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Abstract

Many factors required for chromosomal DNA replication have been identified in unicellular
eukaryotes. However, DNA replication in complex multicellular organisms is poorly understood.
Here, we report the identification of GEMC1, a novel vertebrate protein required for chromosomal
DNA replication. GEMCL1 is highly conserved in vertebrates and is preferentially expressed in
proliferating cells. Using Xenopus egg extract we show that Xenopus GEMC1 (xGEMC1) binds
to checkpoint and replication factor TopBP1, which promotes xGEMCL binding to chromatin
during pre-replication complex (pre-RC) formation. We demonstrate that xGEMC1 directly
interacts with replication factors such as Cdc45 and Cdk2-CyclinE by which it is heavily
phosphorylated. Phosphorylated xGEMCL stimulates initiation of DNA replication whereas
depletion of xGEMC1 prevents DNA replication onset due to impairment of Cdc45 loading onto
chromatin. Likewise, inhibition of GEMC1 expression by morpholino and siRNA oligos prevents
DNA replication in embryonic and somatic vertebrate cells. These data suggest that GEMC1
promotes initiation of chromosomal DNA replication in higher eukaryotes by mediating TopBP1
and Cdk2 dependent recruitment of Cdc45 onto replication origins.

To initiate DNA replication complexes such as ORC1-6 and the MCM2-7 helicase together
with Cdc6 and Cdt1 are loaded onto chromatin to assemble the pre-RC. Origin firing is
triggered by Cdk2-CyclinE and Cdc7-Dbf4 kinases that promote the loading of Cdc45 and
of polymerases in the presence of Mcm10, TopBP1 and the GINS complex1, 2. To identify
novel proteins with a potential role in chromosomal DNA replication in complex organisms
we performed database searches looking for open reading frame (ORFs) containing
degenerate signature motifs present in known replication factors. We identified an ORF,
which we named GEMC1 (GEMinin Coiled-coil containing protein 1), containing a region
similar to the coiled-coil domain of geminin, an essential vertebrate replication protein in
which the coiled-coil domain is required for its function3 (Fig. 1a and Supplementary Fig
1a). GEMC1 is highly conserved in vertebrates as close homologues can be found in H.
sapiens (\GEMC1), M. musculus (IMGEMCL), R. norvegicus ("GEMC1) and Xenopus
laevis (xGEMC1) (Fig 1b). However, only some of the aminoacid residues critical for
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geminin function are conserved in GEMC14. In addition, comparison of the predicted
GEMC1 structure with geminin revealed an interruption in the coiled-coil domain of
GEMCL1 (Supplementary Fig 1b). To investigate the role of GEMCL1 in DNA replication we
isolated XxGEMC1 cDNA from Xenopus mRNA and used the Xenopus egg extract system5,
6. We tested whether, similar to geminin, recombinant xGEMC1 was able to inhibit DNA
replication3. No significant inhibition of chromosomal DNA replication was observed when
physiological amounts of xGEMC1 were added to egg extract (Supplementary Fig 1c)
suggesting that xGEMC1’s role is different from geminin. To uncover xGEMCL1’s function
we generated polyclonal antibodies against recombinant xGEMC1 fusion proteins (Fig. 1c).
XGEMC1 is expressed in most Xengpus tissues (Supplementary Fig 1d) with its expression
pattern partially overlapping other replication factors such as MCM7, Cdk2 and TopBP1
(data not shown) and is enriched in proliferating cells from skin and gut, although it was also
detected in ovary, brain and lung tissues (Supplementary Fig 1d). Analysis in egg extract
revealed that xGEMCIL is able to bind chromatin at early stage of DNA replication, although
its accumulation progresses more slowly than other replication factors (Fig. 2a). xGEMC1
binding is independent of the MCM2-7 complex as it can be detected on the chromatin in
the presence of recombinant geminin, which suppresses MCM2-7 loading without affecting
binding of other factors such as TopBP12, 3, 7 (Fig 2a). xGEMC1 loading was minimally
affected by Cdk2 inhibitor p272, 3, 7 (Fig 2a). Depletion of Cdc45 did not impair xGEMC1
binding to chromatin although it prevented loading of the GINS complex (data not shown).
To investigate xGEMC1 role in DNA replication we depleted xGEMCL1 from egg extract
(Fig 2b) or supplemented extract with affinity-purified antibodies specific for xGEMCL to
interfere with xGEMC1 function. These treatments inhibited chromosomal DNA replication
and did not affect origin independent replication of the single stranded M13 phage (Fig 2c,
2d, 2e and Supplementary Fig 1e). DNA replication inhibition was rescued by the addition
of recombinant xGEMC1 to depleted egg extract or by out-competing anti xGEMC1
neutralizing antibodies with an excess of recombinant xGEMCL1 (r-xGEMC1) (Fig 2c, 2d
and Supplementary Fig 1e). The anti xGEMCL antibodies did not cross-react with geminin
(Supplementary Fig 1f). In addition, nuclear membrane formation, which is required for
chromosomal DNA replication8, was not affected by anti xGEMC1 antibodies
(Supplementary Fig 2a). xGEMC1 depletion prevented chromatin binding of Cdc45 and
Sld5 of the GINS complex and this was restored by recombinant xGEMC1 (Fig 2f).
Consistently, anti xGEMC1 neutralising antibodies prevented Cdc45 chromatin loading
(Supplementary Fig 2b). TopBP1, Cdc7, ORC1-6 and MCM2-7 complex loading was
instead unaffected by xGEMC1 depletion or anti xGEMC1 antibodies (Fig 2f and
Supplementary Fig 2c). These data indicate that following its binding to chromatin
XGEMC1 is required for Cdc45 and GINS loading onto replication origins. We then
performed experiments to identify xGEMC1-binding partners involved in DNA replication.
A pull-down with recombinant xGEMC1 fused to Maltose Binding Protein (MBP) and
incubated in egg extract co-precipitated Cdc45, CyclinE and Cdk2 (Fig 3a). These
interactions were specific as xGEMC1 did not interact with other factors such as Cdc7 and
Sld5 (Supplementary Fig 2d). Surprisingly, xGEMC1 was not able to interact with geminin
partner Cdtl (Fig 3a). This is consistent with the fact that aminoacid residues required for
Cdtl binding4 were absent in xGEMC1. We then asked whether any of these interactions
were direct using recombinant proteins. We found that recombinant xGEMC1 was able to
directly interact with Cdc45 and Cdk2-CyclinE complex /n vitro (Supplementary Fig. 3a and
3b). These interactions were also present endogenously as shown by co-precipitation of
XGEMC1 with anti Cdc45 antibodies (Supplementary Fig. 3c) and with p13-Sucl affinity
resin for Cdks9 (Supplementary Fig. 3d). We then tested whether xGEMC1 is able to bind
TopBP1 (Mus101 in Drosophila, Dpb11 in budding yeast), which is an essential component
of the DNA replication machinery2, 7. We found that recombinant XGEMCL interacts with
TopBP1 in extract and /in vitro (Fig. 3b). This interaction could also be detected
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endogenously in xGEMC1 and TopBP1 immunoprecipitates (Supplementary Fig. 3e and
3f).

Depletion of TopBP1 inhibited XxGEMC1 loading onto chromatin during early stages of pre-
RC formation indicating that TopBP1 is directly required for xGEMC1 binding to chromatin
(Fig 3c). Taken together our data indicate that TopBP1 dependent loading of XGEMC1
during pre-RC assembly promotes subsequent Cdc45 binding to chromatin. Residual
TopBP1 independent binding of xGEMC1 to chromatin taking place after DNA replication
initiation was also observed suggesting that xGEMC1 has additional binding partners on
DNA not directly involved in replication initiation (Fig 3c). Importantly, xGEMC1 binding
to chromatin was dependent upon the ORC1-6 complex as ORC1 depletion prevented
XGEMC1 chromatin binding (Fig 3d). The interaction of xGEMC1 with Cdk2-CyclinE
prompted us to verify whether xGEMC1 is also a substrate for Cdk2. We found that
XGEMC1 is heavily phosphorylated /n vitro by Cdk2-CyclinE (Fig 3e) and by Cdk2-
CyclinA (Supplementary Fig 3g). Multiple phosphorylated forms of xGEMC1 sensitive to
lambda phosphatase treatment and roscovitine10 (data not shown) were observed when 35S-
labelled xGEMC1 was incubated in egg extract (Supplementary Fig 3h). These results
suggest that xGEMC1, similar to other replication proteinsl, 11, is a Cdk substrate in egg
extract. We then tested whether the Cyclin-binding site R198NL (Arginine-X-Leucine)12
present at the C-terminus of XxGEMC1 was required for the phosphorylation. Upon mutation
of R198NL to A198NA (Alanine-X-Alanine) xGEMC1-ANA phosphorylation by Cdk2 was
strongly reduced (Fig. 3e and Supplementary Fig 3g and 3h). The Cyclin-binding domain
was also required for the interaction between XxGEMC1 and Cdk2-CyclinE complex as this
was abolished by the A198NA mutation without affecting the interaction with Cdc45
(Supplementary Fig 3i). Phosphorylation assays using XxGEMC1 peptide arrays revealed a
major Cdk2 phosphorylation site on Threonine 153 (Supplementary Fig 4a). Antibodies
against phosphorylated Threonine 153 (Supplementary Fig 4b) recognized endogenous
XGEMC1 phosphorylation on Threonine 153 (Supplementary Fig 4c). However, xGEMC1
lacking Threonine 153 could still be phosphorylated by Cdk2 in vitro (Supplementary Fig
4d). Therefore, we mutated 7 of the 8 putative Cdk sites that could be phosphorylated by
Cdk2-CyclinE and Cdk2-CyclinA in the absence of Threonine 153 (Supplementary Fig 4d).
As expected for a Cdk target bearing a strong Cyclin-binding domain, only combined
mutations of the additional Cdk sites completely suppressed xGEMC1 phosphorylation by
Cdk2 (Supplementary Fig 4e). As we detected multiple phosphorylated forms of xGEMC1
protein in egg extract (Supplementary Fig 3h) it is likely that these sites are phosphorylated
by Cdk2 also in vivo. We then assessed the relevance of xGEMC1 phosphorylation by Cdk2
for DNA replication. Extracts have a limited ability to support full replication of a high
amount of sperm nuclei (Fig 3f and reference 13, 14). This is due to limiting Cdk activity14
and to the activation of the ATM-ATR checkpoint that represses Cdk2 dependent origin
firing15.

Since XxGEMC1 is a Cdk2 target required for DNA replication we tested whether xGEMC1
is a limiting factor for replication of a high amount of sperm nuclei. To this end we
supplemented egg extract with an excess of recombinant xGEMC1 bearing putative Cdk2
serine-threonine sites mutated to aspartic (xGEMC1-8ST-D) or alanine (xGEMC1-8ST-A)
residues to mimic constitutively phosphorylated and un-phosphorylatable proteins,
respectively. We then monitored the replication of the absolute amount of DNA template
added to egg extract. In these conditions xGEMC1-8ST-D, but not xGEMC1-8ST-A, was
able to stimulate efficient replication of a high concentration of sperm nuclei (Fig 3f).
XGEMC1-8ST-D dependent stimulation was also observed in the presence of the ATM-ATR
inhibitor caffeinel5, indicating that it was not due to down-regulation of the ATM-ATR
checkpoint (Fig 3f). The increase in DNA replication was accompanied by an enhanced
loading of Cdc45 (Fig 3g). DNA replication kinetics (Fig 3f) and replication fork rate
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measured by DNA fiber spreading analysis (Supplementary Fig 5a) were not significantly
affected by xGEMC1-8ST-D. In addition, analysis of DNA replication products on CsCl
gradients excluded the presence of re-replication in the presence of xGEMC1-8ST-D
(Supplementary Fig 5b). Collectively, these results suggest that xGEMC1-8ST-D-mediated
increase of DNA replication is due to enhanced origin firing.

Intriguingly, xGEMC1-8ST-D showed higher affinity for TopBP1 whereas xGEMC1-8ST-
A binding to TopBP1 was decreased, although it was not abolished (Fig 3h). To confirm the
relevance of xGEMC1 phosphorylation we monitored DNA replication in extracts depleted
of XxGEMC1 and supplemented with physiological amounts of xGEMC1-8ST-A or
XGEMC1-8ST-D mutant proteins. XGEMC1-8ST-A could not restore DNA replication,
whereas xGEMC1-8ST-D induced a significant DNA replication increase (Supplementary
Fig 5¢c and 5d). xGEMC1-8ST-D was unable to completely bypass the requirement for Cdk2
in DNA replication as it did not restore DNA replication in extract in which Cdk2 activity
was inhibited by roscovitine10 (data not shown). This suggests that xGEMCL1 is not the only
Cdk?2 target required for initiation of DNA replication.

Overall, these data indicate that XGEMCL is involved in promoting initiation of DNA
replication by mediating TopBP1 and Cdk2 dependent loading of Cdc45 onto replication
origins.

To validate these results we depleted xGEMC1 protein from Xengpus embryos by
selectively inactivating xGEMC1 expression with morpholino antisense oligos (MO)16. We
selected MO oligos that were able to inhibit xGEMC1 translation in the reticulocyte system
(XGEMC1-MO) (Supplementary Fig 5e). When injected into fertilized eggs, xGEMC1-MO
oligos inhibited XGEMCL expression (Fig 4a), whereas control oligos (C-MO) did not affect
XGEMC1 (Fig 4a). Depletion of xGEMCL1 induced severe delay in embryo development and
gross anatomical defects with poor yolk resorbption and no distinct structures such as the
gut, the optic vesicle or the tail. These defects were detected in most of the embryos injected
with XxGEMC1-MO oligos (Fig 4b and 4c). The most significant effects were detected after
complete down-regulation of xGEMC1 protein levels around neurula stage (Fig 4b). The
delayed effects of morpholino oligos were likely due to persistence of high levels of
XGEMC1 protein up to late developmental stages. Histological analysis revealed a dramatic
decrease in cell density and DNA content when XxGEMC1 was inhibited (Fig 4d and 4e).
This was accompanied by apoptosis induction (Fig 4f). To confirm that xGEMC1 has a role
in DNA replication in mammalian organisms we isolated the mouse homologue of GEMC1
(mMGEMC1) whose mRNA levels were assed by RT-PCR (Fig 5a). A decrease in mGEMC1
MRNA obtained with siRNA oligos (Fig 5a and 5b) led to severe inhibition of cell
proliferation (Fig 5¢ and 5d). The extent of inhibition was similar to the one obtained with
inhibition of Cdc45 expression (Fig 5¢, 5d and Supplementary Fig 5f). Ectopic expression of
RNA. resistant MGEMCL protein, obtained by introducing silent mutations in mMGEMC1
encoding cDNA, which was expressed under the control of doxycycline regulated promoter,
restored proliferation in mMGEMC1 silenced cells (Fig 5e and 5f).

Here we have identified GEMCL1, a novel vertebrate protein required for initiation of DNA
replication. GEMC1 directly interacts with TopBP1, Cdc45 and Cdk2-CyclinE. Cdk2, Cdc7,
MCM10, the GINS complex and TopBP1 have been shown to promote Cdc45 recruitment
onto DNA17-20. xGEMCL1 is required for binding to chromatin of Cdc45, which promotes
origin unwinding, recruitment of RPA and DNA polymerase a loading21, 22. Continuous
accumulation of xGEMCL1 on chromatin observed after Cdc45 loading suggests that
XGEMC1 has also other functions besides DNA replication.
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Although xGEMC1 has a coiled-coil domain weakly similar to geminin it does not behave
like geminin. In S. cerevisiae a complex made by Sld2, Sld3 and Dpb11 is essential to
trigger DNA replication initiation23, 24. Emerging evidence shows that these two proteins
represent the minimal set of S-phase Cdk substrates required for DNA replication23, 24.
Sld3 interacts with Cdc45 and is required for its chromatin binding25, 26. SId3
phosphorylation by S-phase Cdks promote its binding to Dpb11-TopBP123, 24, 27. To date,
an Sld2 homologue in vertebrates has been identified and corresponds to RecQL428, 29.
Sld3 is instead poorly conserved even within fungi, suggesting rapid evolution of this
protein. Although S. pombe SId3 has coiled-coil domains we could not detect significant
aminoacid similarity between either S. Pombe or S. cerevisiae SId3 and GEMC1. However,
similar to S. cerevisiae SId3 XGEMCL is phosphorylated by S-phase Cdks, interacts with
Cdc45 and TopBP1 and is required for Cdc45 loading onto chromatin (Fig 5g). Importantly,
XGEMC1 constitutively phosphorylated on Cdk sites has higher affinity for TopBP1 and is
able to stimulate Cdc45 chromatin loading and initiation of DNA replication. This indicates
that, similar to SI1d323, 24, phosphorylation of xGEMC1 by Cdk2 is important for origin
firing. It is tempting to speculate that GEMCL1 represents a functional vertebrate homolog of
yeast Sld3. The absence of protein sequence conservation with Sld3 might reflect the fact
that during evolution the function played by Sld3 and XxGEMCL1 has dynamically evolved to
adapt to the individual needs of origin firing control in each species. Alternatively, GEMC1
might not be the only protein with these properties as other factors together or in addition to
GEMC1 might be required to mediate the interaction between TopBP1, Cdc45 and Cdk?2 at
replication origins. In any case the study of GEMC1 will lead to a better understanding of
normal and uncontrolled cell cycle progression in vertebrate organisms.
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Figure 1. Identification of GEMC1
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a) Homology of the coiled-coil domain of xGEMC1 with human geminin (hGEM). b)
Conservation of GEMCL1 in vertebrates (R. Norvegicus tGEMC1 [XP_573306.2], M.
Musculus mMGEMC1 [NP_001013783], H. SapienshGEMC1 [NP_001140158.1] and X.
laevis xGEMC1. Aminoacid identity in all species is in green. Line indicates coiled-coil
domain. c) Expression of recombinant xGEMC1 (r-xGEMC1) fused to Maltose Binding
Protein (MBP) monitored with coumassie stain (lane 1) or Western Blot (WB) (lane 2) using
anti xGEMC1 antibodies. WB of endogenous xGEMCL in egg extract is shown in lane 3.

See Supplementary Fig 6 for uncropped gels shown in this figure.
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Figure 2. Analysisof GEMC1rolein DNA replication

a) Chromatin binding of Orc1, MCM7, Cdc45, xGEMC1 and SId5 at the indicated times
after addition of sperm nuclei (3000 n/u.l) to interphase egg extracts supplemented with
buffer (Control), 80 nM geminin (GEM) or 1 wM p27 protein. The sample collected at 0
minutes was DNA free. b) WB of egg extract depleted with mock (AMock) or affinity
purified anti xGEMC1 antibodies (AXGEMC1). ¢) DNA replication assay showing
incorporation of a32P-dCTP in genomic DNA incubated in egg extract for 2 hours. From
left to right sperm nuclei (1000 n-.l) were replicated in egg extracts that were untreated
(Un), depleted with mock 1gGs (Mock 1gG, 80 ng/p.l), depleted with affinity purified anti
XGEMC1 IgGs (AXGEMC1) and supplemented with buffer (Buffer) or with 10 ng/p.l
XGEMC1 (r-xGEMCL) or incubated with affinity purified anti xGEMC1 1gGs (xGEMC1
1gG, 80 ng/pl) and supplemented with buffer (Buffer) or an excess of recombinant xGEMC1
(r-xGEMC1). DNA was isolated, run on agarose gel that was dried and exposed. d) Amount
of replicated DNA measured by quantifying a32P-dATP incorporation over time using TCA
precipitation (see Supplementary methods) in extracts treated as indicated in (c). The graph
shows a typical result. € Amount of a32P-dCTP incorporated in single stranded M13 phage
DNA relative to untreated sample. Extracts were untreated (Un), supplemented with mock
1gGs (Mock 1gG, 80 ng/u.l), with affinity purified anti xGEMC1 immunoglobulins
(XGEMC1 IgG, 80 ng/p.l) or xGEMC1 depleted (xGEMC1 dep). Experiment was repeated 3
times (n=3). Average results are shown. Error bars indicate SD. f) Chromatin binding of
indicated proteins at different times after addition of sperm nuclei (3000 n/ul) to egg
extracts that were mock (AMock) or xGEMC1 depleted in the absence (AXGEMCL1) or in
the presence (AXGEMC1+r-xGEMC1) of 10 ng/pl r-xGEMCL. (*) indicates binding of r-
XGEMC1 to chromatin, which was probed with anti MBP antibodies. See Supplementary
Fig 6 for uncropped gels shown in this figure.
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Figure 3. Identification of GEMC1 interacting proteins

a) WB of indicated proteins on pull-downs performed with amylose resin that was untreated
(Mock), pre-bound to MBP (MBP) or to xGEMC1 fused to MBP (r-xGEMC1) and
subsequently incubated in egg extract. * indicates non-specific band. b) WB of TopBP1 on
pull-downs performed with amylose resin that was untreated (Mock), pre-bound to MBP
(MBP) or to GEMC1 fused to MBP (r-GEMC1) and incubated with extract (+ Extract) or
with recombinant TopBP1. c) Chromatin binding of the indicated proteins at different times
after addition of sperm nuclei (3000 n/p.l) to egg extracts that were mock (Mock) or TopBP1
(ATopBP1) depleted. d) Chromatin binding of the indicated proteins at different times after
addition of sperm nuclei (3000 n/ul) to interphase egg extracts that were mock (Mock) or
Orc1 depleted (AORC1). €) Autoradiograph of 3°S-labelled XxGEMC1 (3*S-GEMC1) or 35S-
labelled xGEMC1 mutated in the Cyclin binding site (3°S-xGEMC1-ANA) produced in
reticulocyte lysates and incubated with buffer (=) or recombinant Cdk2-CyclinE complex
(Cdk2-E). f) Amount of replicated DNA measured by quantifying a32P-dATP incorporation
over time using TCA precipitation (see methods) at different times after the addition of 1000
or 6000 nuclei/p.l to egg extracts supplemented with 300 ng/l recombinant xGEMCL (r-
XGEMC1), 300 ng-pl XxGEMC1-8ST-D (r-xGEMC1-8ST-D) carrying the serine and
threonine residues phosphorylated by Cdk2 mutated to aspartate, 300 ng/pl XxGEMC1-8ST-
A protein (r-xGEMC1-8ST-A) with the same residues mutated to alanine, with 3 mM
caffeine (Caff) or with 3 mM caffeine in the presence of 300 ng/pul XxGEMC1-8ST-D protein
(XGEMC1-8ST-D + Caff). The graphs show data from one representative experiment.
XGEMC1 proteins used in these experiments were defective for the Cyclin-binding domain
(R198NL to A198NA mutation) to avoid titration of endogenous Cdk2-Cyclin E complex.
g) Cdc45 chromatin binding. Egg extracts were supplemented with buffer (Buffer) or 300
ng/pl xGEMC1-8ST-D mutant protein (r-xGEMC1-8ST-D). Orc1 was used as loading
control. h) WB of TopBP1 (top panel) on pull-downs performed with amylose resin that was
pre-bound to MBP (MBP), to MBP fused to wild type XGEMC1 (r-xGEMC1), to aspartate
(r-xGEMC1-8ST-D) or to alanine substituted xGEMC1 (XxGEMC1-8ST-A) (bottom panel,
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coumassie) and incubated with recombinant TopBP1. See Supplementary Fig 6 for
uncropped gels shown in this figure.
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Figure 4. Effects resulting from inhibition of GEM C1 expression in Xenopus embryos

a) WB of xGEMCL1 extracted from Xengpus embryos that were untreated (Un) or injected
with control (C-MQ) and morpholino oligos complementary to XxGEMC1 DNA sequence
(XGEMC1-MO) taken at the indicated stages. Lower panel shows coumassie staining of
histone proteins from total embryo lysates. b) Morphology of Xenopus embryos that were
untreated (Un), injected with control (C-MO) or anti xGEMC1 morpholino oligos
(XGEMC1-MO) taken at the indicated stages. ) Quantification of experiment shown in (b).
100 embryos were counted for each treatment. Graph shows a typical result. d) Sections of
fixed Xenopus embryos injected with control (C-MO) or with anti xGEMC1 morpholino
oligos (xGEMC1-MO) and stained with ematossilin-eosin. Area in the rectangle shows 5x
magnification. €) DNA content reduction in embryos that were uninjected (Not injected),
injected with control morpholino oligos (Control MO) or with anti XGEMC1 morpholino
oligos (XxGEMC1-MO). Data are mean + SD of 3 independent experiments; * and ** P
<0.001 compared with not injected control, #test) f) Cleavage of 3°S-labeled PARP induced
by lysates of embryos that were uninjected (Not injected), injected with control morpholino
oligos (Control MO) or anti XxGEMC1 morpholino oligos (XxGEMC1-MO). See
Supplementary Fig 6 for un-cropped gels shown in this figure.
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Figure 5. Effectsresulting from inhibition of GEM C1 expression in mammalian cells

a) RT-PCR of mouse GEMC1 (mMGEMC1) and GAPDH (GAPDH) mRNA derived from
mouse NIH 3T3 fibroblasts that were treated with control (Mock) or mouse GEMCL1 siRNA
oligos (IMGEMC1_1 and mGEMCL1_2). b) Quantification of RNA levels shown in (a). The
graph shows data from one representative experiment. ¢) Histograms relative to FACS
analysis following incorporation of BrdU in mouse NIH3T3 cells that were untreated (Un),
mock treated (Mock), transfected with two independent mouse GEMC1 siRNA
(mMGEMC1_1 or mGEMC1_2) or with Cdc45 siRNA oligos. The graph shows data from one
representative experiment. d) Typical FACS profiles relative to experiments shown in (c).
Circles in pink indicate BrdU incorporating cells. €) WB of MEF-3T3 cells stably
transfected with empty TET-OFF vector (Vector), with TET-OFF vector expressing
hemagglutinin epitope (HA) tagged mMGEMC1 (mMGEMC1) or with the same vector
expressing siRNA resistant HA tagged mMGEMC1 (mGEMC1* Rescue). Cells were
subjected to silencing with mGEMC1_1 siRNA in the absence or presence of 1 pg/ml
doxycycline (Dox), which represses the expression driven by the exogenous promoter
present on the vector. After 96 hours cells were collected and processed for WB using anti
HA and anti GAPDH antibodies as indicated. f) The histograms represent the percentage in
S-phase of MEF-3T3 cells that were treated with mock (Mock) or mGEMCL1 siRNA oligos
(MGEMC1_1 siRNA). mGEMC1_1 siRNA treated cells were stably transfected with empty
TET-OFF vector (Vector), with TET-OFF vector expressing HA tagged mGEMCL1
(mMGEMC1) or with the same vector expressing siRNA resistant HA tagged mGEMC1
(MGEMC1%*) in the absence (-Dox) or in the presence (+Dox) of 1 g/ml doxycycline.
Cells were BrdUTP labelled and processed for FACS analysis. The graph shows data from
one representative experiment. g) Model for GEMC1 function at replication origins (see text
for explanation). See Supplementary Fig 6 for uncropped gels shown in this figure.
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