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Abstract 
 

There are many animal studies of sex differences in morphology, behaviour and biochemistry. 

For example, stress and anxiety are commonly studied and have been shown to differ between 

sexes in rats, humans and fish. This project has focused on molecular differences in the brain 

between the sexes, breeds and sex differences between five dog breeds; beagle, German 

shepherd, pitbull, rottweiler and Walker coonhound. The gene expression in the parietal 

cortex of the brain has been explored by using KTH human 46k cDNA microarrays for three 

male-female pairs in each breed. After continuous optimizations, three genes were chosen for 

confirmation where at least one breed significantly deviated from the others regarding the sex 

differences in gene expression. No sex differences were found to be shared among all breeds. 

Intriguingly, Xist, the gene responsible for X chromosome inactivation in mammalian females, 

was not detected in the microarrays. Bioinformatic studies showed a low homology between 

the human and dog sequences, in particular in Xist, which led to the decision of confirming 

potential sex differences by designing primers for qPCR. Xist was confirmed to be expressed 

almost explicitly in female brains, an especially interesting finding since there are no previous 

investigations of Xist prevalence in brains of dogs. 
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Introduction 
 

Sex differences 

Figure 1. Example of a clear sexual dimorphism in 
colour. Female Shaft-tail Finch (Poephila acuticauda) 
on top and male partner below.  
Printed with permission from Andy Renard at 
www.maximillianfox.com 

Animals often show sexual dimorphisms such as differing size or colour (figure 1). It is 

common that they differ in shyness, 

boldness, aggressiveness and reproductive 

behaviour. Differences also regard the 

energy spent on each possible offspring. 

Males go for the quantity by producing 

millions of sperms every day while females 

go for quality producing a few large eggs. 

 

Many studies have explored sex dependent 

differences in behaviour in all kinds of 

animals. Anxiety and stress are two 

commonly studied types of behaviour, 

possibly because these traits are relatively 

easy to initiate and with the stressed society 

of today, it is of great interest. In rats and salmon fish, females seem to adapt faster and eat 

more, both indications of not being stressed (19). In humans, women are more easily stressed 

and are more often signed off due to fatigue depression and anxiety disorders (18). 

  

It is important to emphasize that genes themselves do not alter behaviour but, amongst other 

things, the amounts of proteins that are produced. The proteins in turn can either affect cells 

directly or by affecting other molecules in a chain reaction that will lead to a changed pattern 

in neural signalling, which is the base of all muscular activity, perception and reactions. When 

all this comes together, behaviour can be measured (13). 

 

Studies of sex and breed differences in dog (Canis familiaris) 

In a study of 56 dog breeds, 48 veterinarians of small animals and 48 dog obedience judges 

were each assigned seven breeds at random. Their assignment was to rank the seven breeds 

from most to least when asked questions about 13 different behavioural traits. It was 

hypothesized that traits that showed little difference between breeds were due to environment 
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and not genes, while greater behavioural difference should be harder to control by nurturing 

and thus more likely to be a result of genetics (10). This theory is supported by the fact that at 

least three different dog breeds are used for managing cattle. The herding breeds, e.g. Border 

collie, are used to move the cattle between fields by gathering the herd by chasing and 

grabbing their sides. Strong directed breeding has created the Australian cattle dog that is 

rougher than the Border collie in its working manner and is used for stubborn cattle. Guard 

dogs on the other hand, never interfere with the herd in any way but only guard it from 

potential predators. All three breeds work in very different ways in the same environment, yet 

even without training they show these differing behaviour (12). 

 

The 96 authorities were also asked if they thought one sex exhibited each trait more than the 

other sex. To find if there was any significant difference between the sexes in each trait, a 

grade was assigned according to this formula: 
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Figure 2. Traits that males 
and females exhibit in 
unequal amounts according 
to 48 dog obedience judges 
and 48 small-animal 
veterinarians. Dark green are 
significantly 
overrepresented in males as 
dark blue is in females. 
Lighter green and blue show 
some differences but not 
statistically significant. Red 
marked traits have not been 
characterized as differing 
between the sexes. Arrange 
from result of (10). 
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Examination of reports of dog bites have shown that males are more prone to bite and 60% of 

the biting males are unneutered. No such connection can be made from the 13% of bites that 

females make up for. There is also a difference between breeds. In the three breeds most 

reported to bite, German shepherd, pitbull and rottweiler, incidents are caused by males in 

86%, 90% and 98% respectively (10). However, this specific study has not taken into 

consideration how frequently each breed appears in society. Thus, breeds that are more 

popular are more likely to be found in biting statistics than those that are very rare. It is also 

hard to record good statistics of this kind since there are plenty of dogs that are not registered 

in the US, where these studies have been done. However, independent studies have, in spite of 

these restrictions, shown that the three breeds mentioned above are, along with the chow-

chow, are overrepresented in occurring dog bites (10). One reflection about this is that these 

breeds, apart from the chow-chow, are often found as guard dogs or military dogs and thus, in 

some cases, may have been taught to bite intruders. The Doberman too, has in some studies 

been overrepresented, which also agrees with this reflection since they too are often used to 

guard property.  

 

Origin of the domestic dog 

Archaeological findings show that the grey wolf (Canis lupus) was domesticated, thus 

founding the pet dog, at least 14 000 years ago (5, 9, 12, 14). This makes the dog the first 

organism ever to be domesticated (14). Several independent studies indicate that the 

domestication originated in East Asia where several smaller wolf populations have been used 

and individuals carrying desired properties have been backcrossed. Support for this theory 

includes studies of mtDNA as well as major histocompatibility complex, MHC, genes (16, 

17). Once the dog had been domesticated, it was such an appreciated companion that it 

rapidly spread all over the world, giving divergent populations in different continents (16).  

 

The effect of the limited gene pool 

Wild wolves live in packs where only the alpha pair breed, thus, the genetic contribution from 

both sexes is equal. In contrast, the domestic dog has been bred for a wide variety of 

characters, both morphological and regarding temperament (14). The strong directed breeding 

leads to a low genetic diversity within breeds and a high diversity between them (17). This 

process gains speed since one good male is often used to father numerous litters each year 

whereas the female takes care of only one or a few. The unequal contribution of genetic 

material is also seen in the low diversity of the Y chromosome (14, 17).  
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The segregation of the breeds also leads to identification possibilities. When analysing 100 

dogs from 20 breeds, Sundqvist et al. found in 2006 that 94% of the dogs could be assigned to 

correct breed from analysis of 18 autosomal microsatellites (14, 17). A larger study based on 

414 dogs was performed two years earlier where 96 microsatellites were used to correctly 

assign 99% of the dogs to correct breed (16, 17). 

 

One example of how powerful it can be to 

limit the gene pool to desired properties 

comes from a Russian study that is one of the 

largest ever made in canines. In 40 

generations of strong directed selection for 

tameness in wild silver foxes (Vulpes vulpes), 

the gene expression in the brain was shown 

to change compared to unselected wild silver 

foxes. In addition, the animals selected 

started to show other similarities to domestic 

dogs, such as changes in morphology, 

neurochemistry and development (4, 12).  

Figure 3. Dogs show a great diversity in for example 
colour, size, temperament and shape. Here, the diversity 
is represented by a rottweiler (left), Jack Russel 
(middle) and a white German Shepherd (right). 
Photo by T Karlsson. 

 

The canine family 

The great diversity in the morphology of dogs (figure 3) exceeds that of the whole canine 

family (5, 12, 16). The difference in appearance between dog breeds and wolves are, with a 

few exceptions, obvious. Their behaviour too differs, for example regarding tameness (9, 16, 

17). Yet the similarity between their DNA is as high as 99.96% (17). Thus, something other 

than a changed genome must be the cause of these obvious differences. One hypothesis 

investigated by Saetre et al. was that the regulatory regions were altered. The mRNA levels in 

the brain were compared between dogs and their wild relatives, grey wolf and coyote (Canis 

latrans), and especially in the hypothalamus the dog differed significantly. This region is 

known to be developed early in the embryo and is responsible for a lot of behaviour 

associated with survival (9).  However, the variation in expression was larger between the 

brain regions than the variation between the species. The results are thought to be due to the 

strong founder effect that has selected individuals suitable for human needs (9, 17).  
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As a model organism 

The dog is an important model organism for many reasons. Because of its great usefulness for 

humans in very diverse areas, plenty of data has been collected for testing the suitability of 

working dogs. It is also the animal that shares the most numerous diseases common to 

humans (5, 17). Many genes causing canine diseases have been identified. These include, for 

example, endocrine and metabolic disorders, blindness, cancer, skeletal and developmental 

disorders as well as neurological problems (17). Hopefully, this knowledge will help to find 

cures and causes of similar diseases in humans. 

 

Apart from being invaluable in medicine, because its genome has been sequenced with high 

quality (5, 17), the dog is also a great contribution to areas such as systematics, mapping of 

phenotypical traits, 

conservation biology and 

behavioural studies (17).  

 

Microarrays 

The microarray technique 

allows two samples to be 

compared for their relative 

quantity of gene expression for 

thousands of genes at the same 

time. The experimental design 

is crucial for answering the 

biological question intended. 

Since only two samples can be 

compared against each other, 

the design has to account for, 

among other things, reference 

samples and the possibility of 

interference from the dye (11). 

The samples analysed can be 

animals treated with different 

drugs, plants that have grown 

Figure 4. Procedure of microarray. (A) The cDNA that is 
synthesized will incorporate a poly-T primer with an oligo tail. (B) 
Equal amounts of cDNA are added to the microarray chip and 
sequences with higher similarity will bind more strongly. In 
addition, a sample present in larger amount will bind to a greater 
extent than one with lower amount. (C) During the second 
hybridization, the fluorofores, Cy3 (green) and Cy5 (red), binds to 
an oligo that is complementary to the oligo tail in the primers. (D) 
At scanning, this will be shown as different intensity of red and 
green colour with all ratios possible in between and yellow as the 
pure intermediate. 
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in different habitats or, as in this case, different sexes of a species. Preferably, only one factor 

should differ in order to find the particular genes that have had an altered expression (11).  

 

RNA from the samples to be compared is converted into cDNA with the use of a poly-T 

primer, which will be incorporated as a part of the cDNA as shown in figure 4A. Attached to 

the poly-T is an oligo tail. Equal amounts of the marked cDNAs are then mixed and 

hybridized on a microarray chip that contains thousands of clones, figure 4B. The samples 

will compete for binding to each clone and, in accordance with the chemical laws of 

equilibrium, the sample most extensively expressed, i.e. present in more copies, will bind 

more numerously. When cDNA has bound to the clones, an oligo complementary to the 

incorporated poly-T-oligo tail complex, is added and the fluorofores Cy3 (green) and Cy5 

(red) will bind to this complementary sequence as shown in 4C. Thus, the cDNA that binds a 

clone the most will give a stronger fluorescent signal due to more dyed molecules. Since all 

fluorescent molecules will give a signal, the detection will range from pure green if cDNA 

marked with Cy3 is bound solely, to pure red if only Cy5-marked cDNA is bound. Any ratio 

in between will vary in colour with yellow as the pure intermediate, figure 4D (Genisphere 

3DNA Array 900 manual, Genisphere Inc., USA). Note however that the colours are chosen 

when scanning and colours others than red and green may be used. 

 

This project aimed to find genes that were differentially expressed between the sexes. An 

additional aim was to find differences between the breeds and possibly, sex differences 

between the breeds. Since no previous study has been done within the area, all findings were 

of interest. 

 

Materials and methods 
 

Sex and breed difference in dog 

To organize availability of samples, a database was 

constituted. This showed information about id number, breed, 

sex, age, origin and additional comments. In addition, it 

contained information about what kinds of samples were left. 

Appendix 1 shows the database with columns of interest for 

this particular project, breed, sex, age, cortex samples and 

Figure 6. Gel electrophoresis of 
extracted RNA. Most of the 
samples show a stronger upper 
band, indicating a successful 
extraction. 
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prevalence of whole and half brain. From this database, three male-female pairs of five dog 

breeds were chosen for use, indicated in appendix 1 with green, yellow and blue with one pair 

per colour. The breeds were; beagle, German shepherd, pitbull, rottweiler and Walker 

coonhound. Notice was taken to the individual dogs’ age so that the pairs were of 

approximately the same age. 

 

Homogenizing of tissues 

The brains were stored at -70oC. While 

keeping the tissue on ice, pieces weighing 

from 0.18 g to 0.52 g were cut out from 

parietal and occipital cortex so that both 

hemispheres were included (figure 5) and the 

amount of grey and white matter was 

approximately equal. The cortex was used 

because it was easy to access and it is known 

to be involved in higher behaviours (1). The 

tissue was homogenized with an Ultra Turrax 

T25 basic probe homogenizer (IKA labortechnik) with approximately 4ml Trizol®. The 

samples were then aliquoted into 1.5ml tubes.   

Figure 5. Frozen brain from Walker coonhound 
before any cuttings have been made. White square 
shows place of tissue sampling.  

 

RNA extraction  

Extraction was carried out in accordance with the provided protocol for Micro-to-midi kit 

(Invitrogen). This is based on several centrifugations which collects the RNA in provided 

filters. While kept in the filter, the RNA is washed with provided buffers and then eluted from 

the filter with 30-40µl RNase free water.  

 

The extracted RNA was controlled for purity both with electrophoresis and with a NanoDrop 

ND- 1000 (NanoDrop technologies, USA). If extraction is successful the electrophoresis 

shows two bands, the upper one being about twice as strong as the lower (figure 6). These 

bands are ribosomal RNA but the mRNA we are looking for will be of too small amount to 

detect on a gel.  

 

The nanodrop measures absorbance of light at different wavelengths and two ratios are 

calculated to explore the purity of the sample. The first ratio is absorbance at 260/280nm. 
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This should preferably be around 2.0, if lower there may be co-purified proteins or phenol in 

the sample (15). The second ratio, 260/230nm should be in the range of ~1.8-2.2 but always 

higher that the respective 260/280 ratio. If the 260/230 ratio is low, it is an indication that the 

sample is contaminated (15). The third application of the nanodrop is to find the concentration 

of the samples. In this project the concentrations have ranged from 210-2400ng/µl and the 

purity wavelength ratios has ranged between 0.7-2.2. 

 

The extracted RNA was stored at -70 oC. 

 

Microarrays 

The arrays used have been printed with 46128 cDNA clones (KTH Human 46k Batch 17, 

Microarray Resource Centre, Royal Institute of Technology, Sweden). The reagents used 

were from Genisphere 3DNA Array 900 labelling kit (Genisphere Inc., USA) with 2× 

Formamide-Based Hybridization Buffer. The reverse transcriptase used was Superscript II 

(Invitrogen, Life Technologies). The protocol have been based on the one provided with 

Genisphere 3DNA Array 900 labelling kit for scaled-up cDNA preparation but with 

continuous optimizations. In general, 15µg of total RNA was used to synthesize cDNA, 

however, some samples had slightly low concentration in which cases as low as 10µg was 

used. In some cases, duplicates have been made with 7.5µg RNA instead of using one sample 

of 15µg. After concentrating, the cDNA duplicates were pooled together. 

 

Optimization of hybridizing temperature has varied from 42oC to 40oC and finally proved to 

be best at 42oC. From the beginning, all hybridizations were done in a water bath but this was 

exchanged for an oven with the same temperature. This made the signals on the array more 

even.  

 

Loosing of cover slips and washing of arrays in the pre-warmed 2× sodium chloride- sodium 

citrate buffer (SSC), 0.2% sodium dodecyl sulphate (SDS) were done at a starting temperature 

of 50oC, which normally had dropped, to 43oC at the end of the wash. After the 3DNA 

hybridization, the washing series was extended with a final wash of 0.1×SSC for 5 min. All 

washings were made with agitation of 320 rpm (IKA® KS 130 basic, Tamro MED-LAB). 

After washings, the array was immediately dried by centrifuging at 1000 g for 2 min. When 

several arrays were done simultaneously, they were still dried one at a time. 
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Initially the incubation time for the cDNA hybridization was 16 hours but this was extended 

to 18 hours. The 3DNA hybridization was incubated for 5 hours. In both hybridizations, 

approximately 18µl of 2×SSC was added to each side of the humidity chamber.  

 

A few arrays at the beginning were 3DNA hybridized with 2.5µl Cy3 Capture reagent, 2.5µl 

Cy5 Capture reagent, 40µl hybridization buffer, 45µl nuclease free water. This gave the 

mixture a very low viscosity and it was later discovered that this was due to a misprint in 

previous optimizations. As soon as this was discovered, the intended volumes of 45µl 

hybridizing buffer and 40µl water were used, keeping the capture reagents the same. 

 

Scanning was made with a GenePix 4100A scanner (Axon Instruments Inc.) and the starting 

PMT settings were 700V for Cy3 and 800V for Cy5. The PMT was then optimized for every 

array to range from 650-800 V (Cy 3) and 780- 934 V (maximum) for Cy 5. The result was a 

two-colour tiff image.  

 

Analysis 

The array images were analysed by gridding with the software GenePix Pro 5.1, which 

quantify the intensity of each spot. Any spots that had flown into each other were removed, as 

were those located in areas with very strong background noise. The resulting files were 

converted from the GenePix gpr format into TIGR mev files using TIGR ExpressConverter 

version 1.9 (TM4, Microarray Software Suite, www.tm4.org) with background subtraction 

and median preferred intensity as settings. The background correction was applied due to 

great variation in the intensity within the arrays, as recommended by the software manual (8). 

 

Normalization of the microarray data was performed with TIGR Midas 2.19 (TM4, 

Microarray Software Suite). Lowess normalization was carried out with smoothing parameter 

set at 0.33 in order to remove intensity biases within spots. Following this, a standard 

deviation (SD) regularization was done with both block and slide regularization to adjust for 

potential biases gained when printing the clones to the array (8). All intensities, I, were 

converted to logarithmic2 scale and log2 [I(male)/I(female)] gives the logarithmic difference of the 

intensity ratios. This makes 0 the value of no difference at all and 1 show a 2-fold difference 

of the ratios. It also means that positive values indicate over expression in males and negative 

indicate over expression in females.  
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A t-test was performed with TIGR MeV 4.2 (TM4, Microarray Software Suite) in order to 

find genes that significantly differ between the sexes, regardless of breed. Thus, the mean 

value to test against was 0 and the significance level was set at 0.01. All other settings were 

kept at default.  

 

TIGR MeV 4.2 was also used to test if there were any breed difference in the sex differences 

by using a one-way ANOVA with one group for every breed. p- values were set to 0.01 based 

on F-distribution and no false discovery parameters were used.  

 

Clones represented on the microarray were annotated using Batch SOURCE (http://genome-

www5.stanford.edu/cgi-bin/source/sourceBatchSearch). This gave information about gene 

name, symbol, summary of function and human chromosome location.  

 

Selection of candidate genes 

Five arbitrary criteria were set up to choose genes for confirmation; only annotated genes 

were considered since many of the others got hits in introns, bacterial or even phage 

sequences. Because time was running short, it was also of more interest to focus on the 

annotated genes to have a greater chance of knowing what was being amplified. As an 

arbitrary cut off, the logarithmic ratio of at least ±1.0 i.e. a 2-fold difference between the 

sexes was required for further consideration since greater difference will be easier to verify. 

This also leads to the next criteria that the sex difference within a breed needed to be 

consistent, i.e. high logarithmic values were not of interest if they in the same breed showed 

both female and male over expression. The remaining demands to fulfil were that, during 

gridding, the spot representing the clone of interest should have been removed in no more 

than two of the arrays, i.e. there would be information about gene expression in at least 13 of 

the 15 arrays. Finally, the intensity of every sample should exceed 500.  

 

However, in highly interesting cases where, for example, two breeds fulfilled the criterions 

and showed great over expression in opposite sex, any criteria could be ignored in the other 

breeds. 

 

polyA 

To be certain to amplify transcribed and spliced products and not just genomic DNA, primers 

are preferably designed so that the amplified product covers the junction between two 
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adjacent exons. However, using polyA instead of total RNA improves the chance of 

amplifying only transcribed regions and thus it is possible to use primers within only one 

exon.  

 

Synthesis of polyA was performed with small-scale PolyATtract® mRNA Isolation Systems 

(Promega) as described by the manufacturer with a few exceptions regarding volumes. 

10µg of total RNA and water up to 100µl was kept in a sterile 1.5ml tube and heated for a 

maximum of 10 min at 65oC. While the tube was still warm, 0.55µl Biotinylated-Oligo(dT) 

probe and 2.6µl of 20×SSC was added to it. One tube of Streptavidin-Paramagnetic Particles 

(SA-PMPs) per five samples was washed according to manufacturer’s instructions. The SA-

PMP was resuspended in 100µl RNase free 0.5×SSC. To each sample, 20µl of the SA-PMP 

was added and incubated for 10 min during which careful mixing was done every second min. 

The created mRNA- SA-PMP complex was then captured against the magnetic stand and the 

supernatant was removed.  Four times the particles were washed by resuspending them in 

60µl 0.1×SSC, capture them against the magnetic stand and removing the supernatant. Elution 

of mRNA was done by resuspending the particles in 15µl of RNase free water, capture them 

with the magnetic stand and transferring the mRNA containing supernatant to a clean tube. 

This last step was repeated once and the mRNA was pooled together.  

 

Primer design  

Because time was running short, I decided only to confirm the results of the breed-dependent 

sex differences, leaving those independent of breed to future projects.  

 

After choosing what genes to confirm, the sequence of each clone was determined by running 

the clone ID through SOURCE (source.stanford.edu). This sequence was then used to BLAST 

for human resemblances on ensembl.org. In cases where there were several hits, focus was 

laid on the one with greatest similarity.  

 

The human gene or expressed sequence tag, EST, was then aligned against dog while keeping 

track of the location of the clone. Primers were only designed in areas including the clone if 

this also showed homology between human and dog in the range of 200- 600 bases. The 200- 

600 bases of the canine sequence were put into PrimerExpress 2.0 (Applied Biosystems) 

where default settings for “Taqman primer and probe design” were used. The primers were 

designed with the intention of flanking the clone sequence. However, as some of the input 
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sequences were fairly short, some primers had to be partly or completely overlapped by the 

clone sequence. Examples of the partly overlapped is shown in the forward primer in 

KCNAB3 and complete in both primers for POLRMT, figure 10 page 20. Of the suggested 

primer pairs, one was picked that had low self-complementarity as well as showing little signs 

of potential primer dimers.  

 

The sequence of the dog’s Xist gene is not yet available for public but has been processed by 

Elisaphenko et al (3) who compared the gene from several species and constructed a 

consensus gene as well as mapping out exons and introns for all specific species. The 

sequence used for primer design in this project was based on the sequence for dog provided 

by Elisaphenko. Two primer pairs were designed with PrimerExpress 2.0 (Applied 

Biosystems) as previously described, one within the first exon and one covering the junction 

between the sixth and seventh exons.  

 

Quantitative Polymerase Chain Reaction (qPCR) 

polyA from each sample was reverse transcribed with the use of random hexamers for primers. 

For each sample of 3.8µl the following was mixed; 1µl 10× RT buffer, 2.2µl MgCl2, 2µl 

dNTP, 0.5µl Random Hexamers (50µM), 0.2µl RNase inhibitor (20U/µl) and 0.25µl 

MultiScribe Reverse transcriptase (50U/µl). All reagents were from Applied Biosystems. The 

program started with 10 min at 25oC followed by 60 min at 48oC, 10 min at 95oC and ending 

with 12oC forever.  

 

The reverse transcribed polyA, i.e. the cDNA, was then used for qPCR where primers for 

actin B2 were used to confirm presence of cDNA. After confirmation, the newly designed 

primers were tried out. All reagents used were from Applied Biosystems and included for 

each sample of 4µl; 9.5µl RNase free water, 10µl Power SYBR® Green PCR Master Mix, 

0.75µl each of forward and reverse primer, both at a concentration of 10µM. The qPCR 

program was 50oC for 2 min, 95oC for 10 min followed by 40 repetitions of a cycle of 95oC 

for 10 sec and 60oC for 1 min.  
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Results 
 

Quality control of RNA extraction 

Many samples had low concentration of RNA, which was expected since the homogenized 

pieces of tissue were small. The weight used have sometimes been as low as 0.18 g when in 

fact, pieces of 0.4-0.6 g easily could have been used. The range of the concentrations has been 

between approximately 200-

2400ng/µl. The purity of the 

extraction was usually good, with a 

range of 1.8-2.2 for both the 

260/280 and the 260/230 ratios. A 

few samples had very low 

absorbance ratios and these were 

left to use for polyA. 

T
m  
o
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C
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able 1. Experimental design used for 
icroarrays showing array number, pairs

f individuals as well as which marking 
as used where green is Cy3 and red is 
y5. Images of the arrays are shown in 

igure 7 in same order as shown below. 
Array number Male Female 
Beagle 

13433535 3 4 

13438244 1 2 

13433532 5 6 
German shepherd 

13433540 s035/03 sp536/02 

13433542 678/04 10252 

13438257 s040/01 10226 
Rottweiler 

13433530 132/02 1014/03 

13438259 388/04 618/03 

13438239 618/04 119/02 
Pitbull 

13438252 1 2 

13433537 3 4 

13433538 55133 55180 
Walker coonhound 

13438240 54805 54961 

13438242 54804 54742 

13433539 54739 54718 

Figure 7. Three arrays have been made for each of the breeds 
beagle, German shepherd, pitbull, rottweiler and Walker 
coonhound. The quality varies both within and between the 
breeds and the signals are fairly low, a result of the low 
homology between the dog and human genomes. Parts of the 
second column in all arrays show a stronger signal, a feature 
most likely due to printing tip bias.  
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Microarrays 

A total of 28 arrays have been done, of which three from each of five breeds have been 

analysed. Images of these 15 arrays can be found in figure 7 and information about 

experimental design and array number id found in table 1.  

Figure 8 shows an array (A) of a pitbull pair and the box plot (B) made from its raw data. 

Figure 8 also shows the same data after lowess normalization (C) and after SD regularization 

(D). Note in 8B, raw data, that all bars show positive values, i.e. male up regulation whereas 

after the lowess normalization (8C), all samples are centred around zero. Still, there is a great 

variation both within each block as well as between the blocks. In figure 8D the SD 

regularization has been applied and all blocks have data within the range of ±1.4.  

Figure 8. Image of a microarray of pitbull (A). The image shows a stronger signal at the bottom and 
appears generally more red that yellow or green. This also shows in (B) where all bars lies above zero, 
indicating that the male, in this case maked with Cy5, have higher expression. To correct this intensity 
bias, lowess normalization (C) is applied. This results in concentration of the intensities around zero. All 
through the array, the lower part of each block shows greater intensity than the upper part. This is 
expected to be a printing-tip bias gained when constructing the array. By applying standard deviation 
regularization (D) it is assumed that all spots within one unit, defined as a block, an array or all arrays, 
should have the same variance. As seen in (D), the variance is more even than in (B) or (C).  
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The t-test results are visualized in figure 9 with the intensity total mean of the arrays minus 

the expected mean, zero, on the X-axis and the log10 p-value on the Y-axis. The classic V-

shape in the middle is due to a greater significance will only be found when the total mean 

intensity is not too close to the expected mean. Still, genes that show a great difference from 

zero may not be highly significant due to large variance and low degrees of freedom caused 

by missing data.  

 

The top 30 most significant genes for expression differences between the sexes after ANOVA 

and t-test respectively, are found in appendix 2 for those that are breed dependent and 3 for 

those independent of breed.  

Figure 9. Volcano plot of the sex differences of each gene. Red plots show significance at 0.01 level. 

 

The genes chosen for confirmation 

The following genes were used to design primers; KCNAB3 (Potassium voltage-gated 

channel, shaker-related subfamily, beta member 3), ACOT11 (Acyl-CoA thioesterase 11) and 

POLRMT (mitochondrial RNA polymerase directed to DNA). The KCNAB3 is present in 

most kind of neurons and is part of regulating a wide variety of neural mechanisms such as 

heart rate, release of neurotransmitters, contraction of smooth muscles etc (6). ACOT11 is in 
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mice associated with obesity resistance (6). POLRMT polymerizes during transcription of the 

mitochondrial genome (6). Alignments of parts of human and dog sequences for respective 

gene, with clone sequence marked in turquoise are shown in figure 10. Table 2 shows the 

primer sequences. 

 

. 
Table 2. Primer sequences used for qPCR to find relative amount of expression between the breeds and sexes
 

 

 

 

Name Forward 5'-3' Reverse 3'-5' 
beta-actin   2 TCTAGAGGCTGGCAAGAGTCTGA CGGACCTTCCCAACCCTG 
ACOT11 TGCGTCCAAGGCTGTGAAT TCCCTTTCTGGCTGTTTCAAA 
POLRMT CCGTACACCACGGTCATCAC AGGTGCTCGAGGGCTTCA 
KCNAB3 GGCTCCTTGGTCCCAGATG TTACCTCAAAAGTGGCCCTAGAGA 
XIST E1 CTTAGCGTGTTCAGCAGGTAGTGT GGTAAATAGCATCTCCTTACTCCAACTC 
EXON 6-7 GGCCAAGTTAAGAGCGCATTA CTGCCCAGCAGTGGCTTTA 

 

qPCR 

All primer pairs except the Xist covering the exon six to seven junction worked well. The  

ACTB confirmed a successful reverse transcription into cDNA. Amplification of each gene 

was successful in all but one samples and it was never the same sample that failed. Because 

the breed-specific sex differences were not normally distributed for any of the genes, these 

were analyzed with Kruskal-Wallis. This showed that at least one breed differed significantly 

(p<0.05) from the rest in all occasions except for Xist. There was unfortunately not enough 

time to statistically establish which the differing breed was but figure 11 A-E shows a box 

plot of each gene to indicate the differences. In ACOT11, the beagle seems to have a greater 

expression than the rest, a surprising result considering that beagles are prone to become over 

weight (2). In KCNAB3, the pitbull shows a lower expression than the others do. The 

POLRMT gene shows a great diversity in expression between the breeds. If repeated 

experiments would show the same result, this gene could be of great interest to search for 

breed differences. In general, the variance within and between the breeds are large and all 

genes show outliers. To be able to draw conclusions from this fairly small data set, a 

repetition of the experiment as well as better statistical analysis is crucial. 
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ACOT11, Human chromosome 15, dog chromosome 30 
  Human  CAAATAGGCTCTGTACCCCTGAATCATAAGCCATAAGGTCCTTTCCTGGGTTGTTGGCCT  43152747 
  Dog    GGAACAGACTCCATACTCCCAGATTGCAAGCCATAAGGTCACTTCTATCATTGCTTGTTT  14491425 
 
  Human  GTAAAATTGGCTTTGCAGAACCACAGTGCTATCAATAAATACGGCCAAGCTGATCTAGTG  43152807 
  Dog    GTAGAATAGACCTTGTAGAACCACAGCACTATAAATAATCACGACCAGGCCTATCTCGAG  14491485 
 
  Human  CTTGGTAGTTTGGGGCACCTGGCTCTTTCCTCTTGAAGGTTGAATATAATGCTCGTGCTC  43152867 
  Dog    CTTGGCAGTTTGGGGGATCTGGTTCTTTCCTCCTGTAGGTTGAATGTATCACTTGTGATC  14491545 
 
  Human  TTTTACAGGTGGCCAGTGGCGATTTCGATGCTTGCGTCCAAGTCTGTGAATGTAAAACCC  43152927 
  Dog    TTTTACAGGTGGCCGATGGCAATTTCAATGCTTGCGTCCAAGGCTGTGAATGTAAAGCCC  14491605 
 
  Human  CTCGTCACCCATAGGTTTCCTCTGGAGAAAGCTCTGGAGGCCTTTGAAACATTTAAAAAG  43152987 
  Dog    TTAGTTACTCATAGGTTTCCTCTGGAGAAAGCTCTGGAGGCCTTTGAAACAGCCAGAAAG  14491665 
 
  Human  GGATTGGGGTTGAAAATCATGCTCAAGTGTGACCCCAGTGACCAGAATCCCTGATGTTAA  43153047 
  Dog    GGAACGGGGTTGAAAGTCATGCTCAAGTGCGACCCCAACGACCAGAATCCCTAATATTAA  14491725 
 
KCNAB3, Human chromosome 17, dog chromosome 19 
  Human  AGATTATCATTTACTTCCTGCCAGGACCAGCCTGGCTTCCTTCGTACCGAATA-CGCTAA   7766738 
  Dog    AAACTGTCATTTACTTCCTGCCAGGACCAGCCTGGCTGCCTTTGTACAGAATAACGCTA-  35771625 
 
  Human  GAGCCCCATTTCCTATGTTCCAGATGACATCACAACTCACTC---ACTAGGTTATTACCC   7766798 
  Dog    GAGCCCCGGCTCCTTGGTCCCAGATGACGTCGCAACTCACTTCTTATTAGATTATCACCC  35771685 
 
  Human  TTTGATGACATTTCAAGGGCCCCTTTTGAGGTACACTGTATGTTTCTTGTATGTGCTGGG   7766858 
  Dog    CTTGATGACATCTCTAGGGCCACTTTTGAGGTAATGTGCATGTTTCCTGTATCTGCCCTG  35771745 
 

POLRMT, Human chromosome 19, dog chromosome 20 
  Human  GGGTCGGGGGCACACCCGTCTGAGTTTTAAATGGCAGTGAAACCAACGTGTTCGCAGCGC    570569 
  Dog    GGGCCGGGGGCA-----------------AGGGGCAGCG---------------------  61062030 
 
  Human  GACATGCCTGGCGCACCTGGGGAAAGTCGCTCAGCTCCCGGAGGCGCTTCTCAATCTGCA    570629 
  Dog    ---------GGCGCACCTGGGGGAAGTTGCTGAGCTCCCGCAGGCGCCTCTCGATCTGCA  61061970 
 
  Human  GGCGCCCGCCATAGCGCGTGACCCCGTACACCACCGTCATCACCGTCTGCTTCACCACCT    570689 
  Dog    GGCGGCCCCCGTAGCGGGTGACCCCGTACACCACGGTCATCACCGTCTGCTTGACCACCT  61061910 
 
  Human  TGCGGGTGATGAAACCTTCCAGCACCTGTGCCACCCGCATGCCCCGCTGGGCGTCCTGCC    570749 
  Dog    TGCGGCTGATGAAGCCCTCGAGCACCTGGGCGACCCGCACGCCCCGCTGGGCGTCCTGCC  61061850 
 
Human  TACGGAACACCTCCACCTGCACGGCGGGTGGGCCGGGGGCGCGGGTCAGCCCCGCTAGCA    570809  
Dog    TGCGGAACACCTCGACCTG---GGCGGGCGT-CTGGGGTCAGCAGGCAG----GTGTGCA  61061790 

 
  Human  GCCCAGGGG--------CCACCAAGCA-----CCCATGAAGCCCCC-------------G    570869 
  Dog    GACCCGGCGTCTCCCTCCCGCCCAGCAGCTCCCCTGCGAGGCCCCTCTTCTTCCCAAGGG  61061730 
 
  Human  CCCCAG------CCCCACCACATC---CTCAGGACAGGCCAAGGTGAGGGCACCTGGGGC    570929 
  Dog    CTCCAGGTTCCCTCCTATGACACCTCGCTCAGGGAAGCCCACCCTGAC--CACCCGGCCC  61061670 

Figure 10. Alignment of human and dog genes. Coloured parts show the part of the clone sequence that 
ensemble.org aligned with both human and dog. These alignments have been used as the basis for 
designing primers with the aim to keep the clone sequence in the amplicon. Intended place of primers are 
shown with underlined sequence.  
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Figure 11. Boxplots of each breed’s amplification 
of the genes actin B2 (A), Acyl-CoA thioesterase 
11 (B), Potassium voltage-gated channel (C), 
mitochondrial RNA polymerase (D) and Xist (E). 
A Kruskal-Wallis test shows a significant 
(p<0.05) difference between the breeds in all 
genes except Xist. The deviating breed is not 
determined with Kruskal-Wallis test but the 
boxplots give an indication that the pitbull 
expresses lower levels of ACTB2 and KNCAB3 
while the beagle show a higher expression of 
ACOT11. 
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In the case of sex differences disregarding breed, a Mann-Whitney test was applied after 

confirmation of the data being not normally distributed. At significance level of 0.95, this 

showed that there was no significant difference between the sexes in any of the genes except 

for Xist. However, there is a tendency of a higher expression in males in all genes but Xist. 

Especially ACOT11 seem to potentially be over expressed in males. The results are visualized 

in figure 12 where light blue bars represent the total mean of the gene, purple show the 

contribution percentage of the males and the pink show the contribution percentage of the 

females.  
 

 

 

 

Figure 12. Sex differences for the genes quantified with qPCR. After Kruskal-Wallis statistical test only 
Xist shows a significant difference between the sexes. However, ACOT11 shows a tendency to be 
upregulated in males. The white bar shows the total mean of each gene, pink shows the contribution 
from females and purple the contribution from males. 

 

Discussion 
 

Xist  as a sexual signature  

The most exciting finding is the almost total absence of Xist in male dogs and a consistent 

presence in all female samples. Not only did this strengthen a hypothesis within the research 

group that there is a conserved sex-dependent signature in mammalian brains but it also gives 

a tool for determination of sex on unknown dogs with very little demands on data processing. 
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It would be of great interest to explore if the same results would be found in other placenta 

mammals as well as in marsupials.  

 

Experimental considerations 

A reappearing problem through the project has been the lack of homology between dog and 

human sequences. The signals on the arrays were lower than expected. Only a few of the 

genes showed high intensities. At first, this made me suspicious about the quality of the 

samples, the optimization of the protocol as well as my laborational skills. However, when 

starting to explore the genes that had been most significant by blasting the clone sequence to 

the dog genome, very few hits were found. Instead the detour from clone sequence to human 

sequence and then to dog had to be taken. This confirmed that there really was a low 

homology between dog and human in these regions, which explains the low signals in the 

microarray analysis. The same was true when trying to find the Xist sequence for dog. I had 

expected there to be a lot more knowledge about this gene than what I found. The Xist 

sequence is publicly available for three species; human (Homo sapiens), mouse (Mus 

musculus) and cow (Bos taurus). When aligning mouse and human to each other, I was 

surprised to see the lack of conserved regions. This made me contact Kolesnikov to get the 

results from their study (3). When aligning dog sequences of exon one, six and seven 

separately against human, the homology was as low as 70% ±1 (clustalW, European 

Bioinformatics Institute, http://www.ebi.ac.uk/Tools/clustalw2/index.html, default settings). 

Except for additional confirmation of the sequence dissimilarity, I have learned that the Xist 

gene most probably evolves quickly. Xist is non-protein coding gene that in its transcribed 

and spliced form silences one of the female mammal’s X chromosomes by covering it (7). By 

not being translated, proofreading will not prevent non-silent mutations as carefully as if 

translated. Therefore, more mutations may be allowed and thus, the gene can evolve faster. 

Adding to the homology problem, significant and high signals from the array were often 

hybridized to very short clones, as is the case of ACOT11, figure 10. The part of the 190 

bases ACOT11 clone that were aligned to both human and dog was only 18 bases. Thus, this 

sequence may also be found in other parts of the genome than the ACOT11 gene. This leads 

to the possibility that what here has been believed to be ACOT11 may be something else and 

it can therefore be debated whether this clone should have been used for confirmation in the 

first place. However, by sequencing the cDNA the identity of the gene can be determined. 

The sex differences too, may be somewhat inaccurate since the amount of total RNA used for 

making polyA has been the same but most likely, the yield is not. The mRNA gained is in 
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such low concentration that measurements with Nanodrop will not be accurate. Thus, 

different amount to start with will of course affect the amount of amplicon.  

 

There may be several causes of the big variation between the arrays. First, the quality of the 

samples has varied. Some brains have been almost flat, possibly due to being exposed for 

pressure before freezing. Moreover, at arrival to Uppsala the samples have in some cases been 

only the brain and in othes the whole skull. Although it is most likely to be insignificant, the 

skull will protect the brain from percussion, air and contaminants to some extent. RNA is 

degraded fairly quickly and even though transport is on ice, the time of transport may affect 

the RNA quality. Since the transports have been within Uppsala, from the US or from the 

south of Europe, the transporting time have varied between the samples. What have been 

possible to see by eye is that some brains have been clean while others have been bloody. As 

can be concluded from the presence of the blood-brain-barrier, blood will have a negative 

influence on brain cells. Technical reasons for the variation involve the continuous 

optimization of the microarrays. Many factors have varied between them such as ratio in 

hybridisation mixture, hybridization temperature and time and place of hybridization. It is 

possible that at least some of these features have affected especially the strength of the 

signals, which may lead to false positive differences between the breeds.  

 

Possible developments for the future 

It would have been very interesting to compare neutered dogs to non-neutered ones of the 

same sex. Unfortunately, most of the samples used in this project lack information about 

whether they have been neutered or not. In the future, it would be interesting to explore these 

differences by doing microarrays using pairs of the same sex where one is castrated. It can be 

expected that these differences are smaller than those between the sexes and therefore it is 

even more important to get strong signals. A way to achieve this may be to use Affymetrix 

canine arrays with 23836 clones (GeneChip® Canine Genome 2.0 Array). The Affymetrix 

canine gene chip may make the whole project more interesting since there may be many genes 

with great difference between the sexes that are not similar enough to human clones to show 

in the arrays used here. 

Apart from the dog bites reports mentioned in “Sex and breed differences in dog”, I have 

found no behavioural studies separating neutered dogs from non-neutered. However, apart 

from eliminating the risk of unwanted litters, neutered dogs are considered easier to deal with. 

In addition, the chance of keeping the dogs house-broken increases if they are neutered (2). 
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Naturally, many behaviour will differ between sterile animals and those looking for a mate 

and these behaviours are likely to be under hormonal control. In turn, these must have been 

changed by gene expression.  

 

Other than using an array chip made for canines, a better statistical analysis could improve the 

quality of this project. As soon as the list of significant genes is finished, a thorough control 

of the intensities should be done. Here, all values lower than 500 have been considered as too 

low to show significance. What was missed out was that genes that are not expressed at all in 

one sex, as for example any gene on the Y-chromosome, will be removed even though these 

may be the ones of greatest interest. To not put too much effort into insignificant things, genes 

where more than half of the samples show low intensities could be removed. In addition to 

this, it may be an idea to look at the mean intensity ratio between the sexes within each breed, 

and use values greater than two and lower than 0.5 to find two-fold differences. This would 

remove the bias of different arrays having different qualities within a breed although quality 

differences between breeds would remain. The problem with statistical tests when using few 

samples is that if there is a great difference between the sexes but the sexes also have great 

within-group variation, this may still be shown as more significant than a lesser difference 

between the sexes even if this has very small variations. Thus, the statistic analysis itself will 

be biased.  

 

In the future, it may be of great interest to focus on other parts of the brain such as the 

amygdala, hypothalamus and frontal lobe. These areas are involved in memory, emotions and 

personality (1). Since the frontal lobe is responsible for personality and if injured, results in a 

huge alternation of this (1), I believe this is the area to focus on especially when looking at 

differences between breeds. Emotions such as affection and diverse personalities should be 

possible to explore by doing behavioural tests followed by molecular analysis. So far, canine 

behaviour has been studied in four different ways; test battery, which is most common, 

owner-directed survey, expert rating such as described in “Studies of sex and breed 

differences in dog” and observational studies (12). The dog has a large linkage 

disequilibrium, resulting in that several traits may be connected and inherited together. Thus, 

when crossing dogs with opposite properties, the F1 generation often carries out the property 

in an intermediate way. Backcrossing the F1 generation again often shows an intermediate of 

parental and F1 properties, regarding both morphology and behaviour (12). Of course, studies 
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like this are hard to perform since they are expensive, very time-consuming, needs large areas 

and have to be approved for animal welfare.  
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Appendix Oncorhynchus mykiss 
 

As a side project I went to the Norwegian University of Life Sciences, Ås, where I studied 

behaviour in rainbow trout (Oncorhynchus mykiss). The intention was to see if the 

haemoglobin levels in brain differed between dominant and subordinate fish as well as 

investigate if there were sex differences in dominance, haemoglobin or the stress hormone 

cortisol.  

 

Studies of sex differences in stressed rainbow trout 

In a previous study made by Øverli et al, feeding and stressful behaviour was investigated in 

premature rainbow trout. For eight days the fish were kept in separate tanks and each day fed 

1% of their initial weight. The feeding behaviour was scored from 0-3 where 0 was a total 

apathy even when food fell right in front of their mouths and 3 was an active search for food. 

All individuals had higher scores at the end of the test than at the beginning. After eight days, 

the fish were put into a small tank that limited the possibility of swimming, and their time of 

stressful or aggressive motion was recorded. In general, fish that started to eat faster also 

moved less in the small tank, both of which indicate a lower level of stress. Females had a 

higher total feeding score and moved less than males in the small tank. However, the 

correlation between feeding score and motional activity was significant in males and in the 

whole population but not in females alone.  Molecularly, both males and females increased 

the level of the stress hormone cortisol, but there was no significant difference between the 

sexes (18).  

 

In their natural habitat, juvenile rainbow trout are territorial and aggressive towards each other 

(Svante Winberg, personal communication). This feature was taken advantage of in studying 

stress from a different angle. When kept in a limited space, one fish will become dominant 

over another and keep it that way by continuously attacking and threatening the subordinate 

fish. The subordinate fish will then be stressed since there is nowhere to hide or escape. I had 

the opportunity to perform parts of the behavioural tests in this project. 

 
Behavioural study of rainbow trout 

Prior to the behavioural study, the fish had been handled as described by Øverli et al 2005. 

Two fishes were placed in the same aquarium but with an opaque sheet separating them from 

each other. The number of food pellets each fish was allowed to eat was based on their weight 
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at arrival to the University. For eight days, the feeding behaviour was rated for all individuals 

according to a scoring rate shown in table 1. Approximately one hour after the feeding on the 

eighth day the sheet was removed and the behaviour of the fish was recorded. Of special 

interest was how they interacted with each other as well as how they explored the increased 

accessible area. Within an hour, one fish had shown dominance to the other by pecking on it 

in a rough manner and not allowing it to swim.  

 

Establishing sex of the fish can only be done post mortem, during dissection. 

 
Table 1. Scoring rates of rainbow trout when fed pellets.   

Score Behaviour 

0 No reaction to food stimuli. No attempt to eat even when pellet falls just in front of the mouth. 

1 Little reaction. Moves to eat pellets that fall within a body length. 

2 Seeking food when it falls but constantly returns to the same "safe spot". 

3 Actively seeking food at all times, not resting between pellets. 

 

Feeding score and dominance/ subordinance are shown in Appendix O. mykiss. Since the sex 

must be determined post mortem, the pairs of the fish could not be chosen. It appears there 

were only four females out of 32 fish. Two of these were used as controls and of the 

remaining one was dominant and the other subordinate. Unfortunately, this results in that no 

statistical tests or conclusions can be made about sex differences.  
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Appendix 1. Database of samples.
Sample ID Breed Sex Age Brain Cortex Amygdala Hypothalamus Frontal Lobe
BE1 Beagle M 15 months 1 I(3) R(2)pA(2)
BE2 Beagle F 16.5 months 1 I(3) R(1)pA(1)
BE3 Beagle M 16.2 months 1 I(4) R(2)pA(2)
BE4 Beagle F 16.2 months 1 T(3) I(8) R(3)pA(2)
BE5 Beagle M 16.4 months 1 T(2) I(10) R(4)pA(2)
BE6 Beagle F 14.8 months 1 I(3) R(1)pA(2)
B145/03 Boxer M 5 1/2
B1166/04 Boxer M 5 1/2 ?
B109/01 Boxer M 10 A(?) T(5) not sampled T(4)
B10/04 Boxer F 3 1/2
B070/01 Boxer F 7 not sampled A(1) A(1) A(1)
B0667/02 Boxer M 8 T(8) T(4) T(5)
#918 Sepulveda Doberman F 4 1 T(3)R(1) T(3) T(3) T(3)
#15020 Sneezy Doberman M 1 1 T(4)I(1)R(1) T(5) R(1) P(1) T(0.5) R(1) P(1) T(5)
#15018 Bashful Doberman M 1 1 T(6) T(4) R(1) P(1) T(0.5) R(1) P(1) T(5)
#13962 Diane Doberman F 1.5 1 T(6) T(4) R(1) P(1) T(1) R(1) P(1) T(5)
#13961 Hercules Doberman M 1.5 1 T(7) T(4) R(1) P(1) T(1.5) R(0) P(1) T(4)
#13956 Helene Doberman F 1.5 1 T(3) T(3.5) R(1) P(1) T(2) R(1) P(1) T(3)
#13955  Isis Doberman F 1.5 1 T(2) T(4) R(1) P(1) T(2) R(1) P(1) T(2)
#13953 Figaro Doberman M 9 months 1/2 T(2) T(2) R(1) P(1) T(2) R(0) P(0) T(2)
#13952 Traviata Doberman F 7 months 1 T(4) T(4) R(1) P(1) T(2) R(0) P(0) T(4)
#13890 Maury Doberman M 2 1 T(2) T(4) R(1) P(1) T(2) R(1) P(1) T(2)
#13887 Vida Doberman M 2 1 T(4)I(1)R(1) T(3) R(1) P(1) T(0) R(1) P(1) T(4)
#13886 Griffin Doberman M 2 1 T(3) T(3) R(1) P(1) T(3) R(1) P(1) T(3)
#13884 Jubilee Doberman F 2 1 T(6) T(3) R(1) P(1) T(0) R(0) P(1) T(4)
#13155 Daisy Doberman F 7
GD217/04 Grand Danois M 2 1/2
GD1302/03 Grand Danois F 6 1/2
GD1300/03 Grand Danois M 2.5 1/2
GD132/04 Grand Danois M 3.5 1/2
GD 116/03 Grand Danois M 2 1/2?
GD 77/03 Grand Danois M 2 1/2



Appendix 1. Database of samples.
Sample ID Breed Sex Age Brain Cortex Amygdala Hypothalamus Frontal Lobe
#54827 Labrador M 3-4 1 T(2) I(1) R(1)
L1257/04 Labrador F 6 1/2 T(2)R(1)
L774/04 Labrador M 11 1 T(2)
L038/01 Labrador M 2 A(1) T(3) R(2) A(1) T(0) R(2) P(2) A(0) T(4) R(0) A(1) T(5) R(1) P(1)
L039/01 Labrador F 1.5 A(0) T(5) R(2) A(1) T(2) R(1) P(1) A(0) T(5) R(0) A(1) T(4) R(1) P(1)
L10183 Labrador M 2 A(1) T(6) R(0) A(1) T(3) R(0) A(0) T(3) R(0) A(1) T(7) R(0)
L1138/00 Labrador M 1.5 A(1) T(6) I(1) R(1) A(1) T(3) R(3) P(2) not sampled A(1) T(5) R(3) P(1)
L1140/00 Labrador M 2.5 A(1) T(7) R(2) A(1) T(4) R(3) P(2) not sampled A(1) T(6) R(2) P(1)
#55133 Pitbull M 4-5 1 I(3) R(1)pA(2)
#55180 Pitbull F 1-2 1 I(7) R(3)pA(2)

1 Pitbull  M 1 I(9) R(3)pA(2)
2 Pitbull F 1 I(9) R(3)pA(2)
3 Pitbull M 1 I(6) R(1)pA(2)
4 Pitbull F 1 I(9) R(3)pA(2)

#54914 Pitbull F 3-4 1
#55131 Pitbull F 3-4 1
#55126 Pitbull F 6 1
ASP0551/03 Am Staff / Pitbull M 2 1
R0119/02 Rottweiler F 8 A(1) I(1)T(1.5) A(1) A(1) A(0)
R618/04 Rottweiler M 11 1 T(1)I(2)R(1)pA(2)
R388/04 Rottweiler M 1 1 T(1)I(1)R(1)pA(2)
R618/03 Rottweiler F 3 months 1 T(2)I(1)R(1)pA(2)
R1014/03 Rottweiler F 10 1 T(1)I(2)R(1)pA(2)
R132/02 Rottweiler M 11 A(1)T(1)I(2)R(2)pA(2) A(0) T(9) R(2) A(0) T(1) R(2) A(1) T(6) R(2)
R1135/05 Rottweiler M 7 1
R928/03 Rottweiler F * 10 1 (?)
S678/04 Schäfer M 3 1/2 T(1)I(2)R(2)pA(2)
S10252 Schäfer F 2 A(1)T(3)I(2)R(1)pA(2) A(0) T(4) R(0) A(0) T(3) R(0) A(1) T(4) R(0)
S040/01 Schäfer M 2 A(1)T(1)I(4) R(1)pA(2) A(0) T(2) R(1) P(2) A(0) T(4) R(0) A(1) T(5) R(1) P(1)
S10226 Schäfer F 2 A(1)T(4)I(3)R(3)pA(2) A(0) T(4) R(0) A(0) T(3) R(0) A(1) T(6) R(0)
S35/03 Schäfer M 1 1/2 A(1)T(2)I(2)R(2)pA(2)
S-P536/02 Schäfer F 8 months A(1)T(3)I(1)R(3)pA(2) A(0) T(6) R(0) A(0) T(2) R(0) A(1) T(7) R(0)
S1172/04 Schäfer M 6 months 1/2 T(3)I(1)pA(3)



a

e

Appendix 1. Database of samples.
Sample ID Breed Sex Age Brain Cortex Amygdala Hypothalamus Frontal Lobe
S0192/02 Schäfer F 7 A(1) T(1) R(2)pA(2) A(0) T(6) R(0) A(0) T(4) R(0) A(1) T(5) R(0)
S037/01 Schäfer F 1.5 A(1) T(1) R(2) A(0) T(2) R(1) P(2) A(0) T(3) R(0) A(1) T(6) R(1) P(2)
S093/02 Schäfer F 9 A(0) T(4) A(0) T(8) A(0) T(6) A(0) T(4) 
S1139/00 Schäfer* F 2.5 A(1) T(13)I(1) R(1)pA(2) A(0) T(4) R(2) P(2) not sampled A(1) T(6) R(2) P(2)
S141/03 Schäfer F 7 1/2?
S-P537/02 Schäfer* F 2 A(1)T(5)I(1)R(1)pA(4) A(0) T(3) R(0) A(0) T(2) R(0) A(1) T(7) R(0)
S1171/03 Schäfer M 7 months 1/2 T(1)I(1)R(1)pA(2)
#54742 Walker Hound F 1 T(1) I(1) R(1)pA(2)
#54804 Walker Hound M 6 1 T(2)I(1)R(1)pA(2)
#54739 Walker Hound M 6 1 T(1)I(2)(R2)pA(2)
#54718 Walker Hound F 5-6 1 T(2) I(1) R(1)pA(2)
#54805 Walker Hound M 6 1 T(1)I(1)R(1)pA(2)
#54961 Walker Hound F* 2-3 1 T(2)I(1)R(1)
#54806 Walker Hound M 4-5 1
#54844 Walker Hound M 6 1 T(4)
FT1285/04 Foxterrier M 8 months 1
ESP978/04 English springel sp F 7 1
GR1066/03 Golden Retriever F 3 1
171/03 1
CS666/03 Cocker spaniel M 1
BT284/05 Bull terrier M 4 1/2 vä
CK667/05 Cavalier King Charl M 10 1
1254/05 1
20.03.07 Rottweiler Mix 1
T= Trizol
R= RNA extracted
I= Interphase
pA=polyA
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Appendix 2. Anova

Clone ID Symbol
F-
ratio

p-
value Beagle Pitbull Rottweiler German shepherd Walker coonhound

754628 111.57 0.000 0.12 -0.04 0.20 0.02 -0.57 0.18 - - 4.98 - - -6.38 0.39 -0.61 -0.35
121087 49.47 0.000 -0.62 0.23 -0.03 -0.41 0.61 0.09 -0.04 2.41 1.07 - -12.49 - 1.52 0.91 -0.63

1468724 SCN11A 75.07 0.000 -0.39 -0.67 -0.59 -0.27 0.61 1.85 2.81 - 2.68 -0.71 -0.30 - - - -10.23
839580 FAR2 56.42 0.000 -0.61 -0.99 0.41 - 0.02 -1.11 1.22 0.76 1.48 -0.95 0.26 - - - -10.23
257796 34.59 0.000 -1.09 -2.00 -0.52 2.70 1.14 -0.43 0.42 0.81 0.51 0.12 -0.42 - - -11.08 -
264604 23.39 0.000 -0.68 NaN -0.32 -0.42 -0.97 -0.94 0.54 0.30 -0.02 0.58 1.36 0.58 1.87 - 1.62
786072 MYO1C 28.21 0.000 -0.58 0.18 -3.46 1.28 -0.47 0.21 - 10.99 11.30 -0.27 0.13 2.95 - - 9.71
788317 TFB1M 38.31 0.000 -4.09 NaN -1.95 - 5.27 5.70 -0.87 -1.17 -1.49 -4.13 -2.47 -2.78 -0.74 - -
133238 27.99 0.000 -0.16 -0.26 1.26 -0.25 -0.45 -0.87 - -0.63 -1.81 0.00 0.86 -0.39 6.91 - -
257167 36.38 0.000 -0.26 0.10 -1.07 -1.54 -0.84 -0.32 0.73 -1.58 - - - 11.15 -0.76 0.63 -
214823 LOC4000 52.48 0.000 -0.26 -0.96 -0.15 - -1.26 -1.04 - -2.00 - -0.51 1.32 -0.85 - 11.30 -

36374 CCNB1 17.21 0.000 -0.21 0.69 -0.14 0.04 0.78 0.69 -0.09 0.08 0.58 -1.86 -1.39 -2.05 - 0.09 -0.85
365157 C11orf57 50.05 0.000 0.50 0.27 -0.42 - -0.76 -0.66 -2.32 0.15 -0.42 12.37 - - -1.38 - -
295997 IGSF5 93.98 0.000 -0.64 0.25 0.24 0.04 0.51 0.50 8.91 - - 1.63 - - - - 1.89
770935 SYDE1 16.33 0.000 -0.83 -0.61 0.02 0.32 -0.31 -0.85 0.73 0.03 -0.17 0.89 -0.95 0.04 - -4.02 -4.07

25930 SLC30A10 6.03 0.000 0.07 0.14 0.56 -0.71 0.09 -0.76 0.28 -0.24 - -0.26 -0.65 - 2.27 1.46 1.95
757237 NKAPL 15.98 0.000 0.16 -0.79 0.62 -0.45 -1.22 -1.47 -2.00 -0.54 - 2.70 2.70 3.09 0.21 -1.38 0.08

1592953 JAK1 29.92 0.000 -0.97 -0.50 0.46 0.61 0.10 -1.06 1.30 -1.06 - 1.10 0.23 - - 11.15 -
1553640 WDR18 15.65 0.000 -0.32 -0.45 0.10 0.01 0.78 -0.80 0.80 0.32 0.80 0.00 0.91 - 3.06 2.58 2.34

194006 17.92 0.000 0.22 -0.30 -0.34 0.65 0.89 -0.69 -0.82 0.35 -1.55 - 11.68 - -0.26 -1.44 3.06
2125120 13.57 0.000 -0.49 0.11 0.01 -1.05 -0.02 -0.79 0.04 0.36 0.12 1.08 2.15 1.39 1.08 0.90 1.75

286548 TMEM16E 21.18 0.001 0.22 -1.45 -0.51 -1.00 0.31 -1.27 -0.08 - -1.58 -10.71 - - -1.49 0.26 1.34
1605071 FLJ43663 13.17 0.001 -0.41 -0.50 0.16 -0.58 0.00 -1.93 -0.14 0.48 0.72 -0.08 -1.85 -0.03 3.10 2.32 3.29

233904 SENP5 14.22 0.001 0.22 -0.47 0.11 -0.22 0.45 -1.17 -0.64 -1.81 -0.42 0.64 0.73 - 2.02 2.84 2.26
1534530 13.99 0.001 -0.59 -0.51 -0.38 -0.13 -0.18 -0.26 0.23 0.41 0.67 0.00 -0.34 -0.74 3.12 1.42 -

502686 12.34 0.001 -0.37 0.60 0.07 -0.42 -0.07 -0.64 1.03 0.95 1.66 0.03 1.04 -0.09 1.88 1.49 2.11
151251 RSC1A1 15.93 0.001 -1.17 -0.37 -0.92 -0.94 -1.31 -1.25 0.14 1.22 0.35 2.28 1.53 - 0.87 - -0.10
752560 SEMA4A 12.13 0.001 -0.19 0.01 0.59 0.09 -0.22 -1.06 -0.69 0.05 -0.20 0.86 1.90 1.30 2.20 2.33 1.20
310501 18.36 0.001 -0.64 -0.40 -1.00 0.81 -0.43 -1.08 -1.00 - -0.36 - - 10.08 2.06 -1.21 -1.35



Appendix 3. t-test

CloneID Symbol
Gene 
mean

Gene 
std. 
dev. t-value

Deg of 
freedom

Adj p 
value Beagle Pitbull Rottweiler

German 
shepherd Walker

460784 NARF -2.08 0.50 10.23 5.00 0.000 -2.78 - -1.36 - - -2.24 - - - - -1.74 -2.00 - - -2.39
810429 CDK2AP2 0.71 0.62 4.39 14.00 0.001 1.00 -0.35 0.42 -0.28 0.45 0.64 0.63 1.09 1.81 1.05 1.60 0.48 1.20 0.02 0.85

1475746 ZNF124 2.19 0.11 33.48 2.00 0.001 - 2.14 - - - - - - - - - 2.32 - - 2.12
304975 RIMBP2 -0.70 0.53 4.37 10 0.001 -0.85 -0.78 0.11 -0.49 -0.46 -1.37 0.23 -1.49 - -0.82 - -1.00 - - -0.80
824487 DDA1 1.41 0.25 11.28 3 0.001 - - - - - 1.32 1.77 - - - - 1.36 - - 1.18

1896526 DNASE1 -1.08 0.70 4.62 8 0.002 -0.39 -0.51 - -1.74 -1.31 -1.72 -0.85 0.11 - - - - -1.47 -1.87 -
782719 C14orf119 -1.77 0.88 5.34 6 0.002 - - - -0.74 - -3.25 - - - - -1.70 -0.81 -2.40 -1.81 -1.66

2112639 -1.19 0.70 4.78 7 0.002 -0.79 -1.34 -1.53 - 0.04 -1.46 - - -0.85 - - -1.17 - - -2.39
786608 COMMD9 0.64 0.38 4.76 7 0.002 - 0.93 0.87 1.08 0.18 0.39 - - 0.67 - 0.96 - - - 0.07

1031907 C10orf79 1.33 0.01 285.97 1 0.002 - - - - 1.33 - - - - - 1.32 - - - -
67318 TMEM129 1.40 0.62 5.52 5 0.003 - 1.22 1.00 2.12 - 1.58 - 0.49 - - - - - 2.00 -

811851 1.07 0.58 4.90 6 0.003 - 0.37 1.06 1.36 1.18 2.12 0.79 - - - - - 0.58 - -
782766 KCTD3 2.11 0.74 6.39 4 0.003 - - 2.46 1.81 - - - - - 3.13 - 2.00 1.15 - -

2112596 -0.81 0.71 3.83 10 0.003 0.23 -1.20 0.00 - -0.56 -1.30 -1.22 -1.00 - -0.06 -1.91 - - -0.35 -1.58
742767 NPHP1 -0.93 0.93 3.61 12 0.004 -0.93 -0.61 0.00 -1.60 -0.01 -2.04 -2.87 -0.36 - 0.49 -0.94 - -1.66 -1.00 -0.52
268148 TRIM4 1.63 0.78 5.14 5 0.004 - 0.36 2.32 - 1.57 - - - - - - 1.87 - 1.20 2.44
462198 0.59 0.67 3.44 14 0.004 -0.60 0.46 0.05 0.53 0.17 -0.23 0.48 0.84 1.18 0.95 0.89 0.48 2.15 1.27 0.27
376736 LCE6A -1.16 0.87 3.97 8 0.004 -0.79 -1.44 -2.86 0.25 -0.42 -1.14 -0.87 -1.71 - - - - - -1.45 -
429185 2.31 0.88 5.85 4 0.004 - - 2.81 2.00 1.12 - - - 2.16 3.46 - - - - -
724960 KIAA1539 -1.14 0.44 5.85 4 0.004 - - -0.51 - -1.50 -1.42 - - - - -1.42 - - -0.85 -

1880020 KIAA1267 0.92 1.00 3.44 13 0.004 0.15 1.83 0.78 0.47 0.94 -0.19 -0.73 1.35 1.85 -0.61 1.09 1.40 2.50 2.08 -
813318 NRM 0.79 0.61 3.86 8 0.005 -0.21 1.35 0.36 0.24 1.54 1.08 - 1.42 0.87 - - - - - 0.42
50532 0.55 0.64 3.34 14 0.005 0.47 0.16 0.27 -0.32 0.88 0.85 0.15 1.15 1.02 0.21 -0.15 0.75 1.99 -0.29 1.18

1854642 0.50 0.58 3.34 14 0.005 -0.66 0.89 0.49 -0.42 0.92 1.23 0.59 -0.10 1.17 0.08 1.18 0.68 0.83 0.33 0.30
120634 0.51 0.59 3.33 14 0.005 -0.50 1.11 0.48 -0.59 0.96 0.89 0.35 0.90 0.81 -0.01 1.11 0.29 1.41 0.11 0.33

1741473 1.09 1.08 3.49 11 0.005 -0.45 2.38 0.52 0.79 0.89 2.71 -0.54 0.95 - 0.75 0.57 - 2.23 2.23 -
564517 -1.29 0.80 4.25 6 0.005 -1.51 -0.38 -1.32 -1.47 -1.12 -2.79 - - - - -0.46 - - - -
526032 COG7 1.27 1.42 3.34 13 0.005 0.44 0.22 0.25 1.39 0.98 -0.53 2.17 -0.10 2.32 - 4.75 2.32 1.17 2.42 -0.06
725785 CD274 -1.06 0.75 3.96 7 0.005 - -1.02 -1.32 - - -0.39 -0.68 - - - -0.42 -2.71 -0.69 -1.22 -

-=Not detectable



Appendix 2. Oncorhyncus mykiss

Fish
Start 

weight, 
g

day 1 day 2 day 3 day 4 day 5
Feeding 

score
Eaten 
pellets

Max. No 
pellets

Feeding 
score

No 
pellets

Max. No 
pellets

Feeding 
score

No 
pellets

Max. no 
pellets

Feeding 
score

No 
pellets

Max. no 
pellets

Feeding 
score

No 
pellets

Max. no 
pellets

1 209 0 0 12 0 0 12 0 0 12 0 0 12 2 9 12
2 196 0 0 12 0 0 12 0 0 12 3 3 sp 12 2 8 12
3 250 0 0 15 0 0 15 0 0 15 0 0 15 2 6 15
4 259 0 0 15 0 0 15 0 0 15 2 2 15 3 11 15
5 236 0 14 0 0 14 0 0 14 3 8 sp 14 3 12 14
6 242 0 0 14 0 0 14 0 0 14 0 0 14 0 0 14
7 300 0 0 18 0 0 18 0 0 18 2 1 18 2 3 18
8 294 0 0 17 0 0 17 0 0 17 0 0 17 2 sp 0 17
9 232 0 0 14 0 0 14 0 0 14 0 0 14 0 0 14

10 240 2 5 14 2 14 14 2 5 sp 14 3 14 14 3 14 14
11 252 3 4 15 3 7 sp 15 2 14 15 3 14 15 3 14 15
12 240 3 1 14 0 0 14 0 0 14 0 0 14 2 5 14
13 213 0 0 13 0 0 13 2 2 13 3 13 13 3 13 13
14 218 0 0 13 0 0 13 0 0 13 0 0 13 0 0 13
15 194 0 0 11 0 0 11 2 0 sp 11 0 0 11 0 0 11
16 200 0 0 12 0 0 12 0 0 12 3 3 12 2 sp 0 12
17 233 0 0 14 0 0 14 2 8 14 3 14 14 3 14 14
18 230 0 0 14 0 0 14 0 0 14 1 6 14 2 sp 10 14
19 166 0 0 10 0 0 10 0 0 10 1 1 10 2 sp 7 10
20 168 0 0 10 0 0 10 0 0 10 0 0 10 0 0 10
21 210 0 0 12 0 0 12 0 0 12 0 0 12 0 0 12
22 210 0 0 12 0 0 12 2 sp 0 12 2 sp 10 12 2 sp 9 12
23 270 0 0 16 0 0 16 0 0 16 0 0 16 0 0 16
24 283 0 0 17 0 0 17 0 0 17 0 0 17 0 0 17
25 230 0 0 14 0 0 14 0 0 14 0 0 14 0 0 14
26 225 0 0 13 0 0 13 0 0 13 0 0 13 0 sp 1 13
27 196 0 0 12 0 0 12 0 0 12 0 0 12 0 0 12
28 187 0 0 11 0 0 11 0 0 11 0 0 11 0 0 11
29 188 0 0 11 0 0 11 0 0 11 0 0 11 11 sp 1 11
30 173 0 0 10 0 0 10 1 0 10 0 0 10 dead dead dead
31 179 0 0 11 1 4 11 1 0 11 0 0 11 0 0 11
32 180 0 0 11 2 sp 5 11 2 7 11 3 sp 4 11 10 sp 2 11

sp= spitting



Appendix 2. Oncorhyncus mykiss

Fish
day 6 day 7 day 8 day 9 day 10

Feeding 
score

No 
pellets

Max. no 
pellets

Feeding 
score

No 
pellets

Max. no 
pellets

Feeding 
score

No 
pellets

Max. no 
pellets

Feeding 
score

No 
pellets

Max. no 
pellets

Feeding 
score

No 
pellets

Max. no 
pellets

1 2 12 12 2 12 12 2 12 12 2 12 12 2 12 12
2 2 12 12 2 12 12 2 12 12 3 12 12 3 12 12
3 2 9 15 3 15 15 3 15 15 2 11 15 2 15 15
4 1 2 15 3 sp 5 15 3 sp  5 15 3 10 15 3 15 15
5 3 14 14 3 14 14 3 14 14 3 14 14 3 14 14
6 0 0 14 0 0 14 0 0 14 0 0 14 0 0 14
7 3 9 18 3 8 18 3 8 18 2 14 18 3 17 18
8 1 sp 0 17 1 0 17 0 0 17 0 0 17 0 0 17
9 0 0 14 0 0 14 0 0 14 0 0 14 0 0 14

10 3 14 14 3 14 14 3 14 14 3 14 14 3 14 14
11 3 15 15 3 15 15 3 15 15 3 15 15 3 15 15
12 3 15 14 2 14 14 3 14 14 2 14 14 2 14 14
13 2 13 13 3 13 13 3 13 13 3 15 13 3 14 13
14 0 0 13 0 0 13 0 0 13 0 0 13 0 0 13
15 0 0 11 0 0 11 0 0 11 0 0 11 0 0 11
16 2 sp 0 12 2 sp 0 12 3 4 12 2 12 12 3 12 12
17 2 14 14 3 14 14 3 14 14 3 14 14 3 14 14
18 2 sp 8 14 3 0 14 2 13 14 2 13 14 3 14 14
19 2 sp 8 10 3 10 10 2 10 10 3 10 10 3 10 10
20 0 0 10 0 0 10 0 0 10 0 0 10 0 0 10
21 0 0 12 0 0 12 0 0 12 0 0 12 0 0 12
22 2 12 12 2 12 12 3 12 12 2 12 12 2 12 12
23 0 0 16 0 0 16 0 0 16 0 0 16 0 0 16
24 0 0 17 0 0 17 0 0 17 0 0 17 0 0 17
25 0 0 14 0 0 14 0 0 14 0 0 14 0 0 14
26 1 10 13 1 7 13 2 13 13 3 13 13 3 13 13
27 0 0 12 0 0 12 0 0 12 0 0 12 0 0 12
28 1 11 11 1 7 11 1 8 11 2 11 11 3 11 11
29 1 11 11 2 6 11 2 11 11 3 11 11 3 11 11
30 dead dead dead dead dead
31 0 0 11 0 0 11 0 0 11 1 2 11 2 6 11
32 0 0 11 2 3 11 2 9 11 2 11 11 3 11 11



Appendix 2. Oncorhyncus mykiss
day 11 day 12 day 13 day 13 Dominant/ 

Subordinate/ 
Control

Fish Feeding 
score

No 
pellets

Max. no 
pellets

Feeding 
score

No 
pellets

Max. no 
pellets

Feeding 
score

No 
pellets

Max. no 
pellets

Weight, 
g Sex

Spots/ 
side

1 2 13 12 3 12 12 3 12 12 200.5 M 6r 5l D
2 2 12 12 0 0 12 0 0 12 179.6 M 0r 0l S
3 3 15 15 3 14 15 3 15 15 259.2 F 0r 0l D
4 3 10 15 0 0 15 0 0 15 253.2 M 12r 32l S
5 3 14 14 3 14 14 3 14 14 243.9 M 17r 17l C
6 0 0 14 0 0 14 0 0 14 232.8 M 46r 43l C
7 3 17 18 3 18 18 3 18 18 305 M 17r 55l C
8 0 0 17 0 0 17 0 0 17 279.7 F 25r 39l C
9 0 0 14 0 0 14 0 0 14 219.5 M 28r 25l C
10 3 14 14 3 14 14 3 14 14 262.3 M 40r 22l C
11 3 15 15 3 15 15 3 15 15 277.2 M 56r 34l C
12 3 14 14 3 14 14 3 14 14 251.4 M 2r 2l C
13 3 13 13 3 13 13 3 13 13 231 M 12r 12l C
14 0 0 13 0 0 13 0 0 13 207.3 M 52r 46l C
15 0 0 11 0 0 11 0 0 11 188.1 M 83r 65l C
16 3 12 12 3 12 12 3 12 12 200.5 M 64r 53l C
17 3 14 14 0 0 14 0 0 14 248.8 M 10r 7l S
18 3 14 14 3 14 14 3 14 14 233.1 M 43r 47l D
19 3 10 10 3 10 10 3 10 10 174.2 M 30r 17l D
20 0 0 10 0 0 10 0 0 10 167.3 M 24r 38l S
21 0 0 12 0 0 12 0 0 12 199.4 M 6r 4l D
22 2 12 12 0 0 12 0 0 12 220.7 M 33r 41l S
23 0 0 16 0 0 16 0 0 16 269.8 M 35r 18l S
24 0 0 17 0 0 17 0 0 17 249.7 M 70r 75l D
25 1 3 14 2 3 14 2 5 14 226 M 10r 7l D
26 3 13 13 0 0 13 0 0 13 248.1 M 13r 9l S
27 0 0 12 0 0 12 0 0 12 182.8 F 2r 3l S
28 3 11 11 3 11 11 3 11 11 196.4 M 2r 0l D
29 3 11 11 3 11 11 3 11 11 192.9 F 62r 43l C
30 dead dead dead
31 2 11 11 2 11 11 3 11 11 192 M 9r 5l D
32 3 11 11 0 0 11 0 0 11 181.8 M 61r 63l S
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