
Advertisement

We've updated our Privacy Policy (/tn/privacy) to make it clearer how we use your personal data.

We use cookies to provide you with a better experience, read our Cookie Policy (/tn/cookies)

I UNDERSTAND



(HTTPS://WWW.TECHNOLOGYNETWORKS.COM/)



(HTTP://GO.TECHNOLOGYNETWORKS.COM/SUBSCRIBE-
TO-
NEWSLETTERS)



(/TN/LOGIN)



(HTTPS://WWW.FACEBOOK.COM/TECHNOLOGYNETWORKS/)



(HTTP://WWW.TWITTER.COM/TECH_NETWORKS)



(HTTPS://WWW.INSTAGRAM.COM/TECH



(HTTPS://WWW.LINK

TECHNOLOGY
 NETWORKS

(/tn)

Lung�sh Genome Reveals How Aquatic Vertebrates
Conquered Land

NEWS  (/tn/news)   Jan 18, 2021

 

Australian lung�sh (Neoceratodus forsteri). Credit: IMP/Schedl. Animals by Haus des Meeres, Vienna.

 Read Time: 4 min

A team of scientists has broken a new record for sequencing the largest animal genome to date – the Australian lung�sh, one of the few
living relatives of the �rst land vertebrates. The genome contains 43 billion base pairs which is 14 times larger than the human genome.
The research is published in the journal Nature (https://www.nature.com/articles/s41586-021-03198-8).1 

Molly Campbell (/tn/editor/molly-campbell)

Science Writer

 @mollyrcampbell (https://twitter.com/mollyrcampbell)
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The Australian lung�sh (Neoceratodus forsteri) is found in the slow-�owing rivers and still waters of Southeast Queensland Australia. It is
unique both in its appearance and its biology compared to other aquatic creatures. A single dorsal lung acts as an additional respiratory
organ when the �sh's activity is high, it possesses �ns that resemble limbs and has a strong sense of smell. 

Nineteenth century scientists mistakenly classi�ed the lung�sh as an amphibian, but it is now known to belong to the Sarcopterygii (lobe-
�nned �sh) clade. The lobe-�nned �sh clade – which also includes coelacanths and tetrapods – of the Devonian period gave rise to all land
vertebrates. The lung�sh's position in the tree of life therefore makes it an interesting creature to study for understanding how aquatic
vertebrates evolved and adapted for life on land, particularly at the genomic level.  

Scientists from the Research Institute of Molecular Pathology (IMP) (https://www.imp.ac.at/) and the Universities of Vienna, Würzburg,
Konstanz and Hamburg have successfully sequenced the genome of the Australian lung�sh de novo, setting a record for the largest
animal genome to have ever been sequenced. 

A homogenous puzzle

To conduct the study, the team obtained biopsy material from a juvenile Australian lung�sh that was imported from Australia. 

Sequencing large genomes is no easy feat. It requires the breakdown of the entire genomic sequence into millions of smaller pieces that
are then reassembled. "Large genomes contain tremendous amounts of repetitive content. Once the sequencing machine splits the
genome into tens of millions of readable (and overlapping) pieces, it is tricky to put them back together because many pieces look alike.
This is further complicated by the inherent error rate these sequencing machines have," explained Siegfried Schloissnig, a computer
scientist and biologist at the IMP and co-�rst author of the study. He likened the task to assembling a puzzle with a very homogenous
pattern. 

Thus, the scientists had to develop their own suite of tools – called MARVEL assembler (https://github.com/schloi/MARVEL) – to stitch the
sequence back together correctly and e�ciently. The pieces were then assembled into larger structures, such as whole chromosomes,
using a chromosome conformation capture technique, Hi-C. Hi-C belongs to a family of molecular biology techniques that can be used to
analyze the organization of chromatin in a cell at the spatial level. 

Lung�sh are more closely related to four-legged animals than coelacanths

The lung�sh genome was found to be a staggering 43 billion base pairs in size. That is 30% larger than the Mexican axolotl's genome –
previously considered to be the largest genome sequenced – and 14 times larger than the human genome. What evolutionary secrets
were found hidden within this enormous genome? 

"Biologists have long argued whether lung�sh or coelacanths (another group of lobe-�nned �sh) were the closest living relatives of the
�rst land vertebrates," said Elly Tanaka, group leader at IMP and corresponding author on the study. 

The team's phylogenetic analyses con�rmed that the lung�sh are closer to amphibians, reptiles, birds and mammals, than the
coelacanths. Lung�sh branched away from the ancestral line that would lead to four-legged animals just 420 million years ago.
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(https://cdn.technologynetworks.com/tn/images/body/sandally1610983147703.jpg)IMP Scientists Siegfried Schloissnig and Elly Tanaka at Haus des

Meeres in Vienna. Credit: IMP. 

The researchers analyzed levels of gene expression in various tissues of the lung�sh, which revealed some parallels between the species
and land vertebrates. "We also discovered that the number and expression levels of genes related to lung surface proteins, air-borne odor
receptors and limb development were closer to those of amphibians than to other �sh. These �ndings point to a set of adaptations that
were necessary to transition to a terrestrial lifestyle," added Tanaka. 

No genome too large?

When asked about potential study limitations, the authors highlighted the bioinformatics barriers they faced, as the majority of algorithms
currently available for sequencing projects had not been designed to process genomes of this size. 

"We would love to say to the programming world, “please write genome analysis programs with
42 Gb genomes in mind!” – Schloissnig.

Furthermore, the lung�sh was listed as a "threatened" species under the Australian Environment Protection and Biodiversity Conservation
Act in 1999 due to urban growth in the Queensland area adversely impacting aquatic ecosystems.
(https://link.springer.com/article/10.1007/s10641-008-9414-y) Consequently, the researchers were limited in the amount of tissue and
embryonic material that was at their disposal. "We would have loved to analyze gene expression in other organs such as the brain to
understand how they have evolved," Shloissnig commented. Tanaka added that she hopes the genome data may contribute to the
ongoing conservation e�orts in Australia to preserve the lung�sh. 

As for next steps, the researchers are keen to understand the genetic relationship between geographically separated lung�sh, including
species inhabiting Africa and South America. They are now on the lookout for the next large genome that can be tackled using their
custom algorithms, with their sights sets on salamanders – watch this space.  

Siegfried Schloissnig and Elly Tanaka were speaking to Molly Campbell, Science Writer, Technology Networks. 
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Pervasive Health Threats of Unregulated Battery Recycling Revealed

(/tn/news/pervasive-health-threats-of-unregulated-battery-recycling-revealed-344689) NEWS  (/tn/news)

A remediation and public education e�ort at an abandoned battery recycling facility in Bangladesh eliminated most lead soil
contamination, but levels of the toxic metal in children living near the site did not decrease nearly as much. The discrepancy reveals
the scope of other lead exposure sources and the challenge they present to public health.

READ MORE  (/TN/NEWS/PERVASIVE-HEALTH-THREATS-OF-UNREGULATED-BATTERY-RECYCLING-REVEALED-344689)
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