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Abstract: Objective To investigate the genetic characteristics of spontaneous abortion (SA) and explore the signaling pathways and genes associated with SA.
Methods A retrospective analysis was conducted on the chromosomal microarray analysis or copy number variation sequencing results of 485 spontaneous
abortion tissue samples obtained from three centers. The chi-square test was used to analyze the correlation between the incidence of chromosomal
abnormalities in SA and maternal age, gestational age, and number of SA. Gene Ontology and Kyoto Encyclopedia of Genes and Genomes were utilized
for enrichment analysis of dosage-sensitive genes within copy number variations, aiming to explore the biological functions and pathways associated with
SA. Results Among the 485 SA cases, the chromosomal abnormality rate was 55.26% (268/485). Chromosomal abnormality included autosomal trisomy
(30.52%, 148), Monosomy X (7.42%, 36), trisomy of multiple chromosomes (1.65%, 8), triploidy (7.22%, 35), mosaicism (2.47%, 12), copy number deletions/
duplications (5.57%, 27), and trisomy combined with copy number deletions/duplications (0.41%, 2 cases). The incidence of chromosomal abnormality was
found to be associated with maternal age and gestational age. Enrichment analysis revealed that SA dose-sensitive genes were overrepresented in sequence-
specific DNA binding (GO:0043565), identical protein binding (GO:0003682), RNA strand annealing activity (GO:0033592), same protein binding(G0:0042802),
and co-SMAD binding (GO:0070410). Conclusion The incidence of chromosomal abnormalities in SA embryos is linked to maternal age and gestational age of
abortion. Signaling pathways such as DNA replication, transcription, and protein binding are associated with spontaneous abortion.

Keywords: Spontaneous Abortion; Chromosome Abnormality; Copy Number Deletions/Duplications

B A= (spontaneous abortion, SA), W#NIFRESL  £50%~60%"", CMAFICNV-seqiz R BRIELR N ERINATH
(pregnancy loss, PL), BAFMRERN—MERHLE. SARNAGZE, JURN2TRBHNRGALER. HERENE

EEWREZER, SANEEXANN10%, SE—REEELE
2R A 9ER28E 2 R IE IR B RN E R IE M= (recurrent
spontaneous abortion, RSA)™, RSATEB AL IR AR
£971%~5%", BRRAGBHRE. XELGERENERSE
EEAENNSARRFERER, HP, KRABKRENREERT

NYER. BFEYSARENARSERERRREAFER, 3
ENHTZOMAENER, MAREENHERSSARHEX
%, ENBTREEEESMEXNEURER, BN ERIIRRE
RIEFHN— MR, MRTENHERSESARNLZENH,
SRRRRN B ITIRNIEREXE R,

(B—1FE] HER, B, BEEEM, TEMRAME. EXMRHNARERE,. E-mail: xiaozebing@126.com
(EiftEE] HEE, &, TEEM, TBRRAR: EXMERFHPAKRERE. Email: 13938335366@163.com
NEZE, B, TEEM, ETEBHRAME: HERMKBAIZ. E-mail: liuliang71215@163.com



JOURNAL OF RARE AND UNCOMMON DISEASES, SEP.2025,Vol.32, No.9, Total No.194

ARREFHE DT KEPE=DRORI485FISAHR *
ZABICMAZCNV-seqtMER, DTERHNREERE. #NI
BEENEBEXER, HFA-—PRAENHERPAIEESSA
BEXHERE KIS S B,

1 BREH=®

1.1 —fER AR AERMEATIAR, HRNRA20215F
1BE2022F 12 BFEEMmESNERER. REMEsERERA
ANAKEE =B ERTMIZE485GISATRSAEZE . WANIAR
WRENL9~40%, BARTZEAS~25E, RFEREL~5K,
AR REERT AN FRER(CE#RS2024Lwp-002). RE
MEAMFRER(CERS20205F413)MRNAEE=ZNEE
FR({CI2H#t S2023-LHQRMYY-KYLL-053) N IBE R = E izt
#, MEEREYESEPENBERED.

MNLE: REERES28F; fEBERERWIANKIRNE
BRILFELERE, BARFHELR LFRFATRERTHEDS
. Be) LR, BRETARAFYMEEZZRN,; BB (EXM%
T2 TREIR(2022)) , RSAPANIRERSE—EEESL
FORRALENBIAR. HifftinE: ZREHEFARAATME
PRy EE,; HR) I EMSEHRTEALERFANES,; IGK
PANEEERISEHRE. ZE. RDBRES.

L2 BARA*E

1.2.1 REALEEANRE REZRHEARST: WEAEA
L5~10mg, AEEFEHKERT S, RETEEELEEE
BHKNREFEEDR. PRBARSTHSI: WERJLEKAR
S5mmX5mm, BEREBHRKERTE, FETEELRLERE
HKNFREER, MEFEERT2-8CKFERTE, 48/\BIREK,

1.2.2 EFADNARE XAQlAampZRMALR KT E
(Qiagen, Valencia, CA)X R AR E R FITEREMADNAR
BY, EFDN20007 et E it IR S HE B A BB vk 7 VA Xt B AR
DNABTIRIZ

1.23 RELERANR (CNV-seq) FIEETETERELDNA
HITH B, RiBEMMZEXLFTIRIE, KREDNAXES
HITANNEE, FXHANovoseq6000F & #1TPEL50XX i
Fo BNFETHHERAKIE, ABWARE SAXERASE
F51(hgl9)i#fTELXS, GATK 4 Mark Duplicatesr TE (https://
gatk.broadinstitute.org/hc/en-us/articles/360037052812-
MarkDuplicates-Picard-) EF&PCRY G = £ U Rreads,

CNVKitE ¢ B ERAKID HKEbin, 4it&bin EMFreads
HENBSE, MUlog2zlitBXINKEE MK RE, ER
FASBIBMTRIUES, WU ASIBEH#HITREREMT—
i, 2EXEFEFEFFSERAFFS(ACMG)MIGKRE
FEAATREHO(ClinGen)BEA R RAICNVITLRISE ", HCNVsHg
B “Bum. mTRERBUR. EX A, RIRERMARMY R
TR,

1.2.4 ZBEMETI 2 (CMA) BX250ngEFADNA, 5
KFYIEE, FRIRAELFTINEXT S| HITPCRY L,

PCRY™ 38 =4 A I BE 48 ¢ AR BE 7K W 6 7 BX K/)VE150~2000

bpzigl. FPCREYEEHERMIEL(Agencourt AMPure,
Beckman Coulter, Beverly, MA, United States)#{T4lifk, ¥
@ ERIPCRE¥IADNase 188Y1/E, FAIRASHE AR B IXkif
INFREBRINE25~125bp 2 iEl, Bl R B CRIPCREM 54
MERICHRIGIFICHFR, HFEORER, AENSHHET
&k EAGeneChip™ &R T Fi4450(Cat. No. 00-0079,
Thermo Fisher Scientific)#{7 R &M _ LN, FERAEREX
BEXNMEARLSERE, WHIBHTHA—CMZELHTE,
P D/RA] KA (HMM) BB FHE# AR ST N R, 1R1E
HMM, 3&338k b BEIRE N >0.58M<-1, HATFERTH
X2 KA DI EIGIN(EE ) F# NEUR D (FRK). CNVsITLR
F7AE EXXCNV-seq 7o

1.2.5 EE9H BZclingen#iEE (https://www.
clinicalgenome.org/)MEEFI IR, EE “Bmk. A
BEBUR” MIENBBE/EEXIFANTERRER, Hidd
BEEA{EEIERE (gene ontology, GO)FITEBEAMEF ALK
B (kyoto encyclopedia of genes and genomes, KEGG)
REXMTHEELRHIT T BRI, PIEMFINREN B,
HIEMIP{E<0.058Y, E&ABEZEMY,

1.3 #iHFEHZE MASPSSHEITMRAHITOMN, ITEZER LG
HNERERRE, AERARARE, HAMMKEE, 10
KHEa=0.05, P<0.05HERBAITFE N

24 B

2.1 —RRER ARG NA485EE, HF1944)
SA(40%), 291fIRSA(60%), BEEMHTF1Y31.4%(19~40
%), RERETY8.8E (5~25/),

2.2 FEHALACMATICNV-seqiMLER 114856 B AR
xh, HEAMPEIEKRE268(268/485, 55.26%), Xt
RE(R36M(7.42%), HHEBE=1K148%1(30.52%), EE=
1815(1.65%), ={Z1K35%1(7.22%), #REEK1261(2.47%),
ENHERK/ES2761(5.57%), REFHEFEEHE DR
5 /EE211(0.41%).

CRERHEREREAT, BEEERK=ZFSL
55.22%(148/268), XZBI{KE{K HLb13.43%(36/268),
EA=ZHTH SE13.06%(8/268), =15k &tk
13.06%(35/268), H, 16-=#MX-BENLENEES,
¥9913.43%(36/268), HRxA22-=1K(8.58%, 23/268).
15-=1K(5.22%, 14/268). 21-=14&(4.48%, 12/268)%1
13-=1K(4.48%, 12/268), #MX13. 15. 16. 21. 22.
XERBHRERBESEHL13IM, SAEEREESEN
57.08%(133/233) KM1SEBEIEEFZHARE, 6. 124
195X M1%), 11, 175020512 00261,

485 B AR AT, B0 M42D Bk
[RTREEBUR MENHT R, HPa320 26k HBRES
HiEN#REL/EE, FRE/NKEN0.16Mb, RAFENRN
113Mb, FEEKE/NFSMbHIHES /HirkBEST, AF5Mb

B340, E29BIAFHL B NMENHTR, B1F21

- 89



FOERARE 2025598 5$32% £ 9 1 251944

B IEIRE (161 80%, 61 AIREEUR) M0 M ENHES (121
BUR, 8NETRERUR). HYF, 1HIHEET 2N TRENGRE,
2GRS FIEFLINRENINES (1518 F N FEZME
wE)o 1SRBRELNRE/EETEHIREZ8), HRE
45 (4). 185 (3)FXFREIR(3),

2.3 Z2AFH. 27, BERFRASFREARENXR &
BEREWRS N2E, BMEIS4E(<35%) 58IR4A(=35%), X
HABGRRBERERHTIN, £RETR: SHANIEREN
KER(57.3%) 5 TEIS4H (35.5%)(P<0.01), HfttRakEE
REEMVABEREHITER N

REBARTHNEZE, BEXDARR(ZEA<12RE)HF
EA(ZRE Z12/)R=H, RFRRFANSALEERRERE
% (61.4%) S F M EAR =40 (25.3%) (P<0.01), HoEZH
WAtk B FRIRANIERE S (43.8%) R E XS T HIEH
(19.3%)(P<0.01) HMtABARRERERT2AZBERLTS
HTEEX.

RSAHN B AFEBHRREREE(58.1%)8 FSAH

(51%), HHPRSAHMIEEFR(41.6%). ENHEE
(5.8%). & (3.1%) % EXIYETFSAA(36.6%, 5.2%,
1.5%), MAZBERHERITFEENX(P>0.05), RSAHH,
B5BIFEA(29.41%, 5/17)093% ML R RFEEFRIHIR
KMEE., SAAF, B6FIHEZR(60%, 6/17)NENHT RS
NEBHERBENRANES, SRFARNZENHTRIHA
REAEKRIGHRANEEN, RESEIEXE—FANTES
UFEHENATREY, MEAEFHZ, BRSALBARASHN
PEAKIZ M,
24 BESW TF22NMENHBKXIEH, FHiEF157THE
BEHEHRER, BENBUEEXHARNBHN =B E
BRER., XEGOMKEGGHITEE N, 1531MERAE
GOE®E, 3MERABKEGGER. GOEEAWER, &
#)id 2 (biological process, BP)HEZRISMUME “R4%k
B(G0:0048731). MERALET(G0:0007399). 4%
B(G0:0048468). MEALE(G0:0022008)MMETRE
(GO:0048666)" , 4HAELHSY(Cellular Component, CC)HER
BISHIE “RfH(G0:0045202). HE T ET(G0:0043005).
AR IZ5Y(GO:0042995). #AARFR(GO:0005829) Mt T ER 72
(GO:0097458)” , 7 FIhgE(molecular function, MF)H#&
HISHE “FIHFEM DNA £5(G0:0043565), HEHRIERAMR
£55(G0:0042802), FBRLEE(G0:0003682), co-SMADLE
£/(G0:0070410)FIRNA 58 AEH(G0:0033592)” o KEGG
EELERHERSNE “BERRTNELSHE, ZENEN
TBHKER, RIRE, SEMRE, TGF-betalZSB .

3 8

SAR—RInKE L, BEURIGIERIERALE, 4
BENERENBEETHRTIRABBESMRE. BRIENEY
SAREBRERAERRE. KHEEEREIENZE. AW
FH. BRAMER. PRER. RERRE". BILRGaK

90 -

SEEREENNSAREREE, BET50%U EHEERAY,
REWHANLBARER (REATEBME)SH2%~5%H K
ZEBRSAY, IR ARARAITREZRN, BBHERTH
BEFEE, NERERNRMEITEGE, ERSAEENRE
BB TRIE. EAFARD, 55.26%8 = AAARE
ML) L R2BEER, TENEREGRE, HRAAZEE, #
MR/ EEMR A,

3.1 REGHERE HIMAKRE, FREFIEEHR
HARBEFRINF)NRENREE/ LEREDBEZSH
B, SASERMOBEIRE LT BERMBEDEP(90%-
99%)*Y, ER(EATFIEIRBMEEEWNME, 355 UGIEE
EENRERAE A, ZEWRD, SHRAMNIERERE
SRRERTESTEIGE, ZRAEHITEEN(P<0.01),
EEMRT, BERIN=AR162, 2SMISELEE, B
ERNBERXEEE, SHEANFRELE—%", 185
BREEANEREE, BARRPEANISLEBNIEERE
hRE, BEMAKRE, 1SREK=ANEBATERTMY
B, ZIEELEEZEN. ERRTREI2H1SREE= K
#e, WHMBREREEY,

BILSEANEN TR R RN TR
£, SEREGTRRANE, =ZEHPSHN—ELBEANH
FEFRF. EHREORRGBERNE L ASERRHRER
BE, #MEREARREY, EARREH, ZEENREX
$97.22%, H91.43%(32/35) M= B~ REEZ RN E
(<12/A), 91.43%(32/35)M ==& R HIMEISZ LU THE
Erh, BEAMRING, KENER TS SEENENEET—
EMAEREY, BRINSRFRFERXZEBHN D
32 REBHERBREREEER 15 L LAerENREaEHRK, B
2. ARG, SHEZSHNLGAMIFERS ",
S HHFELETHI T AE A SDNAEHTZS, DNAIR{H. DNA
ERMNERHTEHERA FNESXIGHRNS Hkk, 1mTae
SHDNAGNTR, TASKRAMER S, DNARLEIGEINAS
AR, SEARBTRE, NTERS e ImmaRr, =
AHRT, SEBREERREXFEANE, 1SRGEIENNEHE
[EEMHIERS, Saksouk'"EiA 1S RER FFIEHRSH
SReRKYE, SRAERASEEEMN DNAFFIER, TaESE
IBESINMHE, SIREHISE, NMSHONAKR, XATaEE]
SRERENMGRL/ EENREXTSNER, TAWRT, EN
A EEMREXSEREN. RERE. ERRZIEFR
RIBENRFM

EHM S TERIMARREE, SHENRRE/EET
BEEMIGEEXERNREAREYZESESER, &
SAMBER R ERRIEER ", AHRP, BENSHRE
REHREMARELBHELEREE, FIHEEEDNALS
(GO:0043565) Bic S EREHRAMMDNAL S, FIES
GCHIDNAL S, REBEFFIEFRLEMONES, FlmE
FESHIDNAL S, RERLES(G0:0003682)RIESHRE
RS, REREDNA. BERNFEML, HWHAMEEHE



JOURNAL OF RARE AND UNCOMMON DISEASES, SEP.2025,Vol.32, No.9, Total No.194

ARG, RNA 5B ASEM(G0:0033592) 2E{E#
B4 WEE RNA D FREEDD, L3N ERRISTEDNAR EHI
MEFIEPRIETENIER, tJaeSDONARREIREX, 18
BEBEREE(G0:0042802) R 5HERIMN—fe ZMEH RIE
BURAEENOEEER, ERANAZESEDLIEER,
co-SMAD454(G0:0070410) RIESE WA SMAD 55&H
#8a, SMADRERUWAEKAFPBERKRZAENETEFSHSE
F, WATHARNABNEKEXEE, ULESERNE
&, MBEEH—THMAFTETIRIEMRER,

FARBADTT BEFR. ZRANRTAHELEEKR
BHMEXME, BREERXENEREEHHTHEXDF. EN
WERK/BEEF, EREBERIKHDRANFEERINESNE
&, MBH#H—TWRXBHZEHTIN, LBERB—HES
HESRMSHRSAW L E, EIRKEEF, RSAKREHITZKE
DL B 793%~6%, REBERRN S EGX—LEIaEE
12%7%&E", EACMA/CNV-seqit = AR TIRE D,
BN R GARRGERNEFEERINESENER, RRFEZ
FERTTEEN, T ARSI S, ABREEHXKIT
HHBRESHRETENENSE,

g EFmR, AMREIMMES T = NHRONBAREER
WREAREBER, AR IRAERRENLZEERNSHIRHET
ENMENLE. DTERIEB T HEFERNRT2EASH) L $
BARREZEINXEE, FRBET ATEESSAMRASHXNES
B, BETHNREEFRZE, X LIS SAFIRSAS
EREFNNRITHEEEENE X,

SE

M FEEFREFHELFRTRFA, AXMRTVIEER A NET 4. &
KRV 6L FFER (2022) [J]. P EEFR 44, 2022, (9): 653-667.

RIERFEF LT ELRERRETL. 8RR LiEFEEFER 20204
WO (1], b [ S A 5 PR 42 3, 2020, 36 (11): 1082-1090

Bl EFyEFR M ARBTG5 EAELERSRERGEFA, f o4
E¥2E¥REFrsRaftFa, FEEFh2EFREEisS
AR RO BT £ AL R A U5 0 4L LR A U B R K B
BT R WML R IR ], B EES RS RE, 2023, (0): 129-134,

[4]Chen L,Wang L,Tang F,et al.Copy number variation sequencing
combined with quantitative fluorescence polymerase chain
reaction in clinical application of pregnancy loss[J].Journal
of Assisted Reproduction and Genetics, 2021, 38 (9): 2397-2404.

[5]Li H,Durbin R.Fast and accurate short read alignment with

Burrows—-Wheeler transform[J].Bioinformatics (0xford, England),
2009, 25(14):1754-1760.

[6]Talevich E,Shain A H,Botton T,et al.CNVkit:Genome-Wide
copy number detection and visualization from targeted DNA
sequencing[J].PLoS Computational Biology, 2016,12(4):e1004873.

[7]Riggs E R,Andersen B F,Cherry A M,et al.Technical standards
for the interpretation and reporting of constitutional copy-
number variants:a joint consensus recommendation of the
American College of Medical Genetics and Genomics (ACMG)
and the Clinical Genome Resource (ClinGen) [J].Genetics in
Medicine :0fficial Journal of the American College of Medical
Genetics, 2020,22(2): 245-257.

[8]Sheng Y R,Hou S Y,Hu W T,et al.Characterization of copy—number
variations and possible candidate genes in recurrent pregnancy
losses [J]. Genes, 2021, 12 (2).

[9]Viotti M.Preimplantation genetic testing for chromosomal abnorm
alities:aneuploidy, mosaicism,and structural rearrangements[J].
Genes, 2020, 11 (6).

[10]Irani
stimulation and oocyte yield on euploidy and live birth

M, Canon C,Robles A,et al.No effect of ovarian

rates:an analysis of 12298 trophectoderm biopsies[J].Human
Reproduction (0xford, England), 2020, 35(5):1082-1089.

(111K D25, EHE, MEM, . HMRELEHAE NB TR NFERELKE
P mAEF W R R A [T]. oSk K¥ EFBRFR, 2023, 36 (2): 100~
105.

[12]Bai W,Zhang Q,Lin Z,et
variations and possible candidate genes

al.Analysis of copy number
in spontaneous
abortion by copy number variation sequencing[J].Frontiers in
Endocrinology, 2023, 14 (1218793).

(3] E, mmk, BE, F. 15 R6KRIIK SeRmEx KNRE
Al R B X R 453 1. P B = Rl W 44 &, 2020, 12 (2) 2 6-10.

[14]Massalska D,0Ozdarska K,Roszkowski T,et al.Distribution
of diandric and digynic triploidy depending on
gestational age[J].Journal of Assisted Reproduction and
Genetics, 2021, 38(9):2391-2395.

[15]Yildirim M B,Karakus S,Kurtulgan H K,et al.Polyploidy
phenomenon as a

cause of early miscarriages in

abortion materials[J].Balkan Journal of Medical
Genetics: BIMG, 2023, 26 (1): 5-10.

[16]Babariya D,Fragouli E,Alfarawati S,et al.The incidence
and origin of segmental
and preimplantation embryos[J].Human Reproduction,
2017, 32 (12): 2549-2560.

[17]Saksouk N, Simboeck E,Dejardin J.Constitutive heterochromatin

aneuploidy in human oocytes

formation and transcription in mammals[J].Epigenetics
Chromatin, 2015, 8(1756-8935 (Print)): 3.

(fsBHA:
(At 4mtE :

2024-07-29)
SIARtE. WkARLHR)

-+ 01



