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FISH was performed on the embryos as described previously (Crane et al., 2015). Following
FISH, immunostaining with rabbit DPY-27 antibody (rb699) (Chuang et al., 1994) and Alexa-Fluor-
647 goat anti-rat antibody (Invitrogen) was performed to determine the sex of embryos for experi-
ments involving ectopic rex sites on autosomes and older embryos for endogenous rex sites on X.
Embryos were determined to be XX if they exhibited punctate DPY-27 staining on both X chromo-
somes and XO if they lacked DPY-27 staining. Sex was determined for all embryos examining rex-33
localization and all younger embryos examining localization of endogenous rex sites on X by count-
ing the number of FISH spots in the nuclei. Embryos were determined to be XX if the nuclei had two
FISH spots and XO if nuclei had one FISH spot. The age of embryos was determined by counting the
number of DAPI-stained nuclei using the FindPoints function in Priism software (Chen et al., 1996).
Confocal image stacks with a 51.5 nm XY pixel size and an 83.9 nm Z-spacing were obtained on a
Leica TCS SP8 microscope using a 63x, 1.4 NA objective lens. Our Z-spacing was smaller than that
used in (Sharma et al., 2014), making our point picking more precise. Their XY pixel size was not
available for comparison. Image deconvolution with a theoretical point spread function was per-
formed using Huygens Professional Software (Scientific Volume Imaging, The Netherlands). FISH
spots were identified using the FindPoints function. To unambiguously select bona fide FISH spots,
we excluded nuclei that showed more than one or two spots for XO and XX embryos, respectively.
The nuclear positioning of the FISH signals was measured using a previously described approach
(Meister et al., 2010), but with the Pick Points function in Priism software. Spots at the top or bot-
tom of nuclei were excluded.
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Figure 6. Transgenes on X are expressed at half the level of transgenes on autosomes. (A) Predicted vs. observed transgene expression levels for
dosage compensated transgenes on X relative to transgenes on autosomes for two models of X-chromosome regulation. (Left) Under an X-

Figure 6 continued on next page
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Figure 6 continued

chromosome-wide model of upregulation, dosage-compensated transgenes on hermaphrodite X chromosomes (2 copies) are predicted to have similar
average total expression levels as transgenes on autosomes (2 copies), despite the hermaphrodite-specific repression by the DCC. Moreover, because
the DCC reduces gene expression on X by about half, sdc-2(RNAI) animals would be predicted to have two-fold more transgene expression on X
relative to autosomes, if X-chromosome upregulation occurred. (Middle) Under a model of no X-chromosome-wide upregulation, dosage compensated
transgenes would be expressed at half the level of transgenes on autosomes due to repression by the DCC. In DCC-defective XX animals, transgene
expression on X (2 copies) would increase to the level of transgene expression on autosomes (2 copies). (Right) The results of comparing the average
expression level of all transgenes on X and autosomes argue against a chromosome-wide model of X-chromosome upregulation. For each reporter,
data were normalized to the average autosomal expression level and then combined. Numbers above the graph show the fold change in expression
between transgenes on X and on autosomes in control RNAI animals or between transgenes on X in sdc-2(RNAJ) animals and transgenes on autosomes
in control RNAi animals. The normalized expression level of all transgenes on the X chromosome (light blue) is only 56% of the normalized expression
level of all transgenes on autosomes (gray). Expression of transgenes on X is increased to 93% of transgene expression on autosomes in animals
treated with RNAI against sdc-2 (dark blue). p<0.0001, four asterisks. Error bars show the standard error of the mean. (B) Comparison of averaged
mRNA expression for all reporter transgenes of each type located at all sites on X or autosomes as quantified in (A), except that expression levels were
not normalized to the average autosome expression level. For example, in the first panel, averaged expression from four Pdpy-30:gfp:H2B reporter
transgenes inserted on autosomes is compared with averaged expression from four Pdpy-30:gfp:H2B reporter transgenes inserted on X. Expression
levels of the Cbr-unc-119 reporter included with each transgene cassette are shown below the expression levels of the fluorescent partner transgenes.
The number of asterisks indicates the p-value: p<0.05, one asterisk; p<0.01, two asterisks (Student’s t-test). Error bars show the standard error of the
mean. (C) Comparison between XX and XO L1/L2 larvae of total expression levels for transgenes inserted on X vs. autosomes. For the transgene
cassette Pdpy-30:gfp:H2B and Cbr-unc-119, the autosomal cassette was on chromosome IV at site 1, and the X cassette was at site 3. For the transgene
cassette Peft-3:gfp and Cbr-unc-119, the autosomal cassette was on chromosome | at site 1 and the X cassette at site 1. Shown below each bar are the
sex of the animals in which gene expression was quantified, the copy number of the reporter transgene, and the position of the quantified reporter
transgene (either on X or autosomes). For all transgenes, we compared the total level of expression from two reporter copies in XX animals and one
reporter copy in XO animals, regardless of whether the reporters were on X or an autosome. The fold change in gene expression between reporters on
X and autosomes is given above the graphs. The number of asterisks indicates the p-value: p<0.05, one asterisk; p<0.01, two asterisks (Student's t-test).
Error bars show the standard error of the mean for at least three biological replicates. Expression of two copies on X was about half the expression of
two copies on autosomes. Similarly, expression of the single copy on males was not different from the single copy on autosomes, meaning that
expression of one copy on the male X would be half the expression of two copies on male autosomes. Results in (B,C) argue against an Ohno-like
mechanism of X-chromosome upregulation in which chromosome-wide transcription of X is increased in expression. The results do not exclude the
possibility that diverse gene-specific mechanisms might have arisen to elevate expression of individual X-linked genes with reduced dose.
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Figure 7. Proximity to an endogenous or ectopic rex sites does not determine the positions of X or autosomal loci relative to the nuclear periphery. (A)
lllustration of approaches for quantifying the radial positions of FISH signals, the same approach as used by Sharma and Meister (2014). (Top) A stack
of confocal images determines the location of FISH signals in 3D. The nucleus is divided into three concentric zones with equal area. A random
distribution would result in 33% of the FISH signals in each zone, as marked by the gray line in (B-D). (Middle), For each FISH signal, the ratio between
its distance to the nuclear periphery and the nuclear radius determines the zone in which the site resides. (Bottom), Representative confocal image
Figure 7 continued on next page
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Figure 7 continued

showing position of FISH signals in a nucleus. Blue, DAPI; Red, Nuclear Pore Complex; Green, rex FISH; Scale bar, 1 um. (B, C) Histograms show the
fraction of autosomal FISH signals in each of three zones in XX or XO embryos of two age groups (50-140-cell stage or > 200-cell stage) from wild-type
strains or ectopic rex-insertion strains. Genomic locations of insertion sites (Chr 1, site 1 at position 2,85,041 Mb or Chr IV, site 1 at position 5,014,698
Mb) for transgenes with and without ectopic rex sites are shown on chromosome maps above the histograms. For both autosomal loci examined,
nuclear positioning was not statistically different between (1) XX and XO embryos with an ectopic rex insertion; (2) between XO embryos with or without
a rex insertion; (3) between XO embryos with a rex insertion and XX embryos without a rex insertion; or (4) between XX and XO embryos without a rex
insertion, regardless of embryo age (p>0.5 for younger embryos and p>0.1 for older embryos, chi-square test). N is the total number of autosomal or
rex FISH signals quantified for XX or XO embryos in the two age groups of each genotype. FISH probes were 30 kb. (D) Histograms show the fraction
of endogenous rex FISH signals (rex-32, rex-23, rex-33, rex-47, or rex-8) at the nuclear periphery (zone 1) of wild-type XX or XO embryos of two age
groups (50-140-cell stage or > 200-cell stage). Genomic locations of the 25 highest DCC-occupied rex sites on X are shown above the histograms (red,
rex sites examined; black, all others). The positioning of rex sites at the nuclear periphery (zone 1) was not greater in XO versus XX embryos of either
age group (chi-square test, see text).
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Figure 7—figure supplement 1. Radial position of rex sites on X relative to the nuclear periphery is not different between XX and XO embryos. (A)
Cartoons illustrate methods for quantifying the radial positions of rex FISH signals as explained in the legend to Figure 7A. (B) Histograms show the
Figure 7—figure supplement 1 continued on next page
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Figure 7—figure supplement 1 continued

fraction of endogenous rex FISH signals (rex-32, rex-23, rex-33, rex-47, or rex-8) in each of three zones in wild-type XX or XO embryos of two age
groups (50-140-cell stage or > 200-cell stage). Genomic locations of the 25 highest DCC-occupied rex sites on X are shown above the histograms (red,
rex sites examined; black, all others). The nuclear positioning of rex sites in each zone is not statistically different between XO and XX embryos of either
age group (chi-square test, see text). Mb, megabases. N is the total number of rex FISH signals quantified for XX or XO embryos in the two age
groups. A random distribution would result in 33% of the FISH signals in each zone, as indicated by the gray line.
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Figure 7—figure supplement 2. Examples of XO embryos hybridized with FISH probes to assess nuclear positioning of ectopic rex sites integrated
onto autosomes and endogenous rex sites on X. (A and B) Confocal images of wild-type or transgenic XO embryos stained with DAPI (blue) and

Figure 7—figure supplement 2 continued on next page
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Figure 7—figure supplement 2 continued

hybridized with various FISH probes (red) as indicated below each image (red). Each image represents a 1 um projection of 12 slices. Scale bars, 5 um
(A) Embryos to examine nuclear positioning of ectopic rex sites. Strains TY5726 and EG6136 contain rex sites integrated onto autosomes at locations
indicated on the chromosome maps above the images. Probes are 30 kb fosmid probes that are adjacent to or flank the rex insertion sites so that the
same probes can be used for wild-type and transgenic embryos. (B) Embryos to examine nuclear positioning of endogenous rex sites. Shown above the
images is a map of X with genomic locations of the 25 highest DCC-occupied rex sites. rex sites examined by FISH are shown in red; all other sites are
in black. Probes for rex-32 and rex-23 are 30 kb fosmid probes and probes for rex-47 and rex-8 are 5 kb probes.
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Figure 7—figure supplement 3. Examples of XO and XX embryos hybridized with FISH probes to assess nuclear positioning of rex-33 on X. Confocal
images of wild-type XO and XX embryos stained with DAPI (blue) and two overlapping 30 kb fosmid probes each labeled with a different fluorescent
dye (red or green as indicated). Each image represents a 1 um projection of 12 slices. Scale bars, 5 um. Only foci with signals from both fosmid probes
Figure 7—figure supplement 3 continued on next page

Wheeler et al. eLife 2016;5:e17365. DOI: 10.7554/eLife.17365 25 of 26



http://dx.doi.org/10.7554/eLife.17365

e LI F E Research article Genes and Chromosomes | Genomics and Evolutionary Biology

Figure 7—figure supplement 3 continued

(indicated by arrows) were quantified to unambiguously identify bona fide rex-33 FISH signals. Genomic locations of the 25 highest DCC-occupied rex
sites on X are shown above the images (rex-33, red; all other rex sites, black).
DOI: 10.7554/elife.17365.015
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