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Figure S1 Aging-associated increase in chromosome abnormality.

(A) Whole-mount 3D imaging of oocytes for chromosome and kinetochore counting. Oocytes
at metaphase Il were immunostained for kinetochores (ACA, green) and DNA
(Hoechst33342, magenta). The positions and number of kinetochores were determined in
3D-reconstructed images. Arrows indicate one extra chromatid and separated chromatids.
Projection views from the top and side of the metaphase plate are shown. For visualization,
signals are interpolated in z. Scale bar, 2 um.

(B) Aging-associated increase in chromosome segregation errors. Images shown in (A) were
used for detecting abnormalities in chromosome and kinetochore numbers (n = 124, 102,
113, 129 oocytes). Note that “Number of kinetochores # 40” (aneuploidy) is due to
chromosome segregation errors (nondisjunction or unbalanced predivision) at meiosis I, and
that “Number of kinetochores = 40 with separated chromatids” is due to chromosome
segregation errors (balanced predivision) at meiosis | or premature separation of sister
chromatids at metaphase Il. *p<0.05, **p<0.01, and ***p<0.001 (Fisher’s exact test with holm
correction).



Figure S2
A B Zp3 } Ddx4

____cumulus Gene
‘ Mouse expression
Young 1
I @ Young 2 High
u Middle 1
Middle 2
@ . ® Middle 3
" @ Middle 4
;@ 0ld1.2 Low
old 3
C Stella Oct3/4 Nyfa
logFC =0.15 1ogFC=0.24  logFC = 0.31
p=044 p =0.145 p=0.078
26| o . 201,
P 16 *
= * .
< 1.91%
T 24 1.5 )
x
s, 1.4k 1.8
S
g 13
17] -
2.0 1.2
OO 9.0 SO
GO SO 8
O SO O

Figure S2 Transcriptome profiling of single oocytes and their surrounding cumulus
cells from mice at different life stages.

(A) t-SNE plot showing the distribution of single oocytes and their surrounding cumulus cells.
Circles and triangles represent cumulus cells and oocytes, respectively. The pairs of oocytes
and their surrounding cumulus cells are connected with a line. Colors indicate individual
mice.

(B) Expression of markers for oocytes and cumulus cells. Zp3 and Ddx4 are oocyte markers.
Nr5a2 and Inha are cumulus cell markers.

(C) Expression of markers for fully grown oocytes. Levels of Stella, Oct3/4 and Nyfa are
shown.
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Figure S3 Distinct characteristics of aging-associated genes between oocytes and
cumulus cells.

(A, B) Line plots showing expression pattern of up-regulated (left) or down-regulated (right)
DEGs between young, middle and old mice. (A) cumulus cells. (B) oocytes.

(C) PCA plot for the experiment 2 using all expressed genes showing an aging-associated
distribution. (left) cumulus cells and (right) oocytes. The humber of oocyte-cumulus complex
from 2 months, 4 months, 9 months, and 14 months old mice were 24, 39, 16, and 16,
respectively.

(D) Histogram showing the number of up-regulated or down-regulated DEGs between 2
months old and other age groups in the experiment 2.

(E) Plot showing the relationship between eigen values of aging-associated PC axes from
oocytes and that from their corresponding cumulus cells in the experiment 2.

(F) Histogram showing the number of up-regulated or down-regulated DEGs in oocytes and
cumulus cells from 2-months-old mice with hyperovulation (n = 24) and without
hyperovulation (n = 32).

(G) Representative GO terms of down-regulated enrichment between young and middle
oocytes.
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Figure S4 CR effects.
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(A) Representative GO terms of up-regulated enrichment between AL-middle and CR-middle

cumulus cells.

(B, C) Regulatory networks visualizing potential key transcriptional regulators (B) in cumulus
cells and (C) in oocytes associated with CR. Down-regulated and up-regulated top 10 nodes
were colored in dark blue and dark red, respectively. Top 10 hub nuclear genes are shown.
Green spots indicate mitochondrial genes. The threshold used for regulator-target
connection in oocytes was lower than in cumulus cells.



