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SI Materials and Methods
Cloning of xEco2. Full-length Xenopus Eco2 was cloned into pCS2-
and pFastBac-derived vectors using primers 5′-ATTTTCAGG-
GCCGGCCCGAAATGGCGGCGCGCA and 5′-CGGACCCT-
GGCGCGCCCTAACTGACAA.

Cloning of Xenopus laevis Eco1 cDNA. Several candidate ESTs en-
coding proteins with homology to known Eco1 proteins were
identified from a publicly available database, a fragment of
Xenopus Eco1 cDNA was amplified by PCR from a Xenopus
bacteriophage λ-cDNA library using a gene-specific primer (5′-
CCCATGGGGTTTCAGTGC) and vector-specific primer (5′-
CTGGAAAGCGGGCAGTGAGCGCAACGC) to identify and
sequence the 5′ end of the gene. The 5′ end of the gene was
deduced both from sequence analysis and alignment of the ORF
with that found in a cDNA in X. tropicalis (Fig. S2). The full-
length ORF was then amplified from the same bacteriophage li-
brary by PCR with the following primers: 5′-GGCCGGCCAGC-
CATGGCACAAAAAAGAAAGTTGTCCC and 5′-TCTGGC-
GCGCCTTAACTGTGGCCGCT and inserted into vectors for
downstream applications.

Development Time Course. Isolated testes were perforated with fine
tipped forceps and swirled through freshly laid eggs thatwerewashed
and resting in a minimal volume of 1× MMR in a glass dish. After
3 min incubation, the eggs were flooded in 0.1×MMR, causing syn-
chronous fertilization.Thirtyminutes after fertilization theeggswere
dejellied with 2% cysteine in 1×MMR, pH 7.9. At each time point,
five embryos were collected, transferred to 100 μL of Ray’s IP buffer
(100 mM NaCl, 50 mM β-glycerophosphate, 5 mM EDTA, 0.1%
Triton X-100, and protease inhibitors), and immediately homoge-
nized with a 200-μL disposable pipette tip. The homogenates were
spun at 12,000 rpm for 5 min at 4 °C and 80 μL of supernatant was
collected (avoiding the floating lipid layer) and added to sample
buffer. Approximately 0.33 embryo equivalents were run per lane
for immunoblot analysis and compared with 1 μL interphase extract.

XTC Cell Lysates. XTC cells were grown in 0.7× Leibowitz’
L15 medium (Invitrogen) supplemented with 10% FBS and L-
glutamine. Cells were lysed in solubilization buffer (20 mMHepes
pH 7.7, 1.5 mM MgCl2, 5 mM KCl, 0.1% Triton X-100) and
dounced 10 times. Nuclei were pelleted (5 min at 1,000 g), washed
in the same buffer, and resuspended in the sample buffer. Super-
natants from the first spin (cytosol) were collected, clarified with
an additional spin, and sample buffer was added.
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KIMPRKTLAAIVNTGSQSTPKVSNVPPAPRRSSRISPKIQKENAFSEQSQ 45 SorA
KIMPRKTLAAIANTGSQFTPKVSNVTAAPRRSSRISPKIQKENAFSEQSQ 51 SorB

IVHKDVPGQSSAPKINVLSPIPVNIQLSPKQDNRDIIMSQKVRRSYSRLE 95 SorA
MDPKDVTSQSSAPEIDVLSPIPVNIQLSPKLDNRDMIMSQKVRRSYSRLE 101 SorB

MSLNSSSSLYSPTRKTDSSDTSTPNVVLKSGRSSLFGFDKLLNSEMPDGE 145 SorA
MSLNSSAFLYSPTRKTDSSDTSTPNAVLKSSRISLFGFDKLLNSEMPEGE 151 SorB

LKKSNGVTRKKNTKERILGTVLPEQPDHNIPGVVLAKQKRRKRKVAIIEK 195 SorA
LKKSSAVTREKTANERNLQTVLPEEPDHNIPGVVLAKQKRRKRKVPVLEK 201 SorB

SDLDEWAAFMNAEFEEAEKFDLTVE 245 SorA
SDVDEWAAIMNAEFDEAEKFDLTVE 251 SorB
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Fig. S1. Characterization of sororin in egg extracts. (A) Alignment of sororin A and sororin B from Xenopus laevis. A search of Xenopus laevis expressed
sequence tag (EST) databases revealed the presence of two nearly identical sororin cDNAs (Fig. S1A), which likely represent paralogs that have diverged slightly
since an ancient genome duplication event in Xenopus laevis (1). Differences between the two protein sequences are boxed. (B) Immunoblot showing profile of
sororin in egg extracts. A rabbit polyclonal antiserum was generated, affinity purified, and tested for recognition of in vitro-translated proteins (Fig. S1B).
Interphase extract was depleted of sororin and then supplemented with either in vitro-translated sororin A (Δ + A), in vitro-translated sororin B (Δ + B), or
nothing (Δ), or mock depleted (m). Depleted extracts were probed with anti-Smc3 antibody (Upper) or anti-sororin antibody (Lower). *Nonspecific band seen
in some extracts. (B) Effects of sororin and cohesin depletion in extract. Interphase extract was depleted of either sororin or cohesin, probed by immunoblot,
and compared against serial twofold dilutions of undepleted extract, where x is the amount of extract loaded in each of the first two lanes. In some extracts,
particularly in depletion experiments, sororin is difficult to detect in whole extract, although it is readily detectable on chromatin.

1. Evans BJ (2008) Genome evolution and speciation genetics of clawed frogs (Xenopus and Silurana). Front Biosci 13:4687–4706.
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Fig. S2. Analysis of Eco1 and Eco2 in Xenopus extracts and embryos. (A) Characterization of antibodies against xEco1 and xEco2. Affinity-purified antibodies
generated against xEco1 and xEco2 were used to probe interphase extract (IE), in vitro-translated full-length xEco1 (IVT Eco1), xEco2 (IVT Eco2), and nuclear
and cytosolic extracts from XTC cells. *A nonspecific band recognized by the anti-xEco1 antibody in both interphase extracts and cytosol. This band is not seen
on chromatin or in somatic nuclei. In egg extracts, Eco1 migrates slightly faster than this background band (note weak band below band marked by asterisk).
(B) Depletion of Eco1 or Eco2 from interphase egg extract The same antibodies in A were used to immunodeplete interphase extract, and the depleted extract
was then analyzed by immunoblot for both Eco proteins. (C) Chromatin association of xEco1 and xEco2 in interphase extract chromatin was isolated from
a nuclear assembly reaction at the indicated time points and analyzed by immunoblot for the presence of topoisomerase II (as a loading control), Eco1, Smc3,
Eco2, and sororin. IE, interphase extract. (D) Developmental time course showing increase in Eco1 levels near MBT. Embryos were collected at the indicated
times and lysates were prepared and analyzed by immunoblot for the presence of Eco1, Eco2, and Nck (loading control). IE, interphase extract; E, egg lysates;
hpf, hours postfertilization). In some egg extracts we were unable to detect Eco1 due to very low levels of expression.

Fig. S3. DNA replication is not grossly affected by Eco2 depletion. Nuclei were added to interphase extract that had been either depleted of Eco2 (ΔEco2) or
mock depleted (mock) and the levels of DNA replication were determined as in Fig. 1.
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Fig. S4. Alignment of Eco2 proteins from various species. ClustalW alignment of Eco2/Esco2 proteins from various vertebrate species. Included are protein
sequences from man (Homo sapiens: NP_00101017420), cow (Bos taurus: NP_001094652); mouse (Mus musculus: NP_082315); chicken (Gallus gallus:
XP_420012); salmon (Salmo salar: NP_001133441); and frog (Xenopus laevis: NP_001089603). KEN sequences in the N termini are indicated by black boxes. The
strength of homology at each position is indicated by the height of the vertical bars.
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- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MMS I QE KSKE NS S SV T KKS EDKNS E- T EX Q- - - - - GSQKNL AKKS GX KMajority

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0S. cerevisiae
ML L CL F V I GV S L Y L PV I T DL L NNNNT RHS AF T PT RT RKSS QKL L RKGGL Y SGMMS I QE KSKE NS S SV I KKS EDKNL E- T QI Q- - - - - GSQS NL AKKS GP K 94C. familiaris
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MMS I QE KSKE NS S SV I KKNEDKNL E- T QV Q- - - - - GSQKNL AKKS DP K 42B. taurus
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MMS I QE KSKE NS S T V I KKS EDKNL G- I QI Q- - - - - GSQRNL AKKS VP K 42E. caballus
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MS I QE KSKE NS S I V T KE S EDENL E- E EV E - - - - - S SQNSP T KKS GS K 41M. musculus
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MMS I QE KSKE NS S KV T KKS EDKNS E- T EI Q- - - - - DSQKNL AKKS GP K 42M. mulatta
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MS I QE KSKE NS S KV T KKS DDKNS E- T EI Q- - - - - DSQKNL AKKS GP K 41P. troglodytes
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MMS I QE KSKE NS S KV T KKS DDKNS E- T EI Q- - - - - DSQKNL AKKS GP K 42H. sapiens
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - T F QI KRKSKE NNS DT S AKI VKNNS QK GRV K- - - - - NSQRNL T - KS AS K 42M. domestica
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MAAQKRKSAL VE P SAKRP RL DKNS RP S SAKKE KEV S DAKHV S NKS NS N 48G. gallus
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MMP NT T R- - - - - - - - - - - KRKHS S VDS DS N 19S. salar
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MAQKRKL S QAE S SAKHQKL DKDHKHP SV AT KNANGKS KT S T ANHAS N 47X. laevis
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MAS QKRKSP P VRS SAKRQKL DKDHEHHSV T T KKT NGKS KT S T ANHT S A 48X. tropicalis

+ Majority

- - - E T I KS QV KSS S ES K- - - - - - - - - - - - - - I NQP EL GT RMS T RS- - - - - - - - - - - - - - - - - - - - KAASX DK- AT KSI NKNT VT V KGHSQ- - - - - - - - - EMajority

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0S. cerevisiae
- - - E T VKS L V KSS S ES K- - - - - - - - - - - - - - I NQP EL GT CMS T RS- - - - - - - - - - - - - - - - - - - AKAASS DKKAS KSS S KNMV T V KGHSQQ- - - - - - - - E 150C. familiaris
- - - E A I KS L V KSS NES K- - - - - - - - - - - - - - V NQP EL GT CMS T R- - - - - - - - - - - - - - - - - - - - - - S AST DKRAS KST NKNMV T V KGHSQQ- - - - - - - - E 95B. taurus
- - - E A I KS VV KSS S GN K- - - - - - - - - - - - - - I NE P EL GT CMS T RS- - - - - - - - - - - - - - - - - - - AKAASCDKKGGKSI NKNMV T AKGHSQQ- - - - - - - - E 98E. caballus
- - - E AVKT PV RF S NKS K- - - - - - - - - - - - - - T NE S EF GMRMS T RS- - - - - - - - - - - - - - - - - - - - AS CSADKT AT NSF NKNT VT L KGQSQ- - - - - - - - - E 95M. musculus
- - - E T T KS QA KSS S ES K- - - - - - - - - - - - - - I NQP EL E T RMS T RS- - - - - - - - - - - - - - - - - - - S KAAF T DK- AT KSI NKNT VT V RGHSQ- - - - - - - - - E 96M. mulatta
- - - E T I KS QA KSS S ES K- - - - - - - - - - - - - - I NQP EL E T RMS T RS- - - - - - - - - - - - - - - - - - - S KAASNDK- AT KSI NKNT VT V RGY SQ- - - - - - - - - E 95P. troglodytes
- - - E T I KS QA KSS S ES K- - - - - - - - - - - - - - I NQP EL E T RMS T RS- - - - - - - - - - - - - - - - - - - S KAASNDK- AT KSI NKNT VT V RGY SQ- - - - - - - - - E 96H. sapiens
- - - E L EKP L NKSS S DS N- - - - - - - - - - - - - - I NE S EL V T HMAT RS- - - - - - - - - - - - - - - - - - - S KT V F NE K- KS NCI HKT QVI V KKHSQE - - - - - - - - L 97M. domestica
QC AV QEKS VL RT S V KS NSV N- - - - - - - - - - - T NE S EL GT RMT T RS- - - - - - - - - - - - - - - - - - - - - - - S- - G- - F NSS S KT V PDKKAQQQP - - - - - - - - K 102G. gallus
- - - S T KRP VT DGGS PL K- - - - - - - - - - - - - - - - - - - RKSS RL P QS- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - PL KMS V KHQEK- - - - - - - - - - 53S. salar
KKI NAL KP HGKANT PT KKAI K- - - - - L S P QK I L QKT RNEL KSAKT - - - - - - - - - - - - - - - S KEGP T S S RT T QGPL Y SV QAS KAS KRGKADV GK KAS T RAN 127X. laevis
KKKS V L KP QV KANT PAKKAI KKP PS RL S P QK V L QKKI NERKSAKANT AKS VP V KRS VL KT T KEAP T S S RI T QV SRS SGQAS T AS KRGKAE N- - - - - KRAN 143X. tropicalis

+ Majority

ST KKK- - - L S QKKL VHE T P KA- - - - - - - - - - - - NE QL NRRS QR L QQL T E V ST - - - - - - - - - - - - - - - RSL RSREI QG- QVQAVKQSL P PT KK- - - E QCS XMajority

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0S. cerevisiae
ST KKKKK- L P QKNS VHGT S KS- - - - - - - - - - - - NE QL NRRS QR L QQL T E V ST - - - - - - - - - - - - - - - RSL RNREI QG- QVQAVKQT L P P- RK- - - E HCNN 217C. familiaris
ST KQKK- - I S QKKT VHE T P KS- - - - - - - - - - - - S E QL NRRS QR L QQL T E V ST - - - - - - - - - - - - - - - RSL RSREI QG- QAQAVKQSL P PT KK- - - E HCNN 162B. taurus
ST KQKK- - L S QKKS VHE PP KA- - - - - - - - - - - - NE QL NRRS QR L QQL T E V ST - - - - - - - - - - - - - - - MS L RSREI QG- QVQV VKQSL P PI RK- - - E HCS N 165E. caballus
SS KT KK- - L CQEKL SL GI L KG- - - - - - - - - - - - NE QL HRRS QR L QQL T E CT T - - - - - - - - - - - - - - - RSL RSREI HG- QI QT VKQNQQSARR- - - E QCNS 162M. musculus
ST KKK- - - L S QKKF VHE NP KA- - - - - - - - - - - - NE QL NRRS QR L QQL T E V SR- - - - - - - - - - - - - - - RSL RSREI QG- QVQAVKQSL P PT KK- - - E QCS S 162M. mulatta
ST KKK- - - L S QKKL VHE NP KA- - - - - - - - - - - - NE QL NRRS QR L QQL T E V SR- - - - - - - - - - - - - - - RSL RSREI QG- QVQAVKQSL P PT KK- - - E QCS S 161P. troglodytes
ST KKK- - - L S QKKL VHE NP KA- - - - - - - - - - - - NE QL NRRS QR L QQL T E V SR- - - - - - - - - - - - - - - RSL RSREI QG- QVQAVKQSL P PT KK- - - E QCS S 162H. sapiens
RQNRK- - - - S P KKL VQE T P KSKCGN RL - - - - - - NE QL NRRS QR L QQL ADV ST - - - - - - - - - - - - - - - KSL RNREI KS- QVL E VKQSI S T NI T - - - E S CS K 168M. domestica
ST KS KE- - VCQKKP AQE I P KSKCVT AP- - - - - - S E SGARRS QR L QQL T HV EE P A- - - - - - - - - - - - - RSL RSREV KEE KAS DVKQSS QAKRP- - - AQNV A 178G. gallus
- - - - E - - - - - - - - - - - NCP S P- - - - - - - - - - - - - QRS P AP S PL KI AL KRASP - - - - - - - - - - - - - - - - - F KAAVV T G- - SF Y GK RKP L YL T P- - L E RKML 104S. salar
VQKS KNI S NV GKNL VKNT S S ARL KV S AS GKNE ES KT GT KRS SRL L E L KHGKAQSKE PP KNS KKDI HS S CT KT E PL KG- RSRL VRKT - AQN KGS NSE HRGN 225X. laevis
MQNS KNT S KV GKNL VKNT S L ARL KV S AS GKNE KS KT GT KRS SRL L E L KQGKAQSKE T P KNAKKNL SI RCT KT E PL KG- RPT S VKKT P AQN KG- NI E L RGK 241X. tropicalis

+ Majority

T QSKS N- - - KT SQK- - - - - - - - - - - - - - - HV KRKV L E V KS DSKE DE X L V X - - - NE V I NS PKGKKRK- - - - - - - VE HQT AX- - T CS SQ- - - - - - C I QGSE KMajority

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0S. cerevisiae
SQSKS NK- VKT SQK- - - - - - - - - - - - - - - HV KRKV PE I KS DSKE DE HL V T - - - NE V I NS PKGKKRK- - - - - - - VE HQT AY- - T CS SQ- - - - - - C I KGSE K 283C. familiaris
T QSKS NK- AKT NQK- - - - - - - - - - - - - - - HV KRKV L E I KS DSKE EE NSV T - - - NE AI NS PKGKKRK- - - - - - - VE HQT AY- - T S GSQ- - - - - - C I KGSE K 228B. taurus
T QSKS NK- VKT SQK- - - - - - - - - - - - - - - HV KRKI L E MKS DSKE DE NPL I - - - NE V I NS PKGKKRK- - - - - - - I E P QT V Y- - ACS SE - - - - - - C I KGSGK 231E. caballus
T QSKCNK- VKV NQK- - - - - - - - - - - - - - - HV KRKV L E I KS DCKE DRHSV T - - - NE V I NS PKGKKRK- - - - - - - VQHQT T S- - T CS SQ- - - - - - CNQGSE K 228M. musculus
T QSKS S- - - KT SQK- - - - - - - - - - - - - - - HV KRKV L E V KS DSKE HE HL V I - - - NE V I DS PKGKKRK- - - - - - - VE HQT AC- - ACS SR- - - - - - CVQGSE K 226M. mulatta
T QSKS N- - - KT SQK- - - - - - - - - - - - - - - HV KRKV L E V KS DSKE DE NL V I - - - NE V I NS PKGKKRK- - - - - - - VE HQT AC- - ACS SQ- - - - - - C I QGSE K 225P. troglodytes
T QSKS N- - - KT SQK- - - - - - - - - - - - - - - HV KRKV L E V KS DSKE DE NL V I - - - NE V I NS PKGKKRK- - - - - - - VE HQT AC- - ACS SQ- - - - - - CT QGSE K 226H. sapiens
AKT KS SQ- I E I VQK- - - - - - - - - - - - - - - NV KRKL T S P - P DSKDNE - SI V - - - SE V SNS PKGKKCR- - - - - - - VNHKL DG- - T CGPQ- - - - - - HKQRSAK 232M. domestica
AKAL KPAGEKAEQK- - - - - - - - - - - - - - - NT KT KS NNAKE D- KE T R- - - - - - - VE V T S S PKE KKCK- - - - - - - ADKKNDN- - SKS L QH- - - - - S VQDSS L 241G. gallus
NE T KS P- - - - - - - - - - - - - - - - - - - - - - - - - - PRL T S V DP Y G- - - - - - - - - - - - - MP T AAE KKRMK- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 131S. salar
ADRKS I QQI P S SKKSAV I GKKQAQI RT V T HAQPKE SS S KKHSKQL QAT KKL S QAKT ANGRQS KRAR- - - P L SP VNRKNKG- - T QGHQGPGI KT AI KRSDL 320X. laevis
ADRKS I QKI S ASKE SAV I GKKKAHI CT I T HAQPKE SS S KKHGK QL QV T I T SS QAKKSNS RQS KRT PRL SS L SP ANRKT QRGKT QE CQGQGI KT AVKS XT L 341X. tropicalis

+ Majority

CX - - - - - - - - - - QKXI RKE E T KP VP - - - - - - - - - - - - - - - - - V T - S E VKRSKMAT - - - - - - - - - - - - S VV S KKNE - - - MKKS VHT QV NT S T KS P KS P QP -Majority

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0S. cerevisiae
YL - - - - - - - - - - QKNV KKE E T KS VP - - - - - - - - - - - - - - - - - V T - S E I KS SKMI T - - - - - - - - - - - - S AV S KKNE - - - V KKS VHT QV NT S AKS QKS P QP - 339C. familiaris
CL - - - - - - - - - - E N- T RKE E T KS S- - - - - - - - - - - - - - - - - - - - - S E I KRSKV AT - - - - - - - - - - - - S VV S KKNE - - - MKKS VHT QV NNS AKS QKS P QP - 280B. taurus
CL - - - - - - - - - - QKNI RKE GKKS L T - - - - - - - - - - - - - - - - - V T SS E I KRSKL SP - - - - - - - - - - - - S VV S KRN- - - - - EKS I HT QV NSS AKS QKS P QP - 286E. caballus
CL - - - - - - - - - - QKT S RKE E I KP VP - - - - - - - - - - - - - - - - - V T - ADI RKL KAAT - - - - - - - - - - - - S VV S KKNE - - - L RKS AHT QV S T S T KRP QI P L P - 284M. musculus
CP - - - - - - - - - - QKT T RKE E AKP VP - - - - - - - - - - - - - - - - - V P - S E VKRSKMAA- - - - - - - - - - - - S VV S KRNE - - - I KKS VHT QV NT NT T L P KS P QP - 282M. mulatta
CP - - - - - - - - - - QKT T RRDE T KP VP - - - - - - - - - - - - - - - - - V T - S E VKRSKMAT - - - - - - - - - - - - S VV P KKNE - - - MKKS VHT QV NT NT T L P KS P QP - 281P. troglodytes
CP - - - - - - - - - - QKT T RRDE T KP VP - - - - - - - - - - - - - - - - - V T - S E VKRSKMAT - - - - - - - - - - - - S VV P KKNE - - - MKKS VHT QV NT NT T L P KS P QP - 282H. sapiens
YQ- - - - - - - - - - L E - I KKE E T S L VP - - - - - - - - - - - - - - - - - V I SS QVKKAKMV T - - - - - - - - - - - - S PS S KRNE E MNKKE L I HS KI KSRP KS - KNS QP - 290M. domestica
CP DDG- - - - - - - L E EV KKDQKDP VS - - - - - - - - - - - - - - - - - P V L S S T KKVKADS - - - - - - - - - - - - P KP NSKT V T K- E KQQVHQNI KGS I KP NKV S QP - 303G. gallus
- - - - - - - - - - - - - - - I KST KAKKVA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - T VHG- - - - MKT GVT GNANSKS SL I NS S KP - 166S. salar
RT GV KGP NDE KKL KAI QNDGMME I P - - - - - - - - - - - L HPNT DV T ENE VDT CS HSS P SL KDS GAS F SKKPL E KS QR P KQKRS S I V ASAKKKS PS AKP P HKK 409X. laevis
RT RV KGP NEGT KL KAI QNE GI KNMGT NNGKAI EL ASF KSNT DV T ENE VDACCL SS - - - - - - GVS L SKE PL E KAEP T KWKT S S T DT PAKKKT PCAKAS PKK 435X. tropicalis

+ Majority

- S VP E QS - - - - - - - - - - - DNEL E QA GKS KRGS I L QL CE EI AGE I ES DT V E VKKES S QME SV K- E E KP T EI KL E ET DVE RQI L HQKET NQD V QC NRF F PS RMajority

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0S. cerevisiae
- S VP E QS V - - - - - - - - - - DNEL E QA GRS KRGS I L QL CE EI AGE I ES DT V E VKKES S QME SV K- E E KP T EI KL E ET DNE RQI L HQKET NQD V HCNRF F PS R 427C. familiaris
- S VP E QT G- - - - - - - - - - DNGL E QA GT S KRGS I L QL CE EI AGE I ES DT V E VKKES S QME SV K- E E KP T EI KL E ET E T E RQI L HQKEANQD V QC NRF F PS R 368B. taurus
- L VP E QS V - - - - - - - - - - DNEL E QA GKS KRGS I L QL CE EI AGE I ES DT V E VKKES S QME SV K- E E KP AEI KL E ET DI ARQI L HQKET NQH V QC NRF F PS R 374E. caballus
- L VP E HS D- - - - - - - - - - DQEL E QA GKS KRGS I L QL CE EI AGE I ES DT V E VKKES S CV E SV K- E E KP AEV KL QGT DAE RQI L HHKEANQD V RS NRF F PS R 372M. musculus
- S VP E QS - - - - - - - - - - - DNDL E QA GKS KRGS I L QL CE EI AGE I ES DNV E VKKES S QME SV K- E E KP T EI KL E ET S VE RQI L HQKET NQD V QC NRF F PS R 369M. mulatta
- S VP E QS - - - - - - - - - - - DNEL E QA GKS KRGS I L QL CE EI AGE I ES DNV E VKKES S QME SV K- E E KAT EI KL E ET NVE RQI L HQKET NQD V QC NRF F PS R 368P. troglodytes
- S VP E QS - - - - - - - - - - - DNEL E QA GKS KRGS I L QL CE EI AGE I ES DNV E VKKES S QME SV K- E E KP T EI KL E ET S VE RQI L HQKET NQD V QC NRF F PS R 369H. sapiens
- T EP E GN T - - - - - - - - - - DKHQE EV V KT KRV S I L E L CE EI AGE I ES DT V E VKRES L CT E SV K- E DE- NL T KL E PT E VE T QV I T QKEP NENT QC KRF F PS R 377M. domestica
- S VS E T KV - - - - - - - - - - ADQP E SDV KS KRV S I L E L CE EI AGE I ES DT V E VKKDS P NAE CS K- T E E- - EKHAE VQL QQS EML T QKEP AQS AQC KRF F PS K 389G. gallus
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - KAP T ST E QV E L KKGI T L T F GG- - - - - - - - L KPKPKI F I GAAF F S T GK KPS S MY KRS APKS 218S. salar
L T VKRQK T GH S GT AKNT SAP T L P DV P T AKRI S I L DL CNEI AGE I ES DT V E VKKDMP SS QDI QKE E HP I VE NKE SAQPE AVNV CHT GE KEE T QS KRF F SS K 509X. laevis
VT VE RRKT - V S GT AKNKPT P SL P DV P KAKRI S I L D I CNEI AGE I ES DT V E VKKDV P SS QDMQQK DHL I EE NKE SAQPE AI HL CHGEE KNKS HS KRF F SS R 534X. tropicalis

Fig. S5. (Continued)
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+ Majority

KT KP V KCI L NGI NS SAKKNS NWT KI KL S KF NS VQQNKL DS - - QV SP KL GL L RT - - - - - - - S F SL P AL E MHHPV T QS T F L GT KPH- DKNI ACQQE KMK EI NMajority

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0S. cerevisiae
KT KP V KCI L NGI NS ST KKNS NWT KI KL S KF NS VQQNKL DS - - QV SP KL GL I RT - - - - - - - S F SL P AL E MHHPAT QS T F L GT KPHNDKNI ACQQE EMK EI N 518C. familiaris
KT KP V KCI L NGI NNST KKNS NWT KI KL S KF NS VQQNKL DS - - QF SP KSGL L RT - - - - - - - S F SL P AL E T HQQV T QS T F L GS KPY GDKNKACQQE EMK EV N 459B. taurus
KT KP V KCI L NGMNS ST KKNS NWT KI KL S KF NS VQQNKL DS - - QV SP KL GS L RT - - - - - - - S F SL P AL E MHHPV T HS T F I GT KPHDDKNT ACQQE DMR EI N 465E. caballus
KT KP V KCV L NGI NS ST KKNS NWT KI KL S KF NS VQQHKL DS - - QV SP KL NL L QT - - - - - - - GL ST S VL E MP HPV SQS T F L EMK AH- - GNVT CQR DKMK GI K 461M. musculus
KT KP V KCI L NGI NS SAKKNS NWT KI KL S KF NS VQHNKL DS - - QV SP KL GL L RT - - - - - - - S F SP P AL E MHHPMT QS T F L GT KPH- DGNI S CQQE EMK ET N 459M. mulatta
KT KP V KCI L NGI NS SAKKNS NWT KI KL S KF NS VQHNKL DS - - QV SP KL GL L RT - - - - - - - S F SP P AL E MHHPV T QS T F L RT KL H- DRNI T CQQE KMK EI N 458P. troglodytes
KT KP V KCI L NGI NS SAKKNS NWT KI KL S KF NS VQHNKL DS - - QV SP KL GL L RT - - - - - - - S F SP P AL E MHHPV T QS T F L GT KL H- DRNI T CQQE KMK EI N 459H. sapiens
KANP V KCV L NGL NRL AS KKS KWT KI KL GKANHL HQNS L T S - - P V AP KF DP VKT NP KL P QAS NHL E AS E I HHPKSQS QL L ML KPCDDKDF ACQQE KQKEI Y 475M. domestica
KGMP V KCT L NGRS NSS NKNS KWT KI KL L KANNMKQT NL NS - - ANAP KL S L L KN- - F PE V SE ASQI AT E AQHSKVE GQL P VT RL S E NE S AT CVQDK- S DP S 484G. gallus
T KPAL RF AKT KAMV PAS E- - - - - - - - - GKQE KVQAPF L QR - - - CAV V VKT L KE - - - - - - - E P EL T PS V QD V PKSP E SL E AL S PS - - - A I AE KY GMT KEV R 296S. salar
T V VRL KCKL DRKNS PAP KNS KWNKI KL KKANNL S GMNV PKI HAV L P NL DV I KA- - - - - - - RS KL T QT GHS V T GT S DKP L DKKL P AGI NSKS T L P DL KKS K 602X. laevis
T AVRL KCKL DRKT S PAL KNS KWNKI KL NKANNL S RMNI PRNRAI L P NL DV I KA- - - - - - - RS KL S QT GQL AAS T L DKT L DKKL P V EMN T V S YL P DS KKT K 627X. tropicalis

+ Majority

SE EV KI NDI T V EI NKT T KRAPE NCHL XN- I KP - X DPP L DNQMKHSF E ST P DKNF S L CL E SKL E- - NS P VE NVT AV S T L L SQAKI DT GE NKF PGS AP - QQHMajority

- - - - - - - - - - MKARKS QRKAGS K- - - - - - - - - - - - - - - - - - - - - - - P NL I QS KL QV NNGSKS N- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 30S. cerevisiae
SE EV KT NDVT V EV NKT T KS APE NCHL DNQI KP PP DPP L DNQMKE SF E ST P DKDF S L CL E SKL E- - SS P VGNI S T V S AL L GQAKI DT GE NKF PGS AP - KQH 615C. familiaris
SE DV T PNDI T V EMN KI P KKAPE NCHL GN QI KP PP DQP L DKQKKDAF E ST P DKNCS L CL E SKL E- - NNP VE NAT T V S T L L SQAKI DT GE NKF PGS I P - KQH 556B. taurus
SREV KI NDT T I QI NKT T KRAPE NCHL DNQI KP CP NPP L DNQRKDSF QST P DKNYS L CL E SKL E- - NNP VE NT T T V S AL L SQGKI DSGE SKF SGP AP - QQH 562E. caballus
SE EV KI NNI A I EI NKAT KRDPGNCNL DNHI KP SP DSS L DNQMKL SCE SAP DQNF S I CS ASE V E- - T NP L E NT AAAS T L L SQAKI DE- DRT F PGS AP NQQH 558M. musculus
SQEV KI NDI T V EI NKT T ERAPE NCHL ANE I KP - S DPP L DNQMKHSF DSAS NKNF S QCL E SKL E- - NS P VE NVT AV S T L L SQAKI DT GE NKF PGS AP - QQQ 555M. mulatta
SE EV KI NDI T V EI NKT T ERAPE NCHL ANE I KP - S DPP L DNQMKHSF DSAS NKNF S QCL E SKL E- - NT P VE NVT AV S T L L SQAKI DT GE NKF PGS AP - QQH 554P. troglodytes
SE EV KI NDI T V EI NKT T ERAPE NCHL ANE I KP - S DPP L DNQMKHSF DSAS NKNF S QCL E SKL E- - NS P VE NVT AAS T L L SQAKI DT GE NKF PGS AP - QQH 555H. sapiens
F QEV KSNAKT T EKNRT AERAAE NGQL DNQI KHPP KPS MDNQMKHSL E PT L DE NF S L YL E SS P E- - NT P MKNAAVV P PL L NQAKNHT GE SKS PDI T P KQL I 573M. domestica
SE RAGSKE VAL EMK QP T KRGVE N- - - G- - - - - - - - - L L HNL T KHF S E PRP DE NF KL RL E SS P E- - SS P VKHL T AP KPS K- QL KRE PGE CDP QGL AP KQL T 569G. gallus
- - - - - - - - - - I VL S RS P SP ACP AS- - - - - - - P - - - - E I NT QGD F I T DT GS DAV F DL SDI SP L NS I T S P VKADAVY P I F GSGS KRP QR KAAL DS P VN- - - - 371S. salar
S- - - - - - - - AAI I QKT S QE KAE NG- - - - - - - - - - - - L L DKHI NHDL E L T F DE GF KL HL DSS P E- - SS P L KKPP MKP QQL EP E HKKPDV I AS KACAS KQL F 680X. laevis
- - - - - - - - - P AAI QKNKQE KT E NG- - - - - - - - - - - - V L DKHI NHDL E I T F DE GF RL HL DSS P E- - SS P L KKPP T KP PQL QS E QQNPDV I AS KACAS KQL F 704X. tropicalis

+ Majority

- S I L S NQT SKS SDNRE T PP NHS - XP KCNS - HL EI T I P KDL K- L KEAE KDDEKQL I I DAGQK RF GAVS CNV CGML Y T AS NPE DET QHL L F HNQF I SAV KY VMajority

- - - - - - K I VKCDKCEMS YS S T S - - - - - - - - - - - - - - - - - - - - - I EDRAI HEKY HT L QL HGR KWS P NWG- - - SI VY T ERN- HS RT V HL S RS T GT I T P L NS S 99S. cerevisiae
- T I L S NQASKT SDNRE T PP NHS - WP KCNS - HL EI T I P KVL K- L KEAE KV DEKQL I I DAGQK RF GAVS CNV CGML Y T AS NPE DET QHL L F HNQF I SAV KY V 711C. familiaris
- S VL CNQT SKT SDNRE I PP NHS - WP KCNS - HL EI T I P KDL K- L KEAE KADEKQL I I DAGQK RF GAVS CNV CGML Y T AS NPE DET QHL L F HNQF I SAV KY V 652B. taurus
- S I L NNQT L KT SDNRE T PP NHS - WP KCNS - RL EI T I P KDL K- L KEAE KADEKQL I I DAGQK RF GAVS CNV CGML Y T AS NPE DET QHL L F HNQF I SAV KY V 658E. caballus
- S VL S DE ASI NRKNRDV PP NHS - QL KHDS - HL EI T I P KSL K- L KDS E KV DEKQL V I DAGHKRF GAVS CNI CGML Y T AS NPE DET QHL L F HNQF I SAV KY V 654M. musculus
- S I L NNQT SKS SDNRE T PRNHS - L P KCNS - HL EI T I P KDL K- L KEAE KT DEKQL I I DAGQK RF GAVS CNV CGML Y T AS NPE DET QHL L F HNQF I SAV KY V 651M. mulatta
- S I L S NQT SKS SDNRE T PRNHS - L P KCNS - HL EI T I P KDL K- L KEAE KT DEKQL I I DAGQK RF GAVS CNV CGML Y T AS NPE DET QHL L F HNQF I SAV KY V 650P. troglodytes
- S I L S NQT SKS SDNRE T PRNHS - L P KCNS - HL EI T I P KDL K- L KEAE KT DEKQL I I DAGQK RF GAVS CNV CGML Y T AS NPE DET QHL L F HNQF I SAV KY V 651H. sapiens
- S T F NNQI SKT SDNRV S L P NHAS ST KYS S - P L EI K I S KDL K- L KET E KDGDKQL I I DAGQK RF GAVS CNI CGML Y T AS NPE DET QHL L F HNQF I SAV KY V 670M. domestica
- HT S S T NQT S E PE NRV P ST NPAL T S KCS N- L L PS E E- H I QK- L KEAGKDGEKQL I I DAGQK RF GAI S CNI CGML Y T AS NPE DET QHL L F HNQF I SAV KY V 665G. gallus
- - - - - - - CST P SAL SHP L P S AARKKRET N- - - - - - - - - - - - - - - - KQAE ADDQL I I DAGQK QF GAT V CGS CGMI Y S ADS L E DNF QHT QF HQSF L DGI KF V 448S. salar
NS SL RDQMAP S DE GRNT VT S HV S SAKST CVL S EV NI QKEV KKL KEAE KDS NKQSI I DAGQK RF GAI S CNV CGML Y T AS NPE DEAQHL L F HNQF I SAV KY V 780X. laevis
NS SL T DQMAP S DE GRNRL T S RV S SAKST S - - S EANI QKEV KKL KEAE KDGNKQAI I DAGQK RF GAI S CNV CGML Y T AS NPE DEAQHL L F HNQF I SAV KY V 802X. tropicalis

+ Majority

GWKKE RI L AE Y PDGRI I MV L PE DPKY AL KKV DEI REMV DNDL GF QQAPL MCY S - - - - - RT KT L L F I S NDKKVV GC L I AE HI QWGY RV I EE KL P V I RS EE EMajority

PL KKS SP S I T HQE E KI V YV RPDKSNGEV RAMT EI MT L V NNE L NAPHDENV I WNST T EE KGK AF V Y I RNDR- AV GI I I I E NL Y GG- - - - - N - - GKT S S RGR 191S. cerevisiae
GWKKE RI L AE Y PDGRI I MV L PE DPKY AL KKV DEI REMV DNDL GF QQAPL MCY S - - - - - RT KT L L F I S NDKKVV GC L I AE HI QWGY RV I EE KL P V I RS EE E 806C. familiaris
GWKKE RI L AE Y PDGRI I MV L PE DPKY AL KKV DEI REMV DNDL GF QQAPL MCY S - - - - - RT KT L L F I S NDKKVV GC L I AE HI QWGY RV I EE KL P V I RS EE E 747B. taurus
GWKKE RI L AE Y PDGRI I MV L PE DPKY AL KKV DEI REMV DNDL GF QQAPL MCY S - - - - - RT KT L L F I S NDKKVV GC L I AE HI QWGY RV I EE KL P AI RS EE E 753E. caballus
GWKKE RI L AE Y PDGRI I MV L PE DPKY AL KKV DEI REMV DNDL GF QQAPL MCY S - - - - - RT KT L L F I S NDKKVV GC L I AE HI QWGY RV I EE KL P V I RS EE E 749M. musculus
GWKKE RI L AE Y PDGRI I MV L PE DPKY AL KKV DEI REMV DNDL GF QQAPL MCY S - - - - - RT KT L L F I S NDKKVV GC L I AE HI QWGY RV I EE KL P V I RS EE E 746M. mulatta
GWKKE RI L AE Y PDGRI I MV L PE DPKY AL KKV DEI REMV DNDL GF QQAPL MCY S - - - - - RT KT L L F I S NDKKVV GC L I AE HI QWGY RV I EE KL P V I RS EE E 745P. troglodytes
GWKKE RI L AE Y PDGRI I MV L PE DPKY AL KKV DEI REMV DNDL GF QQAPL MCY S - - - - - RT KT L L F I S NDKKVV GC L I AE HI QWGY RV I EE KL P V I RS EE E 746H. sapiens
GWKKE RI L AE Y PDGKI I MV L PE DPKY AL KKV E EI REMV DNDL GF QQAPL MCS S - - - - - R I KT L L F I S NDKKVV GC L I AE HI QWGY RV I EDKVP DVNS END 765M. domestica
GWKKE RI L AE Y PDGRI I MV L PDDPKY AL KKV E EI REMV DNDL GF QQAPL MCY S - - - - - RT KT L L F I S NDKKVI GC L I AE HI QWGY RV I EE KVP E I S S ENE 760G. gallus
GWKKE RV V AE F WDGKI I L V L PDDPKY AV KKAE DV RRL ADNE L GF QQV SL RCP S - - - - - QVKT YL Y VNS DRMV V GC L I AE HI RQGF RV L EQP - E QT KDMT R 542S. salar
GWKKE RI V SE Y PDGRI I MV L PDDPKY AL KKV DEI REMV DNDL GF QQV PL RL HS - - - - - RT KT L L F I S S DKKVAGC L I AE HI QWGY RV I DDL I P E GT S EKE 875X. laevis
GWKKE RI V AE F PDGRV I MV L PDDPKY AL KKV DEI REMV DNDL GF QQV PL RL HS - - - - - RT KT L L F I S NDKKVV GC L I AE HI QWGY RV I DDL SP E GT S EKE 897X. tropicalis

+ Majority

KV RF E RQKAWCCS T L P E PAI CGI SRI WV F SMMRRKKI ASRMI E CL RS NF I YGS YL S KE E I AF SDP T P DGK L F AT QY CG- - - - T GQF L V YNF I NGQN S TMajority

WMV Y D- S RRL V QN V YP DF KI G- I SRI WV CRT ARKL GI AT KL I DV ARE NI V YGE VI P RY QVAWSQP T DS GGKL ASKY NGI MHKSGKL L L PV Y I         281S. cerevisiae
KV RF E RQKAWCCS T L P E PAI CGI SRI WV F SMMRRKKI ASRMI E CL RS NF I YGS YL S KE E I AF SDP T P DGK L F AT QY CG- - - - T GQF L V YNF I NGQN S T   900C. familiaris
KV RF E RQKAWCCS T L P E PAI CGI SRI WV F SMMRRKKI ASRMI E CL RS NF I YGS YL S KE E I AF SDP T P DGK L F AT QY CG- - - - T GQF L V YNF I NGQN S T   841B. taurus
KV RF E RQKAWCCS T L P E PAI CGI SRI WV F SMMRRKKI ASRMI E CL RS NF I YGS YL S KE E I AF SDP T P DGK L F AT QY CG- - - - T GQF L V YNF I NGQN S T   847E. caballus
KV RF E RQKAWCCS T L P E PAI CGI SRI WV F SMMRRKKI ASRMI E CL RS NF I YGS YL S KE E I AF SDP T P DGK L F AT QY CG- - - - T GQF L V YNF I NGQN T T   843M. musculus
KV RF E RQKAWCCS T L P E PAI CGI SRI WV F SMMRRKKI ASRMI E CL RS NF I YGS YL S KE E I AF SDP T P DGK L F AT QY CG- - - - T GQF L V YNF I NGQN S T   840M. mulatta
KV RF E RQKAWCCS T L P E PAI CGI SRI WV F SMMRRKKI ASRMI E CL RS NF I YGS YL S KE E I AF SDP T P DGK L F AT QY CG- - - - T GQF L V YNF I NGQN S T   839P. troglodytes
KV RF E RQKAWCCS T L P E PAI CGI SRI WV F SMMRRKKI ASRMI E CL RS NF I YGS YL S KE E I AF SDP T P DGK L F AT QY CG- - - - T GQF L V YNF I NGQN S T   840H. sapiens
KV I F E RQKAWCCS T SP E PAV CGI SRI WV F SMMRRRKI ASRMI E CL RS NF I YGS YL S KE E I AF SDP T P DGK L F AT QY CG- - - - T GQF L V YNF I NGQN NN  859M. domestica
MV I F E RQKAWCCS T SP E PAI CGI SRI WV F SMMRRKKI ASRMI E CL RS NF I YGS YL S KE E I AF SDP T P DGK L F AT QY CG- - - - T GQF L V YNF L NGQH QA  854G. gallus
EDF ME HHRAWCCS T T P E KAI CGV SRI WV F SL ARRKGI AT RML DT VRNSF MY GGHL T KE E I AF SDP T P DGK L F AT KY CE - - - - KP AF MV YNF I G       631S. salar
KAL S E RV KAWCCS T SP E PAI CGV SRI WV F SMMRRKKI ASRML E CL RNNF I YGS F L NKDE I AF SDP T P DGK L F AT RY CG- - - - T S QF L V YNF I S GHS .    968X. laevis
KAI S E RV KAWCCS T SP E PAI CGV SRI WV F SMMRRKKI ASRML E CL RNNF I YGS F L NKDE I AF SDP T P DGK L F AT RY CG- - - - T S QF L V YNF VS GHS .    990X. tropicalis

Fig. S5. Alignment of Eco 1 proteins. ClustalW alignment of Eco1/Esco1 proteins from various vertebrate species as well as the Eco1/Ctf7 protein from Sac-
charomyces cerevisiae (NP_116683). Shown are the sequences from dog (Canis familiaris: XP_547645); cow (Bos taurus: XP_615012); horse (Eqqus caballus:
XM_001491258); mouse (Mus musculus: NP_001074691); rhesus monkey (Macaca mulatta: XP_001091733); chimpanzee (Pan troglodytes: XP_523883); man
(Homo sapiens: AAH89426); possum (Monodelphis domestica: XP_001367455); chicken (Gallus gallus: XP_419155); and salmon (Salmo salar: NP_001133441); as
well as the protein encoded by the cDNA described in this work from Xenopus laevis. Also shown is a hypothetical Xenopus tropicalis protein deduced by
translation of an assembly of ESTs available through the National Center for Biotechnology Information Web site. KEN sequences in the N termini are indicated
by black boxes. The strength of homology at each position is indicated by the height of the vertical bars.
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Fig. S6. Coomassie-stained gels of samples shown in Fig. 4A to serve as loading controls.

Lafont et al. www.pnas.org/cgi/content/short/1011069107 6 of 6

www.pnas.org/cgi/content/short/1011069107

