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Welcome to the Second Annual Research Colloquium for the Centre for Reproduction and Genomics 
(CRG). Today we are again showcasing the spectrum of science being undertaken in and around the 
CRG through a series of invited presentations that span reproduction, health and disease in humans, 
livestock and other systems. 

I am particularly delighted to have such a strong line up of keynote speakers for this year's event and 
I would like to acknowledge Illumina whose sponsorship has made their attendance at this meeting 
possible.

As many of you know the CRG is a collaborative venture between AgResearch and the University of 
Otago. The CRG is physically based in the Christie building, here at AgResearch's Invermay site, but 
our scienti®c base is much wider. The CRG in its entirety is a virtual network of world-class scientists 
from AgResearch, the University of Otago, and elsewhere working across a broad spectrum of 
reproductive biology, physiology, molecular biology, genetics and genomics. 

Today we celebrate the breadth of work undertaken in the Centre not only through a series of excellent 
invited talks but also via a poster session that we have launched this year. The poster session is 
particularly important as it provides our students, research assistants, postdoctoral fellows and other 
staff the opportunity to present the work they have been undertaking over the course of the past year. 
This is the work stemming from the engine rooms of the CRG and it is in our poster session that the 
new discoveries emerging from the centre will be sighted ®rst. I hope you all have opportunity to look 
closely at their work.

Last, I wish to thank you all for being part of our Colloquium. I trust that you will enjoy the day and 
look forward to seeing you at our future colloquia and our bi-monthly ªFocus Onº semi

Neil Gemmell

 

Foreword
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9:30 ± 9:40 Welcome and Opening Remarks from University of Otago 
 Deputy Vice-Chancellor (Research and Enterprise) Professor Harlene Hayne

9:40- 10:00 What is the CRG?
 CRG Director  Professor Neil Gemmell

10:00 ± 10:40 Keynote Address:  Professor David Hume
 Transcriptional Networks and Macrophage Biology (Roslin Institute) 

10:40 ± 11:00 MORNING TEA

Genomics
Chair: Professor Helen Nicholson

11:00 ± 11:20 Methylation screen of the bovine genome  Christine Couldrey   
   (AgResearch)

11:20 ± 11:40 A mammoth story ± barcoded sequencing of the Eurasian Michael Knapp (Otago) 
 woolly mammoth on the next generation sequencing platforms

11:40 ± 12:00 Genetic structure and selection in the sheep examined  
 using the SNP50 BeadChip   John McEwan (AgResearch)

12:00 ± 12:20 Building Genomic Tools in Deer (Cervus elaphus):  
 Sequences, Maps and SNP chips  Paul Fisher (AgResearch)

12:20 ± 1:20 LUNCH and CRG Tour

Reproduction
Chair: Associate Professor Dorothy Oorschot

1:20 ± 2:00 Keynote Address:  Professor Marilyn Renfree
 Marsupials: Placental mammals?  (University of Melbourne)

2:00 ± 2:20 Activin C and prostate cancer  Elspeth Gold (Otago)

2:20 ± 2:40 Hormonal regulation of energy balance in pregnancy Colin Brown (Otago)

2:40 ± 3:00 Understanding onset of puberty in sheep  Sara Edwards (AgResearch)

3:00 ± 3:20 AFTERNOON TEA

Development, Growth and Survival
Chair: Dr Jimmy Suttie

3:20 ± 3:40 Ewes that are carriers of the Inverdale proli®cacy gene show  
 greater sensitivity to increased pre-mating nutrition Kristy Demmers (AgResearch)

3:40 ± 4:00 Animal models of human disease  Julia Hors®eld (Otago)

4:00 ± 4:40 Keynote address:  Professor Sir Peter Gluckman
 Maternal and transgenerational effects ± the role of epigenetics Prime Minister's Chief Science  
 and developmental plasticity in phenotypic development Advisor

4:40- 5:00 Closing Remarks from Dr Andy West, CEO AgResearch

5:00 ± 6:30 Poster Session and Colloquium Mixer

Centre for Reproduction and Genomics
2nd Annual Research Colloquium

Programme

23 February 2O1O, AgResearch, Invermay
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The mononuclear phagocyte system (MPS) is a family of 
cells derived from a common committed progenitor in 
the bone marrow. They circulate as blood monocytes and 
enter all the tissue of the body as resident macrophages. 
MPS found in large numbers in every organ of the body, 
where they contribute to innate and acquired immunity 
and homeostasis. Their numbers are increased by 
recruitment in response to a wide range of in¯ammatory 
stimuli. Macrophage differentiation is controlled by 
two cytokines that share a receptor, CSF-1 and IL34. We 
have recently shown that these cytokines are conserved 
through to birds, and evolutionary analysis indicates 
that they must bind to distinct parts of the CSF-1 
receptor.  My talk will deal will consider the impact of 
genome-scale technologies in de®ning the pathways 
that control MPS cell differentiation and activation. 
Cluster analysis of large microarray data sets has revealed 
a transcriptional ®ngerprint that de®nes cells of the 

MPS, and by association, provides an annotation tool 
to identify genes of unknown function that are likely to 
be associated with innate immunity. A comprehensive 
transcriptional network analysis of macrophage 
differentiation in a human cell line (1) reveals that 
negative regulators are as crucial as positive regulators 
in state transitions in transcriptional networks. Finally, 
a comparative analysis of inducible gene expression in 
macrophages of mice and humans has revealed that the 
core transcriptional network is conserved, but there has 
been rapid evolution of the regulation of individual 
innate immune genes, suggesting that each species will 
have an idiosyncratic strategy to cope with the diversity 
of potential pathogen challenges. 

(1) Suzuki, H. et al. (2009). The transcriptional network 
that controls growth arrest and differentiation in a 
human myeloid leukemia cell line. Nature Genetics 
41:553-562

Professor David Hume

Transcriptional Networks and 
Macrophage Biology

Professor David Hume FRSE is an international authority in genome sciences, with a particular focus on the function of 
specialised cells of the immune system in infection, in¯ammatory disease and cancer. He was previously Director of the 
ARC Special Centre for Functional and Applied Genomics at the Institute for Molecular BioScience at the University  
of Queensland.

The Roslin Institute and Royal Dick School of Veterinary 
Studies, University of Edinburgh
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Methylation of genomic DNA is one of the key 
epigenetic mechanisms that in¯uence the functional 
state of the genome. In mammals the addition of 
methyl groups predominantly occurs on cytosines 
in CpG dinucleotides and acts in concert with 
other epigenetic modi®cations to orchestrate tissue 
speci®c gene expression, cell differentiation, genomic 
imprinting, carcinogenesis, aging and is essential for 
normal development. DNA methylation patterns are 
highly dynamic in early embryonic development, 
with both paternal and maternal genomes 
becoming demethylated shortly after fertilization 
and remethylated prior to implantation. The DNA 
methylation state of differentiated cells, such as those 
used in somatic cell nuclear transfer, must also be 

erased in the enucleated oocyte before embryonic 
speci®c DNA methylation can occur. Incomplete 
nuclear reprogramming during this time is thought 
to account, at least in part, for the inef®ciency of 
mammalian cloning. Studies investigating DNA 
methylation patterns in foetuses generated by bovine 
somatic cell nuclear transfer have provided some insight 
into epigenetic reprogramming. Initial analysis used a 
candidate gene approach to analyse promoter regions 
of genes known to be important in the development 
of both the embryo and placenta. These studies were 
followed by a genome wide scan of DNA methylation 
patterns. DNA methylation changes following somatic 
cell nuclear transfer will be discussed along with the 
merits of current analysis methods.

Christine Couldrey
Applied Biotechnology, AgResearch, Ruakura

DNA Methylation Analysis ± From 
Candidate Genes to Genome Scans

My career has been dominated by molecular biology, although my ®elds of study have varied considerably. I completed 
a PhD reproductive biology at Cambridge University in the Laboratory of Nobel Laureate Sir Martin Evans. From there 
I completed a postdoctoral position at the National Institutes of Health investigating the role of epithelial stem cells in 
breast cancer. This stem cell work led to a second postdoctoral position with the American Red Cross identifying genes 
involved in hematopoietic stem cell signalling. A short stint curating DNA sequences for GenBank provided me with a 
greater understanding of the intricacies of DNA, after which I headed back to New Zealand to work at AgResearch, 
where I have studied epigenetic nuclear reprogramming in large animal cloning.
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Mammoth are no doubt the most iconic of all 
Pleistocene species. They are met with great interest not 
only by the lay audience but also by scientists as testi®ed 
by the fact that mammoths were among the ®rst 
Pleistocene species from which DNA was sequenced 
and the ®rst for which the complete mitochondrial 
genome, a complete nuclear gene and large parts of 
the nuclear genomes were sequenced. There have also 
been a number of population genetic studies addressing 
the population history of mammoths from parts of 
their former geographical range. However, all these 
studies investigated almost exclusively mammoth 
specimens from the permafrost regions of northern 
Siberia and Alaska, due to the superior preservation 

of ancient DNA compared to temperate regions. We 
used array hybridization capture in combination 
with sample DNA barcoding and high-throughput 
sequencing to recover complete mitochondrial genome 
sequences from poorly preserved central European 
mammoth samples. Complete mtDNAs of up to 46 
individuals were captured on a single capture array 
and subsequently sequenced on a single Illumina 
GA2 lane to 17-88-fold coverage. The results provide 
a ®rst conclusive overview of the population genetic 
structure of Eurasian mammoth populations and help 
reconstructing the population development of woolly 
mammoth in the wake of their extinction.

Michael Knapp
Department of Anatomy and Structural Biology,  
University of Otago

A mammoth story ± barcoded 
sequencing of the Eurasian woolly 
mammoth on next generation 
sequencing platforms

Michael Knapp is a postdoctoral fellow at the Department of Anatomy and Structural Biology, University of Otago. His 
current work focuses on reconstructing the settlement of the Paci®c using genetic studies of ancient human remains. 
The work presented here was part of a research project he conducted as a postdoctoral researcher at the Max Planck 
Institute for Evolutionary Anthropology in Leipzig, Germany (2007-2009). Michael Knapp graduated with a Diploma 
in Biogeography from the University of the Saarland, Germany and obtained a PhD in Plant Biology from Massey 
University, New Zealand.
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John McEwan and James Kijas on behalf of the 
International Sheep Genomics Consortium 

Selection has been imposed on sheep populations 
since the domestication process commenced 
approximately 12,000 years ago. The result is a spectrum 
of phenotypically distinct breeds which display 
adaptation to different environments and the specialized 
production of meat, milk and ®bre. In order to search 
for genetic signatures of selection, the International 
Sheep Genomics Consortium (ISGC) assembled and 
genotyped over 3,400 sheep from 74 diverse breeds 
using the ovine SNP50 BeadChip. Initial testing of the 
SNP50 BeadChip revealed 91% of 59,454 loci formatted 

for analysis displayed assay signals following genotyping. 
Of these, 5,207 were removed using a series of quality 
control ®lters. Allele frequency data from the remaining 
49,034 loci was used to search for signatures of selection 
using multiple methods. Clear signals, in the form 
of outlier SNP, were detected surrounding both the 
Myostatin and Horns (Ho) locus. Further, breeds were 
partitioned to capture extremes for a variety of traits 
including highly complex examples such as parasite 
resistance. Genomic regions will be presented which 
appear to have undergone selection and which, in a 
number of cases, contain genes which are known to 
directly contribute to phenotypic variation.

John McEwan
Animal Genomics, AgResearch, Invermay

Genetic structure and selection 
in the sheep examined using the 
SNP50 BeadChip

John specialises in sheep and cattle genetics. His current research includes sequencing the sheep genome, creation of high 
density SNP chips and their use to allow faster genetic improvement in sheep via a technique called whole genome selection.

For more information on John's work: http://www.sheephapmap.org or http://www.agresearch.co.nz/snp/snp-chip.asp
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Several livestock industries have bene®tted from the 
building of genome reference sequences; from these, 
SNP chips were developed and utilized to accelerate 
genetic improvement via genomic selection. However, 
no deer species had a comprehensive genome sequence 
or suf®cient numbers of SNPs to utilize this technology. 
Therefore a strategy was put in place to use Illumina's 
Genome Analyzer IIx technology for whole genome 
sequencing and SNP discovery in a rapid and cost 
effective manner. Seven animals representing a range 
of genetic variation within this species were selected, 

including red deer of UK and European origin as well 
as Canadian Elk sub-species. Each animal was whole 
genome shotgun sequenced yielding 9X coverage 
using 100bp paired end reads. This was combined 
with specialized sequence assembly and SNP discovery 
bioinformatics, enabling the identi®cation of more than 
2 million SNPs suitable for high density genotyping. 
The key parameters for low depth SNP discovery with 
high assay conversion rates, as well as the collection of 
complementary genomic resources will be presented.

Paul Fisher
Animal Genomics, AgResearch, Invermay

Building Genomic Tools in Deer 
(Cervus elaphus): Sequences, Maps 
and SNP chips

Dr Paul Fisher is the Team Leader for the Cattle and Deer Genomics programmes at Invermay and is also involved in 
salmon & plant-based research, and custom-R&D for a range of commercial clients and collaborators.

Paul's doctorate was in Molecular Genetics of Pinus radiata, and his post-doctorate, at the University Hospital of Wales 
in Cardiff and the Institute of Psychiatry in London was in Neuropsychiatric Genetics. However, since his return to New 
Zealand in 2000, he has been committed primarily to genomics in agricultural species.

Over the last decade, Paul has seen how the advances of SNP chip technology have transformed dairy breeding 
companies to the extent that DNA-based markers are now being utilised to help predict which sires will determine 
the genetics of almost the entire dairy industry. Whilst SNP chips are fast becoming fundamental to the dairy industry 
Paul recognises that each species has its own restraints as well as its own unique opportunities. The work in cervine 
genomics is based around updating genomic tools (such as whole genomic sequence assemblies, SNP chips and new 
genetic maps) that could enable the deer industry to take advantage of biotechnology for the genetic improvement 
of their national herd. Further, International contacts across Australasia, Asia, North & South America and Europe have 
shown a desire to collaborate on a variety of projects in order to ensure that such technologies will be bene®cial for the 
evolutionary and ecological diversity studies of both over-populated and endangered deer species around the globe. 
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The placenta is the most varied organ within the 
Mammalia. Marsupials, like eutherian mammals, have 
a fully functional placenta. There are many similarities, 
as well as some differences, in the marsupial embryo 
and its fetal membranes. The most striking difference 
is the lack of the inner cell mass in the blastocyst 
which consists solely of a single layer of trophoblast 
cells. The trophoblast expands to become part of the 
de®nitive chorio-vitelline placenta. The bilaminar 
placenta appears to serve primarily in the uptake of 
uterine secretions, and the trilaminar part may be 
more important for gas exchange. The degree of this 
functional differentiation within the yolk sac placenta 
differs between species in the relative surface area that is 
attached to the endometrium, in trophoblast thickness, 
in yolk sac fusion with the luminal epithelium and most 
markedly in the degree of invasiveness.

Amongst marsupials, placental physiology has only been 
extensively studied in the tammar wallaby. The tammar 
has maternal recognition of pregnancy in response to 
trophoblast formation. Contrary to popular opinion, 
the tammar placenta also elaborates hormones: at 
term it secretes prostaglandin F2  and it expresses the 
genes for growth hormone, IGF2, relaxin, prolactin 
and luteinizing hormone!" . As in eutherian mammals, 
there is genomic imprinting important for placental 
function. Despite the relatively short gestation and short 
period of placentation, it is clear that the trophoblast is 
as important for successful pregnancy in the marsupial 
as it is in eutherian mammals. Marsupials are certainly 
placental mammals. However marsupials have an 
additional trick in their pouches, with the physiologically 
sophisticated and extended lactation that has allowed 
them to exchange the umbilical cord for the teat!

Professor Marilyn Renfree
Zoology Department, The University of Melbourne

Marsupials: Placental Mammals?

Marilyn's research has been almost all on marsupials, because of their intrinsic interest and for the opportunities they 
provide as biomedical models for the understanding of mammalian reproduction and development. Her laboratory 
is known internationally for its study of these unique Australian animals, especially in early mammalian development, 
embryonic diapause, placentation and sexual differentiation. Marilyn is a graduate of ANU, and has held NHMRC, 
Fulbright, Ford Foundation and Royal Society research fellowships. She was appointed to the Ian Potter Chair of Zoology 
at the University of Melbourne in 1991 and was Head of Department until 2003. She is a Fellow of the Australian 
Academy of Science, a Laureate Professor of the University, and held an Australian Research Council Federation 
Fellowship from 2003-8. She is now Director of the ARC Centre of Excellence for Kangaroo Genomics.
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In the adult, activin A is potent regulator of cell 
division, cell differentiation or cell death as exempli®ed 
in the testis and prostate. In the testis, activin A is a 
germ cell survival factor,  while in the prostate activin 
A is a potent negative growth regulator (1-2). Given its 
potency, the synthesis and biological action of activin 
A is tightly controlled in vivo by a number of intra and 
extra-cellular factors such as follistatin binding protein 
and the inhibin alpha-subunit (3). The activin-" C  
subunit is not regarded as a signi®cant regulator of 
activin A bioavailability as mRNA expression is limited 
to a few organs and activin-" C null mice are normal 
(4). However, since activin-" C can suppress activin A 
production in cultured cells (5,6), we proposed activin-
" C is an antagonist of activin A bioavailability and its 
over-expression will lead to pathologies  in vivo. To test 
our hypothesis we generated recombinant activin C 
and several lines of transgenic mice over-expressing the 
human activin-" C subunit (7).

Recombinant activin C reduced activin A bioactivity 
in vitro; speci®cally activin C antagonised the growth 
inhibitory effects of activin A in the LNCaP prostate 
cell line and activin C antagonised activin A-mediated 
activity of the FSH-"  promoter in L" T2 cells. In vivo, 
impaired male fertility was evident and caused by 
reduced sperm production due to a stage-speci®c 
increase in germ cell apoptosis and impaired sperm 
motility. Prostatic hypertrophy, epithelial cell hyperplasia 
and pre-malignant (PIN) lesions were evident in 
transgenic mice (7). Testis and prostate phenotypes 
were consistent with our in vitro results con®rming a 
role for activin-" C in antagonizing activin A in vivo. 
Relevance to human pathology was demonstrated by 
increased activin-" C immuno-reactivity in human testis 
and prostate cancers (7). Our results will have profound 
implications for activin biology and will provide 
the stimulus for a new body of work, relevant to the 
reproductive physiology of mice and men.

Elspeth Gold
Department of Anatomy and Structural Biology,  
University of Otago

Murine and Human Testis, and 
Prostate Pathologies associated 
with Activin-" c Over-Expression

Elspeth Gold completed her PhD, with Prof. Jean Fleming in the Department of Anatomy and Structural Biology in 2002. 
She then transferred to the laboratory of Prof. Gail Risbridger at Monash University. During her PhD studies and at 
Monash University she made signi®cant progress as to the role of activin-" C. In Nov 2009 Elspeth relocated to Otago 
University with an HRC project grant to determine the role of activin-" C in prostate disease development and to assess 
if activin-" C subunit proteins may be new diagnostic markers of prostate disease which are superior to PSA. This work 
follows on from her proof of concept studies at Monash and will be conducted collaboratively with Prof Gail Risbridger 
at Monash University and Prof Helen Nicholson at Otago University.
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Bodyweight is normally maintained around an 
optimum set-point by tightly regulated feedback 
mechanisms. However, expectant mothers must 
adjust their physiology to prepare for the biological 
demands of pregnancy and lactation; to this end all 
pregnant mammals increase food intake and store 
energy; remarkably, they start to do so before the 
metabolic demands of fetal growth are evident. We 

have shown that the pregnancy hormones, prolactin/
placental lactogen, are probably the signal to increase 
food intake during pregnancy. We are now investigating 
the possibility that prolactin/placental lactogen might 
act on the brain by inhibiting the release of another 
hormone, oxytocin, which normally suppresses appetite 
following release within the brain.

Dr Colin Brown
Department of Physiology, University of Otago

Hormonal regulation of energy 
balance in pregnancy

Colin Brown is a Senior Lecturer in the Centre for Neuroendocrinology and Department of Physiology at the University 
of Otago. Dr Brown has published over 40 papers on the mechanisms by which the brain controls reproductive function 
and body ¯uid balance via the secretion of the hormones, oxytocin and vasopressin. These research programmes are 
currently funded by the Royal Society of New Zealand Marsden Fund and the New Zealand Lottery Grants Board.



11

Lambing ewes as hoggets is one way in which sheep 
farmers can improve their productivity. Ewes lambed as 
hoggets will produce approximately 20% more lambs 
over their lifetime than those which are not. One of 
the barriers to ef®cient hogget lambing is that not all 
hoggets will have gone through puberty at the time the 
ram is introduced to the ¯ock. As a result, hoggets tend 

to conceive later than mature ewes with, consequently, a 
later lambing date and later achievement of appropriate 
weight for processing. 

We have been recording the date of onset of puberty in 
all the ewe lambs born at Invermay since 2005. Data will 
be presented regarding variables which effect onset of 
puberty in ewes.

Sara Edwards
Reproductive Biology, AgResearch, Invermay

Understanding onset of puberty  
in sheep

Sara joined AgResearch in 2004, initially to study the Booroola receptor. Recently she was appointed as Senior Scientist 
with responsibility for the molecular genetics aspects of the work done by the Reproductive Biology section. Her current 
projects include puberty and seasonality in sheep as well as leading the hunt for genes involved in embryo survival using 
the SNP chips developed by AgResearch's Animal Genomics section.

Sara originally studied genetics, particularly human molecular genetics, at Manchester University in the UK, gaining a BSc 
(Hons) and PhD. In 1996 she came out to New Zealand ̀ for a year' but stayed on, working at the University of Otago 
studying the p53 tumour suppressor gene. 
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The Inverdale proli®cacy gene was discovered by 
AgResearch scientists from descendants of a single 
Romney ewe. Ewes that carry a single copy of the 
gene show an increase in average ovulation rate by 
one compared with non-carriers, whereas ewes that 
carry two copies of the gene are infertile. The causative 
mutation was identi®ed in the bone morphogenetic 
protein-15 (BPM15) gene, a growth factor produced 
by the oocyte that is essential for normal follicular 
development. Increased ovulation rate in heterozygotes 
is caused by reduced levels of BMP15 in the oocyte 
compared with non-carriers, whereas homozygotes lack 
BMP15 altogether and are infertile. 

In sheep it has been known for many years that 

increasing nutrition prior to mating results in an 
increase in ovulation rate but whether this effect 
occurs in ewes with high natural ovulation rate was 
unknown. Our research has shown that Inverdales 
and non-carriers responded to increased pre-mating 
nutrition with an increase in ovulation rate compared 
with control ewes fed a maintenance diet. However, an 
unexpected discovery from the experiments was that 
Inverdale ewes appear to be extra-sensitive to increased 
pre-mating nutrition compared with non-carriers of 
the gene, as they responded with a much larger increase 
in ovulation rate. This greater sensitivity could indicate 
an interaction between BMP15 levels and nutritional 
signals in the follicle to control ovulation rate in sheep.

Kristy Demmers
Applied Biotechnology, AgResearch, Invermay

Ewes that are carriers of the 
Inverdale proli®cacy gene show 
greater sensitivity to increased
pre-mating nutrition, as shown by 
a greater ovulation rate response, 
compared with non-carriers
of the gene

Kristy is a scientist in the Reproductive Biology Group at AgResearch Invermay. She has a BSc (Hons) in Zoology from 
Bristol University and a PhD in Reproductive Physiology from the University of Nottingham. Her doctoral research 
involved studying early pregnancy signals in red deer, and this sparked off an interest in the early pregnancy of ruminants. 
Following her PhD, she worked as a post-doc at Nottingham University looking at the in¯uence of nutrition on cattle 
fertility. She started working for AgResearch in 2003, and her current research focuses on early embryo survival and 
nutritional in¯uences on fertility in sheep.
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Sister chromatid cohesion is regulated by cohesin, a 
large multimeric protein complex. Studies have linked 
misexpression of, or mutations in cohesin subunits with 
cancer. Our work has revealed that the Myc oncogene is 
regulated directly by cohesin (Bentley et al., submitted), 
although the precise mechanism is not known. Roles 
for cohesin in regulating gene expression, sometimes 
in combination with CCCTC-binding factor (CTCF), 
have emerged. We analyzed zebra®sh embryos null for 
cohesin subunit rad21 using microarrays to determine 
global effects of cohesin on gene expression during 
embryogenesis. This identi®ed Rad21-associated gene 
networks that included myca (zebra®sh c-myc), p53 and 
mdm2. In zebra®sh, cohesin binds to the transcription 
start sites of p53 and mdm2, and depletion of either 

Rad21 or CTCF increased their transcription. In 
contrast, myca expression was strongly downregulated 
upon loss of Rad21 while depletion of CTCF had little 
effect. Depletion of Rad21 or the cohesin-loading factor 
Nipped-B in Drosophila cells also reduced expression 
of myc and Myc target genes. Cohesin bound the myca 
transcription start site, plus an upstream CTCF binding 
site at which cohesin enrichment was increased in 
CTCF-depleted embryos. In rad21 mutants, we observed 
changes in histone modi®cation associated with 
transcription repression that were con®ned to the myca 
transcription start site and gene. Our data show cohesin 
regulation of c-Myc is direct, evolutionarily conserved, 
and independent of the function of both CTCF and an 
upstream chromatin barrier.

Julia Hors®eld
Pathology Research Group, Dunedin School of Medicine, 
University of Otago

Using zebra®sh to understand 
cancer: Regulation of c-Myc by 
cohesin

I did my undergraduate degree at Victoria University of Wellington in Botany and Biochemistry, then got addicted to 
developmental biology while working as a research assistant in the Laboratory of Molecular Biology at Cambridge 
University. On return to NZ I did a PhD in the Department of Biochemistry, University of Otago on the biology of HIV 
(1995), but then returned to my ®rst love of developmental biology in postdoctoral work in Adelaide and Auckland. 
From this combined experience emerged my strong interest in how cell division is coordinated with embryonic 
development, and the use of zebra®sh embryos as an ideal model in which to do this kind of research. I was appointed 
Senior Lecturer in the Department of Pathology in 2007.

At the University of Otago, my laboratory does research in zebra®sh and cell lines to understand how proteins that 
regulate chromosome structure during cell division also affect gene expression. Our studies are signi®cant to both 
human developmental disease and cancer.
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We now understand that there a range of mechanisms 
that transmit information affecting phenotype between 
generations; beyond classical genomic inheritance, 
there is evidence to support ªmaternal effectsº whereby 
maternal condition impact on the phenotype of the 
next generation by inducing epigenetic change in the 
offspring, there is the potential for both direct (trans-
meiotic) and indirect (whereby the inducing niche is 
created in the next generation) epigenetic inheritance. 
There is increasing interest in these non-classical 
genomic mechanisms. 

Over the past two decades considerable clinical, 
epidemiological and experimental evidence has 
amassed relating the conditions of fetal and infant 
life to childhood development, human productivity 
and the risks of developing chronic disease later in 
life. It is now clear that these relationships are not a 
consequence of disruption of development but rather 
re¯ect plastic responses of the developing organism to 
environmental cues. The signi®cance of these responses 
will depend on the severity of the cue, the reproductive 
strategy and life history of the species. It is essential 
to appreciate that these mechanisms operate across 
the normative range of developmental experiences. 
The developing organism makes plastic responses as 
an evolved strategy to either address immediate or 
anticipated circumstances and thus attempt to sustain 
®tness. In many cases there is no obvious immediate 
adaptive advantage to the response made, but rather the 
trajectory of subsequent development is altered with 
a series of life-stage appropriate adaptive responses 
made. Such adaptive responses involve developmental 
tradeoffs such that an investment for sustaining early 
®tness may have costs later in life. Survival to puberty 
has the greatest impact on ®tness in humans. 

Given the costs and constraints of plasticity, these 
plastic responses carry the potential to be maladaptive 
later in life through the processes of antagonistic 
pleiotropy and the probability of mal-adaptation is 
higher if there is a mismatch between the expected and 
actual environment, although the ®tness disadvantage 
of mismatch need not be symmetrical (that is 
incorrectly predicting a benign environment may 
have different implications to incorrectly predicting 
an adverse environment) which will lead to a bias 
in the prediction ±response relationship. However 
given the adaptive value of these plastic mechanisms 
in protecting ®tness up to peak fecundity, the bias in 
consequences of inappropriate prediction and the 
principles of antagonistic pleiotropy, the retention of 
such mechanism by selection is not surprising. The 
question however remains - what is the importance of 
such processes in understanding in¯uences on human 
productivity and the aetiology of human diseases such 
as type two diabetes. 

Studies in animals using relatively extreme 
developmental cues have clearly showed that epigenetic 
changes are associated with early manipulation of 
maternal or infant nutrition, both where nutrition 
is limited or excessive , maternal stress and maternal 
±infant behavioural interactions. Further reversal of 
the phenotype of infant interventions such as leptin 
administration also reverses the epigenetic changes 
suggesting a causal relationship. 

Recently we have started to evaluate the extent to which 
epigenetic changes at birth in humans both re¯ect the 
developmental history and predict the phenotypic 
development of children. Human intrauterine 
growth retardation can affect both the epigenetic 
state of imprinted and non-imprinted genes. But 

Professor Sir Peter Gluckman
Prime Minister's Chief Science Advisor

Maternal and trans-generational 
effects: the role of epigenetics 
and developmental plasticity in 
phenotypic development
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physiological variations in the fetal experience (e.g. 
parity, ®rst born children being more constrained in 
utero) also demonstrate variation in epigenetic state. 
Using a combination of unbiased and candidate gene 
approaches we have identi®ed methylation variations 
in speci®c promoter regions in umbilical cord tissue 
at birth that predicts phenotypic state in children at 
6-9 years of age. These data suggest that there is an 

important prenatal developmental component to later 
phenotypic outcomes and that epigenetic biomarkers 
may have value in de®ning optimal fetal and childhood 
development and thus de®ne new interventional 
strategies.

PDG is supported by the National Research Centre for 
Growth and Development

I was originally trained in Dunedin and Auckland as a paediatrician with an interest in endocrinology ± that is, hormonal 
biology. But after only 2 years as a doctor I entered the research track. I then spent 4 years as a postdoctoral fellow and 
then Assistant Professor at the University of California in San Francisco, and then on its faculty working on how fetal 
hormonal systems developed and how growth was controlled.

In 1980 I returned to New Zealand to set up a research group funded by the then Medical Research Council. I spent 
the next 17 years funded on research grants developing a group of more than 60 people focused on developmental 
endocrinology and neuroscience. Our work both addressed issues of human growth and development and pastoral 
animal growth and development. In 1991 I was appointed Dean of the Faculty of Medicine and Health Sciences at the 
University of Auckland while continuing to lead an active research group.

My group had started to make a number of ®ndings that could be patented, that had value to the major pharmaceutical 
companies and in time were to lead to several NZ-based biotechnology spinouts.

We also made discoveries based on apparently ̀ blue skies' research of no obvious value that in time were lead to 
something of immense human value ± namely from studies of an erudite observation on how hormone levels in the 
fetus change at birth, we ended up developing the ®rst effective therapy for brain damage at birth. It is the classic 
example of why curiosity must be a key starting point for innovation.

When I left the Deanship in 2001 to set up the Liggins Institute it was in the belief that New Zealand must have 
critical masses of scientists doing world class research. The key point of the Liggins was that we took a multidisciplinary 
approach with staff ranging from theoreticians to traditional molecular, cellular and clinical biologists to economists to 
address what I regard as one of the major issues in biology and medicine ± how does a poor start to life impact on 
health and disease risk throughout life? This led me into two major passions ± epigenetics and evolutionary biology, 
where most of my science time is now spent. I now lead a consortium, the Epigen Consortium, comprising six centres in 
three countries trying to progress developmental epigenetics to improve the human condition. In 2004 we were funded 
to set up one of the seven new Centres of Research Excellence in New Zealand, the National Research Centre for 
Growth and Development (NRCGD), and I believe this has been an extraordinary success in showing how science can 
transcend institutional boundaries and exploit many latent synergies in our science community. I have always believed 
in science as an international enterprise, and the Epigen Consortium led in turn to my being asked on a part-time basis 
to develop the Centre for Growth, Development and Metabolism in the newly formed Singapore Institute for Clinical 
Sciences ± which is now part of the Biopolis enterprise. I continue in this role.
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