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In this study, we have evaluated our hypothesis that sex chromosomes are
advantageous in diminishing sexual conflict by acquiring sex-biased genes. To this goal, we have
exhaustively examined the expression level of genes in the three species who independently acquired
the neo-sex chromosomes and their closely-related species. We found many orthologous genes that show

sex-biased expression in the species with neo-sex chromosomes but show unbiased expression in the
closely-related species without neo-sex chromosomes. Such genes are often located on the neo-sex
chromosomes. We also found that this pattern is particularly conspicuous in larva. From these
results, we speculate that acquisition of neo-sex chromosomes may have contributed to reduce the
sexual conflict for survival and development rather than reproduction.



2014

2016

24

nas

nas

10

Bachtrog et al. 2014

XY ZW Y
Charlesworth et al. 2005
Ohno 1967
X
2
Disteche 2012
D. pseudoobscura
(#B5c38) D. miranda
i 2nd-X
§"P - &H‘ Y
. \\ ~1.1 Mya %
/ W / i
D. nasuta (H5C3E) D. albomicans
//’,III Neq,r)(/,, "1’l
3 7 / / .
1 _Y !/, / r a-Y
-X > "W e >> ”‘/
Y
X
Nozawa et al.
-y -X D. texana (H5EFE) D. americana
2 N | Neo- X, "
ozawa et al. Py 07 AT
-X _ m‘%’ el /
—Y .\ <0.47 Mya ‘Y
1
Mya:
Drosophila albomicans alb
D. nasuta nas
Innocenti Morrow 2010
alb
alb nas
alb 20 nas 20 alb
NHO2 19
1st 5 2nd
20 121120 12 12
GFP

pBac{3xP3-EGFPafm} phspBac



alb nas
RNA-
seq 20 alb 20
DNA DNA-seq X Y
nas 20 DNA DNA-seq
3
alb nas D. kohkoa koh
alb
110
D. miranda mir D.
pseudoobscura pse D. obscura obs alb  mir
D. americana ame D.
texana tex D. novamexicana nov alb
ame DNA
1
alb nas
GFP
2
alb nas 20
nas alb
alb # >20; nas R <0 alb R <0; nas R>20
P<0.01 1 nas
3 P> 0.05 1 alb
alb >0 nas # <0 P <
0.01 1
1
alb >0, nas R< 0 alb R <0, nas R>0
435 (11.9%) 310 (8.5%)
X 163 (11.0%) 149 (10.0%)
/ 3 310 (9.8%) 324 (10.2%)
908 (10.9%) 783 (9.4%)
3
9 3



3
F-bias M-bias F-bias M-bias F-bias M-bias F-bias M-bias
mir 6.8 9.7 15.4 32.9 20.0 34.2 34.2 41.6
pse 2.9 13.8 0.6 20.8 35.4 44.3 35.7 44.2
obs 0.0 0.1 0.5 11.0 14.9 40.5 32.1 42.0
alb 2.2 19.6 11.1 37.1 26.4 25.7 24.0 37.5
nas 0.1 11.8 2.6 18.1 26.6 19.0 28.3 38.7
koh 2.2 12.9 1.7 26.3 31.0 36.5 35.4 41.1
ame 1.0 16.0 12.4 24.2 28.5 34.2 33.0 41.3
tex 0.9 5.1 1.2 21.3 33.9 33.2 23.9 39.3
nov 0.1 13.5 0.3 16.5 18.1 32.2 37.4 42.6
F-bias M-bias
mir alb ame
3
2
mir
2 pse
mir alb ame
2 nas  tex pse
3
2 9 3
/ X
F-bias M-bias Unbias F-bias M-bias Unbias F-bias M-bias Unbias
mir 247 287 1,345 78 121 1,191 178 360 3,631
pse 58 239 1,582 49 180 1,161 102 685 3,382
obs 0 0 1,879 1 2 1,387 0 3 4,166
alb 148 822 2,929 28 274 1,301 38 772 3,205
nas 3 450 3,446 2 192 1,409 2 482 3,531
koh 68 496 3,335 36 207 1,360 102 529 3,384
ame 37 416 1,305 17 254 1,290 34 732 4,691
tex 19 133 1,606 17 97 1,447 40 216 5,201
nov 0 314 1,444 4 234 1,323 8 634 4,815
F-bias M-bias Unbias
ENRATASARNATR
i se alb nas ame tex
£ o 7 ET Mg
3 Tl . i 3 B 75t 505
g - 1.0 == g 1.0 L0} e é EEFH
= O'OQﬂgﬁ 00 36 5 133 19 = DD&@M@ 00 3 e s o wee P<0.001
ENATRA2FANATA = P<0.01
fJi 304 mir 10 pse %‘i nas 155 + P<0.05
8 Lofed.. T I " I I 3
193248 34 36 4 44 34 112
2
mir
pse RNA-seq



Wright et al. 2017

ARIAT R
mir

247 25 158

FRNATRA

[ REES
W REEE
B zothbshEs

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

mir

=t
o

o
o

241 108 367 T 22115 386

8% 1,200
(Innocenti and Morrow 2010)

Bachtrog et al. (2014) Sex Determination: Why So Many Ways of Doing It? PLoS Biol.
12, 1-13.

Charlesworth et al. (2005) Steps in the evolution of heteromorphic sex chromosomes.
Heredity 95, 118-28.

Ohno (1967) Sex Chromosomes and Sex-linked Genes. Springer-Verlag, Heidelberg.
Disteche (2012) Dosage compensation of the sex chromosomes. Annu. Rev. Genet. 46,
537-60.

Nozawa et al. (2014) Tissue- and stage-dependent dosage compensation on the Neo-X
chromosome in Drosophila pseudoobscura. Mol. Biol. Evol. 31, 614-624.

Nozawa et al. (2016) Accelerated pseudogenization on the neo-X chromosome in
Drosophila miranda. Nat. Commun. 7, 13659.

Innocenti and Morrow (2010) The sexually antagonistic genes of Drosophila
melanogaster. PLoS Biol. 8, €1000335.

Wright et al. (2017) Convergent recombination suppression suggests role of sexual
selection in guppy sex chromosome formation. Nat. Commun. 8, 14251.



5 1 1 2

Nozawa M*, lkeo K, Gojobori T 10
Gene-by-gene or localized dosage compensation on the neo-X chromosome in Drosophila miranda 2018
Genome Biology and Evolution 1875-1881
DOI
10.1093/gbe/evy148
Nozawa M*, Minakuchi Y, Satomura K, Kondo S, Toyoda A, Tamura K -
Evolutionary trajectories of three independent neo-sex chromosomes in Drosophila 2021
bioRxiv -
DOI
10.1101/2021.03.11.435033
37
1 Hi-C 2019
Y
546-547
DOI
38
2020
1334-1335

DOl




55

2020

46-50

DOl

20 11

2020

2019

Neo

91

2019




Neo

91

2019

Neo

21

2019

Neo

21

2019

2019




90

2018

2018

Neo 1967

20

2018

Nozawa M

Evolution of three independent neo-sex chromosome systems in Drosophila

Symposium on Evolutionary Genetics and Omics

2018




Nozawa M

Revisiting Ohno’ s hypothesis of dosage compensation by using the neo-sex chromosomes in Drosophila

The 2018 SMBE conference

2018

Nozawa M

Divergence and convergence in the evolution of Drosophila neo-sex chromosomes

Special Symposium To Celebrate Over 50,000 Citations Of Saitou & Nei’ s (1987) Neighbor-Joining Method Paper

2018

Nozawa M

Not only the neo-Y chromosome but also the neo-X chromosome is under accelerated pseudogenization in Drosophila miranda

The 2017 SMBE conference

2017

Neo-X

19

2017




Nozawa M

Accelerated pseudogenization on the neo-X chromosome in Drosophila miranda

Molecular Evolution and Medicine

2017

2017

Neo

ConBi02017

2017

Nozawa M

How have sex chromosomes become a major sex-determination system in spite of their potential disadvantage?

2017 UOS-TMU Joint Conference

2018




2021




