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Why Koalas and Koala Retrovirus (KoRV)? 2025 CSH Retroviruses
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Why Koalas and Koala Retrovirus (KoRV)? 2025 CSH Retroviruses

= KoRV-A —
®* KoRYV is the agent of koala immune deficiency syndrome gag-pol - LTR
(KIDS) and associates with leukemia and cancers. o

env

®* Save koalas? Yes, but not our initial purpose.

®* KoRV-A s the youngest endogenous retrovirus as we
know in mammals (1,000s — 10,000s years ago), and is
still invading the koala germline genome.

®* How koalas fight back!

® Studying the history: how did human and other species
control the spreading of endogenouse retroviruses?

® Prepare for the future: how will our genome respond /
what shall we do, upon new retroviral invasion?

generated by Al




Data . . Tianxiong Yu
Deep sequencing of koala tissues 2025 CSH Retroviruses

Australia Sunshine Coast

‘ 2 males, 1 female

Currumbin

& Brisbane River
@ < 4 males, 1 female
( b

RNA-seq, small RNA-seq,
and short- and long- read DNA-seq
In koala testis, liver, and brain

Samantha Ho
Birgit Koppetsch

Michaela Blyton

Tarlinton et al. Retroviral invasion of the koala genome. Nature, 2006 8



Results

KoRV-A are actively replicating in the koala genome

Tianxiong Yu
2025 CSH Retroviruses

KoRV-A
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n. germline
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KoRV-A proviruses

koala origin

Port Macquarie PC o
Birkdale I Birke o
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K63855 o ..I o

K63464 o
K94283 o I I
focel

O

Currumbin

K94276 o
K71362 o

Sunshine

120 90 60 30 — shared by two
. . unique to or more koalas
n. germline KoRV-A proviruses one koala

® Each koala have ~70-110 KoRV-A proviruses.
® Not a single KoRV-A provirus is share in all koalas.
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Results

The piRNA pathway cleaves unspliced KoORV-A transcripts

junction reads / splice-site reads
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The piRNA pathway cleaves unspliced KoORV-A transcripts

unspliced transcripts:

junction reads / splice-site reads gag and pol, essential for
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Results

The piRNA pathway cleaves unspliced KoORV-A transcripts

unspliced transcripts: spliced transcripts:
: : S gag and pol, essential for env, eseential for invading
junction readg /O%pllce sito reads viral replication other cells
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Results

The piRNA pathway cleaves unspliced KoORV-A transcripts

unspliced transcripts: spliced transcripts:
junction reads / splice-site reads gag and pol, essential for env, eseential for invading
5.00 viral replication other cells
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Results . . Tianxiong Yu
KoRV-Ais silenced in the north 2025 CSH Retroviruses

normalized KoRV-A
transcription levels In testis
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Results
o o o T Tianxiong Yu
29-nt antisense piRNAs silences transposon transcriptionally 5005 CSH Reteoi o

nucleus
transposon

enome
9 antisense piRNA & PIWI J H3K9me3, DNA methylation

~29nt In

mammals transposon nascent transcript
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Results

29-nt antisense piRNAs directs KoRV-A silencing in the north

Tianxiong Yu
2025 CSH Retroviruses
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Results

29-nt antisense piRNAs directs KoRV-A silencing in the north

Tianxiong Yu
2025 CSH Retroviruses

KoRV-A piRNAs (RPM)
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29-nt antisense piRNAs directs KoRV-A silencing in the north 2005 CSH Retrosi o
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Results Tianxiong Yu

29-nt antisense piRNAs directs KoRV-A silencing in the north 2025 CSH Retroviruses

Which provirus triggers the silencing in north?

Presented Iin the two male northern koalas, not in the southern koalas
3 candidate proviruses
should also under selection (needs more koalas)
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Identification of the trigger provirus for KoRV-A silencing 2025 CSH Retroviruses
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River

n =101 O
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Identification of the trigger provirus for KoORV-A silencing

Tianxiong Yu
2025 CSH Retroviruses
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Results

Identification of the trigger provirus for KoORV-A silencing

Tianxiong Yu
2025 CSH Retroviruses
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Results Tianxiong Yu

The trigger provirus is in the 3’UTR of a gene 2025 CSH Retroviruses

NW_018343981.1: 14,382,000 - 14,396,000
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The trigger provirus is in the 3’UTR of a gene 2025 CSH Retroviruses

long
RNA

DIRNA

NW_018343981.1: 14,382,000 - 14,396,000
Skb ! i
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K71362 long RNA p—

K94276 long RNA

TACTATAATCTGTTGGTGATTTTGAAA
TATAATCTGTTGGTGATTTTGAAAGACCC
TAATCTGTTGGTGATTTTGAAAGACCCC

A

oxidized reads

TTTCTGCCTCCTTCAATTTAACAATGCAC
TTCAATTTAACAATGCACAGTGTCATGATTC
GCCTCCTTCAATTTAACAATGCACA
TCCTTCAATTTAACAATGCACAGTGTCAT
TTCAATTTAACAATGCACAGTGTCATG
TTCAATTTAACAATGCACAGTGTCATGA
TCTGCCTCCTTCAATTTAACAATGCACAGT
TCAATTTAACAATGCACAGTGTCATGATTC
TTCAATTTAACAATGCACAGTGTCATGATT
TGCCTCCTTCAATTTAACAATGCACAGTGTC
TCCTTCAATTTAACAATGCACAGTGTCA
GCCTCCTTCAATTTAACAATGCACAGTGTC
TCCTTCAATTTAACAATGCACAGTGTC

K71362 piRNA

unoxidized reads

GCCTCCTTCAATTTAACAATGCACAGTGTC
A

TATAATCTIGTTGGTGATTTTGAAAGACCC

o TATAATCTGTTGGTGATTTTGAAAGACC
oxidized reads A

TGTTGGTGATTTTGAAAGACCCCAATGT

TTCAATTTAACAATGCACAGTGTCATGAT
TCTGCCTCCTTCAATTTAACAATGCACAGT
TTCAATTTAACAATGCACAGTGTCATG

K94276 piRNA TTCAATTTAACAATGCACAGTGTCATGATT

unoxidized reads

TTCAXATTTAACAATG CACAGTGTCATGAT
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Further validation of the trigger provirus 2025 CSH Retroviruses

A MAP4K4
provirus
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Results ) ) . . Tianxiong Yu
Further validation of the trigger provirus 2025 CSH Retroviruses
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Conclusion
Summary: a two-phased genome response to retroviral invasion

® Retrovirus invades the germline
genome

B L—_—

KoRV-A invasion
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KoRV-A invasion
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Conclusion
Summary: a two-phased genome response to retroviral invasion

® Retrovirus invades the germline
genome

® Phase 1 — Innate response

* “Unself Recognition”: Unspliced
transcripts cleave into sense

PIRNAS, suppressing retroviral
replication.
KoRV A Invasion
1 -

=, S
*oe® sense
mRNAs

phase 1

expressed

R

unmethylated
promoter
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Summary: a two-phased genome response to retroviral invasion

phase 2 ® Retrovirus invades the germline
genome
‘sense and o
antisense piRNAs Phase 1 — Innate response

* “Unself Recognition”: Unspliced
transcripts cleave into sense

» 3 PIRNAS, suppressing retroviral
/\] replication.
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River ®* Phase 2 — Adaptive response

KoRV-A invasion KoRV-A in
MAP4K4 - - * *“Memory”: Integrated into the
3'UTR gl
- = antisense strand of a gene
, ok 3'UTR.
expressed\ =, — * “Antigen production and
ﬁ function™: Antisense piRNAs
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Conclusion
Summary: a two-phased genome response to retroviral invasion

phase 2 ® Retrovirus invades the germline
silenced genome
e -
antisense pIRNAs Phase 1 — Innate response

methylated
promoter

* “Unself Recognition”: Unspliced
transcripts cleave into sense

- PIRNAS, suppressing retroviral
/\] replication.
Brisbane ° _
River —>——E->—l- Phase 2 — Adaptive response
KoRV-A invasion KoRV-A in "
MAP4K4 - - ®* *Memory”: Integrated into the
3'UTR gl
- = antisense strand of a gene
| oy 3'UTR.
expressed\ =, — ®* “Antigen production and
function”: Antisense piRNAs
silence all proviruses
unmethylated C g
promoter transcriptionally.
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