Supplemental Materials

Relaxed selection on ultraconservation following widespread ultraconservation
divergence in primates

To measure the relative level of purifying selection acting on UCEs versus the rest
of the conserved, non-repetitive human DNA, [which have been also previously shown to
evolve under purifying selection (Waterston et al. 2002; Drake et al. 2006)]. I compared
corresponding DAF distributions (Figure S1). It was observed that the purifying pressure
acting on UCEs/sUCE:s is much stronger than the purifying pressure acting on other
conserved non-repetitive sequences in the human genome. Similarly, DAF distributions of
UCEs and sUCEs were significantly different from the corresponding DAF distributions of
the remaining fraction of noncoding conserved human DNA (P<<0.01) with the exception
of ASN SNPs in UCEs, for which statistical significance was not reached. Thus, despite
observed rapid eradication of ultraconservation in primates, UCEs/sUCEs are under highly
elevated purifying selection and their divergence is the result of active predominant
mutational processes.

Figure S1. Derived allele frequency (DAF) distributions comparing allelic adaptation in
UCE:s (light gray) and sUCEs (white) to non-repetitive human genome DNA (black) and
non-repetitive evolutionary conserved DNA (light blue; defined as 100bps/70% identity
between human and mouse; generated by ECR Browser(Ovcharenko et al. 2004)). YRI
population (A), CEU population (B), ASN populations (C). Standard deviation (o) in
UCE/sUCE DAF binning (B-D) was estimated using the Binomial distribution as

o= np(1— p), where p is the fraction of SNPs in a particular bin, and 7 is the total number
of SNPs in that distribution.
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Figure S2. Derived allele frequency (DAF) distributions comparing allelic adaptation in
human homologs of C/M UCE:s (light gray) and sUCEs (white) to non-repetitive human
genome DNA (black); YRI population (A), CEU population (B), ASN populations (C).
Analogous DAF distributions for R/M data — YRI population (D), CEU population (E),
ASN populations (F).
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Figure S3. HapMap sUCE SNPs binned into different genic categories (full set of SNPs in
gray). The 0.2 DAF threshold was used to separate ancient (black) from derived (white)
alleles. DAF indicators were averaged across 3 populations for individual SNPs.
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Figure S4. Binning of H/M UCE and sUCE by genic categories. Comparing elements with
SNPs to the original distribution. Statistically significant difference is marked by asterisk.
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Table S1. Binning of UCEs and sUCEs into coding, promoter, UTR, intronic, interegenic,
and putatively coding categories.

UCE sUCE
Chimp Rhesus Human Chimp Rhesus Human
3-species match 656 696 635 6,701 6,885 6,867
Coding 12.8% 13.2% 14.0% 16.9% 17.0% 17.9%
Promoter 1.1% 1.3% 1.4% 1.4% 1.2% 1.3%
5’ UTR 2.3% 2.6% 2.0% 2.8% 2.8% 3.1%
3’ UTR 3.5% 3.4% 3.6% 5.1% 5.2% 5.4%
Intron 35.1% 32.6% 34.6% 26.8% 26.6% 25.8%
Intergenic 35.2% 35.8% 34.0% 37.3% 37.6% 36.6%
Putatively coding 10.1% 11.1% 10.2% 9.8% 9.6% 9.9%

Table S2. Putatively coding UCEs and sUCE:s in introns and intergenic intervals.

UCE sUCE
Chimp | Rhesus Human Chimp Rhesus | Human
Putatively coding 66 77 65 658 664 677
Putatively coding in introns 68.2% | 68.8% 67.7% 64.6% 63.7% 64.0%
Putatively coding in intergenic 31.8% | 31.2% 32.3% 35.4% 36.3% 36.0%
intervals

Table S3. Nonsynonymous mutations in H/M sUCEs. Affected genes include HOXA7,
CNOT4, CALU, HECTDI1, EFNA3, SCN2A2, and SNX10.

Population | sUCE location DAF | SNP | Gene name | Substitution
ASN chr7:128181801-128181911 | 0.039 | A/G | CALU A:V:inon
YRI chr7:128181801-128181911 | 0.092 | A/G | CALU A:V:inon
CEU chr7:128181801-128181911 0.3 | A/G | CALU A:V:inon
YRI chr7:134699202-134699351 | 0.225 | C/T | CNOT4 V:I:non
CEU chr7:134699202-134699351 | 0.233 | C/T | CNOT4 V:I:non
ASN chr7:134699202-134699351 | 0.466 | C/T | CNOT4 V:I:non
CEU chr1:153325191-153325301 | 0.158 | A/G | EFNA3 V:M:non
CEU chr14:30667978-30668128 | 0.119 | A/G | HECTD1 | F:L:non
ASN chr14:30667978-30668128 | 0.191 | A/G | HECTD1 | F:L:non
YRI chr7:27162631-27162745 0.067 | C/T | HOXA7 A:T:non
JTP_CHB | chr7:27162631-27162745 0.843 | C/T | HOXA7 A:T:non
CEU chr7:27162631-27162745 0.85 | C/T | HOXA7 A:T:non
YRI chr2:165860589-165860707 | 0.042 | A/G | SCN2A2 R:K:non
CEU chr2:165860589-165860707 | 0.085 | A/G | SCN2A2 R:K:non
ASN chr2:165860589-165860707 | 0.089 | A/G | SCN2A2 R:K:non
ASN chr7:26378557-26378677 0.011 | G/T | SNX10 S:I:non

Table S4. Primate UCEs and short UCEs (sUCEs). SNP annotation in H/M elements and
in HHs of C/M and R/M elements was done using the human dbSNP data (Sherry, Ward,
and Sirotkin 1999).

UCEs sUCEs

Human Chimp Rhesus Human Chimp Rhesus




Total 635 653 695 6867 6692 6875
Diverged with SNPs n/a 12.1% 14.8% n/a 5.2% 7.8%
Diverged without SNPs n/a 14.1% 23.5% n/a 11.1% 21.9%
Identical with SNPs 26.3% 16.8% 15.1% 17.2% 14.0% 11.5%
Identical without SNPs 73.7% 57.0% 46.6% 82.8% 69.6% 58.7%
Total diverged and 26.3% 43.0% 53.4% 17.2% 30.4% 41.3%
identical with SNPs

Table S5. HapMap SNP density per kilobase of genome sequence averaged across YRI,

CEU and ASN populations. Genome average corresponds to non-repetitive DNA

sequence.
UCEs sUCE Genome average
HM|CM | RM | HM | CM | RM
0.24 | 0.32 | 0.34 | 0.27 | 0.37 | 0.41 1.20

Table S6. Fraction of SNPs with the DAF < 0.2. Regular conserved subset corresponds to
evolutionary conserved regions in the human genome obtained using standard 70%

identity, 100 bps length thresholds.

YRI | CEU | ASN
H/M UCEs 0.63 | 0.56 | 043
HHs of C/M UCEs 0.58 | 0.42 | 0.32
HHs of R/'M UCEs 0.56 | 0.41 | 0.33

H/M sUCEs 0.62 | 0.54 | 0.48
HHs of C/M sUCEs 054 | 045 | 041
HHs of R/M sUCEs 0.53 | 0.44 | 0.40

regular conserved 0.47 | 038 | 0.37

non-repetitive genome | 0.45 | 0.37 | 0.36
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