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New genes: origin

Ancestral Species

—Ei— Origin of a new gene

Species A Species B Species C

Adapted from Chen et al. 2010



Duplicated new genes: pseudogene or new function?
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Adapted from Chen et al. 2010
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New Gene?

Innovation Adaptation Neo-functionalization

New function Positive Selection



New genes: positive selection signature
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New Gene?

Innovation Adaptation Neo-functionalization
New function Positive Selection
Testis expression Male germline

Spermatogenesis



New genes: testis expression

Babushok et al., 2007. Genome Research Androecium (stamens)
Levine et al., 2006. PNAS Pollen grain
Betran et al., 2002. Genome Research Microsporangia

Marques et al., 2005. PLOS Biology
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New genes: spermatogenesis
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New genes: later phases of spermatogenesis
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Haploid Selection and the Origin of New Genes

Diploid expression | | Haploid expression
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Haploid Selection and the Origin of New Genes
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Recessive allele frequency

Haploid Selection and the Origin of New Genes
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Haploid Selection and the Origin of New Genes

Model Predictions:

1) New genes should be more expressed in the later phases of
spermatogenesis

2) Genes expressed in the haploid phases of spermatogenesis
should be enriched with positive selection signature

3) Autosomal new genes (not X-linked genes) should be more
expressed in haploid phases of spermatogenesis
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Haploid Selection and the Origin of New Genes

Model Predictions:

1) New genes should be more expressed in the later phases of
spermatogenesis

2) Genes expressed in the haploid phases of spermatogenesis
should be enriched with positive selection signature

3) Autosomal new genes (not X-linked genes) should be more
expressed in haploid phases of spermatogenesis
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1) New Genes should be more expressed in
later phase of spermatogenesis

old genes
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MItosIs meiosis post-melosis

>

spermatogenesis \/. .
1DranovskKilL.a



Drosophila Spermatogenesis expression: Vibranovski et al. 2009

Clark et al., 2002




Drosophila Spermatogenesis expression: Vibranovski et al. 2009
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Drosophila Spermatogenesis expression: Vibranovski et al. 2009
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Drosophila Spermatogenesis expression: Vibranovski et al

. 2009

Gene profile
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Drosophila Spermatogenesis expression: Vibranovski et al. 2009

SpermPress

£

Drosophila spermatogenesis expression database

Search for CG or Affymetrix gene symbol/probe id ( search ) Browse gene list

CG id: CG10422
Affymetrix gene: bam
Affymetrix probe id: 1634336_at

Gene expression levels

phase mitosis meiosis post-meiosis
value 1 9.32 6.94 461 I
value 2 9.64 7.37 472
value 3 9.51 7.38 4.56 ml
average 9.49 7.23 4.63 .

Values 1-3 correspond to the expression intensity (log transformed)
obtained from Microarray hybridization of three different biological
replicates of each spermatogenic phase. Averages values
correspond to the arithmetic average within replicates for each
spermatogenic phase.

Expression intensity (log)
5 6 7 8 9
|

Mit Mei Pos
Comparison of expression levels
phase mitosis meiosis post-meiosis The classifications in this table (Equal, Over or Under) were obtained by our
mitosis _ Over Over Bayesian Statistical Model (Methods). Each classification is given to a
. pair-wise comparison between two spermatogenic phases. For example,
meilosis - - Over "Over" mitotic vs. meiotic classification means that, for this gene, the mitotic
post-meiosis - - - expression is significantly higher than the meiotic expression.

http://pondside.uchicago.edu/~longlab/spermpress/



Drosophila Spermatogenesis expression: Vibranovski et al. 2009

Gene classification according to their
expression pattern:
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Drosophila Gene’s age: Zhang et al. 2010
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1) Drosophila: New Genes are more expressed
in later phase of spermatogenesis
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Haploid Selection and the Origin of New Genes

Model Predictions:

1) New genes should be more expressed in the later phases of \/
spermatogenesis

2) Genes expressed in the haploid phases of spermatogenesis
should be enriched with positive selection signature

3) Autosomal new genes (not X-linked genes) should be more
expressed in haploid phases of spermatogenesis
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New Gene?

Innovation Adaptation Neo-functionalization

New function Positive Selection



New genes: positive selection signature
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Haploid Expression and Positive Selection

Gene classes according to their expression pattern to test for
positive selection signature

Mitotic Genes:
higher expressed in Mitosis (diploid/control)

Haploid Genes:
higher expressed in Meiosis and/or Post-meiosis
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2) Genes expressed in the haploid phases of spermatogenesis
should be enriched with positive selection signature
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Haploid Selection and the Origin of New Genes

Model Predictions:

1) New genes should be more expressed in the later phases of \/
spermatogenesis

2) Genes expressed in the haploid phases of spermatogenesis ‘/
should be enriched with positive selection signature

3) Autosomal new genes (not X-linked genes) should be more
expressed in haploid phases of spermatogenesis
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3) Autosomal new genes (not X-linked genes) should be more expressed in

haploid phases of spermatogenesis

Autosomes |

X chromosome @
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Meiosis

Post-meiosis
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2) Autosomal new genes more expressed in haploid phases
spermatogenesis (not X-linked genes)
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2) Autosomal new genes more expressed in haploid phases
spermatogenesis (not X-linked genes)

Mitosis Meiosis Post-meiosis
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Always hemizygous in male cells!
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3) Autosomal new genes (not X-linked genes) should be more expressed in
haploid phases of spermatogenesis
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3) Autosomal new genes (not X-linked genes) should be more expressed in
haploid phases of spermatogenesis

S S NEW GENES

*  P<0.05
** P<0.01
*** P < 0.001

Expression
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Haploid Selection and the Origin of New Genes

Model Predictions:

1) New genes should be more expressed in the later phases of /
spermatogenesis

2) Genes expressed in the haploid phases of spermatogenesis ‘/
should be enriched with positive selection signature

3) Autosomal new genes (not X-linked genes) should be more /
expressed in haploid phases of spermatogenesis
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Haploid Selection and the Origin of New Genes

Discussion
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Haploid Selection and the Origin of New Genes /'

1. How about female haploid cells?
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Haploid Selection and the Origin of New Genes  *

2. How about RNA interchange between haploid male cells?

nucleus

cyst cell

cyst cell

Fabrizio et al., 1998 Development

Genotype: AA; | AA, AA, Complete dominance: h=1
Relative 1h ’ - -V5-
fitness: 1 -ns S incomplete dominance: 1 >=h>0.5
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Haploid Selection and the Origin and fixation of New Genes

i { Research

Haploid selection drives new gene male germline
expression
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