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Fischer D, Eisenberg D (September 1999). 'Finding families for

genomic ORFans'. Bioinformatics. 15 (9): 759-762.
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Tautz D, Domazet-LoSo T (August 2011). 'The evolutionary origin of

orphan genes'. Nature Reviews. Genetics. 12 (10): 692-702.

Khalturin K, Hemmrich G, Fraune S, Augustin R, Bosch TC
(September 2009). "More than just orphans: are taxonomically—
restricted genes important in evolution?'. Trends in Genetics. 25 (9):
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Studying the origins of a gene becomes more difficult when there is

no evident homologue.

Toll-Riera M, Bosch N, Bellora N, Castelo R, Armengol L, Estivill X,
Alba MM (March 2009). "Origin of primate orphan genes: a
comparative genomics approach'. Molecular Biology and Evolution.

26 (3): 603-612.
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Homology detection failure appears to account for the majority, but

not all orphan genes.

Weisman CM, Murray AW, Eddy SR (November 2020). "Many, but not
all, lineage-specific genes can be explained by homology detection

failure’. PLOS Biology. 18:(11)
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Khalturin, K., et al. 2009. More than just orphans: are taxonomically—
restricted genes important in evolution? Trends in Genetics. 25 (9):

404-413.
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Cortez, Diego; Forterre, Patrick; Gribaldo, Simonetta (2009). 'A
hidden reservoir of integrative elements is the major source of
recently acquired foreign genes and ORFans in archaeal and bacterial

genomes'. Genome Biology. 10 (6): R65.
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orphan genes. Nature Reviews. Genetics. 12 (10): 692-702.
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Orphan genes are an enigmatic part of the genome that do not have

any obvious “ancestor”, but play essential roles in the generation of

novel functions

Kaessmann, H. (2010). Origins, evolution, and phenotypic impact of
new genes. Genome Res. 20, 1313-1326. doi:

10.1101/9r.101386.109
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A recent study in human and mouse suggested that lineage-specific
genes OGs are highly connected by acquiring essential and

pleiotropic functions



Zhang W, Landback P, Gschwend AR, Shen B, Long M. New genes
drive the evolution of gene interaction networks in the human and

mouse genomes. Genome Biol. 2015;16:202.
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Something borrowed, something new: Human
orphan genes challenge evolutionary theory

By Ann Gauger

What makes us human? Some would say it's our genes. | don't want to argue the case that
we are more than our genes. which we are. | simply want to point out that interesting new
research indicates we have a number of new genes—genes that are specifically human-in our

genome

These new genes are few in number, some would say, but there is a current bias in genome

annotation againsf classifying sequences as novel genes. Estimates range from 3 to 60 to 300
human-specific protein-coding genes. In fact. one genetic analysis came up with 1177 human-
specific genes, and then proceded to systematically eliminate them all as nen-coding for a
variety of reasons, reasons that may or may not be valid. Why does this matter? 1177 genes
is nearly 6% of our genome. 300 is about 1.5%, Those numbers are not something to trifle
with, given that our reported base pair difference with chimps is about 1.3%.

https://www.biologicinstitute.org/post/127163753549/something-

borrowed-something—new-human-orphan
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The remaining 1,177 cases were declared to
be orphans, because they lack orthology,
paralogy, or homology to known genes and
are not obvious artifacts. .. If the orphans
represent valid human protein-coding genes,
we would have to conclude that the vast
majority of the orphans were born after the
divergence from chimpanzee. Such a model
would require a prodigious rate of gene birth
in mammalian lineages and a ferocious rate
of gene death erasing the huge number of
genes born before the divergence from
chimpanzee.

We reject such a model as wholly implausible. |l
completely agree! -1.J.] We thus conclude that the
vast majority of orphans are simply randomly
occurring ORFs that do not represent protein-
coding genes.

Distingmshing protein-coding and
noncoding genes in the human genome
Michele Clamp, et. al., PNAS, Vol. 104 no. 49
doi: 10.1073/pnas.0709013 104
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Orphan gene human \ chimp comparison
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Ruiz-Orera, J. et al. 2015. Origins of De Novo Genes in Human and

Chimpanzee. PLoS Genetics. 11 (12): e1005721.
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New Scientist cover story:

The tree of life, one of the iconic concepts of evolution, has tumed
f ewsclentl it to be a figment of our imagination, says Graham Lawton
e o
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This article stirred a firestorm
of controversy among
evolutionary biologists, with
many threatening to boycott

24 January 2009 issue the magazine.
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“The time has
come for biology to
go beyond the

Doctrine of
Common Descent.”

Carl Woese Proceedings of the
University of Illinois National Academy of
Sciences99 (2002):

8742-8747
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The problem: orphans turn out to

be far more numerous than shared
sequences

“...as orphan genes represent a
substantial fraction of ever

extant genome, the total number

of orphans across all evolutionary
lineages by far exceeds the

number of known gene families.”

(Tautz and Domazet-LoSo 2011, 693)

o agrans ¥ g ity s asliy (uliad cliall by cilaslaa B haa i) i g

Ayidia aa



Growth of GenBank
(1982 - 2008)

Sequences (millions)
Base Pairs of DNA (billions)

1962 1986 1900 1994 1998 2002 2006
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ORFans are everywhere,
in enormous and growing
numbers:

Daphnia pulex

(the water flea)

“...orphans, which typically represent at least 10% of an
organism’s gene set. They are commonly attributed to
adaptations associated with a taxon’s unique biology. This
argument was most recently advocated bz researchers of the
Daphnia pulex genome, in which a remarkable 36% of genes
showed no homology to other datasets.”

Gibson et a/. 2013, 2

daty clia %71 2l

ORFans are everywhere,
in enormous and growing
numbers:

Amblyomma americanum

(the lone star tick)

"Why so many unknown genes?...The vast
majority (71%) of [protein-coding sequences
in the lone star tick] have no sequence homology
to proteins archived in UniProtKB.”

(Gibson et al. 2013, 2)
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An orphan gene is necessary for preaxial digit
formation during salamander limb development

‘We have tested the hypothesis
that this orphan gene [Prod1]
might be involved in
salamander-specific aspects of
limb development.”
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A Novel Gene Family Controls Species-Specific
Morphological Traits in Hydra

Konstantin Khalturin, Friederike Anton-Endeben, Sylvia Sassmann, Jorg Wittlieb, Georg Hemmrich, Thomas C. G. Bosch

Zookogical Intitute, Chrntian Atwachts Universty, Am Botanihen Gane B, 24110 el Garmar

Understanding the molecular events that underlie the evolution of morphological diversity Is a major challenge in
biology. Here, to identify genes whose expression correlates with species-specific morphologies, we compared
transcriptomes of two cosely related Hydro species. We find that species-specific differences in tentacle formation
correlate with expression of a taxonomically restricted gene encoding a small secreted protein. We show that gain of
function induces changes in morphology that mirror the phenotypic differences observed between species. These
results suggest that “novel” genes may be involved in the generation of species-specific morphological traits,

Barall Lianly frally o) asil) A gy ¢ Jadll (ulia) any (B dathy clisa 3agg
WAy g dday gial)
Herb, B. R., et al. 2012. Reversible switching between epigenetic

states in honeybee behavioral subcastes. Nature Neuroscience. 15

(10): 1371-1373.
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Simola, D.F., et al. 2013. Social insect genomes exhibit dramatic
evolution in gene composition and regulation while preserving
regulatory features linked to sociality. Genome Research. 23

(8):1235-1247.
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EVOLUTION NEWS

& SCIENCE TODAY

SCIENCE ~ CULTURE v WRITERS v CONTACT SUBSCRIBE DONATE

& evoLution
About Orphan Genes — What's the Big Problem
for Evolution?

Ann Gauger

November 6, 2018, 4:59 AM _

Orphan genes — genes that are present in only one species, or a group of closely related species

— are of particular interest to advocates of intelligent design. The reason for this has to do with
the assumptions of evolutionary biology.

The main evolutionary assumption is common descent, that all life is descended from one or a

https://evolutionnews.org/2018/11 /about-orphan—genes-whats—the—

big—problem—for—evolution /
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https://evolutionnews.org/2020/04 /a—disappointing—decade—for—the-

study—-of-human—evolution /
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M.P. Schutzenberger, Mathematical Challenges to the Neo—Darwinian

Interpretation of Evolution pp. 73-75 (an address given at the Wistar

Institute of Anatomy and Biology Symposium).
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M.P. Schutzenberger, Mathematical Challenges to the Neo—-Darwinian

Interpretation of Evolution pp. 73-75 (an address given at the Wistar

Institute of Anatomy and Biology Symposium).
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“the probability that a functional [gene] would appear de novo . . . is

practically zero.”

Francois Jacob. “Evolution and Tinkering,” Science 196, no. 4295

(1977): 1164.
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Douglas Axe, “Estimating the Prevalence of Protein Sequences
Adapting Functional Enzyme Folds,” Journal of Molecular Biology

341, no. 5 (2004): 1295-1315,
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