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Genes are older than expected and can be installed by
horizontal gene transfer, especially with help from viruses.
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ABSTRACT
The origin of life on Earth took a puzzlingly short time. Panspermia is appealing because it means that the origin of life need not be confined to a few million years on one planet. Similar puzzles arise in the evolution of higher life forms. Punctuated equilibrium, for example, seems to violate the darwinian account of gradual evolution by trial-and-error, a few DNA nucleotides at a time. The strong version of panspermia alleviates this puzzle as well. If all of life comes ultimately from space, genes may appear to be older than necessary, evolution by the acquisition of whole genes or suites of genes, by horizontal gene transfer (HGT), becomes much more important, and punctuated equilibrium is not surprising. Does evidence support this supposition? How common are old genes? How important is HGT versus the gradual composition of genetic programs? We will look at these questions.
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1. INTRODUCTION
The appeal of panspermia comes in large part from the difficulties in explaining the origin of life on Earth. If life originates from nonbiological chemistry, the process would need a lot of things to go right, and the time available on Earth was relatively short.
Similar difficulties attach to the evolution of life to higher forms after life first appears on Earth. The genetic programs for advanced features are not simple enough to be accessible to exhaustive search by Darwinian trial-and-error. Looking at the Cambrian explosion, for example, the genes for those advances also seem to need more time than was available on Earth, in order to reach working order. Was there time? Is there another way?
2. Genes Too Old (GTOs)
2.1 You may remember a story told about J.B.S. Haldane – when he was asked, “What evidence would cause you to doubt the Darwinian theory of evolution,” he is said to have answered, “Fossil rabbits in the preCambrian.” It seems to me that advanced genes in primitive species are the molecular equivalent of fossil rabbits in the preCambrian.

2.2 Molecular Clocks: Evidence that genes might be older than the features they encode comes from a study published in Science in 1996. A team at State University of New York at Stony Brook sequenced seven metazoan genes using the “molecular clock” method and found that they were on average about twice as old as the Cambrian explosion.
The molecular clock makes use of the rate at which point mutations occur and become fixed, and from there reasons backward. Some genes are common across all species, and they have diverged. The “clock” tells you how long ago they diverged.

⁭ Gregory A. Wray, Jeffrey S. Levinton and Leo H. Shapiro. "Molecular Evidence for Deep Precambrian Divergences Among Metazoan Phyla," doi:10.1126/science.274.5287.568, p 568-573 v 274, Science, 25 October 1996.
This method has been questioned, but in 2003, Harvard’s Andrew Knoll wrote, “Whatever their inconsistencies, all molecular clock estimates published to date indicate that animals began to diversify much earlier than fossils suggest.”

⁭ Andrew Knoll, Life on a Young Planet: The First Three Billion Years of Evolution on Earth, ISBN: 0-691-12029-3, Princeton University Press, 2003. (p 202, Knoll's italics.)

Also, Jaime E. Blair and S. Blair Hedges wrote an article entitled, "Molecular Clocks Do Not Support the Cambrian Explosion," ⁭ doi:10.1093/molbev/msi039, p 387-390 v 22, Molecular Biology and Evolution, Mar 2005.
2.3 Phylogenomic Comparison: Another method tells a similar story. Now that many genomes are sequenced, it is possible to compare primitive and evolutionarily older species, to advanced, evolutionarily younger ones. If the species containing the gene is old, it makes sense to assume that the gene itself is at least as old.

Nicole King and Sean B. Carroll did this and found a gene needed for multcellularity is present in a single-celled organism.
⁭ Nicole King and Sean B. Carroll, "A receptor tyrosine kinase from choanoflagellates: Molecular insights into early animal evolution," p 15032-15037 v 98 n 26 Proc. Natl. Acad. Sci. USA, 18 Dec 2001.

⁭ Nicole King et al., "Evolution of Key Cell Signaling and Adhesion Protein Families Predates Animal Origins," p 361-363 v 301, Science, 18 Jul 2003.

In 2003, a team from Australia found that a species of coral contains many sequences matching ones from genes thought to be peculiar to vertebrates, such as genes associated with highly differentiated nervous systems.

⁭ R. Daniel Kortschak, Gabrielle Samuel, Robert Saint and David J. Miller, "EST Analysis of the Cnidarian Acropora millepora Reveals Extensive Gene Loss and Rapid Sequence Divergence in the Model Invertebrates," p 2190-2195 v 13, Current Biology, 16 Dec 2003.

“Evidence from evo devo shows that all the genes for building those complex animals existed long before that morphological explosion” — Lewis Wolpert

⁭ Lewis Wolpert, "Clever Tinkering" (review of Endless Forms Most Beautiful by Sean B. Caroll), p 467-469 v 93, American Scientist, Sep-Oct 2005.

Simple sea anemones and coral have many genes thought to be exclusive to higher animals and some plants.

⁭ Ulrich Technau et al., "Maintenance of ancestral complexity and non-metazoan genes in two basal cnidarians," doi:10.1016/j.tig.2005.09.007, p 633-639 v 21, Trend in Genetics, December 2005.

“The eyeless, earless [sea urchin] has genes that, in us, are involved in detecting sight and sound.”
⁭ Special Section: "The Sea Urchin Genome," p 938-962 v 314, Science, 10 Nov 2006.

“Many genes once thought to be unique to humans have been in the tree of life for over a half billion years.”
⁭ “Human, Sea Slug Brains Share Genes for Alzheimer's and Parkinson's,” by Charles Q. Choi, Scientific American.com, 29 Dec 2006.
“We are finding that today's complicated vertebrate has not invented a lot of new genes to become complicated.... Amphioxus shows us that vertebrates have taken old genes and recombined them....”
⁭ “Worm-like Marine Animal Providing Fresh Clues About Human Evolution,” Scripps Institution of Oceanography, 18 Jun 2008.
Gerard Manning of the Salk Institute also studied Monosiga brevicollis, and found it to contain genes for systems used only in higher animals. When asked, "What is a single-celled organism doing with all this communications gear?" He answered, “We don’t have a clue.  We were absolutely stunned.”
⁭ Gerard Manning et al., "The protist Monosiga brevicollis has a tyrosine kinase signaling network more elaborate and diverse than found in any known metazoan," doi:10.1073/pnas.0801314105, p 9674-9679 v 105, Proc. Natl. Acad. Sci. USA, 15 Jul (online 10 Jul) 2008.

Sponges don't have nerve cells, yet they have genes for directing the formation of nerves.

⁭ Gemma S. Richards, Elena Simionato et al., "Sponge Genes Provide New Insight into the Evolutionary Origin of the Neurogenic Circuit," p 1156-1161 v 18, Current Biology, 05 Aug 2008.

“It is now completely clear that genomic complexity was present very early on” — Casey Dunn, Brown University.
⁭ Elizabeth Pennisi, "'Simple' Animal's Genome Proves Unexpectedly Complex," p 1028-1029 v 321, Science, 22 Aug 2008. 
Lignin has been found in marine algae.
⁭ Patrick T. Martone, José M. Estevez, Fachuang Lu et al., "Discovery of Lignin in Seaweed Reveals Convergent Evolution of Cell-Wall Architecture," doi:10.1016/j.cub.2008.12.031, p 169-175 v 19, Current Biology, 22 Jan 2009.
"...The genetic circuitry that patterns paired appendages (arms, legs and fins) has a deep evolutionary origin that actually predates the origin of paired appendages themselves."
⁭ “Research links evolution of fins and limbs with that of gills,” The University of Chicago, 23 Mar 2009.

“Our data highlight the fact that many of the key genes that had formerly been cited as crucial for metazoan origins have a much earlier origin.” So write five Spanish and North American biologists who conducted a comparative genomic analysis of the biomolecular machinery that mediates critical interactions among cells and the extracellular matrix in multicelled animals.

⁭ Arnau Sebé-Pedrós et al., "Ancient origin of the integrin-mediated adhesion and signaling machinery," doi:10.1073/pnas.1002257107, p10142-10147 v107, Proc. Natl. Acad. Sci. USA, 1 Jun 2010.

Sponges have many genes that are used only by more advanced animals for encoding organs, nerves and muscles.
⁭ Mansi Srivastava et al., "The Amphimedon queenslandica genome and the evolution of animal complexity" [html], doi:10.1038/nature09201, p720-726 v466, Nature, 5 Aug 2010.

“Genes for using oxygen appeared... around 2.8 billion years ago, long before oxygen began accumulating in the atmosphere around 2.5 billion years ago.” This comment follows a deep genomic analysis of hypoxia-inducible transcription factor (HIF) by a German/British multidisciplinary group.

⁭ Christoph Loenarz et al., "The hypoxia-inducible transcription factor pathway regulates oxygen sensing in the simplest animal, Trichoplax adhaerens," doi:10.1038/embor.2010.170, p63-70 v12, EMBO reports, 4 Jan 2011.

“Many scientists now argue that viruses contain a genetic archive that's been circulating the planet for billions of years. When they try to trace the common ancestry of virus genes, they often work their way back to a time before the common ancestor of all cell-based life.”
⁭ Carl Zimmer, (p 93) A Planet of Viruses, ISBN:9780226983356, University of Chicago Press, May 2011.
“…[T]he tool kit for more complex plant architectures was already in place long before angiosperms evolved.”
⁭ Elizabeth Pennisi, "Green Genomes," doi:10.1126/science.332.6036.1372, p1372-1375 v332, Science, 17 Jun 2011.

“Genetic instructions for developing limbs and digits were present in primitive fish millions of years before their descendants first crawled on to land....”
⁭ Igor Schneider et al., "Appendage expression driven by the Hoxd global control region is an ancient gnathostome feature,"  doi:10.1073/pnas.1109993108, p12782-12786 v108, Proc. Natl. Acad. Sci. USA, online 15 Jul 2011.

“Almost every month now we are seeing genes that were supposed to be exclusive to metazoans that are already present in their single-cell relatives,” says evolutionary biologist Iñaki Ruiz-Trillo of the University of Barcelona.
⁭ “From Simple to Complex,”  by Jef Akst, The Scientist, 1 Jan 2011.

“…A muscle protein core set, including a type II myosin heavy chain (MyHC) motor protein characteristic of striated muscles in vertebrates, was already present in unicellular organisms before the origin of multicellular animals. …As this specific myosin has so far only been found in muscle cells, we expected that its origin coincided with the evolution of muscle cells. We were very surprised to see that the 'muscle myosin' evolved probably in unicellular organisms, long before the first animals lived,” explains Ulrich Technau who led the study.

⁭ Patrick R. H. Steinmetz et al., "Independent evolution of striated muscles in cnidarians and bilaterians," doi:10.1038/nature11180, Nature, online 27 Jun 2012.

“Surprisingly, the genome of the Poriferan demosponge, Amphimedon queenslandica, contains an almost complete set of genes homologous to those found in mammalian synapses...,although the organism does not assemble any structure morphologically resembling a synapse....”
⁭ Cecilia Conaco, Danielle S. Bassett et al., "Functionalization of a protosynaptic gene expression network," doi:10.1073/pnas.1201890109, p10612-10618 v109 Suppl.1, Proc. Natl. Acad. Sci. USA, 26 Jun 2012.

Many genes were "born" on Earth much earlier than expected by mainstream theory, according to a recent phylogenomic analysis conducted by Lawrence David and Eric Alm at MIT. They developed a computer program to help to estimate the ages of individual genes without being confounded by horizontal gene transfer. To it they submitted for analysis 3,983 major gene families from the three domains of life. The results were surprising. Apparently 26.8% of extant gene families were "born" in a relatively brief period between 3.33 and 2.85 billion years ago. They name this period the "Archaean Expansion." [see graph]
[image: image1.emf]
The initial front would be even broader if David and Alm had not omitted the genes that are the most widely distributed of all. "Genes already present at the Last Universal Common Ancestor are not included in the analysis of birth rates because the time over which those genes formed is not known."

⁭ Lawrence A. David and Eric J. Alm, "Rapid evolutionary innovation during an Archaean genetic expansion," doi:10.1038/nature09649, p93-96 v469, Nature, 6 Jan 2011 (online 19 Dec 2010).

3. HORIZONTAL GENE TRANSFER (HGT)
3.1: If genes are old, and available for installation, some means of transferring them into the species or lineage where they may become useful is required. This is usually called lateral or horizontal gene transfer (HGT). There is more than one way for this to happen, even among eukaryotes. One way is transduction by viruses. Another, wholesale way is endosymbiosis. Today we will focus on evidence for HGT by viruses.

Three years ago I described here [San Diego] examples of HGT contributing to evolutionary progress including photosynthesis, and the immune system of jawed vertebrates.
⁭ Brig Klyce, "Panspermia and Horizontal Gene Transfer," doi:10.1117/12.832049, Proceedings of SPIE Vol. 7441B, "Astrobiology XII: Instruments, Methods, and Missions," Richard B. Hoover, Gilbert V. Levin, Alexei Y. Rozanov, Kurt D. Retherford, eds., 4-6 Aug 2009.
3.2: Recent research pertaining to HGT: Today I will mention only more recent examples. There are quite a few.  For example, “…[F]or most [microbial] organisms, the percentage of genes transferred at any point in the species’ history could be close to 100%, independent of size.”
⁭ Otto X. Cordero and Paulien Hogeweg, "The impact of long-distance horizontal gene transfer on prokaryotic genome size," doi:10.1073/pnas.0907584106, Proc. Natl. Acad. Sci. USA, online 9 Dec 2009.
More than forty per cent of the mammalian genome is derived from retroelements, of which about one-quarter are endogenous retroviruses (ERVs).
⁭ Helen M. Rowe et al., "KAP1 controls endogenous retroviruses in embryonic stem cells," doi:10.1038/nature08674, p237-240 v463, Nature, 14 Jan 2010.
If one wonders how genes could be so readily available for transfer, into the human species, for example, consider this finding: Genes in the microbes in our guts are 150 times more numerous than human genes. 
⁭ Junjie Qin, Ruiqiang Li et al., "A human gut microbial gene catalogue established by metagenomic sequencing," doi:10.1038/nature08821, p59-65 v424, Nature, 4 Mar 2010.

Whole chromosomes can be horizontally transferred into reproductively isolated strains of fungi.

⁭ Li-Jun Ma, H. Charlotte van der Does et al., "Comparative genomics reveals mobile pathogenicity chromosomes in Fusarium," doi:10.1038/nature08850, p367-373 v464, Nature, 18 Mar 2010.

The signal caused by common organismal descent is difficult to distinguish from the signal due to biased gene transfer.

⁭ Cheryl P. Andam, David Williams and J. Peter Gogarten, "Biased gene transfer mimics patterns created through shared ancestry,"  doi:10.1073/pnas.1001418107, Proc. Natl. Acad. Sci. USA, online 21 May 2010.
American, British and Canadian biologists have sequenced a newly discovered giant marine virus designated Cafeteria roenbergensis virus (CroV). It has a double-stranded DNA genome of ~730 kb, with 544 predicted protein-coding genes. Half of these have no match among sequenced genomes, but many others have various apparent functions among higher life forms [see pie-chart]: 
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⁭ Matthias G. Fischer et al., "Giant virus with a remarkable complement of genes infects marine zooplankton," doi:10.1073/pnas.1007615107, Proc. Natl. Acad. Sci. USA, online 25 Oct 2010.

Nematodes digest cellulose using genes acquired from prokaryotes.
⁭ Werner E Mayer et al., "Horizontal gene transfer of microbial cellulases into nematode genomes is associated with functional assimilation and gene turnover," doi:10.1186/1471-2148-11-13, v11 n13, BMC Evolutionary Biology, online 13 Jan 2011.

A virus integrated into the genomes of humans and great ape males helps to eliminate defective germline cells.

⁭ Ulrike Beyer et al., "Endogenous retrovirus drives hitherto unknown proapoptotic p63 isoforms in the male germ line of humans and great apes," doi:10.1073/pnas.1016201108, p3624-3629 v108, Proc. Natl. Acad. Sci. USA, 1 Mar (online 7 Feb) 2011.
The evolutionary transition from single-celled green algae to multicellular land plants required the acquisition of 3006 genes. 516 more genes accompanied the evolution of vascular from nonvascular plants, and 1350 more genes led eventually to angiosperms. (Other genes were lost along the way.)

⁭ Jo Ann Banks et al., "The Selaginella Genome Identifies Genetic Changes Associated with the Evolution of Vascular Plants," doi:10.1126/science.1203810, p960-963 v332, Science, 20 May 2011.

Transposable Elements (TEs) appear to have installed genetic programs implicated in 99 different primate-specific traits, according to an article by a pair of biologists at Murdoch University in Perth, Australia.
⁭ Keith R Oliver and Wayne K Greene, "Mobile DNA and the TE-Thrust hypothesis: supporting evidence from the primates," doi:10.1186/1759-8753-2-8, v2 n8, Mobile DNA, online 31 May 2011.

More than 1500 genes necessary for the evolution of pregnancy in placental mammals were recruited into service, and a transposable element regulates the expression of many of them, according to a team at Yale University. 

"These transposons are not genes that underwent small changes over long periods of time and eventually grew into their new role during pregnancy. They are more like prefabricated regulatory units that install themselves into a host genome, which then recycles them to carry out entirely new functions like facilitating maternal-fetal communication." 

"In the last two decades there have been dramatic changes in our understanding of how evolution works. We used to believe that changes only took place through small mutations in our DNA that accumulated over time. But in this case we found a huge cut-and-paste operation that altered wide areas of the genome to create large-scale morphological change." 

⁭ Vincent J Lynch et al., "Transposon-mediated rewiring of gene regulatory networks contributed to the evolution of pregnancy in mammals," doi:10.1038/ng.917, Nature Genetics, online 25 Sep 2011.

 “...We show that fundamental elements of the C4 pathway in the grass lineage Alloteropsis were acquired via a minimum of four independent lateral gene transfers from C4 taxa that diverged from this group more than 20 million years ago. The transfer of genes that were already fully adapted for C4 function has occurred periodically over at least the last 10 million years and has been a recurrent source for the optimization of the C4 pathway. This report shows that plant-plant lateral nuclear gene transfers can be a potent source of genetic novelty and adaptation in flowering plants.
There is no reason to think that this mechanism would be unique to the evolution of the C4 pathway. As more genomic data accumulate for other taxa, additional cases of adaptive plant-plant nuclear gene transfers may be discovered, in a great variety of adaptive traits.”
⁭ Pascal-Antoine Christin et al., "Adaptive Evolution of C4 Photosynthesis through Recurrent Lateral Gene Transfer," doi:10.1016/j.cub.2012.01.054, p445-449 v22, Current Biology, 16 Feb 2012.

3.4. Noteworthy general comment about HGT: “Although the impact that EVEs [endogenous viral elements] have on eukary​otic genome evolution has long been appreciated, until recently, most studies in this area were limited to one or a few candidate loci. The development of high-throughput technologies is beginning to provide a genome-wide per​spective on the contribution of EVEs to cellular function, and the magnitude of this contribution is exceeding even the boldest predictions.

“Population genetics predict that, for every fixed EVE insertion, thousands must have occurred in germ cells but were lost from the host population.” Nonetheless, “Nearly half a million viral inser​tions have reached fixation in the human genome alone, whereas many more have concurrently colo​nized other vertebrate lineages.”
⁭ Cédric Feschotte and Clément Gilbert, "Endogenous viruses: insights into viral evolution and impact on host biology," doi:10.1038/nrg3199, p283-296 v13, Nature Reviews Genetics, Apr 2012. [Klyce’s italics.]
4. SUMMARY
We have seen evidence that genes are too old (GTOs), and that HGT, especially by viruses, plays a big role in evolution. In a strictly Darwinian world, GTOs and HGT would be anomalies. The main body of evidence would show that genes evolve gradually and are inherited vertically. This is the evidence that I have looked for for 30 years. But I don’t see it. I read articles about the “origin” of this or that gene, but the word “origin” is mis-used. The terms “source” or “first example” would be better. I even saw an article about a gene that “orginated by gene transfer.”
If the subject of evolution interests you, I urge you to read the articles, and see for yourself. By my reading, the data support GTOs and HGT, not strict Darwinism. This evidence points us to the strong version of panspermia, in which all of life comes from space.
