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Human genotype-phenotype relationship for disease studies.

Genotype-phenotype mapping

: Sequencing
KO Target” Control R840 4 [ (Genotyping)
DR L0 cT
PRNENE L i
Control -::
‘ Interpretation
Phenotype \ /
HLT syndrome Genotype-phenotype
(Hypotrichosis-Lymphedema N relationship
Telangiectasia syndrome) \
- Absent eyebrow
- Absent eyelashes

- Hypotrichosis
- Palmar telangiectasia

: L
Genotype : / ‘\
— SOX 18| I—
7 Diagnosis or
disease mutation Therapeutic target

* From personal-genome sequencing of patients, screening disease-associated mutations is helpful for prevention of diseases.
+ Targeted therapy could be served from the development of drugs that correct the malfunction of genes carrying the mutations.



Model organism: a crucial tool for understanding human genotype-phenotype relationship.
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genome-wide association studies on patient cohorts have become crucial for human disease research.

* Model organisms play a complementary role to the human population studies,
because genetic background in model organisms can be controlled through the breeding of isogenic lines.



Human phenotyping relying on model organism has been possibly due to ‘orthology-function conjecture’.

HLT syndrome Mouse phenotypes

Absent eyebrow / eyelashes
Hypotrichosis

Alopecia

Hairless / Sparse hair

Abnormal vibrissae morphology
Cyanosis

Palmar telangiectasia

Abnormality of the nail

Orthologous relationship

Sequence identity: 86% _/

Orthology-function conjecture:
Perform similar function between orthologous genes



Phenotypic differences which occurred in the orthologous genes:
Great challenges of human disease study using mouse genetic approaches
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Section |I.
Analysis of molecular evolutionary events accounting for
phenotypic differences of human and mouse orthologous genes

Han SK, Kim D, Lee H, Kim I, Kim S.
Divergence of non-coding regulatory elements explains gene-phenotype differences between human and mouse orthologous genes
(Molecular Biology and Evolution, 2018)



PS score: a statistical framework for a systematic quantification
of the phenotypic differences occurred in human and mouse orthologous genes
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PS score: a statistical framework for a systematic quantification
of the phenotypic differences occurred in human and mouse orthologous genes

PS-score assesses statistical significance of the phenotypic similarity based on the comparisons of the semantic-similarity scores of
orthologous gene-pairs to those of random gene-pairs.
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Orthologous genes cover a wide range of phenotype similarity
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Orthologous genes turn out to have significantly higher PS-scores than random gene-pairs which might be easily explained by
orthology-function conjecture.



Sequence divergence may not explain the phenotypic differences of orthologous genes.
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« One might expect that sequence divergence would affect the phenotypic differences of the LPGs.
« Orthologous genes usually have high sequence similarity but genetic drift between species triggered the divergence of coding region,
changing the phenotypes between the species.



Sequence divergence may not explain the phenotypic differences of orthologous genes.
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Non-coding regulatory evolution: a source of phenotypic evolution
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Phenotypic differences may be the result of changes in non-coding regulatory sequences, which are frequently observed within mammalian
species.



Divergence of non-coding regulatory sequences is correlated with phenotypic differences.
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Divergence of non-coding regulatory sequences is correlated with phenotypic differences.
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Species-specific regulatory elements could explain the existence of orthologous genes with very low PS scores,
which could not be accounted for by the divergence of coding regions.
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Transcriptomic divergence also explains phenotypic differences between orthologous genes.
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Changes in gene regulatory sequences could trigger divergence in transcription across species that
might repurpose functionally conserved proteins in different cell types or tissues, and consequently change the phenotypes.



Our companion website for investigating human disease phenotypes through mouse genetic approaches.
(https://sbi.postech.ac.kr/w/PS)

« We provide tissue-specific expression conservation in all human and mouse orthologous genes using the FANTOM and ENCODE databases.
» Orthologous genes with high expression conservation are likely to be useful for identifying putative phenologs; orthologous genes with
phenotypes that are identical across species.
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Mouse: polycystic kidney and hepatic disease 1 [Source:MGI Symbol;Acc:MGI:2155808]
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Section Il.
Expression divergence of neighbors impacts on
phenotypic differences of human and mouse orthologous genes

(Ongoing Project 1)



ivergence.

iond

expression

le-gene’

sing

differences with’

IC

f phenotyp

ion o

the explanat

imitation on

L

0
m.vl = Increased interleukin-g sscretion
= ghnormal cytoking secration
ovary .WJ = Increased interleukin-2 sacretion
c lasts o — decraased suscephiblity to experimental autoem
o . m — gbnormal T-helper 1 physiclogy
S sigmoid colon = — increased T cell proliferation
m amail inlesting [N . w..l increased susceptibility to expadmental autcimr
ui
H pancraas % M m 5
o . 5 858
m kicinay o ﬂ a
O o adipose lissue S £
m m_ adrenal gland .m m,
@ spleen © i
%) . c 2
) \Q livar ] kS
L
m (@) heart m
NS lung T
L brain
(=] = (=1
o ol
3
s WAdd
O
o
. = 3
. 3 I - -carhosis
. o -
. .WJ “_.“_u:mmwmmn wascular permeability
. — hiligtering
. _ m ll abnormal comecayte envelope morphology
- o ovary — mbnormal carsballar granule layer morphology
E Q || - ebnormal ki hol
. [N - ebnormal skin morphology
[ “ lestia ml — abnormal blood cell morphologydevelopment
(@] . sigmoid colon ) = inereased cireulating interleukin-18 level
= . ;) = abnormal intaraukin sacration
© -‘ gmall intesting S = walght loss
N . — o = abnormal croulating intedaukin lavel
3 oonl W | 3R
m -‘ kicirnizy — abnormal skin pigmentation ‘
. , . © — abnormal vasculogenasis
an N * adipose gsue m - hyperpigmentation
N . . — postnatal lethality, complete penetrance
cs ] ‘cmnal gland c I M- impaisd skin barrer hunatin
o % w _ splaan © - mm”_._mm_._msm__? incompleta penetrance
i . . = dehydration
g . liver m B B e cosamaen
~ — 1
20 B heart T Lhbhbpptbby
o u mcihug
g0 B “| g SEELCERiiis
w= = brain muma_mmmm,mmmm
. | nE EEBBEUEOEE
. 52885 2
—_ . ] =] M L £ WW M £
[=] o a
S £ ghss 2 82
= » 228 3 mE
x ___.___@w._n_m Emg= E g3
. BE2T B Wa
. z f9 & *3
* 3 52 Fi
. ES H
2 I E
. M W..M o |
— . (= W
.
= . 45
.
‘u x .
~.~ .
., .
Te, S
.
v, [}
*, .
.. .
LS
‘e
o,
PERREN
. e
[ ...
. e
. ‘e,
g
P -4~
. s
. e,
- % 9 o
=1 = 5
L= T o
° o
= x 5
. Lo
S | I I +——fg d
o 2 1 = 2
iJ
L . =
I . o
2
= =R
E E L] L] L] L] ]
Qe ol o N
— n_u

asm-auab ‘“d



Molecular evolution of genetic modules impacts on phenotypic evolution
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* Phenotypes are not caused by single gene but affected by group of genes in a module.
» The evolutionary divergence of the gene networks underlying may eventually affect to the phenotypic

differences.



Expression divergence of PPl network partners correlates with phenotypic differences of orthologous genes.
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Molecular evolution of genetic modules impacts

on phenotypic changes of orthologous genes. e
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