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Compare between groups
to look for gene expression differences
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Compare between groups
to look for gene expression differences

Age: 24 months Age: 24 months
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RNA-seq analysis

/ 1. Trim adapters,
\ / quality filtering,
s ———

/ 2. Align reads to

\/ reference
- zebrafish genome
assembly

Libraries of reads
prepared from RNA
extracted from
zebrafish brains

(Law et al. 2014, Smyth 2004)

3. Count reads
aligning to gene
Sample 1 Sample2 Sample 3
Gene A 6 3 2
13 4 12
Gene X

Gene-by-sample matrix

~20,000 genes

4. Moderated t-test
approach to determine
genes which are
differentially expressed
between conditions (FDR-
adjusted p-value < 0.05).

5. Test whether biological
functions / pathways are
over-represented in the
DE genes (FDR-adjusted p-
value < 0.05).



1. “Accelerated aging” in young adult mutants
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1. “Accelerated aging” in young adult mutants
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2. Gene expression changes in aged mutant brains,

mostly distinct from
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2. Gene expression changes in aged mutant brains,

mostly distinct from
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3. Q96K97 and K97fs mutations have different effects
onh gene expression at 6 months of age

(FDR adjusted p-value < 0.05 for
differential gene expression and GO
enrichment analysis)
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251 differentially expressed genes

105 differentially expressed genes

Functionally enriched in:
 Energy metabolism

Functionally enriched in:
« Oxidative stress

Transmembrane transport e 24 months . Glucocorticoid stress qe: 24 months
processes psent: Q96K97/+ responses sent: K97fs/+
(n=4)
Age: 6 months Age: 6 months Age: 6 months Age: 6 months
psent: +/+ psent: QO6K97/+ pseni: +/+ psent: K97fs/+

(n=4) (n=4) (n=3) (n=3)



oo s Is iron homeostasis
" in Neuroscience Neurodegeneration disrupted in Q96K97/+
Y Y~ -——— (fAD-like) zebrafish?
Can this be seen in the

HYPOTHESIS AND THEORY ARTICLE ,.) ] 9
Front. Neurosci., 13 August 2018 | https://doi.org/10.3389/fnins.2018.00533 e b ra I n R N A- Seq d ata
aaaaaaa 2 L

Dysregulation of Neuronal Iron Homeostasis as an . o
Alternative Unifying Effect of Mutations Causing 1.  Define gene set representing iron

L - ’ .
Familial Alzheimer’s Disease homeostasis genes (genes
L Amanda L. .Lumsdenlrz'f, . Jack T. Ro.g?rs3*, Shohreh Majd‘t, [§ Morgan Newman®,  Greg T. Sutherland®, CO ntai N i ng | ron Reg u |a-tory
iuseppe Verdile’ and a Michael Lardelli®

:College of Me.dicine and Public Health, Flinders Un-iversity, Ad_elaide, SA, Aust.ralia El em en‘tS | n ‘th e| r UTRS) .

South Australian Health and Medical Research Institute, Adelaide, SA, Australia

3Neurochemistry Laboratory, Department of Psychiatry-Neuroscience, Massachusetts General Hospital (East), Harvard Medical School, Harvard H

Urivers, Crartestown, MA, United States 2. Apply gene set enrichment
“Neuronal Injury and Repair Laboratory, Centre for Neuroscience, College of Medicine and Public Health, Flinders University, Adelaide, SA, Australia . . ,
5Centre for Molecular Pathology, School of Biological Sciences, University of Adelaide, Adelaide, SA, Australia |} { d 'ﬁ:

SDiscipline of Pathology, Sydney Medical School, University of Sydney, Sydney, NSW, Australia ana SIS to assess I erences In
7School of Pharmacy and Biomedical Sciences, Faculty of Health Sciences, Curtin Health Innovation Research Institute, Curtin University, Bentley, WA,

iron homeostasis in the
psen1Q96KI7/+ fish vs, wild type
siblings.
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Defining sets of genes containing Iron Regulatory Elements

5 UTR 3’ UTR
5 UTR 3' UTR [ ]

Zebrafish transcripts from
Ensembl reference genome
assembly (~50,000 transcripts)

Gene set enrichment analysis
In comparisons of interest

-—>-_.

Extracted 3’ and 5’
UTR sequences from all
zebrafish transcripts

11mn
]
1=

Identified 3’ and 5’
transcripts with IREs

Summarised
transcripts
to genes

=

1,082 zebrafish

U 307 zebrafish
genes containing genes containing
IREs in 3’ UTR IREs in 5’ UTR
(Iron deficiency (Iron surplus

response) response)

These gene sets represent genes involved
in iron metabolism / homeostasis



4. Evidence of iron deficiency response in Q96K97/+

brains at 6 months

1,082 zebrafish
genes containing
IREs in 3’ UTR
(Iron deficiency
response)

(Using gene set enrichment analysis,
p-values Bonferroni-adjusted)
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(n=3) e,

Age: 24 months
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Age: 24 months
psent: K97fs/+
(n=3)

Age: 24 months
psent: QO6K97/+

(n=4)
Age: 6 months Age: 6 months
3 psent: +/+ psent: K97is/+
(n=3) (n=3)
Age: 6 months P = 0.001 Age: 6 months

pseni: +/+ psent: QO6K97/+
(n=4) (n=4)



4. Evidence of iron deficiency response in Q96K97/+
brains at 6 months

1,082 zebrafish
genes containing
Positive IREs in 3’ UTR
control = (Iron deficiency
p=0.026 response)

(Using gene set enrichment analysis,
p-values Bonferroni-adjusted)

Age: 24 months
psent: +/+

Age: 24 months
psent: K97fs/+
(n=3)

psen 1\; 4

Age: 24 months
psent: QO6K97/+
(n=4)

Age:6 months  Negative Age: 6 months
- psent: +/+ psent: K97is/+
(n=3) control (13
Age: 6 months P = 0.001 Age: 6 months _ 1

psent: +/+ psent: Q96K97/+ p=

(n=4) (n=4)



summary

1. Analysing RNA-seq data can be an effective approach for
detecting broad patterns of gene expression changes

across the brain, and also more targeted hypotheses (with a
representative gene set).

2. Gene set enrichment testing shows preliminary evidence to
support iron dyshomeostasis in early stages of familial
Alzheimer’s disease (need to test other zebrafish
models/mutations).



Acknowledgements

A/Prof. Michael Lardelli

Zebrafish Alzheimer’s Disease Genetics Laboratory

Morgan Newman
Karissa Barthelson
Yang Dong

Jiayu Ruan

Ewen Gerken
Aoya Chen

Tanya Jayne

+ Dave Adelson, Sabrina Ng, Shanice Mah, Arwa Nawaz

Dr. Stephen Pederson

Bioinformatics Hub

Jimmy Breen
Rick Tearle
Nathan

Dan Kortschak
Alastair Ludington
Charlotte Sai
Melanie Smith
Ning Liu

Justin Bogias
Jacqui Rehn



