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Research Edition

The past year has seen, like every recent one before it, a wide range of compelling science emerge across the 
international literature. Its scope emphasizes the combined, and apparently autocatalytic, power of human curiosity, 
technology and growing information availability. How much impact a given published work will have seems 
straightforward to gauge in some cases, but much more difficult in others. Certainly, the well-worn marketing ploy, of 
repeating a statement until it is accepted as a truism, is being applied to science in the demand for demonstrations of 
its impact. 

What seems to have been missed though, and what would be apparent to many evolutionary biologists, is 
the operation of a Genotype x Environment interaction equivalent. No matter how impactful the paper, some 
environments simply aren’t receptive. Comparing the IPCC physical basis reports and the CO2 trace from Mauna Loa 
is perhaps most illustrative of the phenomenon. As John Ziman so clearly laid out, the crux of the impact matter is 
therefore the interaction between science and civil society. Undeniably, at the heart of the science end lies work that 
is carefully and cleverly done, from conception to completion. 

This issue of The Microtome focusses on a small sample of such contributions from the School of Biological Sciences. 
What the impact of each of these works will be is not yet knowable. But what is obvious, is that by increasing its 
general accessibility, we might alter the form of the interaction between science and civil society. So, from now on, 
each third quarter issue of The Microtome will focus on doing just that.

Introduction for the Head of School, Steven L. Chown 



Skeletal muscle diseases, or myopathies, are a 
diverse range of disorders covering the spectrum of 
severity and onset from early lethality to mild, late-
onset, muscle weakness.  

Nearly six hundred myopathies have been described and 
the genetic basis of almost five hundred of these is known. 
However, the mechanism by which mutation results in 
disease is very poorly understood in most cases. 

The major focus of the group is to understand the roles 
of these genes in muscle development and function, 
and how their mutation results in disease. We are also 
interested in identifying additional genes responsible for 
muscle disease and investigating potential therapies. 

Recently we characterised the first zebrafish model 
of myofibrillar myopathy. We were able to disprove 
existing theories on the function of Filamin C in muscle 
specification and identify a haploinsufficient disease 
mechanism (1). We are also actively investigating the 
causes and mechanisms for nemaline myopathy.  This 
form of myopathy is typically very early onset and severe, 
with some cases evident in utero. 

Up until recently all of the genes identified in nemaline 
myopathy encoded proteins in the thin filament of the 
muscle. 

The recent identification of mutations in klhl40, predicted 
to function as a ubiquitin ligase, leading to foetal akinesia 
with nemaline myopathy (supported by evidence from 
our zebrafish model) promises to provide new insight 
into the mechanism of disease and is the subject of on-
going research in the group(2). 

Alongside our investigation of the function of these 
genes, the myopathy models we are establishing provide 
an excellent platform for the screening and evaluation of 
potential therapies – an expanding area of interest in the 
team. 

References: 1. Ruparelia et al. 2012. Characterization and 
investigation of zebrafish models of filamin-related myofibrillar 
myopathy. Hum. Mol. Genet. 21:4073-4083. 2. Ravenscroft et al. 2013. 
Mutations in KLHL40 Are a Frequent Cause of Severe Autosomal-
Recessive Nemaline Myopathy. Am. J. Hum. Genet. 93:1-13.

Modelling Myopathies in Zebrafish  
Submission: Robert Bryson-Richardson

Zebra fish (Danio rerio)

Above: Fibre failure in a zebrafish myofibrillar myopathy model

To optimise communication, colour signals of 
animals should be tuned to their visual abilities. 

In birds, species with higher sensitivity to ultraviolet 
(UV) light often show UV/blue plumage, but it is 
unclear whether they are better at detecting or 
discriminating these colours. 

Here we address this question in fairy-wrens, a group 
of colourful Australasian birds that vary in their 
UV sensitivity. We show that higher UV sensitivity 
increases the contrast of UV/blue colours against 
natural backgrounds, possibly making these colours 
more attractive. 

Why so Blue?  
Submission: Anne Peters
Delhey K, Kingma SA, Hall ML & Peters A (2013) Increased conspicuousness can explain the match 
between visual sensitivities and blue plumage colours in fairy-wrens. Proc R Soc Lond B 280: 
20121771.

This could provide an explanation why all male 
fairy-wren species with high UV sensitivity have 
UV/blue plumage patches. 
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Most of us assume that animals and plants in cold 
regions should be better at low temperature lifestyles 
than their tropical counterparts. 

By and large this is true, though remembering that the 
tropics include some high, cold mountains. Some species 
also migrate. While they benefit from the temperate 
summer, they avoid the winter by moving. For those that 
stay, it also seems obvious that they won’t be much good 
at surviving high temperatures. That’s how most of us see 
the world – hot conditions are bad for polar animals, but 
okay for those from the tropics because they’re used to it.

As is so often the case, science has revealed something 
different. Of course, heat stress does bother some polar 
species. But these are typically the iconic ones, like seals 
or bears. Most of biodiversity is, however, made up of 
ectotherms. These are animals such as insects, spiders, 
lizards and frogs. Across the planet they all show much 
less variation in their abilities to survive high temperature 
than one might at first think. This was first illustrated in 
2000, using a data mining approach for insects (1).

Later investigations (2,3) showed that this lack of 
variation in high temperature tolerance in insects and 
lizards means that tropical and subtropical species are in 

Conservative Heat Limits Spell Tropical Trouble  
Submission: Steven L Chown

Araújo MB, Ferri-Yáñez F, Bozinovic F, Marquet PA, Valladares F & Chown SL (2013) Heat freezes niche 
evolution. Ecol Lett 16:1206-1219.

real trouble. They live in climates that are more routinely 
hot than temperate areas. With not much heat tolerance 
these tropical animals live ‘closer to the edge’ than their 
temperate counterparts. And that edge is the edge of 
extinction.

For an evolutionary 
biologist, this all seems 
counterintuitive. Animals 
routinely adapt to all kinds of 
conditions. Why not evolve 
greater heat tolerance? 

In fact, surely some animals 
must have done so. Just think 
of the difference between 
polar bears and giraffe. And 
all those bacteria living in 
hotsprings!

We recently set out to answer this question (4). Adopting 
an ecoinformatics approach, we asked just how much 
variation in resistance to high and low temperatures 
there is across trees, mammals, birds, and the lizards/
spiders/insects that most of the work has been focussed 
on until now. 

The answer is – not that much. 
For the > 2700 multicellular 
species we considered there 
is a hard boundary to heat 
tolerance. 

Yes, some species lie on the 
lower end, but by and large the 
variation in heat resistance 
is far less across all of these 
organisms than variation in 
cold resistance. Once one plots 
out the data it’s pretty clear.

Left: Variation in low temperature 
tolerance (blue, left) and high temperature 
tolerance (red, right) for ectotherms. The 
numbers show the variance in minimum 
and maximum values and sample sizes. 
Taken from ref. 4. 

Above: Victoria’s Riflebird, a tropical 
Australian species typical of the 
Atherton Tablelands.

Migratory barnacle geese at Arctic Svalbard
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Of course, exceptions do exist. These include several 
superbly heat tolerant ants (active at > 50°C) that live 
in Australia and Africa’s deserts. But they don’t seem to 
stretch to previous contenders living around hot, deep-
sea hydrothermal vents.

Our work has several scientific implications, of which 
two are most striking. First, climate change is already a 
problem and likely to get worse. Many species won’t be 
able to evolve their way out of the difficulty. Thus, there’s 
a large extinction debt. 

What does such debt actually mean? 

Think of it as someone secretly spending on your 
overspent credit card. It’s already hurting, but the future 
pain will be much worse. And repayments are impossible. 

Conservative Heat Limits Spell Tropical Trouble  
Submission: Steven L Chown
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Second, many of the assumptions we have made about 
how to model these impacts may have led our models to 
be conservative for the very species that are most at risk 
- those in the tropics and subtropics.

The lessons for society are simple to articulate, yet 
seem frustratingly difficult to learn. 1. Curb the carbon 
spending. 2. Invest heavily in resilience for the systems 
on which we rely.

References: 1. Addo-Bediako et al. 2000. Thermal tolerance, climatic 
variability and latitude. Proc. R. Soc. B 267:739-746. 2. Deutsch et al. 
2008. Impacts of climate warming on terrestrial ectotherms across 
latitude. Proc. Natnl. Acad. Sci U.S.A. 105, 6668-6672. 3. Clusella-
Trullas et al. 2011. Climatic predictors of temperature performance 
curve parameters in ectotherms imply complex responses to climate 
change. Am. Nat. 177:738-751. 4. Araújo et al. 2013. Heat freezes niche 
evolution. Ecol. Lett. 16:1206-1219.

Above: Variation in cold (blue, left) and heat (red, right) tolerance for birds and mammals. 
Variances are shown below the boxes. Taken from ref. 4.

Above: Variation in cold (blue, left) and heat (red, right) tolerance 
for trees (matched and unmatched species pairs). Variances are 
shown below the boxes. Taken from ref. 4.
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Much Ado About Zinc  
Submission: Richard Burke
Lye JC, Richards CD, Dechen K, Warr CG & Burke R (2013) In vivo zinc toxicity phenotypes provide a 
sensitized background that suggests zinc transport activities for most of the Drosophila Zip and ZnT genes. J 
Biol Inorg Chem. 18:323-32.

The Burke laboratory uses the vinegar fly Drosophila to 
investigate the genetic regulation of metal ion transport 
in animal development and disease. 

One current focus is zinc transport. Zinc is an essential 
micronutrient that is a cofactor for literally thousands 
of proteins and is now also thought to be a key cellular 
signalling molecule. 

Numerous proteins are predicted to move zinc across 
cellular membranes, regulating the flux of zinc in and 
out of cells and cellular organelles. The fly has 17 Zip 
and ZnT zinc transport genes, all with clear mammalian 
counterparts. 

We have been using the genetic tool kit of Drosophila 
to investigate both the systemic and tissue-specific 
functions of each of these genes. We have revealed that 
the majority of them are essential for viability under 
either normal or zinc-stressed conditions (1), indicating 
each plays a specific and non-redundant role in zinc 
homeostasis. 

We then combined increased zinc uptake with decreased 
efflux in the adult eye to create a zinc toxicity phenotype 
which has since been used to demonstrate in vivo zinc 

transport activities for the majority of fly Zip and ZnT 
genes (2). 

Further unpublished work has now identified two 
more zinc toxicity phenotypes that can be attributed 
specifically to Golgi and endoplasmic reticulum zinc 
stress respectively. With these tools we can now map 
out the genetic regulation of zinc flux between various 
cellular organelles and carry out whole-genome genetic 
screens to identify novel regulators of zinc homeostasis.
References: 1. Lye et al. 2012. Systematic functional characterization 
of putative zinc transport genes and identification of zinc toxicosis 
phenotypes in Drosophila melanogaster. J Exp Biol. 15: 3254-65. 2. 
Lye et al. 2013. In vivo zinc toxicity phenotypes provide a sensitized 
background that suggests zinc transport activities for most of the 
Drosophila Zip and ZnT genes. J Biol Inorg Chem. 18:323-32.

Above: Cellular localisation of three Drosophila zinc transport proteins (green) 
expressed as GFP-fusion proteins in larval salivary gland cells.

One of the areas of research in the Reina lab 
is on the evolution of viviparity (live-birth) in 
reptiles.Viviparity has evolved at least 100 times 
in reptiles, with all of these instances occurring 
within the order squamata (lizards & snakes). 

No crocodilians, testudines (turtles), or sphenodons 
(tuatara), either extant or extinct, sustain embryonic 
development past early stages in utero and instead are 
oviparous (egg-laying). This means that crocodilians 
and testudines, which are predominately aquatic 
species, are required to return to land to lay eggs. 

Other aquatic reptiles such as the sea snakes have 
evolved viviparity and thus severed their dependence 
on returning to land to reproduce. The dominance 
of oviparity and embryonic development that only 
reaches a very early stage in crocodiles and turtles 
suggests that there is a physiological constraint on 

Limited Oxygen Availability in utero may 
Constrain the Evolution of Live-birth in Reptiles
Submission: Richard Reina
Rafferty, AR, Evans, RG, Scheelings, TF & Reina, RD (2013) Limited oxygen availability in utero may 
constrain the evolution of live-birth in reptiles.  Am. Nat. 181:245-253

how far embryos can develop while remaining in the 
mother. 

A recent study by our group showed that the delivery 
of oxygen to the embryo is a significant constraint 
limiting the degree of development possible in 
turtles. 

We are currently using a comparative approach to 
investigate this phenomenon and better understand 
the evolutionary significance of this developmental 
strategy and its consequences for the evolution of 
viviparity.  

Additional relevant publications: 1. Rafferty, & Reina 2012. 
Arrested embryonic development: A review of strategies to delay 
hatching in egg-laying reptiles. Proc R Soc B. 279:2299-2308. 
2. Rafferty et al. 2011. Embryonic death is linked to maternal 
identity in the leatherback turtle (Dermochelys coriacea). PLoS 
ONE. 6:e21038.
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This study reports a key breakthrough in a 
collaborative project between Associate Professor 
Coral Warr and Professor James Whisstock 
(Department of Biochemistry and Molecular Biology), 
who are studying the function and evolutionary 
origins of an important group of proteins that punch 
holes in and kill foreign cells. 

These MACPF (Membrane Attack Complex/Perforin-like) 
proteins are key parts of our immune system, and when 
mutated lead to severe immune disorders and cancers. 
In many other organisms they act as pore forming toxins 
and in particular are key weapons of many pathogenic 
bacteria. By studying the fruitfly Drosophila melanogaster 
they have now discovered that the ancient role of these 
proteins may be in signalling between cells to control 
development and growth, rather than in immune defence 
and attack. Drosophila has only one MACPF protein, 
Torso-like, which plays a critical role in early embryo 
patterning. 

Patterning of the Drosophila embryo depends on spatial 
cues provided by maternal gene products and has served 
as a model paradigm for studying the localised activation 
of important developmental signalling pathways such as 
Toll and receptor tyrosine kinase signalling. Patterning of 
the terminal ends of the embryo is achieved by localised 
activation of the Torso receptor tyrosine kinase (1). This 
is controlled in some way by the localised expression of 
the MACPF protein Torso-like (2, 3), however how it does 
so is not understood, nor why pore formation might be 
required.

In this study, postdoctoral researcher Dr Travis Johnson 
found that the Torso-like gene has a second critical role 
in the fly, in the control of growth, and remarkably flies 
mutant for this gene are much smaller than normal 
(Figure). A surprising finding was that Torso-like acts 
to control growth independently of its key partner in 
terminal patterning, Torso. Both genes are expressed in 
the prothoracic gland of the fly larva, which responds to 
the neuropeptide prothoracicotropic hormone (PTTH) to 
initiate metamorphosis. 

Correspondingly, mutations in either the Torso or Torso-
like genes cause substantial developmental delays. 
However, while Torso functions with PTTH as its receptor 
(4), through genetic studies we showed that the role of 
Torso-like in developmental timing is independent to 
that of Torso and PTTH. In addition, the two genes have 

Fruitflies may be the Key to Unlocking the 
Ancestral Role of MACPF Proteins  
Submission: Coral Warr

Johnson TK, Crossman T, Foote KA, Henstridge MA, Saligari MJ, Forbes Beadle L, Herr A, Whisstock JC# & Warr 
CG # (2013) Torso-like functions independently of Torso to regulate Drosophila growth and developmental 
timing. (# denotes equal senior author). PNAS 110: 14688-92. 

opposing effects on body size, torso mutants being larger 
than normal, rather than smaller like torso-like mutants. 
Thus Torso-like acts independently of Torso in controlling 
both developmental timing and growth, and these results 
show that the function of Torso-like in its zygotic role in 
the developing larva is mechanistically distinct from its 
maternal pattering role.

This study challenges the dogma that Torso-like is a 
specialised developmental cue linked to Torso, and 
instead suggests that Torso-like functions in its own right 
as a major regulator of cell signalling and development. 
This highlights surprisingly diverse developmental 
functions for this sole Drosophila member of the perforin-
like superfamily. We now aim to unravel the mechanism 
of Torso-like function in both of its roles, as well as other 
roles we have recently discovered, to gain further insight 
into alternative functions of MACPF proteins.

References: 1. Klinger et al. 1988. Function of torso in determining 
the terminal anlagen of the Drosophila embryo. Nature 355: 275-277. 
2. Savant-Bhonsale & Montell 1993. torso-like encodes the localized 
determinant of Drosophila terminal pattern formation. Genes Dev. 
7: 2548-2555. 3. Martin et al. 1994. Terminal pattern elements 
in Drosophila embryo induced by the torso-like protein.  Nature 
367: 741-745. 4. Rewitz et al. 2009. The insect neuropeptide PTTH 
activates receptor tyrosine kinase Torso to initiate metamorphosis. 
Science 326: 1403-1405.

Above: Confocal microscope image of the major neuroendocrine gland in the 
developing fly larva, the Prothoracic Gland (green, phm-Gal4 expression of 
eGFP). The gland is attached to the larval brain from which it receives the cue 
to initiate metamorphosis (red, anti-elav). The gland is a central regulator 
of growth and developmental timing. Altered growth in torso-like mutants 
results in smaller larvae (right) compared to wild type (left).
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Impacts of Nitrogen Limitation on the Sinking Rate of 
Emiliania huxleyi  
Submission: John Beardall
Pantorno A, Holland DP, Stojkovic S & Beardall J (2013) Impacts of nitrogen limitation on the sinking rate of 
the coccolithophorid Emiliania huxleyi (Prymnesiophyceae). Phycologia 52: 288-294.

from our group (2,3) explores these effects in a freshwater 
toxic cyanobacterium and an oceanic phytoplankter 
respectively.

References: 1. Pantorno et al. 2013. Impacts of nitrogen limitation 
on the sinking rate of the coccolithophorid Emiliania huxleyi 
(Prymnesiophyceae). Phycologia 52: 288-294. 2. Holland et al. 2012. 
The impacts of a high CO2 environment on a bicarbonate user; the 
cyanobacterium Cylindrospermopsis raciborskii. Water Res. 46: 1430-
1437. 3. Stojkovic et al. 2013. CO2 concentrating mechanisms in 
three Southern Hemisphere strains of Emiliania huxleyi. J Phycol doi: 
10.1111/jpy.12074. 4. Flynn et al. 2012. Changes in pH at the exterior 
surface of plankton with ocean acidification. Nat. Clim. Chang. 2:510-
513.

Scanning electron micrograph of  Emiliania huxleyi, an ecologically 
important coccolithophore in the  marine phytoplankton. Courtesy of 
S. Stojkovic

Dietary Cholesterol Modulates Pathogen Blocking 
by Wolbachia  
Submission: Beth McGraw
Caragata EP, Rancès E, Hedges LM, Gofton AW, Johnson KN, O’Neill SL & McGraw EA (2013) Dietary 
cholesterol modulates pathogen blocking by Wolbachia. PLoS Pathog 9: e1003459.

Wolbachia pipientis is an intracellular bacterium 
that naturally infects many insect species. 

These bacteria can block the replication and 
dissemination of a variety of pathogens that coinfect 
the insect. In mosquitoes this effect applies to viruses 
including dengue and the parasite that causes 
malaria. This makes Wolbachia a promising method of 
controlling a number of insect-transmitted diseases 
of humans. 

Some studies suggest that pathogen blocking is due to 
Wolbachia stimulating the host innate immune system, 
however in the fly Drosophila melanogaster, blocking 
occurs in the absence of such an immune effect. This 
suggests that there is an additional component to the 

mechanism. Host nutrients such as cholesterol are 
a limiting factor in virus replication and may serve 
as a source of competition that underlies pathogen 
blocking. 

Here we show that competition over cholesterol 
contributes to the pathogen blocking effect, with 
higher available cholesterol levels causing less 
effective blocking, and increased viral titres in 
Wolbachia-infected D. melanogaster challenged with 
the pathogenic Drosophila C virus. 

These results suggest that competition over 
cholesterol is an important part of the pathogen 
blocking mechanism.

Algae are remarkable organisms and, aside from 
their role in providing half the oxygen we breathe 
and supporting most aquatic food chains, can also be 
used to strip out heavy metals from polluted waters 
and as sources of useful chemicals, including lipids 
for biofuels.

The Algal Physiology Lab, run by John Beardall, is currently 
investigating many of these activities. However, a major 
focus of the lab’s efforts is studying the impacts of global 
change on the physiological performance of marine and 
freshwater algae and cyanobacteria. Increases in global 
temperatures will enhance stratification and reduce 
nutrient availability across large tracts of the oceans, and 
increasing CO2 is leading to ocean acidification.  

Recent work from our lab has shown that some of these 
changes will influence macromolecular composition and 
size of an important member of the marine phytoplankton, 
Emiliania huxleyi (1), though it is the changes in size 
alone that determine the sinking rates of cells into the 
deep ocean where C can be sequestered. 

Size can also be a major determinant of pH at the 
cell surface, and hence influence the effect of ocean 
acidification on cellular function (4). Changing pH and 
elevated CO2 could have important repercussions for 
inorganic C uptake in photosynthesis and recent work 
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Research in the Evolutionary and Invasion Biology 
Group  
Submission: Krystina Mossop

Research in the Chapple lab covers a range of 
topics centred on broad themes of invasion biology, 
evolutionary ecology and the consequences of 
environmental variation and change, both natural 
and anthropogenic (1). 

We use a range of approaches, frequently in combination, 
including molecular markers that facilitate studies of 
phylogenetics, phylogeography and population genetics 
(2,3). 

Examples of current research include the evolutionary 
origins and population structure of the lizard fauna of Lord 
Howe Island, and the phylogenetic and phylogeographic 
structure of the desert goby in central Australia. An 
animal’s behaviour can critically mediate its interaction 
with the environment it inhabits; hence, behavioural 
ecology is a recurring theme across many projects. 

Currently, this encompasses questions ranging from the 
ecology and behaviour of the introduced bleating tree 
frog, to a role of ecological variation in shaping sexual 
and movement behaviours in an arid zone specialist, the 
desert goby. 

Several current projects are examining behavioural 
syndromes, an emerging research direction recently 
highlighted in its underappreciated implications for areas 
including invasion biology (4). Investigations into the 
role of personality in the delicate skink and the invasive 
mosquitofish will thus provide insights into potential 
behavioural underpinnings of what makes some species, 
and not others, good invaders of novel environments. 

Finally, morphological traits are providing an important 
metric in both fish (red devil cichlids) and lizard taxa, 
for example, by elucidating mechanisms that drive 
adaptation to climatic variability in the delicate skink.

References: 1. Tingley et al. 2013. Life-history traits and extrinsic 
threats determine extinction risk in New Zealand lizards. Biol. Cons. 
165: 62-68. 2. Chapple et al. 2013. Divergent introduction histories 
among invasive populations of the delicate skink (Lampropholis 
delicata): has the importance of genetic admixture in the success of 
biological invasions been overemphasized? Divers. Distrib. 19: 134-
146. 3. Chapple et al. 2013b. Biosecurity interceptions of an invasive 
lizard: origin of stowaways and human-assisted spread within New 
Zealand. Evol.  App.6: 324-339. 4. Chapple et al. 2012. Can behavioral 
and personality traits influence the success of unintentional species 
introductions? TREE 27: 57-64.

The bleating tree frog Litoria dentata

Field locations at Lord 
Howe Island, NSW

Polymorphism in red devil cichlids Amphilophus labiatus

Above: Fish-based field work in arid Australia
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Our research in this area aims utilize avian malaria as a 
model to understand pathogen movement across bird 
migratory flyways. 

To build this model, we will build knowledge on how 
birds fight parasites through behaviour, physiology, and 
immunity, how pathogens evade host immunity through 
clever genomic re-arrangements, and how vectors 

Flyway Networks: Connecting Pathogens to New 
Hosts in Far Away Lands 
Submission: Anders Goncalves da Silva and Rohan Clarke

The East Asia – Australasian Flyway connects 
Northern Siberia and Alaska to Southern Australia 
and New Zealand, a region that encompasses 45% of 
the world’s human population. 

Millions of birds pass through this flyway each year 
to fulfill their annual migratory cycle, clearing major 
barriers such as mountain ranges, deserts, and oceans. 
Tucked away in their feathers, in their blood-stream 
and lungs, and in their guts, are countless diseases and 
parasites in search of a happier, more naïve, host in some 
distant land. 

In spite of the incredible potential for migratory birds to 
disperse diseases, we still know very little about how it 
happens (e.g., which bird species are most likely to carry 
diseases?), and if it is possible to predict how diseases 
would flow through the flyway network. 

Diseases such as West Nile Virus and H1N1 influenza are 
devastating, but rare. Understanding the dynamics of a 
system through rare occurrences is nearly impossible, 
and all together undesirable. Bird malaria, while 
devastating to naïve populations, is relatively common 
across the East Asia – Australasian Flyway (1). 

The maternal inheritance of mitochondria means 
that the mitochondrial DNA (mtDNA) reaches an 
evolutionary road-block in males. 

This implies that adaptation of animal mtDNA 
sequences will proceed chiefly through direct 
selection in females. Males should be able to rely on 
the female-specific adaptation of mtDNA to optimise 
their mitochondrial requirements for many traits. 

However, many metabolically-reliant traits are 
sexually dimorphic, and for these traits optimisation 
of mitochondrial requirements for the female version 
of the trait might not result in optimized function in 
the male version. 

Mitochondria, Maternal Inheritance and the 
Evolution of Male Life Histories  
Submission: Damian Dowling

Yee WKW, Sutton KL & Dowling DK (2013) In vivo male fertility is affected by naturally occurring 
mitochondrial haplotypes. Current Biology 23: R55-R56. 

Mosquito dining on a 
Torresian Crow

(mosquitos and blackflies) 
broker interactions between 
host and parasite. 

To tackle this, our team 
includes Dr. John Ewen 
(Zoological Society, London), 
Dr. Jonathan Keith (School 
of Mathematical Sciences), 
Dr. Jean-Bernard Duchemin 
(CSIRO – Ecosystem Sciences), 
and Dr. Paul Sunnucks (School 
of Biological Sciences). 

Reference: 1. Ewen et l. (2012) Establishment of exotic parasites: 
the origins and characteristics of an avian malaria community in an 
isolated island avifauna. Ecol. Lett. 15: 1112-1119.

Mutations in the mtDNA that are maladaptive to 
males might thus accumulate within populations, 
if these same mutations are relatively benign or 
positive in their effects on females. 

Recent research from our group has provided 
the first direct experimental support for this 
evolutionary hypothesis. Our results suggest that 
mitochondrial genomes harbour mutations that 
affect key components of male, but not female, life 
history (fertility, ageing).

Additional references: 1. Camus et al. 2012. Mitochondria, 
maternal inheritance and male aging. Current Biology 22: 1717-
1721. 2. Innocenti et al. 2011 Experimental support for a sex-
specific selective sieve in mitochondrial genome evolution. 
Science 332: 845-848.
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Sakakibara K, Ando S, Yip HK, Tamada Y, Hiwatashi Y, Murata T, Deguchi H, Hasebe M & Bowman JL (2013) 
KNOX2 genes regulate the haploid-to-diploid morphological transition in land plants. Science 339: 1067-
1070. 

The life cycle of land plants involves an alternation of 
generations, that is, they have complex, multicellular, 
3-dimensional bodies in both their haploid 
(1n) gametophyte and diploid (2n) sporophyte 
generations. 

In contrast, in animals only the diploid generation has 
a complex multicellular body, with the haploid portion 
of the life cycle limited to eggs and sperm, in females 
and males, respectively. When presenting the land 
plant life cycle to university students, I often provide 
the analogy that if our life cycle had an alternation of 
generations it would mean that our eggs and sperm 
would be multicellular individuals with an independent 
life. Perhaps they would meet at the pub, and if they got 
along, proceed with fertilization. And all this could take 
place in the absence of knowledge of our diploid bodies. 

KNOX2 Genes Regulate the Haploid-to-Diploid 
Morphological Transition in Land Plants  
Submission: John Bowman

Historical Context
The exhaustive researches of Wilhelm Hofmeister 
(1851/1862) on the development of both haploid and 
diploid generations in land plants led him to formulate 
that all land plants had an alternation of generations, 
thus unifying the understanding of life cycles of all land 
plants.  

He points out that the life cycles form a continuum, with 
those of the bryophytes (liverworts, mosses, hornworts) 
having a gametophyte dominant life cycle and the 
vascular plants (lycophytes, ferns, gymnosperms, 
angiosperms) having a life cycle dominated by the 
sporophyte.  He did not place this explicitly in an 
evolutionary context as the original publication in 
German (1851) is prior to Darwin’s publication of the 
Origin of Species.

For those interested in history, Figure 1 shows the 
formulation of the hypothesis from the English 
translation of Hofmeister’s book (1).

This discovery revolutionised how plants were viewed, 
and Celakovsky posed the question of how the alternation 
of generations evolved, with two ideas put forward (2).  
In one hypothesis the two generations evolved from a 
common ancestral generation with the two generations 
diverging in opposite manners in bryophytes and 
vascular plants the ‘homologous’ theory.  In the second 
hypothesis, the diploid generation evolved as a new 
intercalated generation from an ancestral single celled 
diploid cell - the ‘antithetic’ theory. 

Soon after, Pringsheim discovered the phenomenon 
of apospory, the development of a gametophyte body 
from the diploid generation (Figure 2) (3).  This is the 
first description of apospory, which is the phenotype 
we discovered in the loss of function KNOX2 mutations 
in Physcomitrella. That the diploid generation could 
be induced to develop with the body of a gametophyte 
fueled support for the homologous theory. 

Figure 1.  Formulation of the hypothesis from the English 
translation of Hofmeister’s book (1)

A ‘typical’ moss - the green leafy parts are the haploid generation, 
while the brown capsules are the diploid generation.
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Our results, the loss of KNOX2 gene function resulting in 
apospory, provide the first molecular genetic data on the 
regulation of the alternation of generations in land plants 
(5). 

One role of KNOX2 transcription factors, which are only 
active in the sporophyte, is to repress the gametophyte 
development program during the sporophyte generation 
(Figure 3). Furthermore, our data provide genetic 
support for the antithetic theory as the genetic system 
(KNOX/BELL) controlling the alternation of generations 
in Physcomitrella has likely been recruited from an 
ancestral system that controlled gene expression in the 
single celled diploid phase of the life cycle. 

What are the applications?
While our research is focused on understanding 
fundamental questions in the evolution and development 
of land plants, as is often the case in science, potential 
applications can be envisioned to come from this 
curiosity driven research. For example, one of the holy 
grails of agriculture is the development of apomixis in 
crop species. Apomixis is the development of diploid 
embryos from maternal tissues without fertilization.  

Apomixis in crop species would allow the propagation of 
hybrid seeds, with one benefit being that farmers could 
produce their own hybrid seed, with obvious implications 
especially for agriculture in the developing world.

Since the KNOX/BELL genetic system appear to control 
with switch between the haploid and diploid generations, 
loss-of-function alleles in flowering plants could lead to 
the activation of an apomictic program in diploid cells, 
or conversely, gain-of-function alleles could induce the 
diploid program in the gametophyte generation. 

In conjunction with control of meiosis, these genes could 
be useful for engineering apomixis into agriculturally 
important species.

References: 1. Hofmeister 1862. On the germination, development 
and fructification of the higher crytogamia, and on the fructification of 
the Coniferae. The Ray Society, London. 2. Celakovsky 1874. Ueber die 
verschiedenen Formen und die Bedeutung des Generationswechsels 
der Pflanzen. Sitzungsberichte der königl. böhmischen Gesellschaft 
der Wissenschaften in Prag. 21-61. 3. Pringsheim 1876. Über 
vegetative Sprossung der Moosfrüchte. Monatsber K Akad Wiss Berlin 
425-429 4. Bower 1908. The Origin of a Land Flora. Macmillan and Co. 
London. 5. Sakakibara et al. 2013. KNOX2 genes regulate the haploid-
to-diploid morphological transition in land plants. Science 339: 1067-
1070.

Figure 2.  Apospory, the development of a gametophyte 
body from the diploid generation (2)

However, just after the turn of the last century, Bower 
argued strongly in favor of an antithetic origin of the 
alternation of generations in land plants (4). The two 
theories were hotly debated throughout the 20th 
century, but with the realization that freshwater 
charophycean algae (with multicellular haploid bodies 
but a single celled diploid phase) are the sister taxa 
to land plants, from a morphological and anatomical 
standpoint, the antithetic theory is widely accepted 
today.  

Figure 3. Physcomitrella wild-type diploid body (left); KNOX2 mutant 
diploid body, arrowheads indicating aposporously produced haploid-like 
tissues (second from left); wild-type haploid tissues (second from right); 
KNOX2 mutant aposporous haploid-like body derived after two weeks 
growth (right). Photos: Keiko Sakakibara
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In a recent study we used South Africa’s national park 
system (19 national parks, throughout South Africa and 
covering 39,000 km2) as a model to test the generality 
of predictors of alien species richness in protected areas. 

We also compared the predictors of alien versus invasive 
species richness, and alien plant versus alien animal 
species richness. Species were classified as alien, invasive 
(having known negative impact on biodiversity) or 
extralimital, using standard definitions. 

Potential predictors (numbers of years since the park 
was proclaimed and since new land was acquired, park 
area, data availability, human population density in the 
vicinity of the park, number of roads, number of rivers, 
indigenous plant species richness and normalised 

Human Population Density Explains Alien Species 
Richness in Protected Areas
Submission: Melodie McGeoch

Understanding the drivers of biological invasions, 
across taxa and regions, is important for designing 
appropriate management interventions. However, 
there has been no work that has examined potential 
drivers of both plant and animal invasions, for both 
species considered to be aliens and those that are 
invasive. 

Spear, D, Foxcroft, LC, Bezuidenhout, H & McGeoch, MA (2013) Human population density explains alien 
species richness in protected areas. Biol. Cons. 159: 137–147.

Pittosporum undulatum, is an extralimital 
alien (native weed) in Victoria that is found in 
parks around Melbourne.

difference vegetation index) of the number of alien and 
invasive species in national parks were examined for 
plants and animals using generalised linear models. 

Human population density surrounding parks was a 
significant and strong predictor of numbers of alien 
and invasive species across plants and animals. The 
role of other predictors, such as NDVI and park age, was 
inconsistent across models. 

Human population density has emerged here as an 
important predictor of alien species richness in protected 
areas across taxa, providing a basis for guidelines on 
where to focus surveillance and eradication efforts.

Current related research: The same hypothesis is currently 
being investigated across parks in the broader Melbourne area in 
Victoria, Australia. Provisional findings support the generality of this 
significant, positive relationship between alien species richness and 
human population density (Chris McGrannachan, Gillis Horner and 
Melodie McGeoch).

Above: Number of alien species in national parks in South Africa that are 
biocontrol agents, domestic and livestock animals and extralimital species.
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