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The problem:

People living a subsistence lifestyle in the Arctic
are highly exposed to persistent organic pollutants.
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« Ohnologs gone missing and lineage-specific evolution
 Application: St. Lawrence Island
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How to connect teleost genomes to human biology?
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» Genomics similar to tetrapods
» Same duplication as human

* Amenable to laboratory culture
» Can grow from embryos

What does duplication
mean for toxicology?
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What does duplication mean for toxicology?
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« Genome duplication complicates connectivity
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» Genome duplication complicates connectivity
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What does this mean for toxicology? D= . = = =
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To see if this is subfunctionalization T oxus

or neofunctionalization, must look at 1 | _ .
a pre-duplication outgroup. What about AHR? Ascidians  Appendicularians

http://marineinvaders.myspecies.info/taxonomy/term/70 evodevogenomics-unibarcelona.weebly.com/oikopleura www2.le.ac.uk/departments/geology/people/goodall-r/personal/images/lancelet.
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What does this mean for toxicology? = What about AHR?
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How did AHR-related genes evolve? -o-l-

——. nonfunctionalization neofunctionalization subfunctionalization

-

— The ‘primary mediator of toxicity’ for teleosts

o@@ is not the ortholog of human AHR
L /A €~

cypiaf TGD ahr2 ahrib ==
zebrafsh —©—
nucleus 2hria
cytoplasm
@ _, 0@ VGD2 ahr2 ahr1b : AHR?2 A:HR1B ,'
ahr ahr2 ahr1 -@- I *
ahria /XX £ AHR -
epra ce AHR
“ AHRZ prima ediator of to . human XX
AHR | A deTicie DD binding and
@ ' d Allo @ — ) —
ondal ® O O Ol0gICd AHR /

Zebrafish ortholog of human AHR is an

Robert Tanguay Oregon State University 2018 10 25 TN :
incipient pseudogene’. Karchner 2005 Biochem J. 392:153




How did AHR-related genes evolve?
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Do upstream and 2
downstream fish differ? 3

Mean total [PCBs] (ng/g + 1 SE)
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=> significantly more
PCBs in downstream fish

Are PCBs from global distillation or the FUD?

von Hippel 2018 Environmental Pollution 234:279




Are PCBs from global distillation or the FUD?
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What are the biological effects?

sex genotype PCR
Gene expression differences?

4 females from highly contaminated sites
4 females from less contaminated sites

BIOO NEXTflex gqRNA-seq
Strand-specific: guards against gDNA

Unique molecular indexes: guards against PCR duplicates




Aligned 9-spine reads to 3-spine genome
brca2 palred -end reads
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Aligned 9-spine reads to 3-spine genome
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DESeq2: Finds differentially expressed genes




DESeq2: Finds differentially expressed genes

Differentially expressed genes
Females: contamin/uncontam 2312
Males: contamin/uncontam 642

What do these genes do?

DAVID 6.7: Database for Annotation, Visualization and Integrated Discovery




What do these genes do?

DAVID 6.7:

brca2 (fancd1) = down
cdc23 = down

fboxo5 = down

h2ax = down

haus6 = down

mad2l1 = down
rab11fip4a = down
lIgl2 = down

ccnb1 = down

most tgf betas down

UP_KEYWORDS
UP_KEYWORDS
UP_KEYWORDS
GOTERM_BP_DIRECT

GOTERM_BP_DIRECT

Enrichment Score: 15.17 h},
Cell cycle ' '

Cell givision ‘ Cel | CyCl e ge n eS

Mitosis - 3.7E-16 3.0E-14

RT 1.96-20 5.2E-18

1.2E-17 1.7E-15

cell division RT - 1.1E-13 2.6E-10
-

mitotic nuclear division RT 1.5E-11 2.3E-8




What do these genes do?

brca2 (fanCd1) = down Annotation Cluster 1 Enrichment Score: 15.17 e | Count : P_Value  Benjamini

UP_KEYWORDS ell cycle o e
cdc23 = down UP_KEYWORDS . i o

_ 4, Cell division RT 1.7E-15
beO5_— down UP_KEYWORDS Rl RT & 3.0E-14
hZax - dOWﬂ GOTERM_BP_DIRECT cell division RT 2.6E-10
haUS6 = down GOTERM_BP_DIRECT mitotic nuclear division RT . 2.3E-8
mad2l1 = down ¢ ; . :
rab11 flp4a = down UP_KEYWORDS DNA replication RT = . = 1 BE.15 Q RE-14
” |2 — d GOTERM_BP_DIRECT | G1/S transition of mitotic cell cycle RT . D NA re p | I Catl O n e n eS E-8
g own SeanE LA
GOTERM_BP_DIRECT DNA replication initiation RT 1y 1.35-1U 1.2E-7

ccnb1 = down
most tgf betas down

mcm3,4,6,7
cdc45
hsc70
pcna

rbbp4

tert

terf1, terf2




What do these genes do?

brca2 (fancd1) = down

cdc23 = down
fbxo5 = down

h2ax = down

haus6 = down
mad?2l1 = down
rab11fip4a = down
lIgl2 = down

ccnb1 = down

most tgf betas down

mcm3,4,6,7
cdc45
hsc70
pcnha

rbbp4

tert

terf1, terf2

Fanconi anemia genes :

UP_KEYWORDS
UP_KEYWORDS
UP_KEYWORDS
GOTERM_BP_DIRECT

GOTERM_BP_DIRECT

UP_KEYWORDS
GOTERM_BP_DIRECT

GOTERM_BP_DIRECT

UP_KEYWORDS
UP_KEYWORDS

GOTERM_BP_DIRECT

Enrichment Score: 15.17
Cell cycle
Cell division
Mitosis
cell division

mitotic nuclear division

DNA replication

G1/S transition of mitotic cell cycle

DNA replication initiation

DNA damae '

DNA repair

{ Count | P_Value : Benjamini
1.9E-20
1.2E-17
3.7E-16
1.1E-13

1.5E-11

1.5E-15
3.1E-11

1.3E-10

4.4E-9 1.8E-7
1.8E-8 5.4E-7

L.9E-5 ©5.76-3




What do these genes do?

brca2 (fancd1) = down

cdc23 = down
foxo5 = down

h2ax = down

haus6 = down
mad?2l1 = down
rab11fip4a = down
lIgl2 = down

ccnb1 = down

most tgf betas down

mcm3,4,6,7
cdc45
hsc70
pcna

rbbp4

tert

terf1, terf2

Fanconi anemia genes =

ercc4
msh6
pola1, pola2
prim1

UP_KEYWORDS
UP_KEYWORDS
UP_KEYWORDS
GOTERM_BP_DIRECT

GOTERM_BP_DIRECT

UP_KEYWORDS
GOTERM_BP_DIRECT

GOTERM_BP_DIRECT

UP_KEYWORDS
UP_KEYWORDS

GOTERM_BP_DIRECT

UP_KEYWORDS
UP_KEYWORDS
GOTERM_BP_DIRECT
UP_KEYWORDS
GOTERM_CC_DIRECT

GOTERM_CC_DIRECT

Cell cycle
Cell division
Mitosis

cell division

mitotic nuclear division

DNA replication

G1/S transition of mitotic cell cycle

DNA replication initiation

DNA damage
DNA repair

DNA repair

Centromere
Chromosome

sister chromatid cohesion

Kinetochore
kinetochore

condensed chromosome kinetochore

RT a 36

chromosome behavior
genes

RT .

What about duplicated genes?

1.9E-20
1.2E-17
3.7E-16
1.1E-13

1.5E-11

1.5E-15
3.1E-11

1.3E-10




What about duplicated genes? .'_.=

nonfunctionalization neofunctionalization subfunctionalization

246 TGD gene pairs had at least one copy that was differentially expressed.
21 pairs had both copies differentially expressed.

4 of those 21 pairs had one copy up, other copy down in contaminated fish.

baseMean log2FC _pvalue padj | 225 TGD pairs had only one copy DE.

comkigs | 27.345] 2275] o0.003] 0.037] o S
T G G| tudY of how they differ with toxicants
T may give insight into mechanisms.
fabpi0s | s035.662] 2457 oooo] ooo//ME B SR IESEEE BRI
fabpton | 32.048] 1766 0001 0.019]

.-*q mn | @4

B
fam65b | 64.561] -1.156] 0.009] 0.074] neofunctionalization  subfunctionalization

famé5a | 91.364] 1367| 0.002| 0.028|
__---| TGD pairs provide that important advantage
kenjza | 97.195] -2.508] 0.001] 0.012| R NaEN et NIRRTVt .

keni2b | 18.028] 1.338] 0.011] 0.084]

Water at North East Cape is toxic to stlckleback genome

&




Water at North East Cape is toxic to stickleback genome.

DNA repair pathways: low expression in contaminated sites.
Cell cycle genes: low expression in contaminated sites.
DNA replication: low in contaminated sites.

Estrogenic effect on males.

Even after site remediation:

* contaminants persist, g i
e accumulate in fish’ - e Health of |nd|genOUS
- alter endocrine pathways, people is put at risk.

« alter expression of genome stability genes.
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 Application: St. Lawrence Island
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What are the biological effects?
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What is the genetic response?




What does this mean for toxicology?

What about AHR?
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Karchner 2005 Biochem J. 392:153

omologs
Marsupials and Placental mammals: 3 homologs
~. AHR2, Chicken Lt m o -
& 1. ENSMGAG00000002128, Turkey
ENSAPLG00000003921, Duck
ENSFALG00000003870, Flycatcher
. ENSOANG00000013548, Platypus

Euteleosteomorpha: 42 homologs

ENSPNAG00000005617, Red-bellied piral
t ENSAMXG00000043651, Cave fish
ENSIPUG00000002619, Channel catfish
ENSPNAG00000015192, Red-bellied piranha
Osteoglossiformes: 4 homologs

Euteleosteomorpha: 44 homologs

ahr2, Red-bellied piranha
ahr2, Cave fish
~ahr2, Channel catfish
ahr2, Zebratish
Teleost fishes: 8 homologs
ENSPNAG00000003289, Red-bellled piranha
ahr2, Spotted gar
ENSLACG00000018685, Coelacanth
Characiphysae: 2 homologs
ahria, Zebrafish
ahria, Northern pike
Osteoglossiformes: 2 homologs
ahria, Spotted gar
Placental mammals: 14 homologs
« Hominines: 3 homologs
AC019117.2, Human
AHR, Human
. ENSPPYG00000017758, Orangutan
- ENSNLEG00000016550, Gibbon
« Old World monkeys: 10 homologs
« New World monkeys: 4 homologs
~ ENSTSYG00000010830, Tarsier
Wet nose lemurs: 3 homologs
ENSTBEG00000007210, Tree Shrew
Rodents: 9 homologs
Laurasiatherian mammals: 16 homologs
Placentals: 5 homologs
Marsuplals: 3 homologs

. ENSOANGO00000009611, Platypus
ENSACAG00000023372, Anole lizard

nonfunctionalization

AHR, Chicken
+*. ENSMGAG00000010174, Turkey
ENSAPLG00000008769, Duck
«- Perching birds: 2 homologs
ENSPSIG00000010051, Chinese softshell turtie
ahr, Xenopus
ahria, Coelacanth
Lamprey: 3 homologs
Vertebrates: 5 homologs
Perching birds: 2 homologs
ENSMGAG00000002118, Turkey
AHR1B, Chicken
ENSPSIG00000018136, Chinese softshell turtie
. ENSMODG00000027484, Opossum
> ENSOCUG00000028055, Rabbit
ahrib, Coelacanth

Euteleosteomorpha: 33 homologs

ahrib, Red-bellied piranha
~ahrib, Cave fish
ahr1b, Channel catfish
ahrib, Zebrafish
Aslan bonytongue: 2 homologs

Euteleosteomorpha: 45 homologs
ENSPNAG00000005281, Red-bellied piranha
*__ ENSAMXG00000035066, Cave fish

- ahr1b, Paramormyrops kingsleyae
ENSLBEG00000019998, Ballan wrasse

BN ol

neofunctionalization subfunctionalization




What does this mean for toxicology?

cvpla1
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Karchner 2005 Biochem J. 392:153

0gs
- Mareuplale and P 3
~ AHR2, Chicken
L S g ! ENSMGAGOOOOOOU'HZ& Turkey
ENSAPLGOOOOOOO392 Duck
ENSFAL G00000003870 Flycatcher
. ENSOANG00000013548, Platypus
42

ENSPNAG00000005617, Red-bellied piranha
< ENSAMXG00000043651, Cave fish
ENSIPUG00000002619, Channel catfish
ENSPNAG00000015192, Red-bellied piranha
O 4

44

- ahr2, Red-bellied piranha
ahr2, Cave fish
- ahr2, Channel catfish
ahr2, Zebrafish
- Teleost fishes: 8 homologs
ENSPNAGOOOOOOOGZBO Red-bellled piranha
- ahr2, Spotted
EN: LACGOOOOOOIGGSS Coelacanth
. Characiphysae: 2 homologs
IJ_J'Y— ahria, Zebrafish
ahria, Northern pike
- O 2
ahria, Sponed gar
- 14h
- Homlnlnes 3 homologs
AC019117.2, Human
AHR, Human
. ENSPPY 17758, O
. ENSNLEG00000016550, Gibbon
« Old World monkeys: 10 homologs
« New World monkeys: 4 homologs
~ ENSTSYG00000010830, Tarsier
Wet nose lemurs: 3 homologs
ENSTBEG00000007210, Tree Shrew

Rodents: 9 homologs

L 16
Placentals: 5 homologs
Marsuplals: 3 homologs
ENSOANGOOOOOOOGS“ Platypus
ENSACAG00000023372, Anole lizard
AHR, Chicken

4% ENSMGAG00000010174, Turkey
+ T ENSAPLG00000008769, Duck
«- Perching birds: 2 homologs
ENSPSIG00000010051, Chinese softshell turtie

ahr, Xenopus
ahria, Coelacanth
Lamprey: 3 homologs
Vertebrates: 5 homologs
Perching birds: 2 homologs
ENSMGAG00000002118, Turkey
AHR1B, Chicken
ENSPSIG00000018136, Ciiinese softshell turtle
ENSMODGOOOOOOZNSQ QOpossum
ENSOCUG00008228055, Rabbit
ahrib, Coelacanlh

pha: 33
ahrib, Red-bellied piranha
*_.ahrib, Cave fish
ahr1b, Channel catfish
ahrib, Zebrafish
Aslan bonytongue: 2 homologs

pha: 45 h

ENSPNAG00000005281, Red-bellied piranha
*__ ENSAMXG00000035066, Cave fish
- ahr1b, Paramormyrops kingsleyae
ENSLBEG00000019998, Ballan wrasse

nonfunctionalization neofunctionalization subfunctionalization

>zebrafish and chicken have ahr2

~zebrafish ahr1a appears to be
ortholog of human AHR

~zebrafish and chicken

have ahr1b
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