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Tablz 1 | Molecular mechanisms for creating new gene structures
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e Since 2006 several reports of de novo gene origins
from Drosophila and yeast.

e ~12% of newly emerged genes in the Drosophila
melanogaster subgroup may have arisen de novo from
noncoding DNA, independently of transposable
elements (Zhou et al (2008) Genome Res).

15 de novo genes identified in primate ancestor (Toll-
Riera et al (2009) Mol Biol Evol).



All-against-all BLASTP search between human, chimp and
macaque proteins from Ensembl v46 (E-value < 1x10E-4).

Unambiguous 1:1 orthologs with no other similarly strong
hits. Lineage specific segmental duplications were
excluded.

Synteny blocks were constructed, anchored on these
unambiguous orthologs, where the gap between anchors
was no more than 10 genes in either genome. Local
differences in gene order were permitted.

Synteny blocks span 91% of the human and 85% of the
chimp genomes.

94% of human protein-coding genes annotated by Ensembl
are located within these blocks.
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BLAT and Ssearch sequence matches criteria:

— translated sequence had 290% identity with the
human protein in each of the exons;

— no in-frame stop codons in the first half of the
alignment;

— any inferred introns were at least 18 nt long
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CLLU1
C22o0rf45
DNAH100S

* |n chimp and macaque no potential ORF from the
same start codon or in the same reading frame
aligning to at least half of the human protein.

e BLASTP search against all of GenBank — absence
of paralogs or orthologs of these genes in any
sequenced genome.



Length 121-163 amino acids

No introns in coding sequence

Introns in UTRs

No complex protein domains annotated

Overlapping other genes on the opposite
strand



Table 1.

Movel human protein-coding genes and supporting evidence.

Presence of enabler in

Length Longest Expression support Primate shared Other major other human complete HapMap
Gene name Ensembl ID (codons) chimp ORF* and tissue disablers® sequence differences genome sequences SNPs
CLLUT ENSG00000205056 121 42 EST/cDNA: Blood (A]845165, 1-bp indel® Macaque: 4- and 1-bp Sequence available and
AJ845166); UniGene: Blood, indels enabler conserved in all 1syn.;
embryonic tissue, eye, lymph, 1 nonsyn.
lymph node, muscle, pharynx,
tonsil (Hs.339918)
C220rf45 ENSGO00000178803 159 87 (25 amino acids EST/cDNA: Kidney, other Premature Chimp: 1-bp indel; Reverse strand is available
align with hurman (AX747284, AK091970, stop codon Macaque: lacks ATG and conserved in Venter 1 nonsyn.
sequence) DA635985); ArrayExpress: start codon; 4-bp indel
Sperm, lung (E-GEOD-6872,
E-GEOD-3020)
DNAHTO00S ENSGO00000204626 163 90 (75 amino acids EST/cDMNA: Hippocampus 10-bp indel Chimp: 2- and 1-bp indels; Reverse strand is available
align with hurman (AK127211); UniGene: Blood, Macaque: lacks ATG start and conserved in Venter, 1syn.;
sequence) embryonic tissue, eye, lymph, codon; 13-, 8-, 1-, and Watson and HuAA 1 nonsyn.

lymph node, muscle, pharynx,
tonsil (Hs.339918)

1-bp indels

#Length in codons of longest in-frame (alignable) ORF starting from any ATG in the region.
EType of data/database is listed followed by tissue information with database identifiers in parentheses. Underlined accession numbers are full-length, spliced cDNA.

“Shared disablers are sequence differences shared by chimp, gorilla, orangutan, gibbon, and macaque that eliminate the capacity to produce a protein similar to the human protein.
dlndcpcndcntly sequenced whole genomes: Venter, Watson, HuAA, HuBB, HuCC, HuDD, and HuFF. All data are listed where available.

“Not shared with orangutan.



Table 2. Peptide support for genes

Codon position Peptide database Location BLASTP TBLASTN
Gene name of shared disabler Peptide match references” in protein seq hits® hits®
CLLUT 41 HIYSTFLSK PeptideAtlas: PAp00140670 101 Self (0.41;10) —
C220rf45 115 PCSMNGCPAAAGEGR PRIDE: 69; 73; 74; 75; 76; 102 Self (9e-04; 14) —
B653; 8667
WOCCTRPALLAPSLATLE PRIDE: B66E; 8672 137 Self (2e-08; 18) Self (0.069)
DNAHT 003 76-79 MPHSWGIKAHGLR PRIDE: B670a 75 @ Self (8.8)
LERCMVPESEWAPWQPOQLPCEPK  PRIDE: 8670b 24 @ Self (3e-05)

*Database name and experiment numbers or identifiers.

BBLASTP search (with E-values < 10) against the GenBank nonredundant protein database (E-value and number of identities of the match are shown
in parentheses).

“TBLASTM search against the human genome (E-value is shown in parentheses).

“MNot in NCBI nonredundant database.
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Additional proof

 Resequencing three orthologous regions DNA in one
chimp individual verified the critical sequence
differences.

e Each of the disablers shared by chimp and macaque
is also shared with the gorilla and gibbon; two are
also shared with orangutan.



* For novel chimp genes no reliable cases were
identified.

e Estimation: the frequency of novel protein-coding
genes in human genome is about 0.075% = ~18

genes



e Knowles and McLysaght (2009) Recent de novo origin
of human protein-coding genes. Genome Res., 19,
1752-1759

e Siepel (2009) Darwinian alchemy: Human genes from
noncoding DNA. Genome Res., 19, 1693-1695

 Long et al (2003) The origin of new genes: Glimpses
from the young and old. Nature Reviews, 4, 865-875



