K %

FAL (R B 57 BF)

¥R F S

AL GO B A

EINVE I AL R T

LA S H

£
Wt
B
Izt
bl
‘mn

Romero Aguilar, Vanessa Isabel

it ()

FME R H 2 1958 5

R 2949 H 28 H

AP EF R B FEHK
FALHLH 65 1 HE Y

Structure and evolution of the repeated region of S100
‘fused’ type genes across primates and filaggrin variations in
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Summary (Abstract) of doctoral thesis contents

Background

The S-100 ‘fused’ type genes (SFTP) are members of a gene family part of the
Epidermal Differentiation Complex (EDC). EDC is a cluster of genes important for
skin structure and were previously described as rapidly divergent. All SFTPs have a
similar structure with a tandem repeated region on their third exon.

The evolutionary dynamics of repeated sequences is quite complex, with some
duplicates never having differentiated from each other. Two models can explain the
evolutionary process for repeated genes—concerted and birth-and-death, of which the
latter is driven by purifying selection and has a high level of diversity across repeats.
The result of random duplications and losses in repeated regions might modulate
molecular pathways and therefore affect phenotypic characteristics in a population.
The effect of repeats variation is of interest for the SFTP family as all members share
a repetitive exon structure and are located on a rapidly divergent region.

Filaggrin, a member of the SFTP, contains repeat variations across and within
species. In human, the filaggrin repeat number variation affects its function with
fewer repeats resulting in a higher risk for atopic dermatitis (AD). Globally, Ecuador
has the second highest prevalence of AD in children but no studies associated to
filaggrin.

I investigated whether the variation in the number of tandem repeats could be
found in all SFTPs. Next, | examined which model, concerted or birth-and-death fits
best for each member of the SFTP. Finally, | searched for filaggrin variations
associated to AD in pediatric Ecuadorian cases.

Materials and methods

The members of the SFTP family are cornulin (CRNN), filaggrin-2 (FLG-2), filaggrin
(FLG), hornerin (HRNR), repetin (RPTN) and trichohyalin (TCHH). | obtained DNA
sequences from the NCBI database for FLG, FLG-2, RPTN and CRNN of human,
chimpanzee, gorilla, orangutan, and macaque, and for HRNR of baboon and marmoset.
TCHH was not used because it consists of domains rather than repeats. In FLG, |
obtained new sequences by combining short and long length-sequencing methods.

For each member of the SFTPs, | performed multiple alignment, and phylogenetic
analyses across species. Next, | estimated the nucleotide variation between repeats
within a species. Finally | searched for codons under selection by maximum likelihood
analyses.

Ecuadorian pediatric samples were obtained from CEPI-center (Quito-Ecuador). I
extracted DNA from dry blood card by a modified extraction protocol, performed PCR
for the repeated region and sequenced using MiSeq system. | evaluated possible
associations by using multiple logistic regression.
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Results and discussion

| found that SFTP had variation in the number of repeats across species. Overall, the
nucleotide variation for each gene ranged similarly and was comparable with that of
birth-and-death model. In addition, most of variations are synonymous which is the
driving force for the birth-and-death model. Under the birth-and-death model,
duplicates, with enough divergence time, can lead to lineage-specific expansions
which | observed in the phylogeny of FLG, FLG-2, HRNR and CRNN.

The nucleotide diversity and phylogeny analyses supported a previously described
SFTP division. This division grouped SFTP intro three groups, filaggrin-type (FLG,
FLG-2 and HRNR), trichohyalin-type (TCHH and RPTN) and cornulin. Filaggrin-type
had high nucleotide variation and duplicates within species, which allow variability in
the CE. The trichohyalin-type had low nucleotide changes, its repetitive domains are
conserved and single nucleotide variations have a phenotypic effect. Cornulin is the
most conserved with the lowest nucleotide variability due to its role in cell cycle.

Additionally, I found individual findings for each SFTPs. For FLG, | observed
length variation of the repeated region in chimpanzee and crab-eating macaque. For
HRNR, I clarified the formation, starting with a 117-bp unit that duplicated three times
and then duplicated on a sequential pattern in chimpanzee, gorilla and orangutan and
on a different pattern in human. FLG-2 had two different repeated regions that
evolved separately but still under the birth-and-death model. For CRNN, previously
was suggested to evolve under positive selection however my analysis demonstrated
misalignment in that analysis and clarified purifying selection.

I analyzed the filaggrin variations in Ecuadorian pediatric population. Most cases
and controls have 12-filaggrin repeats and were not associated with the risk for AD.
LOF mutations are also associated with AD. The frequency of the five most common
variations in Northern Europeans was low in Ecuadorians. However, | associated 2
new non-synonymous damaging variations (E2250Q and E2652D) with cases.
Conclusions
I concluded that SFTPs evolved under the birth-and-death model by showing high
nucleotide diversity within a species and duplication and loss events within and across
species. Also, | concluded that filaggrin repeat variation was not associated to the risk
of AD in Ecuadorian children; however, | detected two new non-synonymous
damaging variants associated to cases.
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Summary of the results of the doctoral thesis screening

b7 ADE 1 FRAGIKIZIE, Epidermal Differentiation Complex (EDC) & FEIZ 1
D, BKEOHWEICEHETHLBEBEFHENFMLET 5, EDC B FREICIE, S-100 /@& % 1 7
BIZT (SFTP)E Lidnd, HEI3 =7 VU ICEIT I VBRY ©— &2 & W 5 B &
AR o BB TN — T B FET D, U E— MEEE D SFTP Z1X, LT3 &
F 4% : cornulin, filaggrin, filaggrin-2. hornerin, repetin, HFEAF X, T 5 SFTP
B 7 Vv—709 56, filaggrin T OWTCEF o Ry — FVT AT rou—F T
TP, D=7 A FICBT DBEFRINEFHRICREL, 7 LT — 2= 2B
SNTWVDL IO filaggrin BAR FELAIDBHE> TWDHZ LE2HETHMNITLTE D X
T, —HOSFEILTFHMBIT 2R o7, D 4BEFITONTIE, 7/ 5T —FX—
A0 B RS 2 A L, filaggrin Bin & RO FELFENfT 28 2o, ZTh
LOfER, VE— MEEZLZ LD EDCEBEFHOE{RIZ, VAY—=ARNADY &— M
FITHGIND XD RHENIZL TE 57, birth-and-death IFRIC L7223 > TWnWhH Z &
EHELMNIC LI, W< OPDT I/ BREHIFIEDO BRBIKICE > T2 gL ML
7zo cornulin O E/LIZ OV TIL, EATHETEOBREIKNBEL TWVDH E W I RERN, B
NOT FZA AL FPIATHDLZ EE2FERAL, MALEIRAAECTWD E L, £z, HE
FOHHETHDLT 7T KT 3294 (atopic dermatitis O HEFE & XREE) ODNA Y
TN EWAE L, filaggrin B T O LR IZOWTHERINREIZ LD BT LR, BE L
xHHRHEE C . filaggrin B FICHME R ZIZRWEE oo, BFEHT2MHMO T IV BE
BaeRWiE Lz,

ZOMEIE, B NOKREICEERLREF 2T 5 EDC BEFHOELEHKIZOWVWT, &
O LWVWHMRAZMAZ2bDTHD, FEBEBETHEALLLHELRE., RRFFICK T 2 A%
G OKMEZT T 5m X ThH D &L,



