
The “Eureka!” moment occurred about ten 
years ago when research fellow Hannes 
Lohi pinpointed the epilepsy gene of min-
iature dachshunds with his research group 
in Toronto. At the same time elsewhere, 
the gene was also found in humans. This 
coincidence was the starting point of the 
cross-disciplinary canine genetic research 
led by the professor at the Faculty of Vet-
erinary Medicine and Medicine of the Uni-

versity and Helsinki and the Folkhälsan Re-
search Center. Since 2006, DNA samples 
from almost 50,000 Finnish dogs have been 
collected in the DNA bank established by 
Lohi.

“Dog breeds provide a genetically ex-
cellent structure especially for behaviour-
al studies and research into canine and hu-
man diseases in general. What animal spe-
cies is socially gifted, shares the same envi-

ronment and is exposed to the same path-
ogens other than man’s best friend?”, Lohi 
realised at the time.

Lohi noted that inbreeding within dog 
breeds, in particular, facilitates the identifi-
cation of disease genes.

“It is easier to discover genes from 
bloodlines using smaller study cohorts. 
Compared with the mice and rats typically 
used in studies, dogs are closer to humans 
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also in terms of vital functions due to their 
size”, Lohi says.

If genes do not provide enough chal-
lenges, Professor Hannes Lohi also looks for 
them in his interest in epigenetic research 
on dog behaviour. His research group iden-
tified the LGI2 gene depicting transient ep-
ilepsy in Lagotto dogs, providing a signifi-
cant new perspective also for human child-
hood epilepsy research.

Partially developed drugs  
for further development
The spectrum of the canine genetic re-
search led by Lohi is extensive. The subjects 
include eye diseases, autoimmune diseas-
es, neurological diseases as well as skeletal 
muscle diseases. The group has identified 
several new disease genes in dogs from fac-
tors causing, for example, epilepsy, dwarf-
ism and anxiety disorders. With the genetic 
areas found, conditions such as anxiety dis-
orders, from which about 5% of the human 
population will suffer at some point dur-
ing their life, gain a new research basis for 
the study of, for example, the genetic back-

ground and environmental factors in obses-
sive-compulsive behaviours.

“We look for the gene causing a disease 
in a dog breed and, at the same time, the 
breed provides a canine model for identi-
fying the disease mechanism of human dis-
eases”, Lohi says, describing the benefits of 
the research.

The group identified the CNGB1 gene 
that causes retinal degeneration and, at 
worst, blindness in Papillon dogs. The same 
gene has been found in human patients. 
One in ten people over the age of 65 suffers 
from this disease during retirement. The 
condition involves blind spots that limit the 
area of sharp vision, preventing the renewal 
of a driving licence, for example.

“With the further development of par-
tially developed drugs, the degeneration of 
the human retina could be treated external-
ly with gene therapy, for example, by apply-
ing to the retina a cream containing virus-
es carrying normal gene copies that would 
correct the functioning of the cells and may 
correct vision”, Lohi describes the possibil-
ities.

“After identifying the gene, it becomes 
possible to study the disease mechanism 
and make comparisons between humans 
and dogs. The gene may not always be 
the same in humans and the mutation can 
be located elsewhere, in another gene of 
the cell pathway. Understanding the gene 
function and disease mechanism are pre-
requisites for inventing treatments for the 
disease. On the other hand, when a mu-
tation is found, it is possible to develop a 
genetic test for dogs and see which dogs 
are carriers of the disease. This allows dog 
breeders to quickly benefit from the re-
search”, Lohi says.

He is involved in Genoscoper Laborato-
ries Oy, a company that, under his leader-
ship, has built a unique and affordable ge-
nome-wide genetic test for dogs, MyDogD-
NA, which tests the dog’s carrier status for 
over 100 diseases and traits in one go, as 
well as genomic diversity and structure.

“The genetic diversity of dogs has been 
weakened by breeding. The number of dogs 
carrying disease genes has increased, and 
because many diseases arise in adulthood, 



sick dogs will have already been used for 
breeding. To counter the negatives, breed-
ing may lead to the gene causing the dis-
ease becoming more common in a particu-
lar dog breed. The candidate gene is more 
easily identified in dogs than in humans and 
with fewer samples.”

Goal: separate databases  
for dogs and cats
A large number of veterinarians and dog 
lovers around Finland have not been en-
thusiastic about participating in a DNA 
sampling effort for the benefit of a passing 
project. The aim of the research group is to 
build a separate, extensive sequence and 
variant database for Finnish dogs and cats, 
similar to the one that already exists for hu-
mans (1000 Genomes).

“Genetic research has always been 
the flagship of Finnish science. We have 
uniquely accurate health information on 
patients, including family trees. Equivalent 
pedigree databases and health data are 
available on dogs, and soon also on cats. 
Few countries have such a good, centralised 
system”, Lohi says.

“There are 400 breeds of dogs. At pres-
ent, a total of 700 diseases have been depict-
ed in dogs and more are found all the time. 
The aim is to have a database with the entire 
genome of each breed sequenced. This will 
speed up genetic discoveries”, Lohi says.

Dog families to be  
sequenced in the future
Lohi believes that the benefit of a large se-
quence database is a kind of consensus. 

This is achieved once hundreds or thou-
sands of genomes have been sequenced 
and the large number of variants can be ac-
curately mapped. There may be many dis-
eases in the same breed.

“For example, if the genomes of 1,000 
dogs from 50 breeds have been sequenced 
into the database, it will include an estimat-
ed 25 million variants from the different 
breeds. The database will facilitate future 
projects in that a small family of dogs or cats 
can be studied with just a few of the individ-
ual animals sequenced to provide a suffi-
ciently reliable result on the correct disease 
variant. The variants of a dog patient are 
compared with the variants of the thousand 
samples in the database and, if a particular 
variant is found in the patient but not in the 
reference samples in the database, it can be 
inferred to be disease-causing. After this, the 
matter is confirmed using a larger file.”

“An efficient and nationally significant 
database will help us catch disease genes 
faster. As things are now, you have to do a 
lot work in research to obtain a sufficient 
picture of the location of a variant in the 
chromosomes. Going forward, a sample will 
be taken, the entire genome sequenced and 
compared directly with the variants in the 
database.”

Computing resources for sequence 
description methods and tools
It is estimated that new biotechnical meth-
ods will produce a million times the amount 
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us The genetic research group led by Professor 
Hannes Lohi has studied, for example, the 
factors of a life-threatening bone disease in 
Brazilian Terrier puppies. In collaboration with 
the group of Docent Kirsi Sainio, the group 
figured out that the disease is caused by a ge-
netic defect in the GUSB gene. Dysfunctional 
behaviour in the GUSB gene has previously 
been linked to an accumulation disease cau-
sing severe bone changes in humans (mucopo-
lysaccharidosis type VII, MPS VII). A Brazilian 
Terrier puppy with MPS VII (A and C) has hy-
permobile joints, bone changes in the limbs 
and the typical round skull and short muzzle. 
A healthy litter sibling in images B and D. Sick 
puppies lag clearly behind in terms of growth, 
being approx. 35% smaller than their healthy 
litter siblings at the age of three weeks.



of data produced today by 2020. Lohi states 
that large amounts of computing resources 
are needed for both the methods and tools 
used in research.

“Before, short sections of the genome 
were sequenced. Now, genome lists are so 
long that managing them manually is com-
pletely impossible. If 200 dogs are studied 
and the entire genome, i.e. 39 pairs of chro-
mosomes, is sequenced from each dog, the 
analysis would take several months with 
the traditional method. A single genome af-
fords hundreds of gigabytes of raw data.”

“As we have shifted from the traditional 
Sanger method of sequencing to Next-Gen-
eration Sequencing (NGS) of the entire ge-
nome, huge quantities of data are being an-
alysed using new methods. The genome is 

first split into sections in the database, se-
quenced and assembled. The sequencing of 
a genome involves the processing of three 
billion pairs of genes for humans and 2.5 bil-
lion pairs for dogs as well as different vari-
ants and insertions that complicate the in-
terpretation of the sequence”, Lohi says, de-
scribing the challenges of the research data.

“After the variants have been identi-
fied, it is examined whether the variant is 
pathogenic. Computing resources are re-
quired at this stage, too. Bioinformatics 
tools can be used to predict which amino 
acid change the variant causes in the ge-
nome. After that, the effects of the ami-
no acid change are studied more closely, 
switching to use protein-level tools and 
various algorithms.”

The research group pinpointed the gene 
causing retinal degeneration in Papillon 
dogs with six sick and 14 control animals. 
The genetic defect was identified using ex-
ome sequencing technology, analysing all 
of the protein-coding areas at once. Many 
disease-causing mutations are located in 
the exome, even though it only accounts for 
1.5% of the genome. This technology, which 
is used especially to find disease forms 
present in the database, led to the identifi-
cation of a mutation carried by almost one 
in five Papillon dogs in their genome.

Lohi’s research group participated as a 
pilot organisation in a project of CSC – IT 
Center for Science exploring what kinds of 
materials are created for researchers with 
extensive computing capacity and memo-
ry space. The aim of the project was to pi-
lot models and solutions for the kinds of re-
sources needed by researchers in the ELIX-
IR research infrastructure.

Tiina Autio

FURTHER INFORMATION:

http://www.koirangeenit.fi/
http://www.mydogdna.com

CSC – IT Center for Science
is a non-profit, state-owned company  
administered by the Ministry of Educa-
tion and Culture. CSC maintains and 
develops the state-owned, centralised  
IT infrastructure.
http://www.csc.fi 
https://research.csc.fi/cloud-computing

ELIXIR
builds infrastructure in support of the bio-
logical sector. It brings together the lead-
ing organisations of 21 European coun-
tries and the EMBL European Molecular 
Biology Laboratory to form a common 
infrastructure for biological information. 
CSC – IT Center for Science is the Finnish 
centre within this infrastructure.
http://www.elixir-finland.org 
http://www.elixir-europe.org
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