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[Abstract] Objective Female fertility gradually decreases with the increase in women’s age. The underlying
reasons include the decline in the quantity and quality of oocytes. Oocyte aging is an important manifestation of the
decline in oocyte quality, including in vivo oocyte aging before ovulation and in vitro oocyte aging after ovulation.
Currently, few studies have been done to examine oocyte aging, and the relevant molecular mechanisms are not fully
understood. Therefore, we used zebrafish as a model to investigate oocyte aging. Three different age ranges of female
zebrafish were selected to mate with male zebrafish of the best breeding age. In this way, we studied the effects of maternal
age-related oocyte aging on fertility and investigated the potential molecular mechanisms behind maternal age-related
fertility decline. Methods Eight female zebrafish aged between 158 and 195 d were randomly selected for the 6-month
age group (180+12) d, 8 female zebrafish aged between 330 and 395 d were randomly selected for the 12-month age group
(360£22) d, and 8 female zebrafish aged between 502 and 583 d were randomly selected for the 18-month age group
(540£26) d. Male zebrafish of (180+29) d were randomly selected from zebrafish aged between 158 and 195 d and mated
with female zebrafish in each group. Each mating experiment included 1 female zebrafish and 1 male zebrafish. Zebrafish
embryos produced by the mating experiments were collected and counted. The embryos at 4 hours post-fertilization were
observed under the microscope, the total number of embryos and the number of unfertilized embryos were counted, and
the fertilization rate was calculated accordingly. The numbers of malformed embryos and dead embryos were counted 24

hours after fertilization, and the rates of embryo malformation and mortality were calculated accordingly. The primary
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outcome measure was the embryo fertilization rate, and the secondary outcome measures were the number of embryos
per spawn (the total number of embryos laid within 1.5 hours after the beginning of mating and reproduction of the
zebrafish), embryo mortality, and embryo malformation rate. The outcome measures of each group were compared. The
blastocyst embryos of female zebrafish from each group born after mating with male zebrafish in their best breeding
period were collected for transcriptomics analysis. Fresh oocytes of female zebrafish in each group were collected for
transcriptomics analysis to explore the potential molecular mechanisms of maternal age-related fertility decline.
Results Compared with that of the 6-month group (94.9%3.6%), the embryo fertilization rate of the 12-month group
(92.3%+4.2%) showed no significant difference, but that of the 18-month group (86.8%*5.5%) decreased significantly
(P<0.01). In addition, the fertilization rate in the 18-month group was significantly lower than that in the 12-month group
(P<0.05). Compared with that of the 6-month group, the embryo mortality of the female zebrafish in the 12-month group
and that in the 18-month group were significantly higher than that in the 6-month group (P<0.000 1, P<0.001). There was
no significant difference in the number of embryos per spawn or in the embryo malformation rate among the three
groups. The results of the transcriptomics analysis of blastocyst embryos showed that some genes, including dusp5, bdnf,
ppip5k2, dgkg, aldh3a2a, acslla, hal, mao, etc, were differentially expressed in the 12-month group or the 18-month
group compared with their expression levels in the 6-month group. According to the KEGG enrichment analysis,
these differentially expressed genes (DEGs) were significantly enriched in the MAPK signaling pathway, the
phosphatidylinositol signaling system, and the fatty acid degradation and histidine metabolism pathway (P<0.05). The
analysis of the expression trends of the genes expressed differentially among the three groups (the 6-month group, the 12-
month group, and the 18-month group in turn) showed that the gene expression trends of fancc, fancg, fancbh, and telo2,
which were involved in Fanconi anemia pathway, were statistically significant (P<0.05). In the results of oocyte
transcriptomics analysis, the genes that were differentially expressed in the 12-month group or the 18-month group
compared with the 6-month group were mainly enriched in cell adhesion molecules and the protein digestion and
absorption pathway (P<0.05). The results of the trends of gene expression in the zebrafish oocytes of the three groups (the
6-month group, the 12-month group, and the 18-month group in turn) showed that three kinds of gene expression trends
of declining fertility with growing maternal age had significant differences (P<0.05). Further analysis of the three
significantly differential expression trends showed 51 DEGs related to mitochondria and 5 DEGs related to telomere
maintenance and DNA repair, including tomm40, mpc2, nbn, ttil, etc. Conclusion With the increase in the maternal age
of the zebrafish, the embryo fertilization rate decreased significantly and the embryo mortality increased significantly. In
addition, with the increase in the maternal age of the zebrafish, the expression of mitochondria and telomere-related
genes, such as tomm40, mpc2, nbn, and ttil, in female zebrafish oocytes decreased gradually. Maternal age may be a factor
contributing to the decrease in oocyte fertilization ability and the increase in early embryo mortality. Maternal age-related
oocyte aging affects the fertility and embryo development of the offspring.
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Fig 1 The age of female zebrafish affects embryo fertilization rate and mortality
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A, Class 1: fertilized eggs, Class 2: unfertilized eggs; B, the number of embryos of single mating; C, fertilization rate; D, Class 3: dead embryos; E and F, mortality and

malformation rate of embryos of 24 h. n=8 in each group. ~ P<0.000 1, P<0.001, " P<0.01, " P<0.05.
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Fig 2 Transcriptomics analysis of blastocyst embryos of female zebrafish of different age

A, The volcano plot of differentially expressed genes (DEGs) in the 12-month and 18-month groups compared with the 6-month group. The top 20 KEGG-enriched

DEGs in the 12-month group (B) and 18-month group (C) compared with the 6-month group; D, 8 profiles of DEGs expression trends from 6 months vs. 12 months vs. 18

months. Each graph showed the expression patterns of DEGs in three consecutive groups (in a specific maternal age sequence, 6 months-12 months-18 months) with

certain biological characteristics (such as a continuous increase in gene expression). Red and green indicated that the gene expression trend was significant, while white

indicated that the gene expression trend was not significant. The starting point, the midpoint, and the end point of the line from left to right represented the 6-month, the

12-month and 18-month groups, respectively. The positive or negative slope of the line indicated that the expression trend of DEGs between groups was increasing or

decreasing, and the magnitude of the slope indicated the degree of change in the expression of DEGs between groups. The number above the line was the number assigned

for the 8 profiles of DEGs expression, and the number below the line was the number of DEGs matching the trend of DEGs expression in the specific graph. The trends of

profile 1 and profile 2 have significant difference (P<0.05). The top 20 KEGG-enriched DEGs in profile 1 (E) and profile 2 (F). Nosig: no significance.
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Fig 3 Transcriptomics analysis of oocytes of female zebrafish of different age

A, The volcano plot of DEGs in the 12-month and 18-month groups compared with the 6-month group; The top 20 KEGG-enriched DEGs in the 12-month group
(B) and the 18-month group (C) compared with the 6-month group; D, 8 profiles of inter-group DEGs expression trends in the 6-month, 12-month, and 18-month groups.
Each graph showed the expression patterns of DEGs in three consecutive groups (in a specific maternal age sequence, 6 months-12 months-18 months) with certain
biological characteristics (such as a continuous increase in gene expression). Red and green indicated that the gene expression trend was significant, while white indicated
that the gene expression trend was not significant. The starting point, midpoint, and ending point of the line from left to right represented the 6-month, 12-month, and 18-
month groups, respectively. The positive or negative slope of the line indicated that the expression trend of DEGs between groups was increasing or decreasing, and the
magnitude of the slope indicated the degree of change in the expression of DEGs between groups. The number above the line was the number assigned for the 8 profiles of
DEGs expression, and the number below the line was the number of DEGs matching the trend of DEGs expression in the specific graph. The trends of profile 0, profile 1,

and profile 3 showed significant difference (P<0.05). Nosig: no significance.

155 tommd0, mpc2 5 KL R W B b 2 R AT B b 3
PR U785 AT, 30 B4R 1S K T 5L P 223K T

IR P 5 54N SR A 1 B DN A S AL A, B A AE AR IR b T 5 AR I AR 5 B
nbn. 155 (HR1D). LIRS T AR T2 A AR S RE 1, B S (L F B B R



594 PR (BE2E R

5 554

AN S R A RS B R N I bR
YT ARG S e B v 50 i 25 Ak, (H DL B B0 AR fE )
Wi A= F 10 RE A B, BB 240 A 5T H 2 52 M AT 1 A
KI LR T BN ZR . TRV B BRI BT i T
W2 PRUZHE S WG T A 25 SR AR 250, B4
it 2 Al 2 I T AR ) B, A O G P B4
Ak S HEDE 5 RSN IR A . A S IR REAN D
Ja AN R FT 2 I, 76 O0E: 4 i HEDE 5 & 1k8 hiN,
YEEEAI A K B R 2- 2 VR B VR 30 W i 4 1 T VA T
SN, IR 5 U REL M HE R 5 S A G 1 I T 2
S AR H 25 JR i, AR B T I BRI T RE 2 40
T A, R ZORL IR B TR I R4l Ak
FR S (LA S BT AT T . A Sk R[]
AP 1 TR £ BIF 53 DR 240 B HE IR T A 6 A2 B O R
W, R4 BT e PR AR S A DG 1 A 7 0 R AR B A S
AT B BT IR B 4 16 H il . 12 7 % . 18 A IEH
At i M P BXE D A0 R BT 0 SIS AT PR 280 A B i 1 1Y)
SN o KRBT S f SR O i SR AR IR IR T 3R S0 40 45
R, RUITEHEMERE D 82 F 6 ~ 18RI, E I PIZHA
SR R B £ B B e KR AR IR IR A
ZAEFR I, 18 H ARG Z KGR 6 H i 41k L
F#(P<0.05), 18 A IR 512 A WA 4L AR HL A2 A% HAKIR T [
(P<0.05), & HH BB 4 Jfd 32 0 2 bt BR R A7 1 36 4 1 T B,
FEARAF IS S IR REAN R ASZ RS R AR R 2. I ESET Ry
T, 12 H R4 8 H el S 6 A i 4 AH L IE TR 44 7+,
H18 Hid 512 H i A L AL T- 2 R G2 F 3 X,
GEA TR RS FN, 12 ~ 18 IR B (AR IR I K 58
b PE 015 e O R 20 M 2 A B AN 2 SR S G PE T
RAGAET I M. ARBFFEEE RIS T 786 ~ 184 H AR IR
BN B o AR AR X R A UG PR T3 7 A — e R
SEMAYSERT L, BEARIS IR, ORI SZ R SRR AR, SRR
JEIGFET - RAEFHARAE RS 12 ~ 180 H AR FEAE RIS KM F
T B AT SR B T AR S K R By BP RE AR A B R
Rk, 755 — 25 32 K5 Wy Bk 32 BRI 01k & & T8 8032 R e
Jifi o A4S S B R BB AT 435K TS A 14 B 240 i v
AE 32 5238 1 52 0 B RE A4 A 52 A BE D 52 o vk B AR AR
H.

B AR IR, AR E | W KT . B
fEPRZE, B AT A 28 = I T I °F 22 B4 ORI A 0E, HL
HA B ARG . BRI 5 LR B AE AR KU I,
KAEMFIE R 21- = IREEAAE K 18- IR S A AE e KAk
Yo R R RS T BB 5 RE A R T S50 I RE A e £ 1A
FRAEAARBAR A 56, YRR . WS R . 35 R ety
e S E Y AR R E R R, BAR S HL

il AN T oI R R 2R ADNAZY 5 =53
Z—, Mk FLPIADNATEIMIG & B A K EEH,
M, Lo VR IR LR R A DN A S F 285 BF R s, AT e
SEEIN B2 SR S DL R G R R BV LE 43
TR gk e 175 A G R o3 2 S i TRl B S AR
AR G B DI B 2 L 5T 2 B SRR R T S R TE R T
PRIZE1 21, AR5 WA B0 £ BB 40 Jf 5 PR 3k e 3
GIHTHR V5 R AT AL IV, LR R 3 [ A 1 R T
Wttn.1. mhelzealE A PG FRIB TR, #2R 5
AFIERE DG 1Y) B RE A AL BT B T R AT eSS AR O LA
PN A =R AU IS I A 7 NSRS YA % NN g = B
tomm40, mpc2. nbn. ttil 555 KB REA AR RS K AE B B
AR IR T R, it — DR AR IR AR G AR B 1 T R
153 ORI TR A

25 LR, ARG RAE R T AR AR DG Y P RE 4
[ i T BEXT B REA0 M2 A R MG K B R, 42T T
Xof B S5 AL A TA TR, A 4R B AR I RH G i) B B4 i 5
R BTN AR AR AR SR . TR R YR ALO L
9o, LM DR I8 B R A VS S ) Qtin. 1. mhclzea DRI
BEURAF IS ARG R IK T B, 5 #E— BT il 1
Je AR AN , 1D RS S50 1Y 70T AL 2 T
TERE A, B —Emim R

* * *

FEETMAEH TSR SR AT AR S 1F, AR 5158
TERGAT | BFFET5 v R, XUFEME 071 5T 2 P AR AP0 1A B
BHE S, IMEER ST SR, BB IANIRE 51, INE B T2 9t
BRI, PP =, RS SHE ST AT . MRS 1
WS A EE. IrafEd O e SRR A T, HXPHEER
BIREAS HEA T eS8 B, O R B TARRY BT 5 i 5153

Author Contribution ZHU Lin is responsible for conceptualization,
investigation, and writing--original draft. LIN Ziyuan is responsible for
formal analysis, methodology, and validation. LIU Yanyan is responsible for
funding acquisition, project administration, and supervision. SUN Huaqin
is responsible for funding acquisition, resources, and writing--original draft.
SUN Chuntang is responsible for funding acquisition, resources, and
supervision. CHEN Feng is responsible for conceptualization, investigation,
writing--original draft, 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 A VEE S AT R 2R 2
Declaration of Conflicting Interests All authors declare no competing

interests.

£ % x W

[1] DONGL, TEH D B L, KENNEDY B K, et al. Unraveling female



E R

T BREE: RMARSERCHI OG0 O R AT AL B D RN Bt R R B S AL e AT 595

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

reproductive senescence to enhance healthy longevity. Cell Res, 2023,
33(1): 11-29. doi: 10.1038/s41422-022-00718-7.

DERYABIN P I, BORODKINA A V. Epigenetic clocks provide clues to
the mystery of uterine ageing. Hum Reprod Update, 2023, 29(3): 259-271.
doi: 10.1093/humupd/dmac042.

DEREVYANKO A, SKOWRONSKA A, SKOWRONSKI M T, et al. The
interplay between telomeres, mitochondria, and chronic stress exposure
in the aging egg. Cells, 2022, 11(16): 2612. doi: 10.3390/cells11162612.
ICOGLU AKSAKAL F, CILTAS A. Developmental toxicity of
penconazole in Zebrfish (Danio rerio) embryos. Chemosphere, 2018, 200:
8-15. doi: 10.1016/j.chemosphere.2018.02.094.

FAUGHT E, SANTOS H B, VIJAYAN M M. Loss of the glucocorticoid
receptor causes accelerated ovarian ageing in zebrafish. Proc Biol Sci,
2020, 287(1940): 20202190. doi: 10.1098/rspb.2020.2190.

JOHNSON S L, ZELLHUBER-MCMILLAN S, GILLUM J, et al. Evidence
that fertility trades off with early offspring fitness as males age. Proc Biol
Sci, 2018, 285(1871): 20172174. doi: 10.1098/rspb.2017.2174.

KANUGA M K, BENNER M ], DOBLE J A, et al. Effect of aging on male
reproduction in zebrafish (Danio rerio). ] Exp Zool A Ecol Genet Physiol,
2010, 315A(3): 156-161. doi: 10.1002/jez.661.

BABAYEV E, DUNCAN F E. Age-associated changes in cumulus cells
and follicular fluid: the local oocyte microenvironment as a determinant
of gamete quality. Biol Reprod, 2022, 106(2): 351-365. doi: 10.1093/
biolre/ioab241.

ABIZADEH M, NOVIN M G, AMIDI F, et al. Potential of auraptene in
improvement of oocyte maturation, fertilization rate, and inflammation
in polycystic ovary syndrome mouse model. Reprod Sci, 2020, 27(9):
1742-1751. doi: 10.1007/s43032-020-00168-9.

PETRI T, DANKERT D, DEMOND H, et al. In vitro postovulatory oocyte
aging affects H3K9 trimethylation in two-cell embryos after IVF. Ann
Anat, 2020, 227: 151424. doi: 10.1016/j.aanat.2019.151424.

KIM J Y, ZHOU D, CUI X S. Bezafibrate prevents aging in in vitro-
matured porcine oocytes. ] Anim Sci Technol, 2021, 63(4): 766-777. doi:
10.5187/jast.2021.e64.

Van der REEST J, NARDINI CECCHINO G, HAIGIS M C, et al.
Mitochondria: their relevance during oocyte ageing. Ageing Res Rev,
2021, 70: 101378. doi: 10.1016/j.arr.2021.101378.

NORREGAARD M M O, BASIT S, SILLESEN A S, et al. Impact of
maternal age and body mass index on the structure and function of the
heart in newborns: a Copenhagen Baby Heart Study. BMC Med, 2023,
21(1): 499. doi: 10.1186/512916-023-03207-9.

[14] COOKE CL M, SHAH A, KIRSCHENMAN R D, et al. Increased
susceptibility to cardiovascular disease in offspring born from dams of
advanced maternal age. ] Physiol, 2018, 596(23): 5807-5821. doi: 10.1113/
ip275472.

[15] KAUTZKY-WILLER A, WINHOFER Y, KISS H, ef al. Gestationsdiabetes
(GDM) (Update 2023). Wien klin Wochenschr, 2023, 135(S1): 115-128.
doi: 10.1007/s00508-023-02181-9.

[16] MIKWAR M, MACFARLANE A ], MARCHETTI F. Mechanisms of
oocyte aneuploidy associated with advanced maternal age. Mutat Res Rev
Muta Res, 2020, 785: 108320. doi: 10.1016/j.mrrev.2020.108320.

[17] zouy J, SHAN M M, WAN X, et al. Kinesin KIF15 regulates tubulin
acetylation and spindle assembly checkpoint in mouse oocyte meiosis.
Cell Mol Life Sci, 2022, 79(8): 422. d0i:10.1007/s00018-022-04447-3.

[18] LAGIRAND-CANTALOUBE J, CIABRINI C, CHARRASSE S, et al. Loss
of centromere cohesion in aneuploid human oocytes correlates with
decreased kinetochore localization of the sac proteins Bubl and Bubrl. Sci
Rep, 2017, 7: 44001. doi: 10.1038/srep44001.

[19] MIELL M D D, STRAIGHT A F. In vitro kinetochore assembly. Methods
Mol Biol, 2016, 1413: 111-133. doi: 10.1007/978-1-4939-3542-0_8.

[20] KIRILLOVA A, SMITZ J E J, SUKHIKH G T, et al. The role of
mitochondria in oocyte maturation. Cells, 2021, 10(9): 2484. doi: 10.3390/
cells10092484.

[21] CHIANG J L, SHUKLA P, PAGIDAS K, et al. Mitochondria in ovarian
aging and reproductive longevity. Ageing Res Rev, 2020, 63: 101168. doi:
10.1016/j.arr.2020.101168.

[22] NAGAOKA SI, HASSOLD T J, HUNT P A. Human aneuploidy:
mechanisms and new insights into an age-old problem. Nat Rev Genet,
2012, 13(7): 493-504. doi: 10.1038/nrg3245.

[23] LLONCH S, BARRAGAN M, NIETO P, et al. Single human oocyte
transcriptome analysis reveals distinct maturation stage-dependent
pathways impacted by age. Aging Cell, 2021, 20(5): €13360. doi: 10.1111/
acel.13360.

(2024 - 01 — 19Yi(#, 2024 — 04 — 30f& 1))

il B MR
FEBERI  ASCH R AU B 4 —lE Rl G
4.0 bR AT PML(CC BY-NC 4.0), PEAR{H Big Vi

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/.

© 2024 (MUK 2R (B2ERR) )ik A8

Editorial Office of Journal of Sichuan University (Medical Sciences)


https://doi.org/10.1038/s41422-022-00718-7
https://doi.org/10.1038/s41422-022-00718-7
https://doi.org/10.1038/s41422-022-00718-7
https://doi.org/10.1038/s41422-022-00718-7
https://doi.org/10.1038/s41422-022-00718-7
https://doi.org/10.1038/s41422-022-00718-7
https://doi.org/10.1038/s41422-022-00718-7
https://doi.org/10.1038/s41422-022-00718-7
https://doi.org/10.1093/humupd/dmac042
https://doi.org/10.1093/humupd/dmac042
https://doi.org/10.3390/cells11162612
https://doi.org/10.3390/cells11162612
https://doi.org/10.1016/j.chemosphere.2018.02.094
https://doi.org/10.1016/j.chemosphere.2018.02.094
https://doi.org/10.1098/rspb.2020.2190
https://doi.org/10.1098/rspb.2020.2190
https://doi.org/10.1098/rspb.2017.2174
https://doi.org/10.1098/rspb.2017.2174
https://doi.org/10.1098/rspb.2017.2174
https://doi.org/10.1002/jez.661
https://doi.org/10.1002/jez.661
https://doi.org/10.1093/biolre/ioab241
https://doi.org/10.1093/biolre/ioab241
https://doi.org/10.1093/biolre/ioab241
https://doi.org/10.1007/s43032-020-00168-9
https://doi.org/10.1007/s43032-020-00168-9
https://doi.org/10.1007/s43032-020-00168-9
https://doi.org/10.1007/s43032-020-00168-9
https://doi.org/10.1007/s43032-020-00168-9
https://doi.org/10.1007/s43032-020-00168-9
https://doi.org/10.1007/s43032-020-00168-9
https://doi.org/10.1007/s43032-020-00168-9
https://doi.org/10.1016/j.aanat.2019.151424
https://doi.org/10.1016/j.aanat.2019.151424
https://doi.org/10.1016/j.aanat.2019.151424
https://doi.org/10.5187/jast.2021.e64
https://doi.org/10.5187/jast.2021.e64
https://doi.org/10.1016/j.arr.2021.101378
https://doi.org/10.1016/j.arr.2021.101378
https://doi.org/10.1186/s12916-023-03207-9
https://doi.org/10.1186/s12916-023-03207-9
https://doi.org/10.1186/s12916-023-03207-9
https://doi.org/10.1186/s12916-023-03207-9
https://doi.org/10.1186/s12916-023-03207-9
https://doi.org/10.1186/s12916-023-03207-9
https://doi.org/10.1186/s12916-023-03207-9
https://doi.org/10.1186/s12916-023-03207-9
https://doi.org/10.1113/jp275472
https://doi.org/10.1113/jp275472
https://doi.org/10.1113/jp275472
https://doi.org/10.1007/s00508-023-02181-9
https://doi.org/10.1007/s00508-023-02181-9
https://doi.org/10.1007/s00508-023-02181-9
https://doi.org/10.1007/s00508-023-02181-9
https://doi.org/10.1007/s00508-023-02181-9
https://doi.org/10.1007/s00508-023-02181-9
https://doi.org/10.1007/s00508-023-02181-9
https://doi.org/10.1007/s00508-023-02181-9
https://doi.org/10.1016/j.mrrev.2020.108320
https://doi.org/10.1016/j.mrrev.2020.108320
https://doi.org/10.1016/j.mrrev.2020.108320
https://doi.org/10.1007/s00018-022-04447-3
https://doi.org/10.1007/s00018-022-04447-3
https://doi.org/10.1007/s00018-022-04447-3
https://doi.org/10.1007/s00018-022-04447-3
https://doi.org/10.1007/s00018-022-04447-3
https://doi.org/10.1007/s00018-022-04447-3
https://doi.org/10.1007/s00018-022-04447-3
https://doi.org/10.1038/srep44001
https://doi.org/10.1038/srep44001
https://doi.org/10.1038/srep44001
https://doi.org/10.1007/978-1-4939-3542-0_8
https://doi.org/10.1007/978-1-4939-3542-0_8
https://doi.org/10.1007/978-1-4939-3542-0_8
https://doi.org/10.1007/978-1-4939-3542-0_8
https://doi.org/10.1007/978-1-4939-3542-0_8
https://doi.org/10.1007/978-1-4939-3542-0_8
https://doi.org/10.1007/978-1-4939-3542-0_8
https://doi.org/10.1007/978-1-4939-3542-0_8
https://doi.org/10.1007/978-1-4939-3542-0_8
https://doi.org/10.1007/978-1-4939-3542-0_8
https://doi.org/10.1007/978-1-4939-3542-0_8
https://doi.org/10.3390/cells10092484
https://doi.org/10.3390/cells10092484
https://doi.org/10.3390/cells10092484
https://doi.org/10.1016/j.arr.2020.101168
https://doi.org/10.1016/j.arr.2020.101168
https://doi.org/10.1038/nrg3245
https://doi.org/10.1038/nrg3245
https://doi.org/10.1111/acel.13360
https://doi.org/10.1111/acel.13360
https://doi.org/10.1111/acel.13360
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 材料与方法
	1.1 实验动物
	1.2 实验方法
	1.2.1 斑马鱼分组及交配产卵
	1.2.2 结局指标
	1.2.3 转录组学测序分析
	1.2.4 统计学方法


	2 结果
	2.1 母体年龄影响胚胎受精率及死亡率
	2.2 母体年龄对胚胎发育的影响
	2.3 母体年龄对卵母细胞质量的影响

	3 讨论
	参考文献

