Caenorhabditis elegans sperm carry a histone-based epigenetic memory

of both spermatogenesis and oogenesis
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Supplementary Figure 1 | Preparations of sperm and oocytes. (a) Representative image of
purified sperm. (b) Representative image of isolated oocytes with DNA stained with DAPI (blue).
Estimation of purity is described in Methods. Scale bars represent 20 ym.



chrl chrll chr 1l chr IV chrVv chr X
gl E | o
8| £ rept s o D L A N
S| & “ AT
o @ rep2 T A T =S T
@
?
S22 ” 0 00 5510 T T A
Z|55 repl o
=|ug : oA 1 T v T 0 Y AT ]
) rep2 .
150 bp window 500 bp window 1 kb window 2 kb window 5 kb window
8 154 2.0 - 3.5
>g 01 2.0 3.0
= 5 08+ 1.5 9 25 2
®Q .. 1.0 1.5 20
QC)Q 044 05 07 1.0 1.5
o 2 02 ' 05 051 i — Sperm, rep1
0.0 13 T T T T T 005 T T T T 7 005 T T T T T 005 T T T T T 0.0 T T T T T ---- Sperm, rep2
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4
o) logz (fragments) — Early embryo,
g 154 2.0 = 3.5 . rept
>0 104 P s 204 3.0 -==- Early embryo,
n 9 084 1.0 > 154 257 rep2
& g o 07 10 T
Q L o4n 05 5 ! 104
% 027 o0 057 0.5
0.0 0'0_1_|_ T T T T 0.0 T T T T T T 00 T T T T T T 0.0 T T T T T T
>< 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
logz (fragments)
chrl chrll chrlll chr IV chrV chr X
w | E|H3K36me3 . N Wl A T
220
S| 8 |H3K27me3 il A
CD 1200
g H3K4me3 «
o
?
! o
n_ 360
= %‘E‘ H3K36me3 | Il Al i i
O UJ% H3K27me3 Ji " i il ke L A bkl 4 m A i
H3K4me3 .

Supplementary Figure 2 | MNase-seq and ChIP-seq analyses to evaluate the presence of
nucleosomes across the sperm genome. (a) MNase-seq across all 6 chromosomes, showing
genome-wide occupancy of nucleosomes in both sperm and early embryos. Regions occupied by
nucleosomes yield MNase-protected fragments of ~150 bp DNA, while regions devoid of
nucleosomes (e.g. packaged instead with protamines) lack MNase-protected fragments.
Coverage by MNase-seq fragments corresponding to mononucleosomes is displayed in the
UCSC genome browser after fragments of <140 bp were computationally filtered out. The y-axis
shows normalized fragment coverage. Sperm show reduced signal on the X chromosome
compared to the autosomes, as expected, since 50% of sperm from XO males do not have an X
chromosome. (b) Density plots showing distributions of log, (fragment coverage) for autosomes
and the X chromosome from sperm and early embryos binned to various window sizes (150 bp,
500 bp, 1 kb, 2 kb, and 5 kb). The shapes of density plots show if two datasets are similarly
distributed or not; the area under each curve adds up to 1. We found that the distribution of
fragment coverage on autosomes is identical for sperm and early embryos, suggesting that
nucleosome occupancy on the autosomes is similar between sperm and early embryos. X-
chromosome coverage from sperm is ~2-fold lower compared to early embryos, as expected.
Two biological replicates each for sperm and early embryo MNase-seq were obtained. (c) The
genome-wide distribution of H3K36me3, H3K27me3, and H3K4me3 ChlP-seq. The y-axes show
normalized ChIP-seq read counts.
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Supplementary Figure 3 | Comprehensive analyses of RNA-seq and ChIP-seq data,
highlighting gene sets defined in various publications. (a,b) RNA-seq analysis of
spermatogenic vs. oogenic germlines (a) and ChlP-seq analysis of H3K36me3 vs. H3K27me3 in
sperm (b), highlighting in blue spermatogenesis-specific gene sets defined in Methods (Tabuchi),
and spermatogenesis-enriched gene sets defined by Reinke et al. (2004)1 and by Ortiz et al.
(2014)2, noting the % of genes in each quadrant. RNA-seq axes show log-transformed RPKMs
after adding a pseudo-count of 1. The grey lines show the cut-off for expressed genes (RPKM of
15, Methods). (¢) RNA-seq data, highlighting gene sets related to oogenesis1_5 (pink) and
somatic cells® (green), as discussed in Methods. The majority of genes in pink appear just below
the diagonal line, demonstrating that ‘oogenesis genes’ are transcribed in both oogenic and
spermatogenic germlines and that transcript levels are higher in oogenic germlines. We refer to
these as ‘oogenesis-enriched genes’ or ‘oogenesis genes’ for short. We were not able to identify
‘oogenesis-specific’ genes with the same confidence cut-off as was used for spermatogenesis-
specific genes (Methods). We note that the oogenesis gene set defined by Ortiz is composed of
two sub-groups (‘a’ and ‘b’). Genes in the ‘a’ subgroup are marked with the active modifications
H3K36me3 and H3K4me3, as expected for oogenesis-enriched genes. Genes in the ‘b’ subgroup
are marked with the repressive modification H3K27me3 in both oocytes and early embryos,
similar to genes expressed in somatic cells. Thus, we speculate that Ortiz oogenesis gene
subgroup ‘b’ may result from somatic cell contamination. Axes show log-transformed RPKMs
after adding a pseudo-count of 1. The grey lines show the cut-off for expressed genes (RPKM of
15, Methods). (d,e) ChlP-seq scatter plots showing gene-body H3K36me3 (d) or promoter
H3K4me3 (e) vs. gene-body H3K27me3 from sperm, oocytes, and early embryos, showing the
same gene sets as analyzed in panel ¢. We conclude that differently defined sets of ‘oogenesis
genes’ (pink) from various publications based on different types of data are expressed in both
oogenic and spermatogenic germlines, and are marked with active modifications (H3K36me3 and
H3K4me3) in both oocytes and sperm.



a : Sex- i i
: Spermato. indep. Spermato. Gjlent | : Oogenesis Spermato. Oogenesis Silent :
i gene genes gene gene ! i gene gene gene gene :
2 kb : ] 1 1 P — |
— reads: <— -~ -~ S - N
Germline transcripts 2] J
3 o ki) |4l Lad Lhia ik dhiafo oo 4
200
e ol dis d R T
ChlP-seq from sperm s
H3K36me3 °J
220
H3K27me3 _°f metittasibost., R
H3K4me3 ol s FEPS S - Y -
ChlIP-seq from early embryo °]
H3K36me3  —u— i
H3K27me3 _° e sl
1200 I
H3K4me3 o = L
C14A4.8 taf-13 com-3 C14A4.13 cutl-9 fbxa-218

I I
-100 100

200

b Sex-independent genes  Spermatogenesis genes Oogenesis genes c
(2,097) (1,298) (2,177)
2 3 7%
E £°2 €
RN @
(f-)' % 0~ : Q
T -1 é.’ n
2 2% 78%
? ©
o) 2
O X O
T ;
219 73% 3% 59%
S
8 2 g-
£ E 8
I [=
2> X )
= o >
g T 8
]
H3K36me3
Axes are z-scores of logz2 (ChIP-seq reads)
d
150 SP —sperm I ® H3K36me3
]
OO0 - oocyte ' ® H3K27me3
EE - early embryo ! 0 H3K4me3
]
g 100+ = :
5 e
= io /EE :
g !
* 501 :
t ]
N I
O '
o 1
01 1
3 '
]
I
]
-501 !
]
]
]
]
1
0
(

PC1 (80% variance)

Sex-independent genes  Spermatogenesis genes Oogenesis genes

(2.097) (1.298) 2.177)
(52
(]
(S
~
N
X
[se] P
T
7% T 66%
(52
(]
S
~
N
X
™
T R
3% 4% 6% 56%
10%
[52]
(]
S
R S
T 57%

H3K4me3

Supplementary Figure 4 | Analysis of a second
biological replicate. Fig. 1-3 show data for 1 biological
replicate (rep1). This figure shows corresponding data
for a second biological replicate (rep2). (a) Genome-
browser views, showing RNA-seq data from
spermatogenic and oogenic germlines, and ChlP-seq
data from sperm and early embryos. Compare to Fig. 2a
and 3a showing rep1. (b,c) Normalized mean gene-body
H3K36me3 (b) or promoter H3K4me3 (c¢) vs. gene-body
H3K27me3 ChIP signals for all protein-coding genes,
highlighting sex-independent genes (gold),
spermatogenesis genes (blue), and oogenesis genes
(pink). Compare to Fig. 2¢,d and 3b,c showing rep1. (d)
PCA analysis of autosomal gene-level ChiP-seq data
used in this study, showing the consistency between
replicates. X-chromosome genes were excluded due to
the different X:A ratios in sperm vs. oocytes and

early embryos. X-chromosome gene-level ChiP-seq data
showed similar consistency among replicates.
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Supplementary Figure 5 | Scatter plots from Fig. 2 and 3, highlighting each class of genes
in separate panels. The normalized gene-body H3K36me3 (a) or promoter H3K4me3 (b) vs.
gene-body H3K27me3 ChlP signals for all protein-coding genes (grey), spermatogenesis genes
(blue), sex-independent genes (gold), and oogenesis genes (pink).
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Supplementary Figure 6 | Oogenic transcripts are detected in male germlines by smFISH.
smFISH analysis in oogenic and male germlines of RNA from well-known genes transcribed
during oogenesis to guide early embryo development: par-6 (a) and nos-2 (b). Panels 1-3 at the
bottom of each set of images show high-magnification images (projections of 3 slices) of the
boxed regions in the lower-magnification images (z-stack projection). 10-60 gonads were visually
examined under the microscope, and at least 3 germlines were imaged. The distal tip is marked
with an *. Scale bars represent 20 uym for the top panels and 10 um for the bottom panels.
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