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Materials and Methods 

Strains and culture 
C. elegans were maintained on NGM (Nematode Growth Medium) agar plates using 

Escherichia coli OP50 as a food source at 15°C.  Experiments were carried out at 20°C or 
24°C. 

 
The following balancers were used: 
mnC1[dpy-10(e128) unc-52(e444)] II 
hT2-GFP[bli-4(e937) let(q782) qIs48] (I;III) 
DnT1-GFP[unc(n754) let qIs51] (IV;V) 
 
The following strains were used: 
N2 variety Bristol 
SS0104 glp-4(bn2) I 
SS1178 glp-4(bn2) I; ccIs4811[lmn-1::GFP + dpy-20(+)] X 
SS0818 mes-3(bn35) I/hT2-GFP (I;III) 
SS1167 mes-3(bn35) I/hT2-GFP (I;III); fem-2(b245ts) III/hT2-GFP (I;III) 
SS1099 mes-3(bn35) I/hT2-GFP (I;III); him-8(e1489) IV  
SS1133 mes-3(bn35) I/hT2-GFP (I;III); met-2(n4256) set-25(n5021) III/hT2-GFP (I;III); 
him-8(e1489) IV 
SS1171 mes-3(bn35) I/hT2-GFP (I;III); ccIs4811[lmn-1::GFP + dpy-20(+)] X 
SS1169 mes-3(bn35) I/hT2-GFP (I;III); otls181[dat-1::mCherry + ttx-3::mCherry] 
 III/hT2-GFP (I;III); ccIs4811[lmn-1::GFP + dpy-20(+)] X 
SS1172 mes-3(bn35) I/hT2-GFP (I;III); him-8(e1489) IV; ccIs4811[lmn-1::GFP + dpy-
20(+)] X 
SS1170 mes-3(bn35) I/hT2-GFP (I;III); otls181[dat-1::mCherry + ttx-3::mCherry] 
III/hT2-GFP (I;III); him-8(e1489) IV; ccIs4811[lmn-1::GFP + dpy-20(+)] X 
SS0186 mes-2(bn11)unc-4(e120)/mnC1 II  
SS1026 unc-4(e120) II; him-8(e1489) IV 
SS1027 mes-2(bn11) unc-4(e120)/mnC1 II; him-8(e1489) IV 
DH0245 fem-2(b245ts) III 
unc-119(ed3) III 
SS1148 met-2(n4256) set-25(n5021) III/hT2-GFP (I;III)  
CB1489 him-8(e1489) IV 
SP646 mnT12 (IV;X) 
SS0784 mes-6(bn38) him-8 IV/DnT1-GFP (IV;V) 
SS0782 mes-6(bn38) IV/DnT1-GFP (IV;V); dpy-11(e224) V/DnT1-GFP (IV;V) 
AV311 dpy-18(e364) unc-3(e151) meT7 (III;X;IV) 
 
Fertility assays 

To test XO males for fertility, single L4-stage XO males were put on a plate with at 
least 6 L4 unc-119 hermaphrodites and allowed to mate at 20°C for 4 days.  Males were 
scored as fertile if the plate contained at least 4 non-Unc progeny (cross progeny). 
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Staining germline nuclei  
L4 XO males were separated from hermaphrodites and incubated overnight at 20°C 

to allow accumulation of sperm.  The next day, to remove bacteria, the males were 
allowed to crawl on blank agar plates for a few minutes.  Males were picked into 1µl 
drops of water on a gelatin chrom alum-coated slide.  The slide was waved over an 
alcohol burner flame until dry, and worms were mounted in 4',6-diamidino-2-
phenylindole (DAPI) at a final concentration of 0.05µg/ml in Gelutol mounting medium.  
Germline nuclei were counted, and images were taken on a Zeiss Axioskop using a 
QImaging Retiga 2000R camera and ImageJ AquireQCam plug-in software. 
 
Immunocytochemistry 

Worms were fixed using methanol/acetone (33).  L1 larvae were obtained by 
hatching embryos in the absence of food in M9 buffer and fixed after feeding for ~5 
hours.  L3 and L4 larvae were obtained by hatching L1s in the absence of food, then 
transferring L1s to a plate with food for ~24 hours (L3) or ~36 hours (L4).  Embryos and 
larvae were fixed whole.  Adults were dissected to isolate germ lines, embryos, and 
sperm.  Dissection of germ lines and embryos was done in Egg Buffer (25mM HEPES 
pH 7.4, 118mM NaCl, 48mM KCl, 2mM CaCl2, 2mM MgCl2) with 1mM levamisole.  
Dissection of male germ lines containing sperm was done in Sperm Salts (50mM HEPES 
pH7.5, 1mM MgSO4, 25mM KCl, 45mM NaCl, 5mM CaCl2) with 1mM levamisole.  
Germ lines with sperm were separated from worm carcasses and squashed by overlaying 
a coverslip and wicking away excess buffer.  Primary antibodies and dilutions used for 
immunostaining were:  1:30,000 mouse anti-H3K27me3 (Kimura mAb 1E7), 1:30,000 
mouse anti-H3K27me3 (Active Motif 39535), 1:10,000 rabbit anti-H3K27me3 (Upstate 
07-449), 1:30,000 mouse anti-H3K9me2 (Kimura mAb 6D11), 1:10,000 rabbit anti-
H3K4me2 (Millipore 07030), 1:750 mouse anti-GFP (Roche 11814460001), 1:30,000 
rabbit anti-PGL-1 (34).  Mouse monoclonal antibodies against H3K27me3 (1E7) (35) and 
H3K9me2 (6D11) (36) were gifts from Hiroshi Kimura (Osaka University).  Secondary 
antibodies conjugated to Alexa Fluor 488 or 594 (Molecular Probes) were used at 1:300 
with 0.05µg/ml 4',6-diamidino-2-phenylindole (DAPI) for 2 hours at room temperature.  
Images were acquired with a Volocity spinning disk confocal system (Perkin 
Elmer/Improvision, Norwalk, CT, USA) fitted on a Nikon Eclipse TE2000-E inverted 
microscope.  Mouse anti-H3K27me3 from H. Kimura was previously shown to be 
specific for that modification (35) and was used in all figures.  Results obtained with that 
antibody are shown in this paper and were confirmed with anti-H3K27me3 antibodies 
from Active Motif and Upstate. 

 
Quantitation of immunostaining 

Wild-type and mes-3/+ M-P+ embryos were fixed and stained with mouse anti-
H3K27me3 antibody (Kimura mAb 1E7), secondary antibody, and DAPI.  Stacks of 
optical sections were collected with the spinning disk microscope described above, and 3-
D voxel intensities were analyzed using Volocity software (Release 5.1.0; 
http://www.improvision.com).  Nuclei were identified and their boundaries were 
estimated in 3-D using the DAPI channel and the "Standard Deviation Intensity" function 
of Volocity.  Within each interphase nucleus, the H3K27me3 voxel intensity sum was 
measured and reduced by a cytoplasmic background value (intensity sum measured in 

http://www.improvision.com/
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cytoplasm for a region of similar geometry).  With the staining and imaging parameters 
used, interphase nuclei generally did not show any oversaturation of H3K27me3 voxels; 
nuclei with oversaturated voxels were not included in the analysis.  An average intensity 
sum per nucleus was then calculated for each embryo, and values were placed in sets 
defined by developmental stages (2-cell, 4-cell, ~8-cell, ~16-cell).  Cell cycles in those 
stages are sufficiently synchronous to ensure that all interphase nuclei in an embryo had 
been through either 0, 1, 2, or 3 cell divisions, respectively, relative to the 2-cell stage.  
Within each stage/division category, an average nuclear H3K27me3 staining intensity 
sum was calculated (n ≥ 15 embryos/stage/genotype) and normalized to the intensity sum 
for the 2-cell stage within that genotype. 

 
Analysis of lmn-1::GFP expression in germ lines 

XO males with the lmn-1::GFP transgene were dissected as adults, and their germ 
lines were fixed and stained for GFP as described for immunocytochemistry.  Images 
were acquired on a compound microscope as described for staining germline nuclei. 
 
Generation of M-P+ and M+P- embryos and worms 

To generate M-P+ embryos, mes-3 M+Z-; fem-2 feminized hermaphrodites were 
mated with wild-type males or mnT12 (IV;X)/+ males, or met-2 set-25 hermaphrodites 
were mated with wild-type males containing MitoTracker red-labeled sperm (37) and 
only embryos showing traces of MitoTracker red were analyzed.  mes-3 M+Z- animals 
inherited a maternal load of gene product but did not produce gene product from the 
zygotic genome and consequently lacked HMT in the parental  .  To generate M+P- 
embryos and larvae, fem-2 feminized hermaphrodites were mated with mes-3 M+Z- or 
met-2 set-25 males.  To generate M+P- embryos with fused M+ chromosomes, dpy-18 
unc-3 meT7 (III;X;IV) hermaphrodites were mated with mes-3 M+Z- males.  Only cross 
progeny (showing mosaic H3K27me3) were analyzed. 
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Fig. S1 
Germline health and fertility of XO mes mutant males depend on the gamete source of 
the X chromosome.   
A) Diagrams of crosses used to generate XO mes males that inherited their X 
chromosome from the oocyte (Xoo) or the sperm (Xsp).  To generate XO (Xoo) mes males, 
XX hermaphrodites were mated to XO males.  Male offspring resulted from the union of 
an X-bearing oocyte from the hermaphrodite and a nullo-X sperm from the male.  XO 
(Xsp) mes males were generated using him-8 XX mothers, which undergo non-disjunction 
of their X chromosomes predominantly during oogenesis (38) and produce male 
offspring from the union of a nullo-X oocyte and an X-bearing sperm.  M is maternal 
supply of mes(+) gene product, Z is zygotic expression of the mes(+) gene.  B) Diagrams 
of crosses used to unambiguously identify the gamete source of the X in mes-3 males.  
One or the other parent contributed to progeny an X chromosome that expressed an X-
linked GFP-tagged nuclear lamin transgene, lmn-1::GFP (shown as a green X).  C) 
Fertility of control (wild-type (WT) and him-8) and mes-3 males generated by the 
different methods described in A and B.  Fertility was tested by mating single males with 
unc-119 hermaphrodites and scoring for the production of non-Unc outcross progeny.  
Even mes-3 XO (Xsp) sons from fertile mes-3 XO (Xsp) fathers were fertile (69% fertile, 
n=48).  D) Analysis of germ cell proliferation and presence of sperm in XO (Xoo) and 
(Xsp) mes-2, mes-3, and mes-6 mutant males.  Images are DAPI (DNA) staining (germ 
lines outlined by white dashed lines) of mes-3, showing well proliferated germ lines with 
sperm (***), under-proliferated germ lines (**), and no germ cells (*).  Histograms are 
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percent XO mes mutants with well proliferated germ lines with sperm, as determined by 
DNA staining.  mes-3 males with Xoo were produced by mating mes hermaphrodites with 
mes males.  mes-2 males with Xoo and mes-6 males with Xoo were produced by mating 
mes hermaphrodites with wild-type males. 
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Fig. S2 
X-chromosome repression in male germ lines as reported by an X-linked lmn-1::GFP 
transgene.   
Repression of lmn-1::GFP (left) and expression (right), with percentages of germ lines 
showing each pattern in the top right corner, in wild-type (WT), mes-3 XO (Xoo), and 
mes-3 XO (Xsp) males.  The somatic gonad distal tip cells (*) at the end of each gonad 
arm express the transgene.  lmn-1::GFP expression was not observed in WT germ lines 
(n=77), met-2 set-25 germ lines lacking H3K9me (n=71), or under-proliferated germ 
lines of glp-4(ts) mutants raised at the restrictive temperature (39) (n=81).  Thus, X 
derepression correlates with sterility of mes mutants and is not a consequence simply of 
under-proliferation of the germ line or loss of other repressive histone marks. 
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Fig. S3 
Mature sperm contain H3K27me3 and H3K9me2, but not PRC2.   
A) H3K27me3 and H3K9me2 are present in mature sperm in wild-type (WT) males and 
absent from sperm in mutant males lacking the respective HMTs, mes-3 for H3K27me3 
and met-2 set-25 for H3K9me2.  B) In WT male germ lines, MES-6 (a subunit of PRC2 
required for HMT activity (40)) is concentrated in germline nuclei until sperm formation 
(right side of panel).  C) MES-6 is not detectable in mature sperm; H3K27me3 is present.  
D) MES-6 is not transmitted to embryos via sperm.  Images are of the oocyte (oo) and 
sperm (sp) pronuclei in a 1-cell WT embryo and a mes-6/+ M-P+ 1-cell embryo.  M-P+ 
embryos were generated by mating mes-6 hermaphrodites with WT males, resulting in 
the union of mes-6 oocytes and WT sperm.  . 
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Fig. S4 
H3K9me2 patterns in wild-type embryos and after inheritance from the sperm or oocyte. 
A) Images of H3K9me2 in wild-type (WT) embryos.  Images are of the two pronuclei in 
a 1-cell embryo and a diploid nucleus in a 2-cell embryo.  Embryos produced by unmated 
WT hermaphrodites do not show enrichment of H3K9me2 on the X.  B) Image of 
H3K9me2 in one nucleus of a mes-3 M-P- 2-cell embryo.  H3K9me2 staining resembles 
that in WT.  C) Diagram of oocyte and sperm union to generate embryos with H3K9me2 
on the sperm chromosomes but not on the oocyte chromosomes (M-P+).  Images are as 
for panel A.  In the 1-cell, H3K9me2 is concentrated on the X inherited from male-
contributed sperm, as observed in the adult male germ line (22).  In the 2-cell, H3K9me2 
inherited from the sperm persists on one chromosome, likely the X.  D) Diagram of 
oocyte and sperm union to generate embryos with H3K9me2 on the oocyte chromosomes 
but not on the sperm chromosomes (M+P-), and with maternal HMT.  Images of the two 
pronuclei before and after meeting in a 1-cell embryo and a diploid nucleus in a 2-cell 
embryo show that H3K9me2 spreads to all chromosomes.  In the merge panels, DNA is 
in red and H3K9me2 in green.  In panels A, C and D, the assignment of oocyte 
chromosomes (oo) and sperm chromosomes (sp) is based on the location of the polar 
bodies (shown in the diagrams, not in the images). 
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Fig. S5 
In mes-3/+ M-P+ embryos, H3K27me3 persists on two sperm-derived chromosomes and 
declines during successive embryonic cell divisions. 
Images of embryos were generated as in Fig. 2.  A) The sperm-derived X chromosome is 
more lightly stained by anti-H3K4me2 than other chromosomes (22).  Images are of the 
two pronuclei in a 1-cell M-P+ embryo, and a diploid nucleus in a 2-cell M-P+ embryo, 
showing H3K27me3 and light H3K4me2 staining on the X chromosome from the sperm 
(P+) (arrow).  Merge panels show H3K4me2 (red) and H3K27me3 (green).  B) Images, 
as described in panel A, show H3K27me3 on a paternally derived IV-X fusion 
chromosome (arrow).  Merge panels show DNA (red) and H3K27me3 (green).  The 
assignment of oocyte chromosomes (oo) and sperm chromosomes (sp) in the 1-cell 
embryos is based on the locations of their polar bodies.  C) The average total amount of 
H3K27me3 antibody staining per nucleus was determined for interphase nuclei in 2- to 
16-cell embryos and normalized to the average of the 2-cell stage for each genotype 
(SEM, n ≥ 15 embryos for each stage).  Wild-type and mes-3/+ M-P+ 2-cell averages 
differed but were each set to 1, for comparison of later stages.  Though embryos within a 
stage varied slightly in total number of cells, the number of cell divisions each measured 
cell had undergone was consistent within embryo stages; the stages analyzed represent 0, 
1, 2, and 3 divisions from the 2-cell stage.  In wild-type embryos, H3K27me3 level 
varied within a cell cycle (11), but did not decrease through the early embryonic cell 
divisions (light grey bars).  In contrast, in mes-3/+ M-P+ mutant embryos, paternally 
inherited H3K27me3 decreased during each early embryonic cell division (dark grey 
bars), as shown in Fig. 2.  
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Fig. S6 
Distribution of H3K27me3 in wild-type embryos and larvae, for comparison to Figs. 2-4.  
Images are of the two pronuclei in a 1-cell embryo and a diploid nucleus in a 2-cell 
embryo.  Germ nuclei are circled in the L1 larva (determined by co-staining for the germ-
granule marker PGL-1).  Germline nuclei are shown in L3 and adult stages. 
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Fig. S7 
Model for transmission of the memory of repression through DNA replication.   
Without PRC2, local passage of H3K27me3 (red flags) to daughter chromatids transmits 
short-term memory, for example on P+ chromosomes in M-P+ embryos (Fig. 2).  With 
PRC2, passage of H3K27me3 and new methylation by PRC2 transmit long-term 
memory, for example on M+ chromosomes in M+P- embryos (Figs. 3 and 4). 
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