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Duplicated new genes: pseudogene or new function?  
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New genes: positive selection signature 
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New genes: testis expression 
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Expressão de Genes Novos nos Testículos

Expressão de Genes Novos: Testículos

Figura: Test ículo de Drosophila
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New genes: spermatogenesis 
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New genes: later phases of spermatogenesis 

  1

Table S1. Expression Levels of Duplicate Genes in the Different Tissues 
 

PROTEIN‐CODING GENES

br  lv ts sl sg sc sd sz

Outside duplicated regions 
(median of expression) 

18,085 
2.87  1.27 3.53 1.71 2.59 1.95 3.27 1.10

Highest expression (number of genes)  2547  2178 NA 1835 2095 1289 5443 1322

Inside duplicated regions 
(median of expression) 

3,734 
0.72  0.37 1.91 0.33 0.65 0.94 2.18 0.24

Highest expression (number of genes)  354  458 NA 319 344 285 1205 237

RETROPSEUDOGENES (2,640)

br  lv ts sl sg sc sd sz

Median of expression  0.17  0.28 0.3 0.3 0.15 0.24 0.6 0.13

Highest expression (number of genes)  136  185 NA 369 182 215 574 140

RETROGENES (201)

br  lv ts sl sg sc sd sz

Median of expression  0.53  1.7 18.7 1.85 1 29.1 51.3 1.34

Highest expression (number of genes)  9  11 NA 21 24 15 107 13

 
The number of genes with highest expression in a given tissue are indicated, except for total testis (not applicable, NA), given that highest 
expression assessments (relative to brain and liver) were performed for its constituent cell types. Abbreviations: Brain (br), liver (lv), testis 
(ts), Sertoli cells (sl), spermatogonia (sg), spermatocytes (sc), spermatids (sd), and spermatozoa (sz).

Mouse:  

Rice and Arabidopsis 

Cui et al., 2015. Molecular Plant 

Soumillon et al., 2013 Cell Rep 
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a = new adaptive 
recessive allele  



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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Clark et al., 2002 

Drosophila Spermatogenesis expression: Vibranovski et al. 2009 
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Tissue Isolation (n=3) 

RNA 
extraction 

Microarray 
Hybridization 

Bam 

ms(3)K81 

Gene profile 

Mst35Bb 

Vibranovski et al, 2009, PLoS Genetics 

Drosophila Spermatogenesis expression: Vibranovski et al. 2009 
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Statistical Analyses 

Bam 

ms(3)K81 

Gene profile 

Mst35Bb 

Bayesian Model 

- Avoids the arbitrariness of fold-thresholds 

- Avoids multiple testing distortions 

Drosophila Spermatogenesis expression: Vibranovski et al. 2009 



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

Drosophila Spermatogenesis expression: Vibranovski et al. 2009 
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Expressão

Materiais e Métodos: Classes de Expressão

Os genes podem ser classificados conforme

suas expressões durante a espermatogênese.

Genes Pós-Meiót icos são mais expressos na

pós-meiose.

Genes Meiót icos são mais expressos na

meiose.

Genes Mitót icos são mais expressos na

mitose.
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Gene classification according to their 
expression pattern: 

 
Post-meiotic Genes   

 
Meiotic Genes 

 
Mitotic Genes 



Drosophila Gene’s age: Zhang et al. 2010 

Old Genes 

New Genes 



1) Drosophila: New Genes are more expressed 
in later phase of spermatogenesis 

mitosis meiosis post-meiosis 
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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 Expression and Positive Selection  
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Expressão

Materiais e Métodos: Classes de Expressão

Outra forma de classificá-los, que é mais

adequado para nossas análises é como

genes haplóides e genes mitót icos.

Genes Haplóides são mais expressos em

qualquer uma das fases haplóides (meiose e

pós-meiose).

Genes Mitót icos são mais expressos na

mitose (diplóide).
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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 



Stanley and Kulathinal, 2016. 
G3  
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Seleção

Materiais e Métodos: Seleção

Testes de taxa de verossimilhança

Comparação de modelos de

verossimilhança

Júlia Raíces Universidade de São Paulo Defesa Mest rado 15 de Junho de 2017 45 / 73

Eyre-Walker, 2003. DoFE Software

Stanley e Kulathinal, 2016. G3

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

 

Comparisons using  
PALM models (Yang, 1997): 

 
1) M1a vs. M2a 

2) M7 vs. M8 
3) M8 vs. M8a 
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Model Predictions: 
 
1) New genes should be more expressed in the later phases of 
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3) Autosomal new genes (not X-linked genes) should be more expressed in 
haploid phases of spermatogenesis  

 

Mitosis Post-meiosis 

X chromosome 
Meiosis 

Autosomes 
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Autosomes 

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

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

Always hemizygous in male cells! 



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  
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Discussion 
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1. How about female haploid cells?  

Cáceres and Nilson, 2005 Development 
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2. How about RNA interchange between haploid male cells?  

Fabrizio et al., 1998 Development 

Complete dominance: h=1 
vs.  

incomplete dominance: 1 >= h > 0.5  
 

Genotype: A1A1 A1A2 A2A2 

Relative 
fitness: 

1 1-hs 1-s 
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