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CHAPTER |
INTRODUCTION

Background and Rationale

The most common craniofacial malformation in the newborn is the orofacial cleft,
consisting of cleft lip with or without cleft palate and isolated cleft palate. Patients who
have cleft lip or palate face significant lifelong communicative and aesthetic challenges,

and difficulties with deglutition.

Epidemiology 2

The overall incidencerof.orofacial clefting is typically as 1 in 700 live births'".

Cleft lip with or without cleft palate (Cﬂ/P), is an_epidemiologically and etiologically
distinct entity from isolated'Cleft palate (C:P)P]. Cleft lip is associated with cleft palate in
68% to 86% of cases™. The incidencé ofTCL/;P varies significantly by racial group and
socioeconomic status, with an incidence o;‘.?l"ir}j,OOO pirths in whites, 1 in 500 births in
Asians and Native Americans; and]_a]pproxi'rihéte-ly 1in 2,400 to 2,500 births in people of
African descent™. The incidencgzof>CPR does_mut have the same ethnic heterogeneity

[1, 3]

and is typically quoted as 1 in 4,500 o 2,00()';ﬁ1gfé_.;bu1hs

Etiological Factors of Oral Clefts

Following these general rules, clefts are most ofter discussed as either those
that involve thedip with orwithoutithe palateL€14R) on thesedhatdnvolve the palate only
(CPQO). In additien, clefts can be divided into nonsyndromic and syndromic forms. In
nonsyndromic: cleftsy affected individuals have ne other, physical.or.developmental
anomalies. Most studies 'suggest that about70% of cases of CL/P and 50% of CPO are
nonsyndromicm. The syndromic cases can be subdivided into chromosomal syndromes,
more than 350 Mendelian disorders (Online Mendelian Inheritance in Man, 2002),
disorders caused by teratogens (e.g. phenytoin or alcohol) and uncategorized
syndromes. The complex etiology of clefting to identify genes and gene—environment
interactions and to learn more about human embryology and its disturbancest®.

Advances in both quantitative and molecular analysis make linkage and association



approaches to CL/P etiology practicalm. Studies in animal models can provide genes
and loci for studies in humans and animal models can be used to look at gene—gene
and gene—environment interaction. Dense genetic maps . provide resources for family-
based studies. Studies of twins have been particularly informative regarding the
genetics of clefting. Concordance in monozygotic (MZ) twins ranges between 40% and
60%, and is 5% in dizygotic twins. The lack of 100% concordance in monozygotic twins

suggests that genetic events alone are not responsible for the clefting phenotype.

Hypothesis

morbidity and complex \ The extensive psychological
outcomes emphasize theai | 6 of- I tandi 7 underlying causes of CL/P to
optimize treatment planni | ettt y se of any affected individual’s
development, to improve 4 ce fisk - nati _ d to provide pre-reproductive
counseling. Furthermo .

orofacial clefting is cruci ' 6l | b logically relevant orofacial cleft

classification system.

candidate genes for CHP ~
PDGFRa, miR-140""° %pd SUMO1 genes

oo TNENTHENS
AR T I T

2. Are novel DNA variants found in patients with non-syndromic oral clefts

12]

pathogenic?

Objectives

1. To identify mutations in the SUMO1, PDGFRa and miR-140 in individualswith

clinically diagnosed non-syndromic oral clefts.



2. To determine the pathogenic roles of novel DNA variants of the SUMOT,

PDGFRa and miR-140 found in patients with oral clefts.

Hypothesis

Mutations in the SUMO71, PDGFRa and miR-140 genes can cause oral clefts in

humans.

Assumption

Target population; iagnosed oral clefts

N

Descriptive a
Limitation

Some samples obta ot be completely analyzed due

to poor quality or insufficien

Expected Benefit

Identification of ad on-syndromic oral clefts in

)

humans and further characterization of their pathogenic rmkations will provide more

:::e;::::og tﬂﬁﬁﬁﬂsﬁw%{wrﬂﬁ? Oﬁore effective treatment
= GRARINTIUNRINY1A Y

This study has been approved by the local Ethics Committee. Written informed

consent was obtained from all patients or their parents who participated in the study.

Research Methodology

1. Sample collection



The subjects of this study were 123 sporadic cases of cleft lip with/or without
cleft palate (CL/P) and 104 patients with nonsyndromic cleft palate only. The subjects
were recruited between 1999 and 2008 from 14 medical centers throughout Thailand.
For sample collection in remote areas, the FTA filter paper was used. The control
samples for mutation screening were Thai blood donors with no oral clefts, who denied
history of oral clefts in other family members.

2. Study process

2.1 Blood collection
2.2 Mutation analysis
2.3 Functional analysis bfluoiferase reporter system

3. Data collection and apalysis

Conceptual Framework 4 478

— il

T
Fr

SeleCt candidate genes

involved in normal lip‘and: palate

BT
| 7 , .-‘_,1:4 N
Animal model P 7 T—Ji‘ Cytogenetic study
; Mice null for Pdgfra have a facialiclefting il ; Gir-lribdrnﬂ it‘h a unilatezal cleft lip and palate with
phenotype _'J 46,XX,t (2,8)(q33.1,q°43)}":t-he translocation disrupting
; In zebrafish, the miR-140 nega;ii‘\-/rlely regulates the SUMOT gene. ol
Pdgf signaling during palatal development ; Studies in animal madels confirmed the role of
SUM®@1sin palate formation

v

To identify mutations.in the SUMO1,RDGERa.and. MIRN140, genes.in

A 4

Molecular analysis

- DNA

A 4

Any DNA variants with inconclusive

pathogenic roles: Functional studies

Y

Analvsis and conclusion




CHAPTER 1l

BACKGROUND AND LITERATURE REVIEWS

Oral clefts as a model system

Development of the primary palate leads to formation of the upper lip and the

maxillary dental alveolus'™. In humans, primary palate development initiates at

vagination of the nasal placodes.

r
[ K&I_nasal processes, which

approximately day 28 (ED9.5 i
This invagination deepens 7
continue to proliferate a ilateral maxillary processes,
which are derived fro to the first branchial arch
mesenchyme, grow fo medial nasal processes.
Shortly thereafter, the | edial nasal processes so

that by the sixth to seven

epithelial layer at the point onis replaced enchymal tissue. The secondary
palate, which has been inve te than the primary palate,

L
develops later and forms the r00f 0 d the nasal floor" . The secondary

e

palate is first evidenEﬁapproximétéT& I maxillary processes

along the lateral ed f the ue. humans (ED14.5 in mice)

the shelves approxima@each 0 eek 12@D15 in mice). Since the

primary palate develops grigk to the secondagyspalate, improper fusion of the primary

palate, Ieadingﬂ a%ﬂ%t%ﬂ%ﬁ%kwegfﬂea@daw palate to be

malpositioned s&éh that palatal shelf gontact and fﬁi.on may not oCgur. Hence, cleft lip

oo PR A TSR BB A G s

occur asqan isolated defect (CP).
Birth Defects Genetics

From a genetic perspective, the different inheritance patterns in CL/P and CP
could be due to mutations in different genes (genetic heterogeneity) or different

mutations in the same gene (allelic heterogeneity). However, given that similar



developmental processes occur during the both primary and secondary palatogenesis,
it is not unexpected that some genes may play a role in both types of clefting.

Finally, CP may also be caused by mechanisms that interfere with palatal shelf elevation,
such as micrognathia. These factors add to the genetic heterogeneity for CP and are
unlikely to be causal for CL/P. Most human researches in orofacial clefting etiology have
focused on CL/P. Isolated CL/P has no clearly recognizable mode of inheritance.

Instead, complex inheritance patterns exist, as evidenced by a positive family history for

clefting in 33% of the patients, anc&%#
< &\ ‘.
sibli

defined as the prevalence of
@an increased risk for children

15 . . oy
rance[ ] . The relative risk for siblings,

e to the population prevalence, is

——

40 for CL/P in Caucasian p SUlGtons. In"ddi
of individuals with CL/P a / jc‘ \

e h tic factors play a major
n unable to conclusively define
ve uggested inheritance patterns
3l fec
i

é"'iarb_ﬁjinpl andidate gene strategies looking for

L/P in monozygotic than
dizygotic twins. All of th

etiologic role for cLpP®,

the mode of inheritance fo
for CL/P as being autosom

major gene with other ge

isolated CL/P and CP have gen
I I

linkage or linkage disSiquilibriurﬁ'-'% DY Candidate‘gene be selected from those

known to cause syndromie

data through expressio- tudie C nﬂdels with cleft phenotypesm].

R N0

Linkage

o0 QERTE ST a ol T XTI

a disease phenotype in a family. Chromosome recombination occurs during

meiosis, resulting in crossing over of genetic material from one parental chromosome to
the other parental chromosome. Recombination is correlated with distance, such

that markers that are far apart will appear to be transmitted randomly, while markers
close together will be co-transmitted or linked. Linkage is very powerful for single-gene

disorders, assuming that the disease is homogeneous. Most cloned disease genes have



been identified using linkage approaches in a few large families with single-gene
disorders. In heterogeneous diseases, meaning more than one gene may be sufficient
to cause the disease, linkage may not be observed when several smaller families are
used. This occurs when one family cancels another with a causal gene at another locus.
The application of traditional parametric linkage analyses (the logarithmic odds [LOD]
score method) to complex diseases such as CL/P or CP has been complicated by the

underlying genetic heterogeneity and the inability to properly specify the genetic model.

Despite these limitations, param t\ proaches have proven to be effective for
arame&

ﬂes have been developed as
%success in identifying

ding orofacial clefting.

complex traits and new powe

etiologic genes for syndr

Specifically relevant to ts of the primary palate in

Another genetic surement of LD between a marker
and disease, using either a popufe‘j&'_o and control individuals or a collection
_-;:"" L‘I.:.-J"‘ * r J N
of nuclear families. L’Q-lmapping’ﬁ'?rfe’mwﬁ ation of-nonrandom correlations

mutation arose. This woulg result in shared aIIeIes for markers near the mutation among

affected |ndIV|cﬁ urﬁ %%ﬂ%@rﬂﬁﬂﬂ[ﬁ ﬁaughout the entire

history of the pofllation, would result in random

o M1 ELEN L1
decreasifig LD over larger genetic distances, which is the limiting factor for LD
mapping. LD has been shown to have greater power than linkage strategies when
applied to complex diseases””. LD is ideally applied when a homogenous mutation
exists, meaning that all affected individuals share the same mutation. This is a founder
effect observed more commonly in isolated populations and may result in a high degree

of homogeneity, such that if a disease mutation



arose earlier, most currently affected individuals would share the same genetic material

over relatively large genetic distances near the disease mutation.
Single Nucleotide Polymorphisms(SNP)

Genetic studies require the ability to characterize DNA variation in patient
samples. Genotyping of human DNA samples has improved dramatically in the 20 years

since restriction length fragment polymor hlsms (RLFPs) replaced protein variant
testing. Short tandem repeat poly. 2 ) consisting of di-, tri-, and
tetranucleotide repeats are c genome—wide searches. The
development of single nuc €0 @S now providing the
opportunity to develop a _ Want and take advantage of

the far larger set of poly

le nucleotide changes. With
the advent of real time P throughput gene-specific
genotyping is a reality. The'ident ? '_ ._ o ¥ 0ing, both through lab specific
projects and genome- _-"_f 1clL _’ | ‘ initiated HapMap project =

More than 5.0 million validated SNRS.Gar b& feund inpublic databases

The use of LD is also Cﬁstr ' mam as 1 million markers might

be required to detect LD in a genome-wide approach, and the potential need for a high
PA &

marker densitﬁ%ﬁ%t%ﬁﬁﬁs“ﬂ@]tﬁeﬁd locus. A partial

alleviation of the'thost severe predlotlgns comes from recent data showmg that SNPs
AR I M IR g
arising fram alleles at multiple loci is often far lower than the number theoretically
possible. There remain substantial concerns about how useful haplotype blocks will be
for constructing tagging SNPs given the known heterogeneity of blocks, which vary by
ancestry, SNP density, polymorphism content, and confounding by large block-free
regions. The HapMap project has already made available an impressive collection of
genotyped SNPs and analytic software to facilitate haplotype construction for fine

structure gene mapping (http://www.hapmap.org/)[zz]


http://www.ncbi.nlm.nih/�

Breakpoint mapping.

Adventitious chromosomal anomalies also provide important clues for genes
involved in birth defects including clefting. Chromosomal deletions and duplications can
result in birth defects, and regions highly associated with an array of structural
anomalies have been reported, including cleft lip or cleft palate[zs]. Mapping of
breakpoints in individuals with these defects can be used to find genes transected by or
adjacent to the breaks that are then ¢ s for causing that birth defect. These
genes will be especially attract Xtm the phenotype includes a birth
defect of interest and/orww‘n b@w d und in multiple members of a
family segregating with M J h %t 232 is transected”” and
encodes a 733 amino Aro n of le conservation between

gene spanning 208 kb is

human and mouse (o an

confined to one large TB@ is highly expressed in the

ir roles in oral clefts. These

included SUMOY, PD&a and miR-

PLATEﬁTﬂE\j’B% %HW@W Iﬁ:‘ETﬂI?LPHA (PDGFRA)

Function

AIANIUHB AR, ..

regulators for tissue—tissue interactions to control cell migration, proliferation, survival,

o . . . . [25; 26; 27;
and deposition of extracellular matrix during mammalian embryonic development

26:20:300 Functionally, PDGF signaling is critical for regulating progenitor cell proliferation
and cell migration during early embryonic development where it controls extracellular
matrix formation, tissue remodeling, and patterning determination during later stages of

embryogenesis. During craniofacial development, PDGFRa expression is specifically



10

associated with the cranial neural crest derived ectomesenchyme and may regulate the
development of cranial neural crest (CNC) derivatives. The homozygous Patch mutant
mice showed pleiotropic defects associated with cranial and trunk neural crest cells
and produced significant first branchial arch deformities, including facial clefting,
hemifacial microsomia, micrognathia, adontia, open neural tube, heart deformities, large

29; 31; 32 .
[ ]. Loss of- function of

interstitial “blebs,” and were embryonic lethal by E12.5
Pdgfra signaling results in early embryonic lethality, incomplete cephalic closure similar
to that seen in a subset of Patch mutants, anddngreased cell death in the CNC migration

pathway.

¥ |

Correlation between'PDGFRa and CL/P

Conditional inactivation®ofthe Pagfra gene in the neural crest results in multiple
craniofacial malformations; including crani'al’,"skeletal and cartilage defects and mid-
facial cleft suggesting thatithere is a cell ad}on‘omous requirement for PDGFRa signaling

[29; 33]

in the CNC cells . The Pdgfra gene is sbfgpiti__pally expressed in the CNC-derived
palatal mesenchyme and loss of Pdgira res‘GLt',s_,i_n complete cleft palate with 100%
phenotype penetrance[34]. The successful fus@‘gf the palatal shelves of the Pdgfra null
mutant in the palatal organ cultire model sug‘j{jésisihat the midline epithelial cells are
competent to mediate palatai-fusion;-despite-the-oss-0f-PRGERa signaling in the CNC-
derived palatal meser{chyme, and there is a ceII—autonomoué requirement for PDGFRa
signaling in the mesencﬁyme of the developing palatal shelf. In human clefting, failure of
palatal fusion dfter propéer palatal adhesion (suchas the' ong asseciated with the
transforming growth factor-0l3 (TGF-0, 3) null mutation”” only represents a small
percentagél of the claft Palate €dses, Whefeas fallurejofipalatalShelf'extension (such as
the one in Pdgfra null or conditional mutant mice) is associated with the majority of cleft
palate cases. Hence, the Pdgfra mutant mice will serve as an important animal model for
the investigation of the molecular etiology of human cleft palate. It is important to note
that there is a prominent midfacial cleft present in both the Pdgfra null and the neural

crest specific conditional Pdgfra mutant mice””*

. Midfacial cleft may alter the width of
the developing embryonic head, resulting in failure of the head to lift up and may

interfere with the descent of tongue to prevent normal palatal fusion. Future studies



I

using a palatal mesenchyme specific knockout animal models will be very informative to
investigate the functional significance of PDGFRa signaling in regulating palatal fusion.
Endogenous PDGFa and its cognate receptor PDGFRa regulate dental cusp
development and extension of the palatal shelf during craniofacial development. This
regulatory function may be carried out through the regulation of deposition and
remodeling of extracellular matrix in the CNC-derived ectomesenchyme. Loss of
function of PDGFRa signaling provides a model for investigating the molecular
mechanism of dental cusp defectand cleft palate. Future studies using this animal
model will provide useful information on the mechanism of PDGFRa signaling in both
normal and abnormal human developmeﬁrt. Genetic screening of the Pdgfra mutation
among individuals with deatal cusp defect and cleft palate may provide crucial

information to understandithe etiology of o'ongenital malformation.

i

[I.  MICRO RNA140 (MIRNA140)

J

dad

Function

' L4
MicroRNAs (miRNAs) hav‘e’"emergé_d’-@s a new class of gene expression

“hd

regulators. MiRNAs are 20-24 nucleotid(::‘T:r]dn—coding RNA molecules that post-

i J i

molecules with hairpin structure — the enzymé Dicer _c'l':e,aves the partially double-
stranded stem and releases the mature miRNA®. One of the mature miRNA strands
forms an effector ribonucleoprotein complex termed RISC (RNA induced silencing

[36]. RISC.either cleaves or blocks

complex) which guidesithe miRNAs ta specific mMRNAs
translation of the target mRNA, depending on the degree of sequence complementarity.
The majority of miRNAtargets in animals are not cleaved but translationally suppressed
due to the mismatches between miRNAs and target sites. The number of experimentally
validated miRNA targets is growing but is still low"™” due to the lack of a generally

applicable miRNA target identification protocol. Several computer programmes are

available to predict targets for miRNAs™ (http://microrna.sanger.ac.uk/targets/v2/).



http://microrna.sanger.ac.uk/targets/v2/�

12

Correlation between PDGFRa, miR-140 and CL/P

Although crest cells must receive Pdgf signals for correct palatogenesis in mouseM,

the palatogenic cell behaviors regulated by Pdgf signaling and the modulation of Pdgf

signaling during palatogenesis are unknown. MiRNAs provide an important mechanism

[9, 10, 11, 39]

for modulating signaling pathways . Skeletogenic, including palatal, precursors

[41, 42, 43]

express mirn140 (miR-140) in teleosts*”and amniotes suggesting that Mirn140

may modulate signaling during palatogenesis across vertebrate species. Despite the
function of miRNAs in development and the dmportance of neural crest in evolution and
disease, no miRNA has, 10 our knowledge, yet-been shown to regulate neural crest
development or cellularspehaviors: One important neural crest cell behavior is their
migration along highly* stereotyped pai‘thways to give rise to a diverse array of

differentiated cell types:"Aciossiveriebrate species, crestcells at cranial levels migrate

in one of three crest streams. Cells insthe-most anterior, or first, stream migrate rostrally

and caudally around the eye into the fifst p‘f'\afyngeal arch and contribute to the jaw and

palatal skeleton™ Although research in zebraﬂsh and amniotes has uncovered cues
'I'

145, 48, 47]

that regulate migration of cramal neural Crest CeJIs in all crest streams we lack

knowledge of the cues that specmcally gu1demeura| crest—derived palatal precursors to

.4..

mediated attraction _durlng migration of neural crest—denved palatal precursors.
Embryos injected with! Mim140 duplex and pdgfra. mutants shared craniofacial
phenotypes, including Clefts palate and less of oral ectoderm gene expression,
suggesting anlinteragtion between Mirn140 and pdgfra. Binding sites for Mirn140 were
conserved in the 3’ UTR of pdgfra across vertebrate species, and Mirn140 interacted
with the’3’ UTR of the pdgfra transcript.io negatively regulate Pdgfra protein production.
Palatal precursors expressed both mirn140 and pdgfra as they followed a migratory
pathway delimited by expression of the ligand Pdgfaa. Attenuation of Pdgf signaling by
Mirn140 was critical for rostrally migrating neural crests to migrate beyond the optic
stalk, a Pdgfaa source, onward to the oral ectoderm, another Pdgfra source. These
findings have demonstrated how delicately orchestrated modulation of Pdgf signaling

regulates palatal morphogenesis.
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1. SMALL UBIQUITIN-LIKE MODIFIER1 (SUMO1)
Function

The SUMO1 gene encodes a protein that is a member of the SUMO (small
ubiquitin-like modifier) protein family. It functions in @ manner similar to ubiquitin in that it
is bound to target proteins as part of a post-translational modification system. However,
unlike ubiquitin which targets proteins for degradation, this protein is involved in a
variety of cellular processes, such as nuclear transport, transcriptional regulation,
apoptosis, and protein stability. It is not active until the last four amino acids of the
carboxy-terminus have been-cleaved off. Several pseudogenes have been reported for
this gene. Alternate transcripiional splice variants encoding different isoforms have been
characterized. SUMO proteins, £uch as SUMO1, and ubiquitin modify numerous cellular
proteins and affect their métaolism and function. However, unlike ubiquitination, which
targets proteins for degradation, ..sumoy_l;ation participates in a number of cellular
processes, such as nuclear transp_pr_t, transqi'p’gi_onal
regulation, apoptosis, and proteinll stabi'ljgfjd]. Ubiquitin and SUMO compete for
modification of proliferating Cell‘nuclear antigi}ﬁ-(PCNA), an essential processivity factor

for DNA replication and repair’ 4

Correlation between.SUMO1 and CL/P

Alkuraya et.al. " | dentified.a girl Joorn with.a unilateral.cleft lip and palate (primary
and secondary) who“was otfAerwise~phenotypicallynormal. Her karyotype was 46,XX,t
(2;8)(033.1;924.3). They showed that this balance@*translocation disfupted the SUMO1
gene. The authors found SUMO1tobelexpressed 6n mause embiyonic'day 13.5 in the
upper lip, primary palate, and medial edge epithelia of the secondary palate. Additional
studies in animal models confirmed the role of SUMO1 in palate formation. More recently
in [5117 it has demonstrated that SUMO1 is able to regulate MSX1. Genetic studies in both
humans and mice have indicated that the Msx1 transcription factor is associated with
specific disorders, including cleft palate andfound that TBX22 is a target for the small

[62]

ubiquitinlike modifier SUMO-1 This modification is required for TBX22 repressor
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activity. Although the site of SUMO attachment at the lysine at position 63 is upstream of
the T-box domain, loss of SUMO-1 modification is consistently found in all pathogenic
CPX missense mutations. This implies a general mechanism linking the loss of SUMO
conjugation to the loss of TBX22 function. Proteins encoded by three other genes
SATB2, and SMAD4, are sumoylated and are either involved in or linked to pathways

[53, 54, 55, 56

involved in palate morphogenesis ! This suggests that SUMO1 might control the

activity of a repertoire of downstream effectors involved in palatogenesis, accounting for

9
.
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CHAPTER Il

Materials and Methods

Research Instruments

1. Pipette tip : 10 ul, 100 pl, 200 pl, 1,000 pl (Elkay, USA)

2. Microcentrifuge t [, 1.5 ml (Bio-RAD, Elkay, USA)

3. y, USA)
4. Beaker \- ml (Pyrex)
5. Flask: 25

' OO ml (Duran, USA)

7. Cylinder : - ’ \ 0l

500 ml, 1,000 ml (Witeg,

10. Thermogrieter(Precision
11. Parafilr@&merican National Can, USA)

“Zﬁfﬁﬁpﬁ waw%’wmm

13. Stirring-magnetic bar

15. Automatic adjustable micropipette : P2 (0.1-2 ul), P10 (0.5-10 pl),
16. P20 (5-20 ul), P100 (20-100 pl), P1000 (0.1-1 ml) (Gilson, France)
17. Pipette boy (Tecnomara, Switzerland)

18. Vortex (Scientific Industry, USA)

19. pH meter (Eutech Cybernatics)



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
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Stirring hot plate (Bamstead/Thermolyne, USA)
Balance (Precisa, Switzerland)
Centrifuge (J.P.Selecta, Span)

Microcentrifuge (Eppendorf, Germany)

Mastercycler personal (Eppendorf, Germany)

Thermostat >to, Denmark)

Spectroni s5, Milon Roy USA)

- —

UV Tradsilluminator (Fotody AY J

UV-absmbing face shieldTSpectronic, Usm

36-@%%%%%%’?4 Talib)

frigerator 4 C (Misubishi, Japan

9 ﬁ’lﬁﬂﬁz‘ém&d BAINYAY

39. Water purification equipment (Water pro Ps, Labconco USA)

40. Water bath (J.P.Selecta, Span)

41

42.

. Storm 840 and ImageQuaNT solfware (Molecular dynamics)

12-well culture plates (Corning, New York)

43. T-25 and T-75 Flasks (Corning, New York)



44. Costar,, Stirpipette®: 0.2 ml, 10 ml, 25 ml (Corning, New York)

45. Haematocytometer counting chamber

46. Petridish (Sterilin limited, UK)

47. Cryotube vial 2.0 ml (Corning, New York)

48. Cryo 1°C Freezing container (Nalgene® Labware)

Reagents

1.

EDTA (Merck)

!é}w
i
|

Ficoll 409 (Pharmacia)

ﬂumwmwmm

Mmeral oil (Sigma)

q ) @ﬁs@jm UA1ANYAY

12.

13.

14.

15.

16.

Chloroform (Merck)

Isoamyl alcohol (Merck)

Sodium chloride (Merck)
Sodium dodecyl sulfate (Sigma)

Sodium hydroxide (Merck)

17
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17.  Sucrose (BDH)

18.  Tris base (USB)

19.  Triton X-100 (Pharmacia)

20. 100 base pair DNA ladder (Biolabs)

21.  40%acrylamide/bis solution 19:1 (Bio-RAD)
22. GelStar (Cambe .

23. TE buffer (1

24, FTApW'

2. PCR reagents

1. 10XP fef (300.mM-KCI, 200 MM Tris-HCI pH 8.4) (Promega)

2. 10XP (500 Cl, 100 mM Tris-HCI pH 8.8, 0.8% Nonidet

St
Pl

Y |

3. ium c f#* off
4. :
5. V_ F mega)
-
6. Deox‘ﬂuoleotide triphosphates (dNTPs) ‘[ ermentas)
7.

F’Wﬁﬂ%%@w BIN3

. I|gonucleot|de primers Blogeno'aed
q an VaNAIAHBIINYIRY
10. Taq DNA polymerase (Fermentas)
11.  100% DMSO
12.  Genomic DNA sample
3. Restriction enzymes

1. BamH)! (Biolabs)



4. Bacterial culture media

2. EcoRl (Biolabs)

3. Bglll (Biolabs)
a, .

4. Tag |(Biolabs)

5. Btgl(Biolabs)

6. Apol(Biolabs)

7. Sau96l(Biolabs:

10.
1.
12.
13.

14.

1. Yeast _y:jj"*”**'*

2. Agar ba terial powder (Conda, Spain)

ﬂpw@*ﬂwéf We 19

ium chloride ( BDH@naIaR Mer roup)

; Ce.latﬂm NIt uwn‘mna d

1 .

Dulbecco's Modified Eagle's Medium (DMEM) (Hyclone)
Fetal Bovine Serum (FBS) (GIBCO, Invitrogen)

PenStrep (GIBCO, Invitrogen)

Trypsin-EDTA (GIBCO, Invitrogen)

Phosphate-buffered saline (PBS)

19
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6. Charcoal-stripped FBS (Hyclone)
7. 3,3, 5-triiodothyronine (Sigma)
8. Tryphan blue

6 Transfection reagents
1. Lipofectamine™ 2000 (Invitrogen)

2. Opti-MEMI Reduced Seru

(GIBCO, Invitrogen)

7. Dual-luciferase reporter asse

—
Experimental Procedu7
2. Subjects and s ,

Oral cleft sample: 123 pr

cases with cleft palate o
national charity organi
were recruited between
Kalasin, Nakhonrachsima,
Uthaithanee, Chaiyapo

subsequent mutation a f lys

And in this report,
0 tamlng sample is more difficult.

Control sample: Controls'for mutation screenmg and SNP were Thai blood donors with

no oral cleft, Wﬂoueﬂ\ {5 Jﬂ ﬁ ﬁﬁw ﬁeﬂ'aﬂﬁembers

2. Genetic anaIyS|s

AMIANIMUMIINYAY

on

After informed consent, genomic DNA was isolated from peripheral blood leukocytes.

This procedure was performed as follows:
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Preparation of DNA sample from peripheral blood leukocytes
1. 3 ml. of whole blood were centrifuged for 10 minutes at 3,000 rpm.
2. Remove supernatant and transfer buffy coat to a new polypropylene

tube. Then add 10 volumes of cold lysis buffer 1 (or 10 ml.), mix thoroughly and

incubate at —20°C for 5 minutes.
3. Centrifuge for 8 minutes.at 1,000 g,;and remove supernatant.

4. Add 3 ml. of cold lysis buffer 1, mixtheroughly and centrifuge for 8 minutes
-

at 1,000 g.
5. Discard supernaiant.and.add ?OO ul of lysis buffer 2, 10 l of

proteinase K solution (20 mg of proteinase K in 1.0 ml. of 1% SDS-2 mM EDTA), and 50l

of 10% SDS. Mix vigorouslyfori5 s‘ecénds%,l ¥
/
6. Incubate the tube(s)-in-a 370-.(2.' shaking waterbath overnight for complete

digestion. i Yl

iy s i
7. Add 1 ml. of phenol—chloroform—is@ﬁmyl alcohol and shake vigorously for

- - |

15 seconds and centrifuge at 6,000 rpm for 5 minutes.

9. Transfer th‘e supernatant from each tube (conta’in’ing DNA) to a
new microcentrifuge tubes

10. Add 0.5volume of 7.6 M.CH;COONH ,lahd 1 volumetof 100% ethanol

and mix-bysinversion. The .BNA.should immediately-form, a-stringy.precipitate. Recover the

DNA by centrifugation at 14,000 rpm*for 15 minutes.“Then remove supernatant.

11. Rinse the pellet with 70% ethanol. Decant the ethanol and air-dry the pellet.
(It is important to rinse well to remove any residual salt and phenol.)

12. Resuspend the DNA in 20-300 ul of the double distilled water at 37°C
until dissolved.

13. Calculation of DNA concentration, the reading at 260 nm is used for
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calculating the concentration of nucleic acid of the samples. An OD of 1 corresponds to
approximately 50 pl/ml for double-strand DNA. Therefore DNA concentration is calculated

from the following

DNA concentration = ODx50xdilution ratio (ug/ml)

FTA Cards for DNA extraction from blood samples
Application of blood samples

1. Label the FTA card with appropriate’sample identification.

2. Drop the blood.in.concentric cifcular motion.(avoid puddling of the
liquid sample; do not rub or smearthe blood onto the card).

3. Allow the samplestto dryat roof'p temperature.

4. Dried blood spotg'will appear darker than freshly spotted ones.

Preparation of DNA sample from FijA‘card" 4
’ “;! ']

1. Take a sample disc from ,_the deéftfgq;sample spot using
a coring device(puncher): A ;-:‘J':".l!

2. Place sample disc in aPCR amplifi--é_'é't,'fgn tube.

3. Add 200 pl of FTA purification Rea@%‘r‘%’f}fvthe PCR tube.

4. Incubate foﬁi&&&a&%es—ai—reem—tempem%we—émede‘fate manual mixing may be
done if desired). - -

5. Remove and Vc-J-Iiscard all spent FTA purification r‘e‘agent using a pipette (Do not
remove the sample disé).

6. Repeat steps 3-4 twice for a total of 3 washes with FTA Purification Reagent.

7y Add 200@hof TEBuUffer (T0mMM Tris4HCl, 071 MM EDTA) pEh810)ito PCR tube.

82 Incubate for 5 minutes at room temperature.

9. Remove and discard all spent TE buffer with a pipette.

10. Repeat steps 7-9 for a total of 2 washes with TE buffer.

11. Allow disc to dry at room temperature for 1 hour or heat assist the disc at

56 °C for 10 minutes.

* The FTA disc is now ready for DNA amplification reaction



23

2.2 Polymerase Chain Reaction (PCR) analysis

[ PCR for the SUMOT gene
The primers were designed within introns to allow genomic amplification and

sequencing of exons 1-5 including exon-intron boundaries as shown in Table1.

Table1 Primers sequences for SUMOT mutation analysis

Length Product size Annealing

Primer name Nucleotide sequence (5'>3’) (base pair) (base pair) Temperature

J (c)
Sumo1-F1 GTAGCGGARCTIACTGCAGC 20 131 60
SumoR1-2 AGGCAGACCIECAGGEAAGE 20
Sumo1-F2 CTGTTTGTATTCTCAGGTd_C _ 20 334 55
Sumo1-R2 CTTCTACCTCTAACAGATGQ" 20
Sumo1-F3 TTCAGTGACACTTC’ACTTG@ 20 709 55
Sumo?-R3 GAGTETTIICGTTICAGTTCE 1y, 4 20
Sumo1-F4 GTGTTCTAAGGCTTICATEE J, 20 258 55
Sumo1-R4 GGGCAGTTTTAACACCAGTG + i,lj.‘* 20
Sumo1-F5 GAGGAGTGTAAGTATGGGTC /| . 20 288 55
Sumo1-R5 GGGIGCCAGTTTTCAATTCC 20 L.

1. PCR reaction for'amplification of DNA is obtained By combining the
following compenents in, a 20, ukreaction (Table2)

2. Centrifuge the reaction mixture briefly

3. PCRis performed in a Perkin-Elmer/ DNA thermal Cycle 480.“The details

of PCR cycles wereishown in Table3:




Table2 Mixture of SUMO71 PCR reactions.
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Components Final concentration Per reaction (ul)

10X PCR reaction buffer 1X 2

50 mM Mgcl, 1.5 mM 1.5

10 mM dNTPs 5.0 (250 ng) 0.4

10 uM Forward primer 1.25 04

10 uM Reverse primer .25 04

Tag DNA polymerase (5U/ul) 0.1
Distilled water e 13.2

DNA template (50 ng/ul) 2

Total volume (pl) 20

Table 3 PCR condition o

Step Incubation time
Initial denaturation 3 min
PCR cycle of -
Denature 30 sec
Annealing -
Extension 45 sec
Final extension 72°C 10 min

ﬂUE.'mEJ‘ﬂ‘W&J’]ﬂ‘E

PCR for m/R 140 gene

ARSI NN DYV &

sequencﬁ'}g of amplicon as shown in Table 4

1. PCR reaction for amplification of DNA is obtained by combining the following

in a 20 ul reaction (Table 5)

2. Centrifuge the reaction mixture briefly

3. PCR s performed in a Perkin-Elmer/ DNA thermal Cycle 480. The details of

PCR cycles were shown in Table 6.




Table 4 Primer sequences for miR-140 mutation analysis
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Primer name Nucleotide sequence (5'>3’) Length Product size Annealing
(base pair) (base pair) Temperature
(C)
miR-140-F GTGGTGGCGTTGCCTTCTGC 20 357 64
miR-140-R GGTGCG AGCCTCAGGCATGA 20

Table 5 Mixture of miR-140

Step

Incubation time

Initial denaturation

PCR cycle of

Denature

Annealing

3 min

30 sec

Extension

Final extension

30 sec

45 sec

10 min

Componen?s-j Per reaction (ul)
10X PCR reaction buf@rn 'Y, 1X 2
@At VTS WE NG -
10 ml\MjNTPsi ~ 50(250nQ) 0.4
o
bl T
TSN 9198 % e ﬁae 04
evers r.kl'er“ g eNYI S oVIL|IOTL)
Tag DNA polymerase(5U/ul) 1 0.1
Distilled water 36.5 13.2
DNA template(50 ng/ul) 1 2
Total volume (pl) - 20




[l. PCR for the PDGFRa gene
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The primers were designed within introns to allow genomic amplification and

sequencing of exons 2-23 including exon-intron boundaries and amplified 708-bp

fragment containing the PDGFRa 3’ UTR as shown in Table 7.

1. PCR reaction for amplification of DNA is obtained by combining the following

components in a 20 pl reaction (Table 8)

2. Centrifuge the reaction mixture Briefly

3. PCRis performed in a Perkin-Elmer//DNAthermal Cycle 480. The details of

PCR cycles were shown in-lfable9.

Table 7 Primer sequences'for PDGFRa mutation analysis

3 Length Product Annealing
Primer name Nucleotide sequence (j5’>3’) (bp) size Temperature

T (bp) (’C)
PDGFRa3'UTR-F CGAGACCATTG_AAGACAT&Q 20 708 64
PDGFRa3'UTR -R GTTGTCAGGCTTCTAAATGAQQ 22
PDGFRa-E2F CTGCATGCAATCACAGAAGQ ” 20 471 62
PDGFRa-E2R ACAGCAAAGGTGAACTGAAGG;_-_’_;-, ) 20
PDGFRa-E3F GAGCTTTCATGGGCATCCAG 20 770 60
PDGFRa-E3R CACACTGTGAGTATGTGTGC 20
PDGFRa-E4F CATGAGCCACAACTCCTGTC 20 659 61
PDGFRa-E4R TTAGCTGGGGTCCTAAATCE 20
PDGFRa-E5F TACACCATCTCACAATCAAG 20 428 60
PDGFRa-E5R CAGAGGTGGGAAGCTAAGGT 20
PDGFRa-E6-7F ATGTGTAGCGTCCCACCTTG 20 709 64
PDGFRa-E6-7R CTGACTTTGGGTCTGGGTTG 20
PDGFRa-E8F TCCAGACCTTCAGTGTGTGC 20 514 62
PDGFRa-ESR CCTAGGGATTCCTCGCCTAC 20
PDGFRa-E9F CTGCTAACCATGTGGGTCTG 20 471 60
PDGFRa-E9R GAGCCCTGGACCTTCTTCTC 20
PDGFRa-E10F GCCATCTTAGAGTGTTCCCG 20 524 60
PDGFRa-E10R GTCCTAGGTAGAGGTTGCAG 20




Table 7 Primers sequences for PDGFRa mutation analysis (cont.)
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Length Product Annealing
Primer name Nucleotide sequence (5'>3’) (bp) size Temperature

(bp) (°c)
PDGFRa-E10F GCCATCTTAGAGTGTTCCCG 20 524 60
PDGFRa-E10R GTCCTAGGTAGAGGTTGCAG 20
PDGFRa-E11-12F | TGAGAGATTCCTGGCTCAGACACA 24 617 60
PDGFRa-E11-12R | GCTCAGATCTCTATICTGCCAAGG 24
PDGFRa-E13-14F | CAGGAAAGACACTCGCCCAC 20 860 62
PDGFRa-E13-14R | GTCAGCTCOATTCAAGGGAC 20
PDGFRa-E15F GGCTIAARTCETECACTCTC 20 559 62
PDGFRa-E15R AGTCTHECTACET 6GGEAC 20
PDGFRa-E16F TACCCAGTIAGE JOCCATGE 20 389 60
PDGFRa-E16R GCCAGGTTCACTT_ACCAT_I(‘ECJ_.‘ 20
PDGFRa-E17-18F | TGTGITCTITGGGCATGCET 20 804 55
PDGFRa-E17-18R CAGTGTACTGAécCCTTGA)&; . 20
PDGFRa-E19F CTGGTCCATTGABBECTIAC 20 533 62
PDGFRa-E19R TGGCCTCACACCAGGTTATC? - 20
PDGFRa-E20-21F | CTIGGACTTGACCAACETGG 20 686 62
PDGFRa-E20-21R | ACTAGGGTCTCGTGCAGCAC 20
PDGFRa-E22F TTGGAGAAGGGGCTACTGGT 20 751 62
PDGFRa-E22R ACGTGGACCTCCTGAGGATT 20
PDGFRa-E23F AAT AT CCGTEEACCTTE 6T 20 546 55
PDGFRa-E23R TACTGAGGCATTGCAAGAGG 20




Table 8 Mixture of PDGFRa PCR reactions.
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Components Final concentration Volume per reaction (ul)
10X PCR reaction buffer 1X 2
50 mM Mgcl, 1.5mM 1.5
10 mM dNTPs 5.0 (250 ng) 0.4
10uM Forward primer 1.25 0.4
10uM Reverse primer 1425 0.4
Tag DNA polymerase(5U/ul) i 0.1
Distilled water ) 13.2
DNA template(50 ng/ul) 1 2
Total volume (ul) - 20

a8

Table 9 PCR conditionof PPDGERa amplificétio_n

Step | 'l;emperé’-t:pré Incubation time
, F/N

Initial denaturation 94°C e, J’ 3 min

PCR cycle of 1) cyole;‘:_;_g ) -
Denature 94°C - 30 sec
Annealing Table 7 Table 7
Extension 72°C 45 sec

Final extension 72°C 10 min

2.3 Direct Sequencing

PCR, products*were treated-with, ExaSARsIT, (USR;Clevelandy OH, WSA)according to the

manufacturer's recommendation, and sentfor direct 'sequencing to Macrogen, ‘Seoul, Korea. The

sequences were analyzed using Sequencher (version 4.2 Gene Codes Corporation, Ann

Arbor).

2.4 Restriction Fragment Length Polymorphism (RFLP) assay

The polymorphism study of entire three genes was determined by

RFLP analysis. Each gene has specific restriction enzyme for identification of its

polymorphism.
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I.  RFLP for the SUMOT gene
Make up mixture for restriction endonuclease digestion in intron 3 88-150A>G

Table10 Restriction nuclease site for SUMO1

Restriction Restriction site Product size Digested products
enzyme (base pair) (base pair)
Mboll 5 GAAGANNNNNNNNY 3’ 709 330, 287, 49,43

3" CTTCTNNNNNNNa

Table11 Mixture for restri st|on for SUMO1

o :\‘* e per action* (ul)

IR ~
LN

= PN

7 T

Hogadc BANK

= 3 i .
Incubationtime /'y PJ‘i_“ W\- ight

F

¢ }“ -'a"'

e ,.fu i«.«'

Il. RFLP for the'm
y"_
Make up mixture for reﬂic 0

i
ﬁG>A from coding sequence
(Table 12 and 13)

AU INENINYINT

Table12 Resitfiction nuclease S|te for miR-140

VIR AN e

Taqg | 5 NNNNTY CGANNNN 3’ 357 221,136
3" NNNNAGCa TNNNN 3’




Table13 Mixture for restriction endonuclease digestion for miR-140

[Il. RFLP for the P,

Make up mixture for re

16)

Components Volume per reaction* (ul)
10X NEBuffer3 2
100X BSA 0.15
Distilled water 3.65

20U/l Tag'l

30

PDGFRa (Table14, 15 and

Restriction Product size Digested products
enzyme (base pair) (base pair)
Bigl 416, 292
Apol 556, 152
3" NNNNYTTAAA RNNNN 3’
Sau96l NNRNGY GNCCNNNNLG! 708 96,112,208,500
UHIBTNINEAT
HpyCH4IV @' 5 NNNNAY CQEI'NNNN 3 619 e 39, 580
YW lﬂ@ﬂﬁm*mﬁ’]’] Neae
EcoRV 5" NNNNGATY ATCNNNN 3’ ‘ 164 130, 34
3’ NNNNCTAAa TAGNNNN 3’
BsaJl 5" NNNNCY CNNGGNNNN 3’ 617 412,137, 59, 19
3’ NNNNGGNNCa CNNNN 3’
Nlalll 5" NNNNCATGY NNNN 3’ 524 376, 108,40
3" NNNNa GTACNNNN 3’
BsiXI 5" NCCANNNNNY NTGGNNN 3’ 546 216, 330
3’ NNNGGTNa NNNNNACCN 3’




Table15 Mixture for restriction endonuclease digestion for PDGFRa 3’'UTR
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Volume per reaction’ (u)

Components c.*455A>C c.*34G>A c.*51G>A C.*479C>A
10X NEBuffer1 - - 1.5 (1X) -
10X NEBuffer3 1.5 (1X) - - -
10X NEBuffer4 - 1.5 (1X) - 1.5 (1X)

100X BSA 0.15 - - 0.15

Distilled water 3.75 642 5.2 6.2

10U/ul Btg! (023 3 - -

10U/l Apol - 14 - - 0.25
5U/pl Sau9él - k6 - -

10U/l HpyCH4IV l - 0.3 -

PCR product 9 : 4 4 8 8

Total volume (pl) 15 v 15 15 15
Incubation time 37’ overnight -B?OFovernight 37° overnight 50° 4hr

-

i
FRAd o

’ <4
Table16 Mixture for restrictionre’hdonucl’e{a‘s_‘e digestion for PDGFRa
'y - o+ “J’J

,T}/,biume per reaction’ (u)

*, A401D (Exoné)

=

T474M (Exon10)

Components v,\/544P(Exon11) T1052M (Exon23)
10X NEBuffer2 ||~ =1 2010 -
10X NEBuffer3 2(1X) - - 2 (1X)
10X NEBuffer4 - 2 (1X) - -
100X BSA 0.2 02 - -
Distilled water, 12.3 7.8 7 7.25
20U/l EcoRV 0.5 - - -
2.5U7ul  BsaJl < 1 1 0.25
10U/ul Nialll - 1 - -
5U/pl BstXI - 0.3 0.5
PCR product 5 10 10 10
Total volume (pl) 20 20 20 20
Incubation time 37° overnight 37° overnight 60° 4 hr 37° overnight
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Artificial Restriction Fragment Length Polymorphism (A-RFLP) Analysis

Restriction analysis of polymerase chain reaction (PCR) products is one of the
earliest techniques used for analyzing amplification products. This approach is
applicable for distinguishing alleles in which the polymorphic residue results in the
creation or removal of a restriction enzyme site. Unfortunately, many polymorphisms are
not associated with restriction enzyme site change and thus are not amenable to this
analysis. However, by using site-directed mutagenesis using primers with mismatches
near the 3’ ends, it is possible to create an artificial restriction fragment length

polymorphism (A-RFLP) for almost all naturally occurring DNA polymorphisms (Figure1)

Alielg 1 j Allels 2

T S F FTE——

ii

\’o!ymo phic residue which dqgs not normally
ereate or abolish a resirlction enzyme site

A-RFLP mutagenesis primar i * ¥ p Artificial mismatch
[ il ] T
- = |
Primer
RCR ’
No sile for enzymeX- - l HRestrictionsiie far enzyme X
LS !
[ el |
TR SR
* Restrict with X
W W + ' |
EEET T e

|

Products resolved by gel electrophoresls

Figure1 Principles of artificial RFLP (REF)
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Design of an A-RFLP primer can be accomplished easily and rapidly using
a semiautomatic approach using a computer program that will search for restriction
enzyme sites for a given sequence, e.g., DNA Strider. The process is illustrated in
Figure 2. For the following discussion, let us assume that the polymorphic residue is P
(Figure 2) and that we are searching for restriction enzymes with recognition sites of up
to six bases. Five bases on either side of P are entered into the computer (from-5 to +5)
and the program is used to search for a restriction enzyme site encompassing P. If a
restriction enzyme site is found that is only present in.one allele but not m the other one,
then an A-RFLP site is found.lf-no-restriction site-polymeorphism is found, then the
nucleotides from -2 to -5 and frem.+2 to +5 are systematically changed one at a time,
and a computer-assisted searchfor restriction enzyme sites is carried out after each
alteration. For each positiony the nucleotides A, T, C, and G'is substituted in turn (one of

them will be found in the naitrally oqourrin§ sequence)
\,

' |

& end of A-RFLP primer 1
A-BFLP mutagenesis primer 1 st el A-RFLP mutagenesis primer 2
(sense) [ T : (antisense)

0 CE0 0 O e O O

-5 -4 -3 -2 B +1 +2 | +3 +4 45

3' end of A-RFLP-primer 2
Figure 23Semiautomatic approach for/designing A-RFLP primers. See text for details. Following the
design stage, only one of the A-RFLP primers would be chosen, either in direction 1 (sense) or
direction 2 (antisense). PCR ampilification would then be carried out using the A-RFLP primer and a

downstream primer. (REF)

2.3 Agarose gel electrophoresis and DNA sequencing

The PCR products were verified for correct size on ethidium bromide-stained 1.5%

agarose gel. The PCR products were then treated with ExoSAP-IT (USP Corporation,
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Cleveland, OH) according to the manufacturer's recommendations, and sent for direct
sequencing at the Macrogen Inc., Seoul, Korea. The sequence was analyzed using

Sequencher (version 4.2; Gene Codes Corporation, Ann Arbor, MI).

3. Functional analysis

This procedure was performed to investigate an effect of the mutation

detected in patients with mutatio R of the PDGFRa gene. The luciferase

reporter gene assay was us e construction of plasmids, in vitro

3.1
3.11
Using the pG
the patient with hetero A muts S amplif d using forward mutagenesis
primer CGAGCTCATTGAAGA . A\GCTYC 3’) and reverse primer
GTTGTCAAGCTTCTAAATGACC for- TT 3’) to generate a 708 base pair

i ——— — —
Scal 1890 : ael 2707 E 1113‘5”
8 atll 20
1 ori Sphl 26
U BstZl | 31
‘ e
ma" | | 4
Flu Qﬂ%ﬂfﬂj =]
to ' coRl'| &
U (gt
Spel 64
EcoRl 70 u
ri 2l
q Ndel | o7
Sacl 109
BstXl 118 %I
Nsil 127 g
T 141 2
SP6 §

Figure 3 pGEMR-T Easy Vector
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Ligation Using the pGEM®-T Easy Vectors

1. Briefly centrifuge the pGEMR-T Easy Vector tubes to collect the contents at the
bottom of the tubes.

2. Set up ligation reactions as described below (Table 17).

Table 17 Reaction component of ligation

Reaction Component Standard Reaction (pl)
10X Ligation Buffer 2
pGEMR-T Easy Vector (50 ng) 5
PCR produet (CLP14O=)J 12
T4 DNA Ligase (3 Weiss units/pl) 1
nueleasesfregiwater ‘. 10

|
3. Mix the reactions by pipetting. Incngatelh'e reactions for 1 hour at room temperature.

Optimizing Insert : Vector Molar Ratios "

ng of vectorx ki size of insert < insert : vector molar ratio = ng of insert

kb size of vestor ";Jr:’-,
4. An aliquot of the PCR reactioﬁ"éhduld be agafﬁed on an agarose gel before use in
the ligation reaction to, verify thé_t'fhe-’reactior{;’B;F!c?éj_u’ced the desired product. The PCR
product to be Iigated¥ eaTTb_e_gél?pWTﬁe‘d_OT_pﬁﬁﬁe‘d_CFaﬁﬂp of reactions prior to
ligation is recommend‘edl_ to remove primer dimers or otheriu’ndesired reaction products,
and to improve ligation éﬁ‘iciency. Exposure of PCR produ;:ts to shortwave ultraviolet
light should be'minimized|in arder to-avaid the formation of pyrimidine dimers.
Transformation
1. Prepare L B/ampicillin-plates:
2. Add 21yl of each ligation reaction to a sterile 1.5 ml microcentrifuge tube on ice.
3. Remove tube(s) containing Competent Cells from storage and place in an ice bath
until just thawed (about 5 minutes). Mix the cells by gently flicking the tube. Avoid
excessive pipetting, as the competent cells are extremely fragile.
4. Carefully transfer 50 pl of cells into each tube prepared in Step 2.

5. Gently flick the tubes to mix and place them on ice for 20 minutes.

6. Heat-shock the cells for 45-50 seconds in a water bath at exactly 42°C.



36

7. Immediately return the tubes to ice for 2 minutes.
8. Add 980ul room-temperature SOC medium to the tubes containing cells transformed
with ligation reactions.
9. Incubate for 1.5 hours at 37°C with shaking (~150rpm).
10. Plate 200 pl of each transformation culture onto duplicate LB/ampicillin plates. If a
higher number of colonies are desired, the cells may be pelleted by centrifugation at
1,000 x g for 10 minutes, resuspended in 200 ul of SOC medium, and 200 ul plated on
each of two plates.
11. Incubate the plates overnight (16-24-hours).at.37/°C.
Screening transformants for inserts

Successful cloning offandnsert intaf the pGEMR-T Easy Vector interrupts the
coding sequence of B—galactosidase_;.- recombinant clones ¢an be identified by color
screening on indicator.plates. However, th?’characteristics of the PCR products cloned
into the vectors can significantly. afféct the Eha_tic; of blue:white colonies obtained. Usually
clones containing PCR products p-'ro:duce vv:_-k':ﬁie‘é;olonies. TA -WT PDGFRa -3'UTR and

v ol i

TA -MUT PDGFRa -3’'UTR were \_,/_erif-i_ed by seg—yérpcing.

rf AT

|

Mutant strand of PD_GERa 3'UTR synthesis

Two uncharaci_é_rized PDGFRa -3'UTR mutants con{étructs were generated by in
vitro site-directed mutagenesis (Stratagene’s QuickChange site directed mutagenesis

kit) from wild type allele (TA=WT PDGFRa -3'JTR).

Mutant strand synthesis reaction (thefmal cycling)

1. Synthesize two complimentary.oligonucleotide primers ceontaining the desired
point mutation. The mutagenesis primer sets were designed by using Stratagene’s web-
based QuikChange Primer Design Program available online
at http://www.stratagene.com/qcprimerdesign. All mutagenesis primer sequences were

shown in table 18.


http://www.stratagene.com/qcprimerdesign�
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Table 18 Mutagenesis primer sequences for site directed mutagenesis by using PCR.

Mutant

Types Mutagenesis primer sequences for PCR (5' to 3')

1.34G>A | PDGFRa G34A F:5'-GTTCCTTCCACTTCTGGAGCCACCTCTGGATCCCG-3'
PDGFRa G34A R:5'-CGGGATCCAGAGGTGGCTCCAGAAGTGGAAGGAAC-3'

2.479C>A | PDGFRa G479A F:5'-CCTGATGTCAGCTGCTGTTGAAATTTTTAAAGAAGTGCATGAAA-3'

PDGFRa G479A R:5'-TTTCATGCACTTCTTTAAAAATTTCAACAGCAGCTGACATCAGG-3'

2. Prepare the sample reaction(s) as‘indicated in table 19.

-
Table 19 Mixture of PCR reactions for site directied. mutagenesis

Components 11 V/olume per reaction (ul)

1. 10X PCR reaction buffer . 5

2. 50 ng/pl TA-PDGFRa-CLP140 L ; 4

3. 125 ng Forward primer . ‘ 4 2

4. 125 ng Reverse primer . J,._ 2

5. dNTP mix f 4 1

6. Distilled water AT T— A 36

7. 5U/ul Pfu.Turbo polymerase -‘ 4 1

Total volume (ul) v B

3. Cycle each reaction using the cycling outlined i table 20.

Table 20 PCR cycle forsite directed.mutagenesis.

Step Temperature and incubation time
1. "Initial denafusation 95°C130sec
2. PCR cycle 12 cycles
Denature 95°C/ 30 sec
Annealing 55°C/ 1 minute
Extension 68°C/ 6 minutes
3. Final extension 72°C/ 7 minutes

Final concentration per reaction in each PCR reaction
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Dpnl digestion of the amplification products

This step was performed for digestion of the nonmutated parental DNA template
with Dpnl.
1. Add 1 pl of the Dpnl restriction enzyme (10 U/ul) directly to each amplification
reaction.

2. Gently and thoroughly mix each reaction mixture by pipetting the solution up and

Used Sacl (5° GA ; d Hir ‘ 1l (5 A2 ) enzymes to liberate the
3'UTR region of the PDGF f TA S able 21 ) and ligated the
fragments into pMIR-R bio ) between Sacl and HinDIll sites
(Table 22 ), making PDGFRa R | ( " e ‘ ots. pMIR -WT PDGFRa -3'UTR
and pMIR -MUT PDGFRa -3'UTR/were verified by sequencing.

Hindlll (463)

........

Puromycin -

(5447)
(5188

B8 INUNTY

eI

oV NIRRT EREE

BamHI (2205)

(4083)
(4024)/ CMV Promoter
] EcoRI (2808
ColE1 Origin - (3138) e

Figure 4 pMIR-REPORT™ vector (ambion)
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The pMIR-REPORT ™ miRNA Expression Reporter Vector System provides accurate,
quantitative, in-cell measurement of miRNA expression. This validated reporter system
contain mammalian expression vectors (Figure 3). The pMIR-REPORT™ Luciferase
miRNA Expression Reporter Vector contains firefly luciferase under the control of a
mammalian promoter/terminator system, with a miRNA target cloning region
downstream of the luciferase translation sequence. This vector is optimized for cloning
of miRNA targets and evaluation of miRNA regulation. pMIR-REPORT Luciferase utilizes
the powerful CMV promoter to drive high-levelexpression of firefly luciferase in
mammalian cells. A miRNAtarget multiple cloning-site-follows the luciferase gene and is
itself followed by a SV40 polyAsregion. The vector utilizes puromycin for selection in cell
culture and a ColE1 Ori/AmpiCilHn—resistaflce gene for maintenance in E. coli. pMIR-
REPORT Luciferase is designed for the clélning and testing of putative miRNA binding
sites. pMIR-REPORT Lucifegase can be traﬁsfgcted into mammalian cells to evaluate
endogenous miRNA expfession, or used to‘-fevaluate the up- or down-regulation resulting

Pad 4%

from the transfection of PresmiR™ miRNA M-o"l;eciules or Anti-miR™ miRNA Inhibitor
ald 3

Molecules respectively. pMIR-REPORT LuciferaS@ can also be used as a sequence

screening tool to identify miRNA targets or sc?é,_erj_li_braries of Pre-miR miRNA Molecules

to identify genes that-régulate expression.

Table 21 Mixture for restriction endonuclease double*digestion for Sacl and Hindlll

Components Volume per' reaction*\(gh)

10X NEBuffer2 2

100X BSA 0.2

Distilled water 6.13

20U/l Sacl 1

20U/l Hindlll 0.5

3'UTR-TA 10

Incubation time 37° overnight



http://www.ambion.com/catalog/CatNum.php?17100�
http://www.ambion.com/catalog/CatNum.php?17000�
http://www.ambion.com/catalog/CatNum.php?17000�
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Table 22 Reaction Component of ligation for pMIR-PDGFRa -3'UTR

Reaction Component Standard Reaction (ul)
10X Ligation Buffer 2
PGEMR-T Easy Vector (50ng) 5
PCR product (CLP140) 12
T4 DNA Ligase (3 Weiss units/pul) 1
nuclease-free Wa]ther i 10

3.1.2 Preparation of in&gintr%an&ctor

T —
The pRL-TK is containing the native Renilla

luciferase gene under rpes simplex virus thymidine

kinase (TK) promoter control for determination of

For a control, the empt;/!r

r

/L,.—"J' t:-" o J ]'."‘

used. The pCDNATMS_&i/myC His B i |s 1 c vector (Invitrogen).

I§§ myc epitope | 6xHis ®|

H _>7_‘;;i =
Eempaxiixinin|=
|¢§%§§§ME$M§£ 3
2223 BamH | 5
SV40 late EJ
poly(A)
n
1971 Xbal Bg‘

puC ori

Figure 5 Circle maps of the pRL-TK and the pCDNATM3.1/myc-His B.
Panel A shows the pRL-TK construct.

Panel B shows the pCDNATM 3.1/myc-His B.
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3.2 Amplification of expression vectors for transfection experiment

3.2.1 Preparation of competent cells

1. Grow bacteria (DH5QU and XL-1 blue) from glycerol stock by streaking on the
LB plate (without antibiotic) and incubate for 18 hours at 37°C.

2. Pick a single colony and grow them in 30 ml of LB broth without antibiotic
(starter media) in a 100-ml flask. Incubate the culture for 18 hours at 37°C with shaking
at 225 rpm.

3. Dilute the starter media at ratio j:10 with fresh LB broth without antibiotic
(original media). Incubate the-eulture for 50 minutes-at.37°C with shaking at 225 rpm.

4. Transfer 10 mkof the€ulture to @ pre-chilled sterile 15-ml centrifuge tube.

]
Pellet the bacteria with @400 rpmispin fo‘_r 10 minutes at4°C. Discard supernatant and

place the cell pellet on ice. _é

5. Resuspend cellg'in 40 mIof cold”:‘lo.i'-‘ M'CaCl, solution. Pellet the bacteria with
a 4000 rpm spin for 10 minutes at4°c.

6. Discard supernatant and resuspeéw‘é:ce:lls in 2 ml of cold 0.1 M CaCl, solution
per original media and add 10%"glyéerol. Mi#;b?'lélowly pipetting up and down and store

g

cells at -80°C.

7. Test for céllpo?hpeTmyb? transformation with thef control plasmid vector
using heat shock (see 37."2.2).

3.2.2 Transformation
To make bacterial Gells take up the plasmid/fareign DNA by using heat shock.

1. Take out competent (DH5Qk or XL-1 blue) cells from —-80 °C and thaw on ice
for 5 minutes.

27 Add 5 pl of plasmid DNA into 50 pl of competent cells in a 1.5-ml
microcentrifuge tube and gently stir with tip. Incubate for 30 min at -4 °c.

3. Put tubes with DNA into heat block at 42 °C for 45 seconds.

4. Put tubes back on ice for 2 minutes to reduce damage to the cells.

5. Add 1 ml of culture medium at 37 'C containing SOC 96 pl, I\/Ig2+2 pl, and 10
M glucose 2 pl (without antibiotic added). Incubate tubes for 90 minutes at 37 °C with

shaking at 225 rpm.
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6. Spread 20-50 ul of culture by the spreader on warmed LB plates (with 100mg/
ul of ampicillin). Grow them overnight at 37 °C for 18 hours.

7. Pick a fresh single colony and place in 5 ml of LB broth (with 100mg/ul of
ampicillin), and then incubate at 37 °C with shaking at 225 rpm for 16 hours.

8. Extract and purify the plasmid DNA with mini prep.
3.2.3 Plasmid DNA extraction

1. Harvest bacteria from culture’ iibes into 1.5-ml microcentrifuge tubes.
Centrifuge at 13,400 rpm for.3.-minutes. Bacterial.cells.may be harvested in 15 ml tubes.
Centrifuge at 5,400 x g for 10_minutes at 4°c.

2. Discard supernatant.and add %50 pl of chilled complete Qiagen suspension
solution (P1), vortex of pipgife up and downwuntil no cell clumps remain. Transfer
suspension cells to a 146 m|« microcent?ifug'é tube

3. Add 250 pl of Qiagen IyS|s soluttom (P2) and mix thoroughly by inverting 10
times and let stand for 2 minutes at room temperature or until the lysate solution is clear.

A % ol ol ok

4. Add 350 pl of Qiagen neutrallze sotutli;n (N8) and mix thoroughly by inverting

10 times. Centrifuge for 10 minutes. at 13,400_-41-”p__m in a table-top microcentrifuge. A

compact white pellet vv||I form.

5. Transfer the supernatant from step 4 to spin column tubes and centrifuge for 1
minute. Discard the flow-through. -

6. Add 5004l of.Qiagen.wash buffer{PB).and centrifuge.for 1 minute. Discard
the flow-through,

7. Remoye all residual buffer PB by adding“750_ul of Qiagen‘wash buffer (PE)
and centrifuge for 1'minute. Discardthe flow-through and centrifuge ‘again for 1 minute.

8. Transfer spin columns to a new 1.5-ml microcentrifuge tube, add 30- 50 pl
of filtered dH,O or elution buffer (EB), and let stand for 5 minutes at room temperature.
Centrifuge for 5 minutes at 13,400 rpm in a table-top microcentrifuge. Remove the

column and store DNA at -20 0C.
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1. Obtain a buffer that works for all of the enzymes being used in the digestion.

Vortex well and keep on ice.

2. Set-up a master mix consisting the buffer (1, 2, 3, or 4) that works for all

enzymes being used, filtered dH,O, and the enzymes. The digestion reaction was

summarized in table 4.

3. Incubate the reaction (s

hour.

4. Check the cut si

Table 23 Mixture of D

——i

% (= )‘u e

?74 in the 37°C water bath for at least one

action’ (uh)

1
-

Components ! 'R‘ illa= (?&ATM 3.1/myc-His B
Wrdesy
1.10X NEBuffer: *ng:)ﬁj'_ 2 (1X)
2.100X BSA "L';r". *__(}_:2: 0.2 (1X)
3.Plasmids L— 5

il

4.Distiled Water

4}11.8

s a
6.20U/4l Ecqﬁ n -

7.10U/pl Bglll ¢a

To [)

Incuq‘mon time

1 (10Ub

O/N

hr. or O/N

A RNA SANATRENA Y

Note: Keep the enzymes in the cold block and add last to the master mix.

3.2.5 DNA precipitation

1. Add a half volume of 10 M NH,OAc to 1 volume of the DNA sample.

2. Add an equal volume of chilled complete 100% EtOH to the DNA sample, add

5 pl of glycogen, and mix thoroughly by gently inverting.
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3. Incubate at —20 °C overnight or at =80 °C for 1 hour.

4. Centrifuge at 14,000 rpm for 15 minutes at 4 °C and remove the ethanol and
salt.

5. Add 1 ml of chilled complete 70% EtOH, mix thoroughly by gently inverting,
and centrifuge at 14,000 rpm for 5 minutes at 4°C.

6. Remove the ethanol with care and dry the pellet in 50 °C oven for 5 minutes or

dry the pellet at room temperature ov *
7. Resuspend the dri NA in amount of sterile TE (pH 8.0), or
water, and store at 4 °C f&ani@latiw °C for long-term storage.

assays as described below.

To tes FRa 3' UTR, we performed

co-transient transfecti

Lipofectamine™ 2000 (Invitrogen‘);gf'f.ﬁgé ber of cells for seeding were 5x10" cells/well.
- '::,-_.‘(,‘_-r

1. Inspect 0037 cells (simian virusﬂ:‘ﬁﬁoan green monkey kidney
fibroblasts) in the T- jSK by using
60-70% confluent.. !

1X phosphate i{ aline ( Jland remove the'ri solutiont

3. Add 2 ml of trypsin-EDTA a‘ﬂd incubate @élls in a 5% CO . ‘incubator for 5
e R IANTT MU NN

4. Inhibit trypsinization with growth medium (DMEM+10% FCS) and subculture

to ensure that they were

cells at ratio 1:3. Adjust solution volume to 10 ml of growth medium (DMEM+10% FCS).
5. Pipette up and down to mix cells, then transfer cells to a 15-ml centrifuge

tube.
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6. Using micropipette (size 1,000 pl) to mix cells again and sampling cells by
pipetting 1 ml of suspension cells to a 1.5-ml microcentrifuge tube. Stain cells 50 pl with
trypan blue 450 pl (Ratio cells:dye = 1:10).

7. Count cells using the hemocytometer by transferring cell solution into a
counting chamber.

8. Calculate the number of cells by using formula as described below:

1. Prepare DNA f

PMIR (wild-type and m 48 ng/well

PRL-TK 12 ng/well

pcDNA™ 3.1/myc-His B 40 pgiwell

Pre-miR™ miRNA Precursor mif 20 uM/well

Pre-miR™ miRNA P ecursor Volecuies-Negative Lontroi#1 © 20 UM/We”
e —— kY
2. Dilute the plasmid [ o ced serum

I

. , — A
Medium without serum (GIBCO; Invitrogen). See table 24

AU INENTNEINS
RINNIUUNIININY



Table 24 Mixture of transfection reaction for PGDGFRa 3' UTR
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pMIR-PDGFRa pPMIR-PDGFRa 3'UTR mut
JUTR wt (48ng/ )
(48ng/ pl) 34G>A 51G>A 480C>A
Pre-miR Pre-miR Pre-miR Pre-miR Pre-miR Pre-miR Pre-miR Pre-miR
140 Neg. 1 140 140 Neg. 1 140 Neg. 1
pcDNA3.1 Tul Tul Tul Tul Tul Tul
(40ng/ ) p
pRL-TK Tul Tul Tl Tul Tul
(12ng/ ul) ~
Opti- 46l € opl 46l
MEMI AL
Total 50 [ » . i 50 pl
-5 W

3. Mix LipofectamineT

Lipofectamine™ 2000 in 100 1l of @pt-ME|

minutes at room temperature (taf

Table 25 Dilute LF™

for PGDGFRa 3' UTR

G!IW'] N[

Total Volume

dilute 4.0 pl of

serum medium. Incubate for 5

m without Serum

ivity
‘a
T T
Comp ulunllel d
LF™ 2000 rea@rﬁ - 2054l o/
S ST
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4. Combine the diluted DNA (from step 2) with the diluted LF " 2000 reagent
(from step 3) (total volume = 100ul). Incubate at room temperature for 20 minutes to
allow DNA- LF ™ 2000 reagent complexes to form.
Note: Complexes are stable for 6 hours at room temperature.

5. Remove the growth medium from the cells and add 0.4 ml of DMEM (without
serum) and 200 pl of DNA-LF™ 2000 complexes to each well. Add the DNA- LF™ 2000
reagent complexes (100 pl) directly:.to each well and mix gently by rocking the plate
back and forth.

6. Incubate the celis:at:3/°C in axCO,, incubaioerfor 24 hours.

Day 3: harvest cells "J.
1. Remove the growth medium from the 24-culture well plates, and wash with 0.5
ml per well of phosphaté buifer. salme (PBS'S Completely remove the rinse solution
before applying the passive lysis buffer (PLB) reagent
2. Add 150 pl of 1XPLB 0 each well
3. Place plates on the orp__ﬁal.éhaker ;}:r;j-;gent|y shake for 20 minutes at room
temperature. e ﬂ

4. Transfer th_e‘lysate to a labeled 1.5-m| microcentrj'%u_ge tube.

5. Inspect cells'to ensure that they are lysed and freeZze the samples overnight at

-80 °C. ~
Day.4; Detection, of dualluciferase,activities by using luminometer.

1. Thaw'the'rozen lysate'and vortex-for 16 'seconds.

2. Centrifuge, for, 30.seconds at 4 °C and.tranisfer supernatant’into a new labeled
1.5-ml microcentriftige tube.

3. Aliquot 20 pl of cell lysate and mix with 100 pl of LARII reagentin 1.5-ml
microcentrifuge tube and measure the activity by GloMax 20/20 Luminometer with
Single Auto-Injector. The number represents the firefly luciferase activity.

4. Add 100 ul of Stop and Glo reagent and read the luciferase activity again.
This number represents the renilla luciferase activity.

5. Record all readings.
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6. Data analysis (using excel on the lab bench computers)

a. Calculate the ratio of firely to renilla luciferase activities

b. Relative luciferase activity was calculated and shown as fold induction relative
to the luciferase activity of Pre-miR™ miRNA Precursor Molecules-Negative Control #1.
All experiments were performed in triplicate and repeated two times. The results were

reported as fold induction + SD. Statistical analyses were performed using ANOVA

AULINENINYINg
ARIANTAUNNIINGIAY



CHARTER IV
RESULTS

SMALL UBIQUITIN-LIKE MODIFIER 1 (SUMO1)

The entire coding sequences of the SUMOT gene were analyzed by
PCRsequencing in 123 and 104 Thai patients with nonsyndromic CL/P and
nonsyndromic CP, respectively. One/sequence variant was identified in 75
individuals with nonsyndromic CL/P. The/ariant'was a single nucleotide change in
intron 3 (Table 26). Therobserved ‘distribution~of genotypes among controls was
compared with that expec€ted according to the Hardy-Weinberg equilibrium: no
difference was found (X2 #Z 01008, dk =2, P =0.99). Genotype frequencies of the
patients also followedfthe HardVQWeEﬂBerg equilibrium (X2 = 0772, df =2, P =
0.68). The distribution of alleles.an?j gé;wotypes among patients were compared with
those among controls: no diff@rghces éf—git@er allelic (P = 0.052) or genotypic (P =
0.170) distributions between patients;.i'atng controls were found. In addition, no
association was found with the 'recessivé_:-ir"jf;‘eritance mode (AG+AA vs. GG, odds
ratio 1.58, 95% CI 0.90 - 2477 Fable 28)aﬁd- domina_nt inheritance mode (AA vs.
GG+AG odds 262 E6%-CHoBA-E AR FabIe2o s

Table 26 Genotypic and allelic distribution and c:ompariso;w;mc SUMO1 ¢.88-150G>A in

patients with CL/P and &)ntrols.

Patients Controls
Alleles (n=227) (n=105)
G 368 (0.81) 183 (0.87)
86+0.19) 27.(0.18)
Y’ (P value, of = 1) 3.765 (0.0523) ref.
Patients Controls
Genotypes (n=227) (n=105)
AG 64 (0.282) 23(0.219)
AA 11 (0.048) 2(0.019)
Y (P value, df = 2) 3.545 (0.170) ref.
Odds ratio (P value) 95% ClI
AG+AA vs. GG 1.58 (0.088) 0.90-2.77
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AAvs. GG+AG 2.62 (0.199) 0.54 -17.46

PLATELET-DERIVED GROWTH FACTOR RECEPTOR, ALPHA (PDGFRa)

1. Sequence analysis in the PDGFRa gene
From 104 of nonsyndromic CP by PCR-sequencing of the PDGFRa gene, 4
sequence variants were identified. PCR-RFLP was also used to screen for their

presence in the unaffected controls !\ZIe 27). The multiple sequence alignments

/ erved (Figure 5).
"‘—_5

o= DGHQ‘a g

revealed that the p.V544A and QB‘S

Table 27 Sequence varia

_al

f.-

Location Variant

7 WAIIeIe) Control (Allele)

e

- .y N
Exon 8 A401D '\342\04 1/1000
Exon 10 T474 polag>n npmgr m\"'\ 1/267# 1/1000

Exon 11 v544a 4| gbngoidr>nenmoler [ 1\ /204y 0/1000

Exon 23 T1052M ‘” >nonﬁo v

/204 1/204

a) PDGFRa A401
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Figure 6 Multiple alignments of the identified PDGFRa sequence variants
Homo = Homo sapiens Bos = Bos Taurus Mus = Mus musculus

Gallus = Gallus gallua Xenopus = Xenopus laevis ~ Danio = Danio rerio

1. Sequence analysis in the 3UTR PDGFRa gene

Four noncoding sequence variants were identified in a cohort of 104 patients with
nonsyndromic CP by PCR-sequencing (Table 27). All these variants map to the 3’
untranslated region (UTR) of the Qrﬁr\s‘ff nd correspond to the non conserved
nucleotides (Figure 6) Wlthlkb pr‘edlc g site for the human microRNA

(miRNA) hsa-miR-140 ( Flgm-V-)—'Fhe POR- RFbP!resu*Romparlng the presence of these

variants between the pM ' ted Confro%shown in Table 27.

Table 28 Sequence vaiants.i

Location Variant _ ‘C? (%\PQ 2 Control (Allele)
c.*34G 0/1000
3'UTR PDGFRa c.*51G> 1/1000
c.*455A>C | 44/200
c.*479C> 2/1000

Muacaca
Pan
Homo
Mus
Gallus
Xenopus
Danio

MGCGQ

Pan
Homo
Mus
Gallus
Xenopus
Danio

Figure 7 Multiple alignments of the sequence variants identified in the 3' UTR PDGFRa
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15t Predicted Target Site A

5-TGGGGCCACCTICTGGAUCCCGUUCAGAAAACCACUU-3 PDGFRa-WT
1 Frrietrtd
3'-GAUGGUAUCCCAU U UUGGUGAC-5 miR-140
1l ERERE Y
5-UGGAaGCCACCUCGGAUCCCaUUCAGAAAACCACUU-3' PDGFRa-MUT

c.*34G>A c.*31G>A

5'-UUGAACUUUUUAAAGAAGUGCALU ANACCAUUU-3° PDGFRa-WT
C-5 miR-140

5-UUGAAQUUUUUAAAG 3AAAAACCAUUU-3. PDGFRa-MUT
c.*479C>A

Figure 8 The predict

-_-;x oA 2 ",:“i’l-
PDGFRa on the mRM mediated represélonmg se reporter system. In the
presence of Pre-miR iR140 can medi ion through its binding at the

miRNA binding site in E S’GTR ansient C@ransfection studies, the wild-

type or mutant 3’'UTR PDGFRa constructs were cotransfected with the Pre-miR™ miRNA

Precursor m,Rﬂo‘uoEJonV] &0l o B At e e precursor mim-140

were added to the culture medias All experiments were performed in triplicate.
Cotrana W’\q @133 ﬂlaﬁ EH ge] %ﬁo@’g WSEJ q a Egarnal control to
m|n|m|ze%he variability of the obtained results caused by differences in the transfection
efficiency between different samples of the transfected cells. The data were represented
as relative luciferase activity (firefly luciferase activity was normalized with renilla

luciferase activity).
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Statistical analysis

All data of the luciferase activity were calculated as relative luciferase activity. All
experiments were performed in triplicate. Statistical analyses were performed using
ANOVA (independent samples t-test).

We found that, with the presence of miR-140, the relative luciferase activity of the

construct with the ¢.*34G>A mutation was statistically significantly lower than that of the

tivities of the construct with the other two
% (Figure 8).

g

wild type (P=0.014). The relative lucifer

variants were not different fro

BN
Bt N

|
-

Figure 9 Relative luciferase activity

AUEINENINYINg
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MICRO RNA 140(miR-140)

The ha miR-140 was analyzed in 104 CP patients by by PCR sequencing. One
variant was identified in 7 out of the 104 patients. The variant was a single nucleotide
change, +10G>A. This variant was also identified by RFLP in 8 out of 100 unaffected

controls (Table 28).

Table 29 Mutation screening of the miR-140 gene.

Location variant | ~“Case(Allele) Control(Allele)

Intron 3 A 204 8/200

AULINENINYINg
IR TUAMINYAE
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CHAPTER V
DISCUSSION AND CONCLUSION

Common birth defects such as neural tube defects, congenital heart disease,
and cleft lip and palate can occur in both syndromic (which include structural
abnormalities, developmental delay, or dysmorphic features), and non-syndromic forms.
While both genes and environment play a role in the non-syndromic forms, the specific
causes of these have remained. largely undiscovered until recently. For neural tube
defects, a strong environmental component is Clearly shown by the ability of prenatal
folic acid to prevent a proportion.of the§'é cases” " "Cenetic factors, perhaps including
predispositions to the effegits oivfolate or relative folate deficiency, seem likely also to
play a role. For congenitalfheart disease,‘lendophenotypes such as tetralogy of Fallot in
apparent non-syndromic gorms has ‘been:Lr;éported associated with NKX2.5 mutations,
which suggests a specifie gene corﬁpor';en't to this formerly complex trait in 4% of
families”™”. Thus, searches for mutations in’:s‘j.ngle genes whose defects include CL/P or
CP may also disclose specific abnormaIitieé.f'm-qr?on—syndromic forms.

Samples included in this study Wereﬁf;iprised primarily of subjects who have
isolated cleft lip as well as cleft-fip-and pefléité.ﬂﬁ SUMOj previous study reported a
balanced translocation:distupting-the-SUMOT-gene-if-a gifl patient with a unilateral cleft
lip and palate. Additional studies in animal models confi;ned the role of SUMO1 in
palate formation". Reééntly, it has been demonstrated that SUMO1 is able to regulate
msx1 ®1 Genelicistuliés T BOtH? Huifans: dhél fiiée have “idicated that the Msx1
transcription factor is associated with specific disorders, including cleft palate. This
suggests that' SUMOJ might control the activity ofa repertoire”of downstream effectors
involved gin  palatogenesis, accounting for the sensitivity of palatal development to
SUMO17 gene dosage. Even though there was no significant sequence variants
identified in this study, it was not surprising as the numerous genetic and environmental
factors in distinct populations would probably contribute differently to the formation of
CL/P. Ourstudy demonstrates an absence of SUMOT mutations in Thai patients with

isolated cleft lip with or without cleft palate and cleft palate only. Other genetic or
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environmental factors might contribute to the occurrence of nonsyndromic CL/P and CP
in the Thai population.

Sequencing analysis of the coding regions of PDGFRa gene revealed four
nonsynonymous variants, A401D, T474M, V544A, T1052M. All four have not been
previously reported. Only one non-synonymous variant, the V544A, is not present in 500
control individuals of Thai ethnic background.

We compared human sequence W|th other species to search for evolutionary
conservation. While the A401 an Tx X nserved, the V544 is conserved in four
of the five available spemes 105 rved in all five. All four variants are

not in the known function fa of the P%ure 9). Whether these variants
play a role in the pathoﬁ ) '

s rther studies.

Ti052M

ipt; ¢.*34G>A, c.*51G>A,

C.*455A>C, c.*4SOC>AjThé-__3 one, ﬁ51G>A, corresponds to the

conserved nucleotide withinsthe predicted binding sites (c.*45-66 and c¢.*488-509) for

e rumen mfi 4 y.@namaw B AEYS: v e oo

near the m|RNA%I|nd|ng sites.

LN TR GAARIHA G B urer

target trgnscrlpt. It is currently estimated that miRNAs account for ~1% of predicted
genes in higher eukaryotic genomes and that up to 30% of genes might be regulated by

miRNAs. 3'UTR are reported to be associated with various diseases that include

[60]

hereditary thrombophilia [59], (-thalassemia ~ , insulin sensitivity [6”, human papilloma

virus infection™” , increased sensitivity to 5-fluorouracil chemotherapym 64], G-to-A

transition in the 3'UTR of the myostatin gene in Texel sheep creates a potential
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illegitimate MiRNA target site, which recruits miR1 and miR206 binding and leads to
translational inhibition of the gene, resulting in muscular hypertrophy[m]and SNPs
residing in miRNA-binding sites were shown to affect the expression of miRNA targets
and contribute to the susceptibility to complex disorders such as cancer, asthma,
cardiovascular disease and Tourette syndrome Recently, it has been shown that
SNP-829C>T leads to a decrease in microRNA binding leading to overexpression of its
target and results in resistance to methotrexate Studies have demonstrated that a
naturally occurring miRSNP (a SNP Iocated é}aor near a microRNA binding site in 3’ UTR
of the target gene or in a microRNA) is assocua-te’d_with enzyme overproduction and
drug resistance. However-,?orr_w_ly very fe\AfmiRNAs have been functionally characterized

|
in details. /“"’!

“o ""'::(thec.*4§5A>C) has similar prevalence between cases

Of the four varia

and controls. The other ihre h"i\/,e ’én-sighificant difference or a trend to be different

between cases and contrals. We ther_efor@, performed a functional assay to determine

the effects of the three variants opn-crin 3"GTR of PDGFRa. Luciferase assays revealed
that the ¢.*34G>A variant in the BUTR of P,DGFRa with the presence of a miR-140,
significantly reduces expressmrr‘ of the Iucn‘ﬁsé This provides a strong evidence that
the c.*34G>A plays a_ role in patho'genesis ofio'raf"cfrefts

Sequencing ”adaﬂyﬁs—ef—the—hsa-mﬁ%eﬂdenﬂﬁedsejie variant. This variant was

also found in controls W|th similar prevalence. We therefore conclude that it is unlikely to

play a role in oral cleft pathogeneS|s in our population.

In conglusion, "our” data represent=an /important 'stepy in understanding the
complex mechanisms of expression regulation. We found cis-regulatory mechanisms to
fine-tunelexpression, of the:RDGFRa by translational repression. We hypathesize that the
repressian expression of PDGFRa may affect interaction of PDGFRa mRNA with miR-
140 contributed to CL/P in the patients carrying ¢.*34G>A. For many complex disorders,
the discovery of rare mutations in small subsets of patients has had a major impact in
the identification of fundamental pathways that underlie disease pathogenesis. Further
study of this new candidate gene, PDGFRa, may serve a similar role in the effort to
better understand CL/P at the molecular and cellular level and may open novel

therapeutic options in the treatment of this disease.
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APPENDIX A
BUFFERS AND REAGENT

1. Lysis Buffer |
Sucrose 109.54 g

1.0 M Tris — HCI (pH 7.5) _ 10 ml

1.0 M MgCl, m
Triton X — 100 (pure)= . ml
Distilled water 1000 ml

\ a refrigerator (at 4 C).

2. Lysis Buffer Il

5.0 M NaCl

0.5 M EDTA (pH 8.0~

n
e

Distilled was

1| ¥
Sterilize the sczlutlon by autoolavmg and store at room temperature.

0% E’]iltEJ’JVIEmﬁWEJ’lﬂ?

QWQ‘TT‘T‘EIJ&IWTWIEMGH

‘Dlstllledwaterto 100 ml

Mix the solution and store at room temperature.



4. 20 mg/ml Proteinase K
Proteinase K 2 mg
Distilled water to 1 ml
Mix the solution and store in a refrigerator (at —2OOC).

5. 1.0 M Tris — HCI
Tris base , \ | ,.11

led pH to 7.5 with HCI

Dissolve in dist

Distilled wa ml

Sterilize the v' Yy jaut I store at room temperature.
6. 0.5MEDTA (p

Disodium ethylen ' ia n.:-"?'-":“- te.” 1866 g

',,_

Dlssolve in distilled. wa oH to 8.0 with NaOH

Distilled vz;r;”*’

1,000 ml

Sterilize the ¢ qutlon by autoclavmg and store at room temperature.

mM%cu&J@VIEJVITWEJ’]ﬂi

QW‘“’TT;WTWW NN Y

Distilled water to 100 ml
Dispense the solution into aliquots and sterilize by autoclaving.
8. 5 M NaCl solution

Sodium chloride 29.25 g

66



Distilled water to 100 ml

Dispense the solution into aliquot and sterilize by autoclaving.

9. 10X Tris borate buffer (10X TBE buffer)

Tris — base 100 g

Boric acid 55 g

0.5 M EDTA (pH 8.0)

Bromphenol b oy > g
Xylene cyanol
Glycerol
™ Tr|s ot 8.0

Distilled water unti 100

M‘ﬁﬁﬂ?ﬂ%ﬂﬁw g1N?
m;;mmﬂ;og;ﬁmwmmﬁ’ 1

Adjust volume to 100 ml with distilled water and sterilize by autoclaving.
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12. 25:24:1 (v/v) Phenol-chloroform-isoamyl alcohol

Phenol 25 volume
Chloroform 24 volume
Isoamyl alcohol 1 volume

Mix the reagent and store in a sterile bottle kept in a refrigerator.

13. 2% Agarose gel (w/v ~
Agarose
1X TBE

Dissolve by casional mix until no granules

!
Y
Ethidium bromide '&

D|st|IIe -_-—-

Mix the solution and store

N LBagﬂ‘LlEJ’J NENINYINT

ﬁaﬁmnimumw eBL

Distilled water 100 ml



16. LB broth

Peptone 1.0 g
Yeast extract 05 g
NaCl 05 g

Distilled water 100 ml

17. SOC medium (100 m)=

Peptone

Yeast extra g
mnact AL () 006 g
1M KCI g
2M Mg”" ml
2M Glucose mi
Distilled '*:Ji mi

18. Cell culture me . |um

wﬁmmmmw BN
Qﬁﬂaﬁﬂimuﬁﬂﬂmﬁﬂ

10% (v/v) FCS
1%PenStrep 0.5 mi

Total Volume 50 ml



70

19. Cell culture medium:

DMEM+10%(v/v) charcoal-stripped FBS +1%PenStrep

DMEM 45 ml
10%(v/v)charcoal-stripped FBS 5 ml
1%PenStrep 0.5 mi

Total Volume ml

AULINENINYINg
AR TN TN
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wt -PDGFRa 3'UTR c.*51G>A -PD )GFRa 3'UTR

Renilla Firefly R/F Renilla Fire ; - 3 -irefly R/F

2,398,019 127,080 18.87 23,665,746 1,773,552 34 4 901,621 12.15

5,574,421 304,593 18.30 8,022,784 741,811 % 133 1,125,943 11.69
f \

28,971,712 1,543,706 18.77 4,714,271 521,663 9.04 e 70 ,092,948 13.69

T

_?; miR-

wt -PDGFRa 3'UTR C*51G>A -PDGFRa 3UTR >A -PDGFRa 3UTR

Renilla Firefly R/F Renilla e R e B O Fitefl R/F
7,536,114 235,676 31.98 24,867,676 1,178 048 50 20.24
8,349,205 365,815 22.82 28,413,148 1,440 '![ 19.72 4,571,493 63,766 25.85

3,919,973 146,196 26.81 31,345,510 1,444,28‘& 21.70 145777,337 733,235 20.15

c.*480C>A -PDGFRa 3'UTR

Renilla

11,791,513

12,099,783
9,105,385

Firefly

613,222
735,335

556,371

R/F
19.23
16.45
16.37

€.*480C>A -PDGFRa 3'UTR

Renilla
15,669,074
16,756,442
7,311,114

Firefly
653,771
730,704
373,953

R/F
23.97
22.93
19.55

. : o ) . A i
Relative luciferase activity is expressed as the Renilla to Firefly raP !
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1.

wt -PDGFRa 3'UTR(1) and c.*

luciferase
95% Confidence Interval for
Mean

I ﬂgm‘h Upper Bound | Minimum | Maximum
1.00 3 G546 7120 BT fage|
2.00 3 2683 Ja97 43 B4
Total 4 7184 43 B4

Test of Homog
luciferase
Levene
Statistic dfi d.
4.087 0 4 113 |
o v

luciferase ." r—™ [ W)
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2. wt-PDGFRa 3'UTR(1) and ¢."84G>A -PDGFRa 3'UTR(2)

Descriptives
luciferase
45% Confidence Interval for
Mean

| Mean Std. Dewiation” | Std. Errar | Lower Bound | Ugper Bound | Minimum | Maximum
1.00 3 B833 014845 MOEET G546 J1z20 &Y .69
2.00 EBEBT 47 26 0273 4483 B84 A3 B2
Total fi 6250 07 &2 2885 8506 6994 A3 69

Test of Homogeneity of Variances
luciferase
Levene
Statistic df1 df2 Sig.
f.063 1 4 070
AHCVA
luciferase
Surm of
Squares df hean Joquare 1 Sin,

Between Groups 020 1 020 17.254 014
Within Groups 0os 4 RElaj
Total 0Z5 ]
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3. wt-PDGFRa 3'UTR(1) and ¢ *34G>A -PDGFRa 3'UTR(2)

Drescriptives
luciferase
95% Confidence Interval for
hean

! Mean Std. Deviation |0 Stel Errore | Lowwer Bound | Upper Bound | Minimum | Maximum
1.00 3 EB33 55 OGRET EA4E 120 BY .69
2.00 3 7833 07 A0k 04333 ASYEY 8B938 74 87
Total fi 7333 OF2as 02974 RSEY 8098 &Y 87

Test of Homogeneity of Variances
luciferase
Levene
Statistic df1 dfz? Sig.
11191 1 4 024
ANOVA
luciferase
Surm of
Snuares if Mean Square F 5iq.

Between Groups 014 1 014 5.202 .0ga
Within Groups 01z 4 Bo3
Total qaeT 4
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