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Summary 

 

Sex dimorphism in brain is a main interest of neuroscience. It includes structural 

dimorphism and functional dimorphism. Sex dimorphism in brain is either hormone 

dependent or independent. In mammals, sex identity is ultimately determined by sex 

chromosomes: X and Y chromosome. Previous studies identified that many X- and Y- 

linked genes are involved in brain development and function. Moreover, 

X-inactivation escapee genes, which lead to overexpression of X-linked genes in 

females, also take part in sex biases. My study includes three subprojects. The first 

one was to verify sex-biased gene expression in sheep brain. This subproject included 

two candidate genes which showed female-biased expression from microarray. One 

gene was Xist (X inactive-specific transcript), which initiates X-inactivation in 

females. The other gene was Aqp4, which encodes water-selective channels in plasma 

membrane. The sex-biased expression was verified by real-time quantitative PCR. As 

expected, Xist showed female bias in three different sheep brain regions. Aqp4 

showed no sex biases in sheep brain. The second subproject was to verified 

female-biased expression of eight mouse X-linked genes. Female-biased expressions 

of these genes have been previously demonstrated in mouse brain, and my project 

involved measurement of their expression in female and male mouse eye and lung 

tissues. These eight transcripts showed female-biased expressions in eye and seven 

transcripts showed female-biased expression in lung, one transcript was not confirmed 

as female-biased in lung tissue. Their female-male fold changes in eye and lung were 
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in the same range as in brain, indicating expression of the clustered transcripts might 

involve common mechanisms of X-inactivation escape. The third subproject was to 

study conservation of Y-linked genes in human, chimpanzee and mouse. I found four 

Y-linked genes were conserved in these three groups, indicating these four genes 

might be fundamentally important for male sex development. Six genes were 

conserved only in human and chimpanzee, suggesting that these six genes were 

primate specific and they might regulate specific male development in primates. One 

gene was only found in human Y chromosome, indicating this gene evolved after 

chimpanzee diverged from human and its function might be human specific. 
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Introduction 

 

Sexual dimorphism  

In many cases, we can know an animal s gender just by its appearance. For example, a 

male peacock has very beautiful feather. We can distinguish a male lion by its 

remarkable mane. Most female spiders have bigger size than male spiders. The 

systematic difference between individuals with different sex in a same species is 

called sexual dimorphism. Besides appearance, sexual dimorphisms also exist in brain 

and behavior. In the past 10 years, a surge of studies demonstrate sex influences on 

many areas of brain and behavior, including feeding behavior, memory, hormone 

action, emotion and disease (Cahill 2006). Sexual dimorphism is the main study 

interest of neuroscience. It exists extensively in brain, including many cognitive 

regions, for example, hippocampus, amygdala and neocortex (Juraska 1991). Some 

structural differences are global, such as grey to white matter ratios are significantly 

different between female and male in many regions of the human cortex (Allen et al 

2003). Many differences in brain are not evident in structure, but rather at functional 

level, for instance, difference on neurotransmitter, metabolic response (Cahill 2006). 

An early study identified levels of monoamine oxidase were significantly higher in 

several brain regions in woman than in men (Robinson et al 1977). One brain region 

of sexual dimorphisms in structure and function is the hippocampus, which is most 

associated with learning and memory. Brain imaging research showed that, the 

hippocampus in female was larger than in male when adjusted for total brain size 
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(Goldstein et al 2006). Hippocampus also has sex differences in neurotransmitter 

system, such as cholingergic, serotonergic, corticosterone and adrenergic systems 

(Madeira & Lieberman 1995). In principle, all sexual differences are determined by 

gonadal sex determination systems in each species and sex hormone influences are 

highly important (Arnold 2004). In a long time, it has been thought that sex 

dimorphism in brain is controlled by sex hormones (Arnold et al 1984; Breedlove et 

al 1999). However, more recent studies demonstrate extensive sex-biased gene 

expression in the rodent brain, which occurred before gonadal differentiation (Dewing 

et al 2003). It indicated that some sex dimorphisms in brain are hormone independent. 

 

X and Y chromosomes 

In mammals, sex identity is ultimately determined by sex chromosomes. Females 

have two X chromosomes (XX) and males have one X chromosome and one Y 

chromosome (XY). X and Y chromosomes are morphologically different, but 

originated from an autosome pair (Graves 2006). The X chromosome is highly 

conserved in all placental mammals, encoding about 1500 genes with a wide range of 

functions (Graves 1995). An early study showed X chromosome contained a large 

number of genes involving in brain function and development (Carrel & Willard 

2005). Y chromosome has remarkable divergence during evolution. It has few active 

genes, most of which are repeated simple-sequence DNA (Graves 2009). In human, 

the Y chromosome contains forty-five protein coding genes and eighteen of them are 

on pseudoautosomal region (PAR1), which is homologues between X and Y 
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chromosomes and recombines at meiosis (Graves 2009). Other twenty seven genes 

locate on male-specific region. One of these genes is Sry, which is a key gene for 

testes formation (Sinclair et al 1990). 

 

X inactivation and X inactivation escape 

Many X chromosome linked genes express equally in females and males despite 

being present at ratio 2/1 in females and males (Jazin & Cahill 2010). This dosage 

compensation is achieved by X chromosome inactivation, which is initialed by Xist 

(Brown et al 1992). As a consequence, one female X chromosome is inactive. The 

inactivated X chromosome in each cell is chosen randomly. So females are mosaic of 

cells, which express either paternal or maternal X chromosome (one X chromosome is 

inherited from father and the other one is from mother). In this case, in female tissues, 

including brain, different X alleles are expressed. However, many genes on X 

chromosome show different expression levels in females and males (Nguyen et al 

2006), indicating these genes escapes from X inactivation. For example, Usp9x, 

Eif2s3x and Kdm5c, which are known X inactivation escapee genes, show 

significantly higher expression level in adult female mouse brain than in male brain 

(Xu et al 2006). In human, more than 150 genes escape from X inactivation and they 

express from both matenal and petenal X chromosomes (Carrel & Willard 2005). 

Moreover, genes escape from X inactivation vary according to tissue type and 

developmental stage (Carrel & William 1999).  

Microarray and real-time quantitative PC R 
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Microarrays can be used to identify genes with sex-biased RNA expression. A 

microarray consists of thousands of probes, which are DNA clones. Each probe 

hybridizes with a complementary DNA (cDNA) under high-stringency conditions. A 

cDNA is a reverse transcript of an mRNA. Probe-cDNA hybridization is detected and 

quantified by detection of labeled targets to determine relative abundance of nucleic 

acid sequences in the target (Schena et al 1995). Identified sex-biased genes from 

microarray may be verified by using high sensitive techniques such as real-time 

quantitative PCR (RT-PCR). The target DNA molecule is amplified in each reaction 

cycle in the presence of primers, template, buffer and enzyme. There are two common 

methods to detect RT-PCR products: (1) non-specific fluorescent dyes that bind to 

double-stranded DNA and (2) specific-sequence DNA probe.  

 

Three subprojects of my research 

Previous study revealed genes with conserved sex biased expression in primate cortex 

(Reinius et al 2008). Little is known about sex biases in brain of other mammals. One 

microarray study performed by host group identified sex-biased genes in sheep 

occipital cortex. Two genes were selected to be verified. One of these genes was Aqp4 

(aquaporin 4), which encodes a member of the aquaporin family of intrinsic 

membrane proteins that function as water-selective channels in the plasma membranes 

of many cells (National Center for Biotechnology Information). The other gene was 

Xist (X inactivation specific transcript), which initiate X-inactivation (Brown et al 

1992). Aqp4 and Xist showed female-biased expression in microarray. By far, there is 
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no previous study of sex-biased expression of Aqp4 or Xist in sheep brain. The second 

research project performed by host group revealed eight X-linked transcripts (Kdm5c, 

Eif2s3x, Ddx3x, 2010308F09Rik, D330035K16Rik, 5530601H04Rik, 2610029G23Rik, 

and D930009K15Rik) with female-biased expression in mouse brain, as a 

consequence of X-inactivation escape (Reinius et al submitted). This study also found 

these eight transcripts co-localized in four pairs and in each pair the female-male fold 

change was the same, indicating they might be regulated by a same X-inactivation 

escape mechanism. However, it was unknown if the genes mentioned above had the 

same sex-biased expression in peripheral tissue, eye and lung. The third study 

performed by host group identified eleven Y-linked genes showing male-biased 

expression in human brain prenatally (Reinius et al 2009). Among these eleven genes, 

USP9Y, DDX3Y and UTY have known orthologues in mouse Y-chromosome and 

showed conserved sex-biased expression in mouse brain prenatally (Xu et al 2002). 

Six genes lack orthologues in mouse (Reinius et al 2009). From these eleven genes, it 

seems mouse and human Y chromosomes are divergent on gene content. A new study 

demonstrates that chimpanzee and human Y chromosomes are remarkably divergent 

in structure and gene content (Jennifer et al 2010). The question now is if Y-linked 

genes expanded dramatically in the human lineage.   

 

Aims 

The aims of this project were to 1) verify Aqp4 and Xist sex biases in sheep brain 

tissue. 2) verify sex biases of Kdm5c, Eif2s3x, Ddx3x, 2010308F09Rik, 
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D330035K16Rik, 5530601H04Rik, 2610029G23Rik, and D930009K15Rik in mouse 

eye and lung tissue. 3) find mouse and chimpanzee orthologues of eleven Y-linked 

genes, which showed prenatal male-biased expression in human. Then, compare gene 

content in human, chimpanzee and mouse Y chromosomes. 
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Result  

 

RN A quality and quantity 

Tissues from sheep brain and mouse eye and lung had been collected. In order to 

measure gene expression by quantitative PCR, the first step was to extract RNA and 

the extracted RNA should be free from chemical contamination and should not be 

degraded. RNA degradation was examined by inspecting the 28S and 18S ribosomal 

bands on 1% w/v agarose gels (Ethidium Bromide staining, Figure 1). Clear 28S and 

18S ribosomal RNA bands showed RNA was not degraded.  

 

F igure 1 Inspecting of 28S and 18S ribosomal bands. RNA quality was examined by 

inspecting the 28S and 18S ribosomal bands on 1% w/v agarose gels. Clear 28S and 

18S ribosomal RNA bands signified that RNA was not degraded.  

 

To inspect purity of the extracted RNA, absorption ratios of 260/230 and 260/280 

were measured using a ND1000 (Nanodrop Technologies). RNAs with good purity 

had 260/230 and 260/280 ratio within the range of 1.80 to 2.25. Possible 

contaminations in extracted RNA are: genomic DNA, protein solution, phenolate ion, 

18S RNA band 

28S RNA band 
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isopropanol and ethanol. Genomic DNA contamination, which can be inspected by 

280/260 ratio, might contribute to quantitative PCR signals and obfuscate gene 

expression quantification. Contamination from organic compounds, which can be 

inspected by 260/230 ratio, might affect reverse transcription efficiency and gene 

expression quantification. None of the RNA sample from sheep brain was degraded. 

Nanodrop results of 260/280 and 260/230 ranging between 1.7 and 2.3 were regarded 

as sufficiently pure samples (supplementary table 1-3). On the other hand, four RNAs 

from mouse lung sample were degraded, and some RNAs had 260/230 ratios<1.7, 

which indicated contamination from organic compounds (supplementary table 4). 

 

Verification of sex-biased gene expression by RT-PC R 

 

Sex-biased expression of Aqp4 and Xist in sheep brain 

In order to verify sheep microarray result, which showed Aqp4 and Xist female-biased 

expression in sheep brain, Aqp4 and Xist expressions were quantified by RT-PCR in 

three different brain regions.  As expected, in three different regions (frontal cortex, 

occipital cortex and a mixed region of superior colliculus, splenium of corpus 

callosum and retrosplenial cortex), Xist was significantly upregulated in female 

(p-value  0.05, two-tailed, t-test, Figure 2). However, differential expression of Aqp4 

could not be confirmed as sex-biased (Figure 2).  
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F igure 2 Expression level of Aqp4 and Xist. qPCR result (n=8 females, 10 males) of 

sheep Aqp4 and Xist expression from frontal cortex (A), occipital cortex (B) and 

mixed region of superior colliculus, splenium of corpus callosum and retrosplenial 

cortex (C). RNA expression was normalized to Actin . The height of the bars 

represents female expression as relative to male expression. Error bars symbolized +/- 

standard error of the mean. 

 

Sex-biased expression of X-linked transcripts in mouse eye and lung 

A new research performed by host group demonstrated eight X-linked transcripts 

showed female-biased expression in mouse brain (Reinius et al 2010, submitted). The 

further study was to investigate if this female-biased expression also present in 

periherial tissue, eye and lung. I quantified these eight X-linked transcripts 

expressions in mouse eye and lung tissues by RT-PCR. Xist and Rps4x were also 

employed in RT-PCR. Xist is essential for onset X chromosome inactivation in female 

(Senner et al 2009) and was included as a postive female-biased control. Rps4x is an 
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X-linked gene which is known to be inactive in the silenced mouse X-chromosome 

(Senner et al 2009; Marks et al 2009) and was included as a negative control. In these 

eight transcripts, Kdm5c, Eif2s3x, Ddx3x are known to escape from X-inactivation 

(Disteche et al 2002). 2010308F09Rik, D330035K16Rik, 5530601H04Rik, 

2610029G23Rik, and D930009K15Rik are five novel female-biased X-linked 

transcripts. RT-PCR confirmed female-biased expression of above mentioned 

transcripts in mouse eye and lung tissue (Figure 3). An exception was 2010308F09Rik, 

which could not be confirmed as sex-biased in lung (Figure 3B). Female to male 

fold-changes were in the expected ranges of X-inactivation escapee genes 

(Talebizadeh et al 2006).  
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F igure 3 Validation of female-biased expression of X-linked genes. RNA expression 

was normalized to Actin  and Gapdh. A. eye (n=16 females, 16 males) and B. lung 

(n=16 females, 16 males). X-encoded Rps4x gene, which is silenced on inactive 

chromosome, is taken as negative control, while Xist is taken as positive control. The 

height of the bars represents mean female expression (yellow bars) as relative to mean 

male expression (blue bars). Error bars symbolize +/- standard error of the mean  
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Conservation of Human, Chimpanzee and Mouse Y chromosomes 

Previously study in host group identified eleven Y-linked genes which showed 

male-biased expression in human brain before birth (Reinius et al 2009). In these 

eleven genes, four genes have orthologues on mouse Y chromosome and the rest 

seven genes lack orthologues on mouse Y chromosome (Table 1). Another research 

demonstrated that human and chimpanzee Y chromosomes were divergent in structure 

and gene content (Jennifer et al 2010). These results imply that Y-linked genes might 

expand dramatically in human during evolution. A question is that if these eleven 

Y-linked genes conserved on human and chimpanzee Y chromosomes, or if they are 

human specific. In order to investigate the conservation of these eleven human 

Y-linked genes in chimpanzee and mouse Y chromosomes, I searched their 

chimpanzee and mouse orthologues and aligned them according to their chromosomal 

position. The human-chimpanzee alignment result showed that ten of eleven genes 

had orthologues on chimpanzee Y chromosome (Figure 4A, Table 1). PCDH11Y does 

not have orthologues on chimpanzee Y chromosome. In these ten human-chimpanzee 

conserved Y-linked genes, six had conserved chromosomal structure. The rest four 

genes clustered together, inverted and translocated to another position on chimpanzee 

Y chromosome (Figure 4A). The human-mouse alignment result showed that only 

four genes, Usp9y, U tx, Ddx3y, Zfy, had orthologues on mouse Y chromosome, which 

was coincident with previous study (Table 1). The rest seven genes had homologues 

on mouse X chromosome; some of them had homologues on somatic chromosome 

(Figure 4B). 
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Table 1 human Y-linked prenatally expressed genes and their mouse and 

chimpanzee orthologues 

Human Chimpanzee Mouse 
ZFY ZFY_PANTR Zfy  
USP9Y NP_001009110.1 Usp9y 
DDX3Y DDX3Y_PANTR Ddx3y 
UTY UTY_PANTR Uty  
RPS4Y1 RPS4Y1_PANTR no orthologue 
PCDH11Y no orthologue no orthologue 
PRKY Q5XXD0_PANTR no orthologue 
TMSB4Y TMSB4Y no orthologue 
NLGN4Y Q5XXC9_PANTR no orthologue 
CYorf15B NP_001008989.1 no orthologue 
EIF1AY EIF1AY_PANTR  no orthologue 
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F igure 4 Y chromosome structure comparison in human, chimpanzee and mouse. A. 

displays comparison of Y chromosome structure in human and chimpanzee. B. 

displays comparison of Y chromosome structure in human and mouse. Genes with 

same color means they are homologues. Lines show comparison of chromosomal 

position between homologues. CEN=centromere.  
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Discussion 

 

Expression of Aqp4 and Xist sex-biased in female and male sheep brain 

Xist is a key factor in mammalian X-inactivation (Brown et al 1992). As expected, 

RT-PCR verified Xist female bias in all regions included in the study: sheep frontal 

cortex, occipital cortex and a mixed region (superior colliculus, splenium of corpus 

callosum and retrosplenial cortex). The extensive female-biased expression of Xist 

indicated that X-inactivation was conserved in sheep brain as in other mammals that 

have been previously investigated. According to RT-PCR results, Aqp4 had no 

sex-biased expression in sheep brain. One conclusion is that Aqp4 is not a sex-biased 

gene in sheep brain. The previous microarray result, which showed Aqp4 upregulation 

in sheep female occipital cortex, might be a false positive. The discrimination 

efficiency of microarray is from 66%-80% (David et al 2006). RT-PCR is more 

accurate than microarray. It is possible that some other sex-biased genes, which have 

similar sequence to Aqp4 probes, might be responsible for the false positive result of 

Aqp4. On the other hand, when I analyzed Aqp4 RT-PCR results of the mixed region, 

I found Aqp4 was upregulated in seven female samples and downregulated in seven 

male samples. These results were coincident with previous microarray result which 

showed Aqp4 female-biased expression. But one female sample showed 

downregulation of Aqp4 and two male samples showed upregulation of Aqp4. In order 

to investigate why these three samples showed different Aqp4 expression trend, I 

inspected all the mixed region dissection. The dissection in each sample was not 
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exactly the same. Each dissected tissue contained different ratio of superior colliculus, 

splenium of corpus callosum and retrosplenial cortex, especially the three samples 

mentioned above. It is therefore possible that big dissection differences in these three 

samples led to the large variation of the measured Aqp4, which resulted in statistically 

non-significant results. It indicates that Aqp4 sex-biased expression might exist in one 

or two tissues in the mixed region. The future study can perform Aqp4 qPCR on 

superior colliculus, splenium of corpus callosum and retrosplenial cortex separately 

and investigate if Aqp4 sex-biased expression exists in any of these tissues.  

 

Female biased expression of X-linked transcripts in mouse eye and lung 

RT-PCR confirmed female-biased expression of Kdm5c, Eif2s3x, Ddx3x, 

D330035K16Rik, 5530601H04Rik, 2610029G23Rik, and D930009K15Rik in mouse 

eye and lung tissues (2010308F09Rik female-biased expression was confirmed in eye 

but not in lung). This shows that female biased expression of these genes is not 

present only in brain but also in peripheral tissue: eye and lung. A new study revealed 

that these eight genes co-localized in four pairs: 2010308F09Rik is located 33 kb 

upstream of Ddx3x in a head to head  orientation, D330035K16Rik is positioned 

within an intron of Eif2s3x, D930009K15Rik is located 2.6 kb downstream of Kdm5c, 

5530601H04Rik and 2610029G23Rik are co-localized in a head to head  

arrangement separated by 9.7 kb (Reinius et al 2010, submitted). Kdm5c, Eif2s3x and 

Ddx3x are known X-inactivation escapee protein coding genes (Disteche et al 2002) 

and 2610029G23Rik is a novel female-biased protein coding gene that escapes from 
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X-inactivation (Renius et al 2010, submitted). 2010308F09Rik, D330035K16Rik, 

5530601H04Rik, and D930009K15Rik were identified as non-coding RNA (Reinius et 

al 2010, submitted). It suggests each protein-coding gene is co-localized with a 

female-biased non-coding RNA on X chromosome. RT-PCR results further showed 

that in each coding and non-coding pair, the female-male fold changes were almost 

the same and in the expected range of of X-inactivation escapee genes (Talebizadeh et 

al 2006). These results suggest that the female biases of the eight X-linked transcripts 

mentioned above, might be the results of escape from X-inactivation. And each 

co-localized coding and non-coding pair might be regulated by a same X-inactivation 

escape mechanism. Previous studies have demonstrated X-inactivation escapee genes 

in human are clusterd togther with several transcripts indicating escape mechanisms 

acts on whole chromosome domains (Tsuchiya & Willard 2000).  In mouse, escapee 

genes known by far are interspersed and are few in numbers, indicating that escape 

mechanisms in mouse acts on smaller regions or even on single genes (Tsuchiya & 

Willard 2000). The eight co-localized coding-uncoding escapees suggest clustered 

genes that escape from X chromosmoe might also exist in mouse. 2010308F09Rik 

was verified as female-biased gene in mouse brain and eye tissues but not in lung 

tissues. Comparing 2010308F09Rik female-male fold changes in mouse brain, eye 

and lung, they were consistently smaller than other transcripts. One possible 

explanation is that 2010308F09Rik female-male fold changes in mouse lung tissues 

are too small to be verifies as sex-biased gene. Another possible explanation is that 

2010308F09Rik does not escape X-inactivation in mouse lung tissue, thus it does not 
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show female-biased expression in lung tissue. Other studies have shown that 

X-inactivation escape varies in tissue and in developmental stages (Carrel & William 

1999). I propose that 2010308F09Rik might escape from X-inactivation in brain and 

eye but not in lung. 

 

Conservation of Y-linked gene in human, chimpanzee and mouse 

ZFY, UTY, UPS9Y and DDX3Y are conserved in human, chimpanzee and mouse Y 

chromosome. This indicates that these four genes evolved on Y chromosome before 

mouse, chimpanzee and mouse lineages diverged and their functions might be 

fundamentally important for male development in mammals (Figure 5). RPS4Y1, 

PRKY, TMSB4Y, NLGN4Y, CYorf15B and EIF1AY are conserved in human and 

chimpanzee Y chromosome (Figure 4). These genes lack orthologues on mouse Y 

chromosome, but their homologues on mouse X chromosome were found (Figure 4). 

It indicates that these six genes evolved from X chromosome after mouse linage 

diverged from human and chimpanzee lineages and before human and chimpanzee 

lineages divergence. Since they are conserved on human and chimpanzee Y 

chromosome, their functions might be primate specific. PCDH11Y only exists in 

human. It lacks homologues on chimpanzee Y chromosome but has homologue on 

chimpanzee X chromosome. This is the result of an X-to-Y transposition occurred in 

the human lineage after its divergence from the chimpanzee lineage (Page et al 1984). 

This study found four conserved Y-linked genes, ZFY, UTY, UPS9Y and DDX3Y, in 

human, chimpanzee and mouse. It has been known that UTY, UPS9Y and DDX3Y 
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show male-biased expression in brain before birth in human and mouse (Reinius et al 

2009; Xu et al 2002). Recent studies revealed sex dimorphism in the rodent brain, 

which preceded gonadal differentiation (Dewing et al 2003; Yang et al 2006). These 

studies indicated these sex dimorphisms in brain were independent of hormone action. 

A further question on this project is how early these four conserved genes express in 

brain and other embryonic tissue. Does any of these genes express in brain before 

gonadal differentiation?  Which gene expresses first? Can the leader  gene, which 

initiates mammalian male development, be found in these four genes?   

  
F igure 5 Possible evolution of eleven Y-linked genes in human, chimpanzee and 
mouse. Mouse, chimpanzee and human diverged from a same ancestor. During 
evolution, ZFY, USP9Y, UTY and DDX3Y evolved on Y chromosome before the 
divergence of these three species and these four genes are conserved. RPS4Y1, PRKY, 
TMSB4Y, NLGN4Y, CYorf15B and EIF1AY evolved after mouse lineage diverged from 
human and chimpanzee lineages and before divergence of human and chimpanzee 
lineages. These six genes are conserved in human and chimpanzee. PCDH11Y 
evolved on human Y chromosome after chimpanzee diverged from human.  
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Methods and Materials 

 

RN A extraction and reverse transcription 

Sheep brain (collected from a meat factory) samples were collected from 9 females 

and 9males at the region of frontal cortex, occipital cortex and a region contained 

superior colliculus, splenium of corpus callosum and retrosplenial cortex. Mouse eye 

and lung tissues were collected from 19 female and 19 male C57BL/6 x DBA/2 mice. 

RNA was extracted by Trizol (Invitrogen) according to the manufacturers s 

instructions. RNA quality was controlled by inspecting the 28S and 18S ribosomal 

bands on 1% w/v agarose gels (0.5xTAE buffer, 6.5 V/cm, 30 min, Ethidium bromide 

staining). RNA quantity was measured on Nanodrop and purity was measured by the 

optical ratios 260/230 and 260/280. RNA was reversely transcribed to cDNA using 

Dynamo cDNA synthesis kit F-470L (Finnzymes) with following reagents: 900ng 

total RNA, 15 ng/ul random hexamers, 1xRT buffer,10 U/ul M-MuLV RNase 

H-reverse transcriptase, nuclease-free water. The reaction was performed in a total 

volume of 20ul. Reverse transcription products were then diluted 1:20 in distilled 

water. 

 

Sheep Aqp4, Xist and  primers design for Real-time quantitative PC R 

As the sheep genome sequencing is incomplete, sheep primers were designed in 

conserved region of aligned cow and pig cDNA. The reason of using cow and pig 

cDNA for alignment is because they are evolutionary close to sheep. Sheep Actin  



   24  /  36  
  

cDNA was from sheep Actin  mRNA alignment and Aqp4 cDNA was from sheep 

Aqp4 mRNA alignment. Sheep Actin  and Aqp4 cDNA was aligned to cow Actin  and 

Aqp4 cDNA to identify exon structure. Sheep Xist cDNA was from pig and cow Xist 

cDNA alignment (Ensemble Genome Browser). Primers were designed on conserved 

regions on opposite sides of exon-exon junctions using Primer3 (Rozen S et al 2000). 

Multiple primers were designed and tested for each transcript and primers with 

highest PCR efficiencies were selected for the experiments (Table2).  

 

Mouse primers design for Real-time quantitative PC R 

Transcript specific primers were designed on opposite sides of exon-exon junction 

using Primer 3 (Rozen S et al 2000). As D330035K16Rik and D930009K15Rik lack 

introns (UCSC Bioinformatics Resource), primers were designed within introns. 

Multiple primers were designed and tested for each transcript and primers with 

highest PCR efficiencies were selected for the experiments (Table3). 

 

Table2 Sheep quantitative PC R primer pairs  

Gene Name Primer sequences (5  to 3 ) 

Actb 
GCCGTCTTCCCTTCCATC 
AGGGTCAGGATGCCTCTCTT 

Aqp4 
CCGGTTCCATAGCTTTAGCC 
GTTCTCCCAATTTCCCATGA 

Xist 

GGCCAATGAGAAGAATTAGACA 
GCCACTACTATGAGCAGGGAGT 
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Table3 Mouse quantitative PC R primer pairs 

Gene Name  

Actb 
TGTTACCAACTGGGACGACA 
GGGGTGTTGAAGGTCTCAAA 

Gapdh 
GCCTTCCGTGTTCCTACC 
GCCTGCTTCACCACCTTC 

Xist 
TGAACTACTGCTCCTCCGTTACAT 
CTTGAGGCAGGAGCACAAAAC 

2610029G23Rik 
TTGGACCCAGAAGAACTCAAA 
TTCAGTGTAGCCCTGGGAAC 

5530601H04Rik 
GAATTGCCAGACCCTGGATA 
CTAGTCGCCCTCTGTTCTCC 

Ddx3x 
GTGTCCGCCACACTATGATG 
CCACCCAAACCACTTTTTGT 

D90009K15Rik 
GTCCCATCCCATTACTGCAT 
TCCAACTGCTACAGGCACAC 

Rps4 
TGGGAAAGTCAGGACCGATA 
TTGATGAGGGGATCAGGGTA 

D330035K16Rik 
GGGGACCTTTAAGCTGGTTC 
AGCCCCTTGTGGAAGAAAAT 

2010308F09Rik 

TCCTCAGAGACTGTGCTCCA 
TCTGTATCAGGCCCCACTTC 

 

Quantitative PC R 

Quantitative PCRs were performed in ABI Prism 7000 Sequence Detection System 

(Applied Biosystems), with following reagents: 1x Power SYBR Green Master Mix 

(Applied Biosystems), 0.3uM of each primer, 4 ul cDNA sample and distilled water in 

volume of 25ul per reaction. Thermal cycles were set to: 50℃ 2min; 95℃ 10 min; 95℃ 

15sec 40 cycles; 60℃ 1min. To ensure that single PCR products of intended lengths 

were amplified, a melting program was executed subsequent to the quantifications and 

PCR products were separated by gel electrophoresis. Minus RT controls (reverse 

transcription without M-MuLV RNase H- reverse transcriptase) were employed to 

control signals from amplification of genomic DNA (gDNA). gDNA signals were 
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consistently undetectable or negligible.  

 

Data analysis 

Background-substracted expression values (copy numbers) were determined relative 

to a standard curve (cDNA dilution series) in 7000 SDS v.1.2.3 (Applied Biosystems). 

Actin  (Actin beta) and Gapdh (Glyceraldehyde-3-phosphate dehydrogenase) were 

used as housekeeping genes. Expression values of sheep samples were normalized to 

endogenous expression of Actin  and expression values of mice samples were 

normalized to the geometric mean of endogenous expression of Actin  and Gapdh. 

, two-tailed unequal variance t-test.  

 

Y-linked genes alignment in human, mouse and chimpanzee 

11 human Y-linked genes, EIF1AY, CYorf15B, USP9Y, DDX3Y, UTY, TMSB4, NLGN4Y, 

PRKY, ZFY, RPS4Y1, PCDH11Y, were aligned on Y chromosome according to their 

chromosomal position (UCSC Genome Bioinformatics). Their homologues in mouse and 

chimpanzee were investigated (Ensembl) and homologues chromosomal positions were 

collected from UCSC Genome Bioinformatics. Homologues of mouse and chimpanzee were 

aligned on Y chromosome. Y chromosome structural conservation was compared according 

to these 11 human Y-linked genes and their mouse chimpanzee homologues loci. 
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Supplementary 
 

Table 1 sheep frontal cortex RN A Nanodrop test and quality control 

  
 

optical ratios   

Sample  
RNA 

concentration(ng/ul) 
260/280 260/230 

28S,18S 
bands 

F1R 358.5 1.90  2.23  pass 
F2R 252.1 1.87  2.29  pass 
F3R 464.8 1.88  2.21  pass 
F4R 308.1 1.88  2.21  pass 
F5R 689.1 1.94  2.14  pass 
F6R 287.1 1.89  2.28  pass 
F7R 853.6 1.97  2.25  pass 
F8R 720.9 1.94  2.20  pass 
M1R 642.2 1.92  2.23  pass 
M2R 510.3 1.91  2.26  pass 
M3R 1011.7 1.98  2.24  pass 
M4R 581.7 1.93  2.23  pass 
M5R 586.3 1.93  2.11  pass 
M6R 739.4 1.95  2.00  pass 
M7R 454.1 1.89  2.20  pass 
M8R 704.3 1.95  2.26  pass 
M9R 526.8 1.94  2.08  pass 

RNA purity was inspected by Nanodrop result of 260/230 ratio and 260/280 ratio. 

Ratios between 1.7 and 2.3 were regarded as sufficiently pure. All sheep RNA 

samples were sufficiently purified. RNA quality was controlled by inspecting the 28S 

and 18S ribosomal bands on 1% w/v agarose gels and no RNA degraded. 
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Table 2 sheep occipital cortex RN A Nanodrop test and quality control 

Sample  
RNA 

concentration(ng/ul) 
260/280 260/230 

28S,18S 
bands 

F1R 1633.3 1.99 2.15 pass 
F2R 1919.1 1.96 1.85 pass 
F3R 1838 1.98 1.94 pass 
F4R 2281.9 1.97 1.91 pass 
F5R 1983.4 1.97 1.92 pass 
F6R 2017.6 2.00 2.05 pass 
F7R 2873 1.96 1.89 pass 
F8R 2010.2 1.97 1.99 pass 
M1R 1509.7 1.98 2.13 pass 
M2R 1559.2 1.98 1.88 pass 
M3R 2241.6 1.98 2.16 pass 
M4R 1631.6 1.96 1.81 pass 
M5R 2708 1.96 2.06 pass 
M6R 1669.7 1.99 2.01 pass 
M7R 1658.1 1.98 1.86 pass 
M8R 3122.8 1.92 2.04 pass 
M9R 1912.1 1.98 2.16 pass 

RNA purity was inspected by Nanodrop result of 260/230 ratio and 260/280 ratio. 

Ratios between 1.7 and 2.3 were regarded as sufficiently pure. All sheep RNA 

samples were sufficiently purified. RNA quality was controlled by inspecting the 28S 

and 18S ribosomal bands on 1% w/v agarose gels and no RNA degraded. 
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Table3 sheep mixed region* RN A Nanodrop test and quality control 

Sample  
RNA 

concentration(ng/ul) 
260/280 260/230 

28s,18s 
bands 

F1R 977.6 1.96 2.19 pass 
F2R 719.1 1.92 2.22 pass 
F3R 921 1.96 2.18 pass 
F4R 654.8 1.91 2.23 pass 
F5R 745.8 1.92 2.24 pass 
F6R 675.5 1.93 2.2 pass 
F7R 651.1 1.88 2.23 pass 
F8R 713.3 1.95 2.00 pass 
M1R 1711.3 1.97 2.19 pass 
M2R 1010.6 1.92 2.26 pass 
M3R 1549.4 1.98 2.12 pass 
M4R 952.5 1.96 1.75 pass 
M5R 1542.8 1.97 2.16 pass 
M6R 1236.3 1.96 2.21 pass 
M7R 1288.4 1.97 2.17 pass 
M8R 1247.2 1.95 2.09 pass 
M9R 941.7 1.94 2.25 pass 

RNA purity was inspected by Nanodrop result of 260/230 ratio and 260/280 ratio. 

Ratios between 1.7 and 2.3 were regarded as sufficiently pure. All sheep RNA 

samples were sufficiently purified. RNA quality was controlled by inspecting the 28S 

and 18S ribosomal bands on 1% w/v agarose gels and no RNA degraded. 

* included uperior colliculus, splenium of corpus callosum and retrosplenial cortex. 
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Table 4 RN A Nanodrop test and quality control of mouse lung sample 

Sample 
RNA 

concentration 
(ng/ul) 

260/280 260/230 28s, 18s 
bands 

11434 486 2.00 1.64 pass 
11435 572.5 1.99 1.55 pass 
11436 572.1 1.97 1.69 pass 
11437 532.6 1.98 1.27 pass 
11438 284.8 1.92 1.87 pass 
11439 495.7 1.95 1.91 pass 
11440 489.6 1.97 1.57 pass 
11441 323.7 1.97 1.34 pass 
11442 346.8 1.94 1.85 pass 
11443 416.1 1.96 1.84 pass 
11444 579 1.99 1.94 pass 
11445 433.9 1.95 1.66 pass 
11447 328.2 1.96 1.24 pass 
11448 670.2 1.98 1.85 pass 
11449 225.3 1.92 1.3 pass 
11450 473.5 1.96 1.36 pass 
11451 106.8 2.38 1.17 degrade 
11452 479.7 1.92 2.01 pass 
11453 408.2 2.28 1.53 degrade 
11545 487.4 1.93 1.67 pass 
11546 233.9 2.21 1.19 degrade 
11547 695.1 2.05 1.93 pass 
11549 146.9 1.93 1.15 pass 
11551 402.6 1.92 2.08 pass 
11552 564.6 1.96 2.05 pass 
11553 610.9 1.98 1.87 pass 
11554 403.5 1.98 1.45 pass 
11555 481.1 1.95 1.87 pass 
11556 282.3 1.94 1.76 pass 
11557 515.5 1.98 1.65 pass 
11558 513.2 1.98 1.38 pass 
11559 416.3 1.96 1.73 pass 
11561 355.1 1.96 1.61 pass 
11562 485.5 1.94 1.87 pass 
11563 399.6 1.95 1.78 pass 
11564 428.9 1.95 1.89 pass 
11565 496 1.88 0.98 pass 
11567 489.3 1.95 1.28 degrade 
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RNA purity was inspected by Nanodrop result of 260/230 ratio and 260/280 ratio. 

Ratios between 1.7 and 2.3 were regarded as sufficiently pure. RNA quality was 

controlled by inspecting 28S and 18S ribosomal bands on 1% w/v agarose gels. 4 

RNA from lung samples degraded. 
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Table 5 RN A Nanodrop test and quality control of mouse eye sample 

Sample 
RNA 

concentration 
(ng/ul) 

260/280 260/230 28s, 18s 
bands 

11434 148.9 1.90 1.37 pass 
11435 132.1 1.74 2.44 pass 
11436 168 1.82 1.97 pass 
11437 523.6 2.00 1.36 pass 
11438 456.1 1.97 2.08 pass 
11439 535.6 1.94 2.16 pass 
11440 733.3 1.98 2.16 pass 
11441 216.3 1.91 1.09 pass 
11442 625.4 1.95 2.06 pass 
11443 302.7 1.89 2.05 pass 
11444 697.2 1.97 2.08 pass 
11445 266.7 1.93 1.67 pass 
11447 379.7 1.91 2.07 pass 
11448 462.7 1.91 2.11 pass 
11449 363.2 2.00 1.14 pass 
11450 766.3 1.99 1.94 pass 
11451 89.4 1.81 0.97 pass 
11452 222.5 1.89 0.87 pass 
11453 124.2 1.85 0.77 pass 
11545 80 1.83 0.28 pass 
11546 123.5 1.83 2.01 pass 
11547 113.2 1.86 0.22 pass 
11549 209.8 1.87 1.12 pass 
11551 459.2 1.97 0.72 pass 
11552 567 2.06 1.63 pass 
11553 463.3 1.97 2.06 pass 
11554 474.4 1.97 1.55 pass 
11555 534.7 2.00 1.68 pass 
11556 460.3 1.97 1.86 pass 
11557 483 1.93 2.28 pass 
11558 478.4 2.01 1.52 pass 
11559 477 2.01 1.52 pass 
11561 146.2 1.88 2.11 pass 
11562 211 1.96 1.33 pass 
11563 412.8 2.00 1.37 pass 
11564 330.4 1.90 1.96 pass 
11565 463.7 1.98 1.67 pass 
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RNA purity was inspected by Nanodrop result of 260/230 ratio and 260/280 ratio. 

Ratios between 1.7 and 2.3 were regarded as sufficiently pure. RNA quality was 

controlled by inspecting 28S and 18S ribosomal bands on 1% w/v agarose gels. 

 


