A zebrafish model for the FA/BRCA pathway and
connecting fish medical models to human health
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A zebrafish model for the FA/BRCA pathway and
connecting fish medical models to human health

* What makes zebrafish a good biomedical model?
A small molecule screen to rescue Fanconi anemia.
» Connecting fish genomes to human biology.




Fish provide models for biomedicine
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Experiments stimulated by that discovery showed that a single nucleotide polymorphism in the human MIR140 gene leads to improper mature MIR140 production and contributes to nonsyndromic cleft palate susceptibility in patients (Li et al., 2010) 
Li, L., Meng, T., Jia, Z., Zhu, G., Shi, B., 2010. Single nucleotide polymorphism associated with nonsyndromic cleft palate influences the processing of miR-140. Am. J. Med. Genet. A. 152A, 856–862. doi:10.1002/ajmg.a.33236


Fish provide models for biomedicine

Reproductive health
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Fig. 1. Normal ovary during a natural menstrual cycle demonstrating normal follicle population and distribution on day 12 postmenstruation. A dominant follicle is visualized in the central portion of the image and several subordinate follicles from the wave (2–5 mm) are observed in the left lateral aspect of the ovary. 


Fish provide models for environmental health

y v ' < - X
A Ml 9 y.r o L R+ 7. .", : L y ! &
g . .9 .- y & \ > s N - . - ’ . ) .
g . . . A" . 'y - . » - y v, . . -
s 'l ) 4 ¥ 15 . L AT A o) g IS "% y N 1 s La
d ! =\ B3 J 3 . J " 0" b o > . : ol . ‘5 -
“ 'y V L e e ' : - . y g > : "
. ) “ ’ o . 2\ : - . ' N — '
-~ - y ’ - -.A P - ¥ L | y : » 4 . v ~
" -4 7 A i » » ) ) w 5 4 ’ 1y . g
ot B ™ s 4 P L " o " Ay J d J . - - g . »
A% RN ). YA N T3 : d
a e / . 3! . : S I . i
—— R SN ) . LS X . y = m A : - g . NG ~—
N . . A X i ' 7. \ v : e
y . J ' e ! = £ . R
| . y ‘! 2 NS LI, W oy A ’ . | " 1 )
& . B - A A . ol »

few, large thyroid follicles many, small thyroid follicles

* What makes zebrafish a good biomedical model?
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A zebrafish model for the FA/BRCA pathway and
connecting fish medical models to human health

* What makes zebrafish a good biomedical model?
* A small molecule screen to rescue Fanconi anemia.
» Connecting fish genomes to human biology.
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* What makes zebrafish a good biomedical model?
Embryos develop outside the mother.

Karlstrom & Kane 1996 Development
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Zebrafish embryos develop like early human embryos.

28 day human embryo
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Zebrafish allows forward mutagenesis
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Zebrafish has stereotypic
development
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Zebrafish International Resource Center

Zebrafish Information Network




A zebrafish model for the FA/BRCA pathway and
connecting fish medical models to human health
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» What makes zebrafish a good biomedical model? %7

» Connecting fish genomes to human biology.
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Fanconi Anemia
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FA proteins help repair
DNA damage.

Does the molecular genetics
suggest therapies?
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Can a screen for small molecules that rescue zebrafish
Fanconi mutants help find alternative therapies? ==
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Can a screen for small molecules that rescue zebrafish
Fanconi mutants help find alternative therapies? ==

We made mutations in four genes
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Zebrafish FA mutants
have phenotypes like
FA patients.

Can a small molecule
screen help find
alternative therapies?
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Can a screen for small molecules that rescue zebraflsh
Fanconi mutants help find alternative therapies? ===
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Can a screen for small molecules that rescue zebrafish
Fanconi mutants help find alternative therapies? ==
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Can we find a compound that makes
fanc mutants look like wild types?




Can a screen for small molecules that rescue zebrafish
Fanconi mutants help find alternative therapies? g
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How does warfarin rescue FA zebrafish?



How does warfarin rescue FA zebrafish?
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Which of the several vit-K-dependent
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warfarin

Strong AO staining
In fancdl mutants

Rescues AO staining
In fancd1l mutants

Warfarin rescue fails
with exogenous vit-k

Knockdown of
VORCI1 rescues
fancdl mutants

Conclude: warfarin
rescues fancdl
mutants by a vitamin-
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* What makes zebrafish a good biomedical model?

A small molecule screen to rescue Fanconi anemia ‘j‘r

» Connecting fish genomes to human biology.
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» Connecting the zebrafish genome to human biology.

TGD: teleosts have two copies of 25% of human genes
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Gar biology Is more similar to teleost biology,
but the gar genome is more similar to the human genome.

Amores 2011 Genetics

Gar links human and zebrafish conserved non-coding elements (CNES)
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Branch lengths are proportional to conserved
syntenies estimated by counting the average number of gar (or human)
chromosomes containing orthologs of genes on a teleost chromosome
divided by the number of chromosomes in gar (or human) normalized to
divergence times in hundreds of millions of years
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Gar links human and zebrafish conserved non-coding elements (CNES)
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\_,* Mouse as comparator

Gar alignments identify CNEs
otherwise undetectable.

Gar reveals potential
regulatory elements teleosts
share with human!

We can test them for function

teleost
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We can test them for function
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Gar reveals hidden shared regulatory elements
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mouse Mmu1 K1 region
(adapted from Klopocki et al. 2011)
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Gar reveals hidden shared regulatory elements

mouse Mmu1 K1 region
(adapted from Klopocki et al. 2011)
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Gar reveals hidden shared regulatory elements

mouse Mmu1 K1 region
(adapted from Klopocki et al. 2011)
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Are these CNEs regulatory?

pectoral fin bud

transgenic
test

Gar and zebrafish can help
assign function to CNEs.

Thus, gar and zebrafish can help
assign function to human GWAS hits
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A zebrafish model for the FA/BRCA pathway and

connecting fish medical models to human health
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