺陷精子中轴丝组装相关蛋白异常：TTC29/CFAP47表达明显下调
	2.5 ADGB基因突变患者的辅助生殖结局

	3 讨论
	参考文献

