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Researchers produce complete map of gene activity in the
brains of mice

A complete map of active genes in the mammalian brain has been produced for the first time by
Oxford University researchers and scientists at the US National Human Genome Research
Institute.

(Imege: Aaron Logan, via Wikimedia Conmons)

The map shows which genes are switched on where in the cerebral cortex of mice. It covers all genes froi
across the whole genome in unprecedented detail.

The data obtained has been made freely available as an online research resource. The resource is
expected to assist future studies seeking to understand the way the mammalian brain is organised.

"The brain is the most mysterious of organs. If we are to understand the way it works, we must understand
complex structure,' says Professor Chris Ponting of the MRC Functional Genomics Unit at Oxford Univers
who led the work with Professor Zoltan Molnar, also at Oxford, and Dr Elliott Margulies of the National Hurr
Genome Research Institute.'

Cells in different layers of the brain do different things, and this organisation contributes to our levels of
cognition. We've completed a massive sequencing effort to map out which genes are active and in which
layers of the cortex. In doing so, we're shining a light on to cognitive processes.'

Researchers used a new sequencing technology called RNAseq

The study is published in the journal Neuron and was funded in the UK by the Medical Research Council, 1
Wellcome Trust and the Biotechnology and Biological Sciences Research Council, and the National
Institutes for Health in the USA.

The researchers used a new sequencing technology called RNAseq, a technology related to the latest DM
sequencers used to decode our genomes, to map gene activity in the different layers of the mouse cereb
cortex.

RNAs are similar molecules to DNA, but are only produced in a cell when a gene is active. The DNA code
for that gene is then read off and an equivalent RNA molecule is produced.

Therefore, the RNAseq technique works - not by sequencing DNA to read our static genetic code - but by
sequencing all the RNA molecules in a tissue sample to detect which genes are active. Which genes are
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active can indicate which biological processes are occurring and are important in those cells.

The cerebral cortex is the largest part of mammals' brains and is where memory, sensory perception,
language and higher-order cognitive functions are understood to reside. It's been known to have a layered
structure since the 19th century, with each of the six layers differing in the types of neurons and connectiol
seen there.

Structure of every layer very different

By determining the gene activity in the six layers, it should be possible to start connecting brain anatomy,
genetics and disease processes with much greater precision.

'"The structures of each layer are very different and we see different repertoires of genes expressed in
them," explains Professor Ponting.

The research team found that over half of the genes expressed in the mouse brain showed different level:
of activity in different layers. This is likely to indicate the areas of the brain in which these genes play an
important role.

'It's been an eye-opener for an anatomist like me. We can now look at the brain completely differently,’ sar
Professor Zoltan Molnar of the Department of Physiology, Anatomy and Genetics at Oxford University.

The findings make it possible to look at where genes previously associated with susceptibility to different
diseases act. Genes linked to Parkinson's disease, for example, are particularly active in layer 5. This is ju
a correlation, and does not necessarily imply causation, but it does indicate the new research avenues tha
are opened up by the study.

The technique is also able to detect 'noncoding RNASs', i.e. RNAs produced from DNA in between known
genes that doesn't code for proteins but may play a critical role in regulating genes and controlling biologic
processes. 'We see a vast array of noncoding RNAs - hundreds that have never been seen before, but
presumably have a biological role to play in the brain,' says Professor Molnar. 'One of the most abundant
RNAs produced in the mouse brain is a noncoding RNA.'

Stitching RNA through 'Alernative splicing

The approach also reveals RNAs which, once read off from our DNA code, are stitched together in differe
ways through a process called 'alternative splicing'. The process results in different proteins that can have
different biological roles, despite coming from the same gene.

Many of the alternatively spliced genes identified showed different distributions of the alternative forms
between layers. This includes the Mtap4 gene, which has been identified as a candidate gene that could b
involved in Alzheimer's disease.

Professor Ponting sees this work as a step towards getting finer and finer detail about gene activity in the
brain, as sequencing becomes possible with smaller and smaller samples. 'We can look to move from
structural layers to different types of neuronal cells and perhaps down to individual neural circuits and cells
he suggests.

The researchers now hope to do similar studies with human brain tissue samples. Studies in mouse mode



of human diseases such as Parkinson's could also pinpoint differences in gene activity which are importar
for understanding the biological processes behind those conditions.

Notes

¢ RNAseq is able to sequence all the RNA molecules produced in a tissue sample, and determine the
different amounts in which they are made.

RNAs are made when our DNA code is read out. Determining the RNAs that are present in a sample
reveal which genes are switched on, or active. The amount made of each RNA reveals the level of th:
gene activity.

RNAseq allows this information on gene activity to be gathered across the whole of the genome with
great sensitivity and accuracy.

'It's a step change in our ability to look at when and where genes are being expressed with exquisite
detail from small amounts of tissue,' explains Professor Ponting. 'lt gives objectivity and quantificatior

'In the past, we might have looked in the lab at a few select RNAs, or used microarray chips to look at
the activity of many genes that may be of interest. Here we use the latest techniques to look at
absolutely everything without making any presuppositions about what we should be looking at. We
sequence every RNA that is produced and determine how much of it is produced, with incredible
sensitivity and with high throughput.'

e A previous project, the Allen Mouse Brain Atlas, has sought to create gene expression maps for the
mouse brain using microarray technology, not sequencing. It started in 2003, well before this work, ar
has been a significant undertaking involving many research groups. Yet to date, it has not succeeded
mapping all known genes and the approach can't always detect noncoding RNAs or alternative splicir

e The study reported here can be seen as an example of how new techniques and approaches can lea
to a reduction of the number of animals used in research. This bank of data, made available to all onli
was obtained from 8 normal adult male lab mice. Previous methods would have required dedicated
work in many laboratories over a long period to get data that approached the same level of coverage
the genome, potentially using many times the number of animals.

e The paper 'A transcriptomic atlas of mouse neocortical layers' is to be published in the journal Neuro

e The research was funded in the UK by the Medical Research Council, Wellcome Trust and
Biotechnology and Biological Sciences Research Council, with support from a Marshall Scholarship.

e Oxford University's Medical Sciences Division is recognised internationally for its outstanding researc
and teaching, attracting the brightest minds from all over the world.

It is one of the largest biomedical research centres in Europe, with over 2500 people involved in research
and more than 2800 students, and brings in around two-thirds of Oxford University's external research
income. Listed by itself, that would make it the fifth largest university in the UK in terms of research grants
and contracts.

Oxford is home to the UK's top-ranked medical school, and partnerships with the local NHS Trusts enable
patients to benefit from the close links between medical research and healthcare delivery.

14 winners of the Nobel Prize for Physiology or Medicine worked or were educated at Oxford, and the



division is home to 29 Fellows of the Royal Society and 68 Fellows of the Academy of Medical Sciences.

The development of penicillin at Oxford ushered in the modern age of antibiotics, and the confirmation of
link between smoking and cancer has prevented many millions of deaths. Oxford continues to be at the
forefront of medical research, whether it's the genetic and molecular basis of disease, the latest advances
neuroscience, or clinical studies in cancer, diabetes, heart disease and stroke. Oxford has one of the larg:
clinical trial portfolios in the UK and great expertise in taking discoveries from the lab into the clinic.

A great strength of Oxford medicine is its long-standing network of clinical research units in Asia and Afric:
enabling world-leading research on the most pressing global health challenges such as malaria, TB,
HIV/AIDS and flu. Oxford is also renowned for its large-scale studies, including UK Biobank and the Millior
Women Study, which examine the role of factors such as smoking, alcohol and diet on cancer, heart disec
and other conditions.

Source: Oxford University
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