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Abstract: Over a seven-year period, we collected DNA
samples from upwards of 2,000 subjects suffering from
various forms of mental illness. PCR-amplified material
from all exons of nine genes (BMAL1, BMAL2, CRY1,
CRY2, CLOCK, NPAS2, PER1, PER2 and PER3) involved
in controlling circadian rhythm was subjected to
denaturing HPL C (dHPL C) analytic methodsto identify
polymorphic variations. DNA sampleswith aberrant
chromatographic behavior wer e directly sequenced in
order to define the identities of polymor phic variants.
2012 subjects wer e screened for genetic variations (GVs) in
PER1 and PER3. A subset of these 2012 subjects (288
subjects) wasrandomly selected for rapid additional
screening for GVsin BMALL, BMAL2, CRY1, CRY2,
CLOCK, NPAS2 and PER2. Wereport hereall GVs
identified in these nine genes, aswell as pertinent
characteristics of the subjectsidentified with exonic GVs
producing changesin amino acid sequence. We have
categorized and ranked these GVsin order to identify
those that we judgeto have the most compelling likelihood
of functionally affecting the product of the relevant gene.
Themajority of our most compelling GVswerefound in
the PER3 gene. Overall, weidentified almost twice as
many GVsin PER3 asin PER1. Comparison of the
conservation of amino acid sequences of PER1, PER2 and
PER3 in all speciesfrom which their genes have been fully
sequenced showsthat PER3 is significantly less conserved
than PER1 and PER2. Such observationsindicate that
PER3 may be under less stringent selective pressurethan
the paralogous PER1 and PER2 genes. We have also
demonstrated that one of our most highly ranked GVs, a
double mutation in PER3 that changes amino acid residues
414 (P414A) and 416 (H416R) directly adjacent to the
nuclear export sequence, affects PER3 nuclear
localization. Surprisingly, thisidentical GV was observed
independently in 4 unrelated patients. Wefurther
consider possibleimplications of other apparently
compelling GVson protein function. It isour hopethat
publication of thiswork on www.mcknightlab.com will
facilitate resolution of the hypothesisthat functionally
relevant GVsin the genes controlling circadian rhythm

might beinvolved in the pathophysiology of some forms of
mental illness.

Introduction: The behavior of most organisms shows 24-
hour rhythmicity controlled by an endogenous circadian
timing system that is synchronized to daily and seasonal
changes in external time cues. The mammalian circadian
timing system is composed of a hierarchy of dispersed
oscillators in most cells and peripheral tissues. These
oscillators consist of interconnected genes whose products
generate a self-sustaining transcriptional-translational
feedback cycle having a free-running period of about 24
hours. This oscillatory cycle can be entrained by photic input
to the master clock localized within the bilaterally paired
suprachiasmatic nuclei (SCN) of the anterior hypothalamus.
The SCN receives photic input from the retinohypothalmic
tract, which projects neuronal output principally to the
hypothalamus, midline thalamus and basal forebrain (reviewed
in 1 and 2). The entrainment of the master clock to light is
believed to be the mechanism by which circadian oscillators
are synchronized to local time. Circadian oscillators can also
be entrained by daily cycles of restricted food availability
(3,4,5,6,7).

The function of the highly organized circadian timing
system is generally understood to anticipate environmental
changes that implement physiology and behavior at
biologically advantageous times. Although human life is
largely organized into a 24-hour schedule consisting of
periods of wakefulness and sleep, modern technology permits
us to readily escape temporal constraints that would otherwise
be imposed by the natural environment. Because human
physiology has not maintained pace with technology, we are
now faced with medical and social implications of circadian
rhythms. For example, performing tasks at times of the day
when psychomotor capabilities are suboptimal can confer
functional and safety consequences in normally healthy
individuals, such as shifting work schedules in medical
personnel, airplane pilots, air traffic controllers, security
workers, military personnel, and commercial truck drivers
(reviewed in 8). In addition, efficacy and toxic side effects of
some medications in the treatment of serious medical
disorders like cancer may also depend on timing of delivery in



relation to circadian rhythms (reviewed in 9). Furthermore,
malfunctions of the human circadian timing system have been
implicated in myriad medical disorders, including breast
cancer (10,11,12,13,14,15,16), chronic sleep disorders in the
elderly, bipolar disorder, depression, and seasonal affective
disorder (SAD) (reviewed in 17 and 18).

The extent to which circadian disturbances are causal
manifestations of a medical disorder or secondary downstream
effects of any given disease is unknown. Much research to
date has pursued identification of polymorphisms in human
circadian genes in subjects with medical disorders having a
strong circadian component. For example, two rare single
nucleotide polymorphisms have been found in CLOCK
(T3117G and G3125A) in a small number of individuals with
affective disorder (17). More strikingly, a C to T nucleotide
substitution in position 3111 of human CLOCK cDNA has
been associated with sleep disturbances (18,19), recurrence
rate in mood disorders (20), and morningness-eveningness
preference (21). The morningness—eveningness dimension is
a continuum upon which individuals are arranged from the
morning-type (“lark”) to the evening-type (“owl”). Most
individuals fall into an intermediate group, and this continuum
is associated with individual differences in academic,
professional and sport performance, as well as personality
traits and psychopathologic risk factors (22,23,24,25).

PER2 has also been associated with an autosomal
dominant familial form of advanced sleep phase syndrome
(ASPS) by virtue of a missense mutation that replaces a
critical serine residue, normally phosphorylated by CKle, with
glycine (26). This mutated human PER2 is
hypophosphorylated (26), which might induce faster
accumulation of PER2 and accelerate clock feedback loops,
effectively shortening the circadian period.

In PER3, an amino acid polymorphism (V647G)
located close to a putative CKle phosphorylation site has been
identified in some individuals with delayed phase sleep
syndrome (DSPS) (27). This polymorphism has also been
associated with self-reported diurnal preference in other study
subjects (28). Furthermore, a varying length polymorphism
(four or five repeating units) has been identified in a region of
PER3 containing several putative CKIe phosphorylation sites
in patients with extreme diurnal preference and DSPS (29). In
this population, the longer allele was associated with
morningness and the shorter allele was associated with
eveningness, and 75% of DSPS subjects were homozygous for
the shorter allele.

The well-recognized association between circadian
alterations and psychiatric conditions in humans (reviewed in
30 and 31) has prompted the hypothesis that mutations or
allelic variations in genes controlling circadian rhythm may be
associated with clinical symptoms in patients with forms of
mental illness characterized by circadian abnormalities.
Traditional linkage and association studies on the various
genes involved in circadian rhythm, however, have thus far
failed to establish a relationship with mental illness
(32,33,34). In this study, we have adopted a more direct

approach to this hypothesis by identifying specific genetic
variations (GVs) in genes controlling circadian rhythms from
genetic material of study subjects gathered from multiple
psychiatric clinics. Our goal was to identify GVs in circadian
genes as candidates for future genetic studies on the role of
circadian rhythm in mental illness.

Methods:

PCR Amplification: All exons in BMAL1, BMAL2, CLOCK,
PER1, PER2, PER3, CRY1, CRY2 and NPAS2 were amplified
by standard PCR. Specific primer sequences used for PCR
amplification are listed in Appendix 1.

Selection of Study Subjects: Designated study subject
diagnosis relied on clinical reports from the clinics from which
study subjects were enrolled. Diagnoses were made by
psychiatrists or clinically trained nursing staff following
normal standards of psychiatric care. There was no
standardization of clinical interview for diagnosis. Study
subjects were not evaluated by standardized research-
structured interview design. Diagnosis and family history for
these individuals who did not consent to release of personal
information was classified as Unknown. Study subjects were
broadly classified according to DSM IV diagnostic criteria
(Mood Disorders, Anxiety Disorders, Childhood Disorders,
Eating Disorders, Personality Disorders, Psychotic Disorders,
Substance Related Disorders, and Schizoaffective Disorder).

Mood disorders comprise Major Depressive Disorder
(MDD), Depression Not Otherwise Specified (NOS), Bipolar
Disorder (types I and II), Cyclothymic Disorder, and
Dysthymic Disorder. Anxiety Disorders comprise Acute
Stress Disorder, Agoraphobia, Generalized Anxiety Disorder,
Obsessive-Compulsive Disorder, Panic Disorder,
Posttraumatic Stress Disorder, Separation Anxiety Disorder,
Social Phobia, and Specific Phobia. Childhood Disorders
comprise Attention-Deficit/Hyperactivity Disorder and
Conduct Disorder. Because no study subjects were diagnosed
with Conduct Disorder, this category was re-designated as
Attention Deficit/Hyperactivity Disorder (ADHD). Eating
Disorders comprise Anorexia Nervosa and Bulimia Nervosa.
Personality Disorders comprise Antisocial Personality
Disorder, Avoidant Personality Disorder, Borderline
Personality Disorder, Dependent Personality Disorder,
Histrionic Personality Disorder, Narcissistic Personality
Disorder, Obsessive-Compulsive Personality Disorder,
Paranoid Personality Disorder, Schizoid Personality Disorder,
and Schizotypal Personality Disorder. Psychotic Disorders
comprise Brief Psychotic Disorder, Psychotic Disorder NOS,
Schizophreniform Disorder, Schizophrenia, and Shared
Psychotic Disorder. Substance Related Disorders comprise
Alcohol Dependence, Amphetamine Dependence, Cannabis
Dependence, Cocaine Dependence, Hallucinogen
Dependence, Inhalant Dependence, Nicotine Dependence,
Opioid Dependence, Phencyclidine Dependence, and Sedative
Dependence.



RESULTS

General characteristics of the study population are
summarized in Tables1 and 2. The majority (63.32% in all
subjects and 70.49% in the smaller subset) carried a diagnosis
of Mood Disorder, most frequently Major Depressive Disorder
(48.1% in all subjects and 52.08% in the smaller subset). The
next largest diagnosis within Mood Disorder for both groups
was Depression NOS (9.44% in all subjects and 11.81% in the
smaller subset). The family history of psychiatric illness was

unknown in a large percentage of study subjects in both
groups (48.81% in all subjects and 45.14% in the smaller
subset). Within all subjects, 40.26% had a family history of
mood disorder. Within the smaller subset, 42.71% had a
family history of mood disorder. The majority of study
subjects in both groups were Caucasian (73.06% in all
subjects and 82.99% in the smaller subset) and female
(57.50% in all subjects and 55.56% in the smaller subset)

TABLE 1: STUDY SUBJECT DIAGNOSES

ALL SUBJECTS (n=2012)

SUBSET (n=288)

NUMBER |PERCENT (%)] NUMBER |PERCENT (%)

1) MOOD DISORDERS 1274 63.32% 203 70.49%
Major Depressive Disorder 969 48.16% 150 52.08%

Bipolar Disorder 190 9.44% 34 11.81%
Depression NOS 77 3.83% 14 4.86%
Cyclothymic Disorder 1 0.05% 0 0.00%
Dysthymic Disorder 21 1.04% 2 0.69%
Adjustment Disorder 7 0.35% 1 0.35%
Unspecified Subtype 9 0.45% 2 0.69%

2) ANXIETY DISORDERS 70 3.48% 7 2.43%
Generalized Anxiety Disorder 12 0.60% 0 0.00%
Obsessive-Compulsive Disorder 14 0.70% 3 1.04%

Panic Disorder 21 1.04% 0 0.00%

Social Phobia 3 0.15% 1 0.35%
Post-Traumatic-Stress Disorder 5 0.25% 1 0.35%
Unspecified Subtype 15 0.75% 2 0.69%

3) ATTENTION-DEFICIT HYPERACTIVE DISORDER 44 2.19% 16 5.56%
4) EATING DISORDER 7 0.35% 2 0.69%
Anorexia-Nervosa 1 0.05% 0 0.00%
Bulimia-Nervosa 4 0.20% 2 0.69%
Unspecified Subtype 2 0.10% 0 0.00%

5) PERSONALITY DISORDERS 0 0.00% 0 0.00%
6) PSYCHOTIC DISORDERS 38 1.89% 6 2.08%
Psychotic Disorder NOS 8 0.40% 0 0.00%
Schizophrenia 29 1.44% 6 2.08%
Delusional Disorder 1 0.05% 0 0.00%

7) SUBSTANCE RELATED DISORDERS 36 1.79% 2 0.69%
Alcohol Dependence 21 1.04% 1 0.35%

Cocaine Dependence 2 0.10% 0 0.00%

Opioid Dependence 9 0.45% 0 0.00%

Sedative Dependence 1 0.05% 0 0.00%
Polysubstance Dependence 3 0.15% 1 0.35%

8) SCHIZOAFFECTIVE DISORDER 2 0.10% 1 0.35%
9) UNKNOWN 557 27.68% 50 17.36%
10) NO DIAGNOSIS 23 1.14% 9 3.13%




TABLE 2: SUBJECT DEMOGRAPHICS ALL SUBJECTS SUBSET
PERCENT PERCENT
NUMBER (%) NUMBER (%)
FAMILY HISTORY
1) Mood Disorders 810 40.26% 123 42.71%
2) Anxiety Disorders 115 5.72% 13 4.51%
3) Attention-Deficit Hyperactive Disorder 47 2.34% 12 4.17%
4) Eating Disorders 2 0.10% 0 0.00%
5) Personality Disorders 2 0.10% 0 0.00%
6) Psychotic Disorders 34 1.69% 2 0.69%
7) Substance-Related Disorders 31 1.54% 2 0.69%
8) Schizoaffective Disorder 1 0.05% 0 0.00%
9) Unknown 982 48.81% 130 45.14%
10) None 134 6.66% 26 9.03%
ETHNICITY
1) Caucasian 1470 73.06% 239 82.99%
2) African American 57 2.83% 4 1.39%
3) Hispanic 51 2.53% 11 3.82%
4) Asian 18 0.89% 1 0.35%
5) Indian 3 0.15% 0 0.00%
6) Caucasian / African American 1 0.05% 0 0.00%
7) Caucasian / Hispanic 3 0.15% 1 0.35%
8) Any Other Combination 3 0.15% 0 0.00%
9) Other 20 0.99% 4 1.39%
10) Unknown 386 19.18% 28 9.72%
SEX
1) Male 626 31.11% 126 43.75%
2) Female 1157 57.50% 160 55.56%
3) Unknown 229 11.38% 2 0.69%

All GVs discovered are listed in Tables 3-5, and the results
for each particular gene are discussed in detail below. GVs
are reported as intronic vs. exonic, and exonic GVs are further
divided into “Exonic Changes (meaningful),” defined as
producing an amino acid change, and “Exonic Changes
(silent),” defined as preserving the amino acid. GVs are
reported by convention as: Gene, Exon, Original Amino Acid
- (Original Codon) — Amino Acid Position — New Amino Acid
— (New Codon). For example, the GV designation BMAL2,
E2, S(TCT) 37 F(TTT) indicates that the original codon TCT,
within exon 2 of the BMAL2 gene, which codes for amino acid

S, has been changed to the new codon TTT, which codes for
the amino acid F, at amino acid position 37 within the BMAL2
gene product. Exon designation was included in the original
listing in order to aid other investigators who might wish to
utilize any of these GVs in their studies. For more in-depth
discussion of GVs in PER1 and PER3, the exon designation
was eliminated. No intronic GVs in any of the genes studied
were present in readily identifiable splicing regulatory
sequences, and as such these are not discussed in detail
beyond their listing in Tables 3-5.



Table 3: GVs identified in Subset Population in BMAL1, BMAL2, CRY1, CRY2, CLOCK, NPAS2 and PER2.

INTRONIC CHANGES EXONIC CHANGES (SILENT) EXONIC CHANGES (MEANINGFUL)
GENE Exon Description Exon  Description Frequency Exon Description Frequency
BMALL 2 -15C>T NONE NONE
4 -8T>C
5 +31 C>T
6 -35A2>G
BMAL2 2 42 C>T NONE 2 S(TCT) 74 F(TTT) 1.04%
4 26 A>G 5 K(AAA) 203 R(AGA) 5.56%
8 -78 C>T 8 N(AAC) 340 S(AGC) 0.69%
10 -42 A>G
13 -16 A>G
CRY1 9 +15 6bp INS 5 G(GGC) 212 G(GGT) 1.04% NONE
10 +52 A>T
11 +32 A>G
CRY2 2 -4 A>G NONE NONE
2 +47 C>G
4 +14 G2A
6 -41 A>T
7 +50 G2A
8 -16 C>T
9 -38 G2A
10 -32C>T
10 +3G~>A
11 +60 C>G
CLOCK 3 -106 A>G 8 F(TTT) 233 F(TTC) 0.69% 7 S(TCT) 208 C(TGT) 1.74%
3 +5 A>T 17  N(AAT) 588 N(AAC) 47.2% 12 L(CTT) 395 I(ATT) 0.35%
5 +30 G=A 20 S(TCA) 816 S(TCC) 3.13%
8 -10 A>G



Table 3: (cont) GVs identified in Subset Population in BMAL1, BMAL2, CRY1, CRY2, CLOCK, NPAS2 and PER2.

INTRONIC CHANGES EXONIC CHANGES (SILENT) EXONIC CHANGES (MEANINGFUL)

GENE Exon _ Description Exon _ Description Frequency Exon  Description Freguency
NPAS2 2 -17 G2>A 7 V(GTG) 219 V(GTA) 10.1% 12 T(ACA)394 A(GCA) 2.43%

9 +21 2bp INS 11 Y(TAC) 354 Y(TAT) 31.6% 14  S(TCG) 472 L(TTG) 12.85%

10 +5C->T 19 T(ACC) 711 T(ACT) 37.5%

10 -6G>A

10 -63C->T

11 +27 G2>A

11 +43 G2>A

11 +82 C2>A

11 -105 A>T

12 +27 T>A

15 -16 C=>T

17 +31 C>G

19  +21 Ibp INS

19 451 G=>A

20 +7G>A
PER2 2 -88 A=>C 4 L(CTG) 156 L(CTA) 49.0% 17  R(CGA) 773 Q(CAA) 0.35%

3 31C>T 4 T(ACC) 174 T(ACT) 0.35% 18  V(GTC)903 I(ATC) 2.10%

3 -43 T=>C 16  A(GCA) 655 A(GCG) 2.08%

3 +59 A=>G 16  A(GCG) 664 A(GCA) 0.35%

3 +18 A>T 16 S(TCG) 665 S(TCA) 0.35%

4 -23 2bp INS

5 -15A>G

7 +45 C>T

8 -58C>T

12 +4C>OT

12 +18C=>T

13 +13 1bp INS/DEL

14 -51C>T

16  +28 7Tbp DEL
16  +13 7bp INS/DEL

17  +13C>T
19 -17G>T
20 +35G2>A

BMALL: Table 3 shows that in 288 study subjects, only 4 GVs were found in BMALL. All of these GVs were intronic.

BMAL2: Table 3 shows that in 288 study subjects, 5 intronic GVs and 3 exonic GVs were found in BMAL2. All 3 exonic BMAL2
GVs produce amino acid changes: (1) BMAL2, E2, S(TCT) 74 F(TTT), (2) BMALZ2, E5, K(AAA) 203 R(AGA), and (3) BMALZ2,
E8, N(AAC) 340 S(AGC). Details of these 3 meaningful exonic GVs in BMAL2 are outlined below.



1. BMAL2, E2, S(TCT) 74 F(TTT)
- Frequency: 1.04% (3/288)
- Diagnoses: 100% (3/3) Mood Disorder (1 with MDD and 2 with Bipolar Disorder)
- Family History: 100% (3/3) family history of Mood Disorder
- Ethnicity: 100% (3/3) Caucasian
- Sex: 66.7% (2/3) female, 33/3% (1/3) male

2. BMAL2, E5, K(AAA) 203 R(AGA)
- Frequency: 5.56 % (16/288)
- Diagnoses: 62.5% (10/16) Mood Disorder (8 with MDD, 1 with Bipolar Disorder,
and 1 with Dysthymic Disorder).
25% (4/16) Unknown.
6.25% (1/16) ADHD
6.25% (1/16) Schizophrenia.
6.25% (1/16) Schizoaffective Disorder
- Family History: 31.3% (5/16) family history of Mood Disorder.
18.8% (3/16) no family history of psychiatric illness.
43.8% (7/16) unknown family history.
6.25% (1/16) family history of ADHD.
6.25% (1/16) family history of Schizophrenia.
- Ethnicity: 100% (16/16) Caucasian.
- Sex: 68.8% (11/16) female, 31.2% (5/16) male

3. BMAL2, E8, N(AAC) 340 S(AGC)
-Frequency: 0.69% (2/288)
-Diagnoses: 100% (2/2) Mood Disorder (MDD).
-Family History: 50.0% (1/2) family history of Mood Disorder.
50.0% (1/2) unknown family history.
-Ethnicity: 100% (2/2) African-American.
-Sex: 100% (2/2) female

We believe that the three GVs producing amino acid changes in BMAL?2 are unlikely to have functional effects on the protein.
For example, although amino acids S and F differ substantially in their properties, the GV BMAL2, E2, S(TCT) 74 F(TTT) occurs in
a poorly conserved area of the protein and is unlikely to have any functional consequences.

hBMAL2 AS'SGEIRVEDGERIQVK MK - /1S )
dogBMAL2 ASSGEIRMEDGERQVKMYOYRREREAHSQ
btBMAL2 A=SESRMEDGESQVKITKI = = A\ HS )
mBMAL2 P ——————————————

ratBMAL2 LLOSEFRUPATNENEPR Sl S BR T GY/AVPNEG -~ ——— =~ === —————

gal IBMAL2 NP IJKPATSFNNS|IVE I [gRKRKGEDSDNQDTVEVDGDPQKRNEDEEFLK I KDFIFNARIS
danioBMAL2 MDNEEMESASNLDEDMEDEABRSEDDQEILK I KCIREPER.

Furthermore, although the GV BMAL2, E5, K(AAA) 203 R(AGA) occurs in the PAS domain of BMAL?2, the amino acids K and R
do not differ substantially in their properties, and indeed either K or R is present at this position in BMAL?2 across species. Therefore,
this change is extremely unlikely to have a functional effect on human BMAL2 function.

hBMAL2 iR [OWAFGFLFVVGCERGKILFVSKSVSKILNYDQASLIGQSLFDFLHPKDVAKVKEQLSS|gD IS
dogBMAL2 (EISWMAFGFLFVVGCERGK I LFVSKSVSK I LNYDQASLGRSL FDFLHPKDVAKVKEQLSSSDIS
btBMAL2 URCISEAF GFLFVVGCERGKILFVSKSVSRILNYDQASL 1 GQSLFDFLHPKDVSKVKEQLSSSDI'S
mBMAL2 (CYMAEGFLFVVGCERGR I [g¥VSKSVSKPLRYDQASL I GQYLFDFLHPKDVAKVKEQL SEEDES
ratBMAL2 (W ZWAEGFLEVVGCEEGR I LFVSKSVSKYLEYDQASLIIGQNL FDFLHPKDVAKVKEQL SE8DMS

UL =N V4l DG L F\VVGCIRGK I LFVSESVEK | LNYDQEISL I GQSLFD]LHPKDVAKVKEQLSSSDYS
VY 1o 11\ I R -l A DGFL F\'\VGCBRGK I FVS[ESVSKELNYERIEL 1 GQSLFDYVHPKDIBKVKEQL SASELN




BMAL2, E8, N(AAC) 340 S(AGC) occurs at a poorly conserved site in the protein, where serine residues also exist in other species,
and is thus unlikely to have any functional consequences.

hBMAL2 K{SICMRKF)T IHCTGYLRSWPPN I VGMEEER\SKKD \SNFTCLVAIGRLEPY 1VPQNSGE 1|
dogBMAL2 304
btBMAL2 257
mBMAL2 248

RKFCTYHCTGYLRSWPPN IAGMEEERDNKKDRSNFTCLVAVUGRLEPR1VPQNSGE I[NVKP)
RKFETMHCTGYLRSWPENVVGMERESEEEKDSERETCL VAMGRLEPY 1VPQRSGRINVRP
ratBMAL2 pZIHRKFEIT IHCTGYLRSWPPNMVGHENENEREK DSEETCL VANGRLEP YV PRINGII NVRP
gal IBMAL2 pLVRKNCT IHCTGYMRNWPPEEVGVEEENDYEKNSSNFNCLVAIGRLEPY 1VPQESGE I[{VK]
(e =1o] Tol =1\ W2 ICMORY C TVHC TG YMRIW PO EAIEEEAERS K ES SEFSCL VANMGRVZ PERIEPQRWNGE 1[{VKP

CRY1: Table 3 shows that in 288 study subjects, 3 intronic GVs and 1 silent exonic GV, CRY1, E5, G(GGC) 212 G(GGT) (1.04%
frequency), were found in CRY1.

CRY2: Table 3 shows that in 288 study subjects, 10 GVs were identified in CRY2. All of these GVs were intronic.

CLOCK: Table 3 shows that in 288 study subjects, 4 intronic GVs and 5 exonic GVs were found in CLOCK. Three of the exonic
GVs in CLOCK were silent: (1) CLOCK, E8, F(TTT) 233 F(TTC) (0.69% frequency), (2) CLOCK, E17, N(AAT) 588 N(AAC)
(47.2% frequency) and (3) CLOCK, E20, S(TCA) 816 S(TCC) (3.13% frequency). Two of the exonic GVs in CLOCK were found to
produce amino acid changes: (1) CLOCK, E7, S(TCT) 208 C(TGT) (1.74% frequency) and (2) CLOCK, E12, L(CTT) 395 I (ATT)
(0.35% frequency). Details of these 2 meaningful exonic GVs in CLOCK are outlined below.

1. CLOCK, E7, S(TCT) 208 C(TGT)
- Frequency: 1.74% (5/288)
- Diagnoses: 100% (5/5) with Mood Disorder (3 with MDD, 1 with Bipolar Disorder,
and 1 with Depression NOS)
- Family History: 40.0% (2/5) family history of Mood Disorder
40.0% (2/5) unknown family history
20.0% (1/5) no family history of psychiatric illness
20.0% (1/5) family history of ADHD.
- Ethnicity: 80.0% (4/5) Caucasian
20.0% (1/5) Hispanic
- Sex: 100% (5/5) male

2. CLOCK, E12,L(CTT) 395 I(ATT)
- Frequency: 0.35% (1/288)
- Diagnosis: Mood Disorder (MDD)
- Family History: Mood Disorder
- Ethnicity: Caucasian
- Sex: female

We believe that these two GVs producing amino acid changes in CLOCK are unlikely to have functional effects on the protein.
For example, although S to C is a potentially significant amino acid change within the PAS domain, CLOCK, E7, S(TCT) 208
C(TGT) occurs at a poorly conserved site in CLOCK and NPAS?2 that is populated predominantly by either S or P, two substantially
different amino acids. We feel, therefore, that an S to C amino acid transition at this position is unlikely to have a radical effect on
protein function.



btCLOCK 178 DPKEPSTYEYVKFIGNFKSLNS“STS‘HNGFEG
dogCLOCK RCNoPKEPSTYEYVKF 1 GNFKSLNSVETSIHNGFEG
hCLOCK PAKMDPKEP - TYEYVKF IGNFKSLNS SSSEHNGFEG
mCLOCK ANEMDPKEPETYEYVRF I GNFKSLIEEVSTSTHANGFEG
qCLOCK N4 MDPKESPTYEYVKF I GNFKELNNVPNSIENGFEG
xenoCLOCK 178 IYNEESIN= VN [N S RINYEN ST Vel /e
danioCLOCK 178 IN=EVaAYING [N ISR T\WE ) (Nlel= (e
hNPAS2 178

dogNPAS2 178

btNPAS2 178

mMNPAS2 178
danioNPAS2 181

CLOCK, E12,L(CTT) 395 I(ATT) is unlikely to be important by virtue of the fact that L to I is a conservative amino acid change,
and the L at this position in CLOCK and NPAS?2 is poorly conserved.

btCLOCK
dogCLOCK
hCLOCK
mCLOCK
qCLOCK
xenoCLOCK
danioCLOCK
hNPAS2
DogNPAS2
btNPAS2 364 ————— e W\ ES6PLLENVHPSALNEKGESLEPQQHFNANDM TSGLNT
mNPAS2 364 —~———————————- WA\ E[EPPTIEAMHPSA KBNSLEPPQPFNAMDMEASGLPS
FL,

E
danioNPAS2 367 ---————-————- Fg HESS- SSDMATSS 1[{G MCPPLEQTRERIN-———-

NPAS2: Table 3 shows that in 288 study subjects, 15 intronic GVs and 5 exonic GVs were identified in NPAS2. Three of the exonic
GVs in NPAS2 were silent: (1) NPAS2, E7, V(GTG) 219 V(GTA) (10.1% frequency), (2) NPAS2, E11, Y(TAC) 354 Y(TAT)
(31.6% frequency) and (3) NPAS2, E19, T(ACC) 711 T(ACT) (37.5% frequency). Two of the exonic GVs in NPAS2 were found to
produce amino acid changes: (1) NPAS2, E12, T(ACA) 394 A(GCA) (2.43% frequency) and (2) NPAS2, E14, S(TCG) 472
L(TTG) (12.85% frequency). Details of these 2 meaningful exonic GVs in NPAS2 are outlined below.

1. NPAS2, E12, T(ACA) 394 A(GCA)
- Frequency: 2.43% (7/288)
- Diagnoses: 85.7% (6/7) Mood Disorder (5 with MDD and 1 with Depression NOS)
14.3% (1/7) Schizoaffective Disorder
14.3% (1/7) ADHD
- Family History: 57.1% (4/7) family history of Mood Disorder
28.6%% (2/7) no family history of psychiatric illness
14.3% (1/7) unknown family history
14.3% (1/7) family history of Anxiety Disorder
- Ethnicity: 57.1%% (4/7) Caucasian
28.6% (2/7) Hispanic
14.3% (1/7) unknown
- Sex: 71.4% (5/7) male, 28.6% (2/7) female



2. NPAS2,E14, S(TCG) 472L(TTG)
- Frequency: 12.85% (37/288)
- Diagnoses: 45.9% (17/37) Mood Disorder (15 with MDD, 1 with Depression NOS,
1 with Bipolar Disorder).
45.9% (17/37) Unknown.
10.8% (4/37) ADHD
2.7% (1/37) Schizophrenia
- Family History: 56.8% (21/37) unknown family history
35.1% (13/37) family history of Mood Disorder
5.4% (2/37) family history of psychiatric illness
2.7% (1/37) family history of ADHD
2.7% (1/37) family history of Anxiety Disorder
- Ethnicity: 83.8% (31/37) Caucasian
13.5% (5/37) Native American
2.7% (1/37) Hispanic
- Sex: 45.9% (17/37) male, 54.1% (20/37) female

We believe that these two GVs producing amino acid changes in NPAS2 are unlikely to have functional effects on the
protein. NPAS2, E12, T(ACA) 394 A(GCA) occurs in a poorly conserved region and is a reasonably conservative amino acid
change. Furthermore, A is well-conserved at this position in NPAS2 from other species.

btCLOCK 364
dogCLOCK 364

SIODSGSDNRINT\YSLKEALERFD[g/S[ETPSA
SIQDSGSDNR NTvSLKEALERFDSTPS A

hCLOCK 390 SIODSGSDNRENT\YSLKEALERFD[g/S[HTPSA
mCLOCK 364 SQDSGSDNRINTVSLKEALERFDHSPTPSA
qCLOCK 364 SIODSGSDNHINT\YSLKEALERFDYS[ETPSA
xenoCLOCK 364 NQDSYSDNHMNT\YSLKEALERFDRSETPS[Y
hNPAS2 364 DKGSISLEPRQHFNLEDVEASCL N TSHS R
DogNPAS2 364 DKGESLBPTQHFNANDAETLGLNTNHE[RN
btNPAS2 364 EKGSSLEPQQHFNAEDMETSGLN TRH SRS
mMNPAS2 364 EKBSISLEPPQPFNAEDMEASGLPSSPERS
danioNPAS2 367 Ge}=VFLEMCPPLELTRERUN-———- SARS]

Likewise, NPAS2, E14, S(TCG) 472 L(TTG), which is a fairly substantial amino acid change, occurs at a poorly conserved region of
unknown functional importance.

dogCLOCK 453 ASFEReE INSeVEQR I TOPA! SEAANEP PQEM -~~~ =~ — o=
hCLOCK 479
mCLOCK 453

btCLOCK 453 SEFEEFINSS)IVEQSETEPVIISESANEPYPHEM - - === ===
S
S
qCLOCK 453 SSLES LSS L QP TOP T SOPATHOMES -~~~ = —— -
S
S

xenoCLOCK 451
danioCLOCK 454

hNPAS2 456 GLSQRAWLPAPLPSPRECDLTQQLLPETVEES - -~~~ -~ =~ — - m oo
DOgNPAS2 456 GLSQUALPAPLPAPESCHLTQOLLPT IS~
btNPAS2 453 GLGONANIPAPLPAPRSCOLTQQLLPT IM8S — -
mNPAS2 456 GLSQAALLPLALHSSASCDLTKQLLL®SLPOTELQS-——————————— oo
danioNPAS2 453 MHLGTKTLIGRQSSEEPPSLSPSCSEHSAMT - - - === —m oo

PER2: Table 3 shows that in 288 study subjects, 18 intronic GVs and 7 exonic GVs were identified in PER2. Five of the exonic GVs
in PER2 were silent: (1) PER2, E4, L(CTG) 156 L (CTA) (49.0% frequency), (2) PER2, E4, T(ACC) 174 T(ACT) (0.35%
frequency), (3) PER3, E16, A(GCA) 655 A(GCG), (2.08% frequency), (4) PER3, E16, A(GCG) 664 A(GCA) (0.35% frequency),
and (5) PERS3, E16, S(TCG) 665 S(TCA) (0.35% frequency). Two of the exonic GVs in PER2 were found to produce amino acid
changes: (1) PER2, E17, R(CGA) 773 Q(CAA) (0.35% frequency) and (2) PER2, E18a, V(GTC) 903 | (ATC) (2.1% frequency).
Details of these 2 meaningful exonic GVs in PER2 are outlined below.
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1. PER2, E17, R(CGA) 773 Q(CAA)
- Frequency: 0.35% (1/288) of subjects
- Diagnoses: Mood Disorder (MDD)
- Family History: Mood Disorder
- Ethnicity: Caucasian
- Sex: female

2. PER2, E18,V(GTC) 903 I(ATC)
- Frequency: 2.1% (6/288) of subjects
- Diagnoses: 66.7% (4/6) Mood Disorder (all MDD)
16.7% (1/6) Anxiety Disorder
16.7% (1/6) Psychotic Disorder (Schizophrenia)
- Family History: 50.0% (3/6) family history of Mood Disorder
33.3%(2/6) no family history of psychiatric illness
16.7% (1/6) unknown family history
- Ethnicity: 100% (6/6) Caucasian
- Sex: 83.3% (6/7) male, 16.7% (1/7) female

We believe that these two GVs producing amino acid changes in PER2 are unlikely to have functional effects on the protein.
Although R to Q is a fairly substantial amino acid change, PER2, E17, R(CGA) 773 Q(CAA) occurs in a poorly conserved region of
unknown functional significance.

hPER1 809 ———————mmmmmme e SSSTAPSALEERGCHHGPAPPSREHECRSKARS - -RHHQNPRA
mPER1 809 ———————mmmmmm o TSSVAPSAPE- - ~CHHGP I PPGRzH3 CRSKAYRSRHHHHQIIPRP
btPER1 809 ———————mmmmmm o SSSTAPSAPEERGCHHSLA I PGRHECRSKAXRS - ~RHHQLEIRA
xenoPER1 777 [INQHPQ----——- RGSKPSRASQHHHASSCNPPSPSHGESNSGRERGUSGKSKAKRPKQG
CynopsPER1 832 PRHSGQ------- HADKGHRGSRHNANGNGGPGSSRGKS - -GKSKPIR I KHQKQSDET]
danioPER1 842 NAPLSRGVRCSRDYPAAGSSGRRRGRGGKRLKHQESSEQTGSCSPAGP IRGLLPGVPALG
hPER2 765 [SKGQP-----—- SERTAPGLRNTSE---- 1DSPWKETGENEKLESKEVKPRDSSESIGE
mPER2 757 [HSRAQA-----—- SDR---GLRNTSE----LESSWKATGUNFKL{SK VK TRDSSESRIGS
btPER2 771 [RSKGHL------- SNRTAPGLRNTPE- - - - I DSSWKANGANZKLASK2VKPRDSSGEIIGS
podarcisPER2 766 [HPKGHP--————- GNRGVHGPRHGSE- - - -VDQSWKANGAN K SIAPK ZQK PHNS SDERITE
xenoPER2 877 [P——————mmmmm o GAPHTRRAQE- - - -AYTSWKE TGN TRKPHTKHVRP-ESWDSESE
fPER2 838 QKGQVT-----—- SEAVPAARSCKAGGGGAQETTTTRRGNMKTISKZVKPNESSDERIPS
danioPER2 838 QKGQVT-----—- SEAVPAARSCKAEGGGAQETTTTRRGENMUK TI{SKZVKPNESSDERIPS
hPER3 714 [AAKYSYF-——————— QGDSTSKQTRSAGCRKGKHKZKKLPEPPDSSSSNTGSGPRRG-A
mPER3 704 [FAQYSCV-———————— QAGSTAKHSRCAGSERQKHKEKKLPAPVDTSSPGAHLCPHVIGL
gPER3 665 TNGHSCD---—————— QGNSPSKEM I PASCKNGKKG{L KEQEPQERSSDRRSFSKNRNSL
btPER3 511 ————mmmmmmm e PRGQGPGPTPCAGTEPGTPRTLHIJETL
fPER1 960 YTFYKEGRLRDATYEGSWCAGKPNGRGVLKWPDGRIYTGTFANGLEDGFGEF IAPNK[LS
fPER3 615 [IENERN——————— oo PPPQNK;(GQEIGQNQMSQNQNQNQQA
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PER2 ,E18, V(GTC) 903 I(ATC), in addition to being a conservative amino acid substitution, also occurs in a poorly conserved
region of no known significance.

hPER1 898 ————mmm e LPPAPTSVPPAAFP‘PLWTPMVALVLPNYLF
mPER1 897 - LPPAPTSVSPATFPSPLVTPMVALVLPNYLF
btPER1 898 —-—-—mmmm e LPPAPTSVPPAAFP‘PLVTPMVALVLPNYLF
xenoPER1 871 — - TPPVPRYPLvTPIVALVMPNYLF
cynopsPER1 943 TP ———— GGAQNSPGMRYPLAPPQYPAZMY (RN EVIREN 1 |5
DanioPER1 955 ———mmm SMQSGLRFPLQNSQMAP{gM\Y/Pg 1A SVARENNIM=
hPER2 869 PA--———————— - PPHASFTVPAVPVDLQHQFAVQPPPFPAP|EARV A IMESN{S|=
mPER2 863 PA--————————————— ATHTGFTMPVVPMGTQPEFAVQPLPFAAP|EARVA AR MESVP|=
btPER2 880 -—-—————————— - SGAAHTDLAVPVDAQQVLRVHPPPFASPLAPVMALVLPSCSF
podarcisPER2 869 PE--——---———————- APLSAFSESQDSGNPCHLPLSQFP——N[gL [\ (s A\ SV MgNIMYY
XenoPER2 977 SANASTSQPFP--APLLPPMVALVLPNYVYPASLPTSLYPGPAPQPAFZAQQTSYLPQST
TPER2 950 GFGESQCAPDPRIPMQPIQTPYSAPLVTPMVALVLPNYMFPQVGKRST[gGFLPPQNRDHS
DanioPER2 950 GFGESQCAPDPRIPMQPIQTPYSAPLVTPMVALVLPNYMFPQVGKRST|gGFLPPQNRDHS
hPER3 823 - GLHGLPLSEGLQPYPAFPFgYEDTFTYFlZEDPPV
mPER3 814 - ————— GCP--PLSAGPQAVAAFPSAY\DT|ENTI|FEHNAPL
qPER3 776 —————— e LTSLSQLCCGAPSFPALSP[gN| IGMF FIEHS[EP1
btPER3 582 - SPAACGPRSHVSRPAYT|EGFAGPWPClg----
TPER1 1080 LQDKKAGYGVFDDITKGEKYMGTWQDNQRHGTGVVVTQFGLYYEGTFKENKMUGTGILVS
TPER3 689 —-—m e NGLAGPPPMPPLAAGLGEVN PELVSG

PERL: Table 4 shows that in 2013 study subjects, 56 intronic GVs and 36 exonic GVs were identified in PER1. Eighteen of the
exonic GVs in PER1 were silent: (1) PER1, E3, R(CGC) 158 R(CGT) (0.10% frequency), (2) PER1, E4, T(ACA) 213 T(ACC)
(33.9% frequency), (3) PER1, E5, G(GGC) 229 G(GGT) (0.10% frequency), (4) PER1, E8, R(AGG) 358 R(AGA) (0.15%
frequency), (5) PER1, E10, T(ACC) 439 T(ACT) (0.05% frequency). (6) PER1, E12, T(ACG) 507 T(ACA) (0.10% frequency), (7)
PER1, E12, T(ACA) 516 T(ACG) (0.05% frequency), (8) PER1, E17, G(GGT) 749 G(GGC), (24.4% frequency), (9) PER1, E17,
T(ACG) 787 T(ACA) (24.4% frequency), (10) PER1, E18, G(GGC) 894 G(GGT) (0.35% frequency), (11) PER1, E18, L(CTG)
973 L(CTA) (2.68% frequency), (12) PER1, E18, L(CTC) 992 L(CTT) (2.68% frequency), (13) PER1, E18, A(GCC) 1008
A(GCT) (0.05% frequency), (14) PER1, E19, D(GAC) 1034 D(GAT) (0.05% frequency), (15) PER1, E19, H(CAT) 1076 H(CAC)
(0.05%) frequency), (16) PER1, E21, V(GTG) 1184 V(GTC) (0.05% frequency), (17) PER1, E22, E(GAA) 1272 E(GAG) (0.05%
frequency), and (18) PER1, E22, S(TCC) 1278 S(TCT) (0.15% frequency). Eighteen of the exonic GVs in PER1 were found to
produce amino acid changes: (1) PER1, E1, P(CCA) 37 S(TCA) (0.10% frequency), (2) PER1, E3, R(CGC) 158 C(TGT) (0.20%
frequency), (3) PER1, E4, E(GAG) 191 C(TGT) (0.15% frequency), (4) PERL, E5, V(GTC) 240 I (ATC) (0.45% frequency), (5)
PERL, E6, S(TCC) 296 C(TGC) (0.05% frequency) (6) PER1, E7, R(CGG) 307 Q(CAG) (0.10% frequency), (7) PER1, E7,
Q(CAG) 314 R(CGG) (0.05% frequency), (8) PER1, E15, S(AGC) 640 N(AAC) (0.05% frequency), (9) PER1, E17, DEL 758-761
PAPS (0.05% frequency), (10) PER1, E18, Q(CAG) 846 R(CGG) (0.05% frequency), (11) PER1, E18, P(CCC) 859 S(TCC)
(0.20% frequency), (12) PER1, E18, P(CCC) 962 A(GCC) (11.92% frequency), (13) PER1, E19, V(GTC) 1027 | (ATC) (0.40%
frequency), (14) PER1, E19, S(TCG) 1060 L (TTG) (0.05% frequency), (15) PER1, E20, A(GCT) 1108 S(TCT) (0.20%
frequency), (16) PER1, E20, V(GTC) 1141 I (ATC) (0.05% frequency), (17) PER1, E21, A(GCT) 1196 V(GTT) (0.89%
frequency), and (18) PER1, E22, T(ACC) 1289 I (ATC) (0.05% frequency). Details of these 18 meaningful exonic GVs in PER1 are
outlined below.

1. PER1, E1, P(CCA) 37 S(TCA)
- Frequency: 0.10% (2/2012)
- Diagnoses: 50.0% (1/2) Mood Disorder (MDD)
50.0% (1/2) Unknown
- Family History: 50.0% (1/2) family history of Mood Disorder.
50.0% (1/2) unknown family history.
- Ethnicity: 100% (2/2) Caucasian
- Sex: 100% (2/2) female
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Table4: GVs in PERL.

INTRONIC CHANGES EXONIC CHANGES (SILENT) EXONIC CHANGES (MEANINGFUL)

Exon  Description Exon  Description Frequency Exon Description Frequency
1 +7 A>G 3 R(CGC) 158 R(CGT) 0.10% 1 P(CCA) 37 S(TCA) 0.10%
1 +17 A>G 4 T(ACA) 213 T(ACC) 33.9% 3 R(CGC) 158 C(TGT) 0.20%
2 -19G>T 5 G(GGC) 229 G(GGT) 0.10% 4 E(GAG) 191 C(TGT) 0.15%
2 +39 A>G 8 R(AGG) 358 R(AGA) 0.15% 5 V(GTC) 240 I(ATC)  0.45%
2 -30 C2>A 10  T(ACC) 439 T(ACT) 0.05% 6 S(TCC) 296 C(TGC)  0.05%
3 +14 C>T 12 T(ACG) 507 T(ACA) 0.10% 7 R(CGG) 307 Q(CAG) 0.10%
3 +37T> C 12 T(ACA) 516 T(ACG) 0.05% 7 Q(CAG) 314 R(CGG) 0.05%
3 +19 G=2>A 17 G(GGT) 749 G(GGC) 24.4% 15 S(AGC) 640 N(AAC) 0.05%
4 +6 C>T 17 T(ACG) 787 T(ACA) 24.4% 17 DEL 758-761 PAPS 0.05%
4 +7 G>A 18 G(GGC) 894 G(GGT) 0.35% 18 Q(CAG) 846 R(CGG) 0.05%
5 -12C>G 18 L(CTG) 973 L(CTA) 2.68% 18 P(CCC) 859 S(TCC)  0.20%
5 -5 1bp DEL 18 L(CTC) 992 L(CTT) 2.68% 18 P(CCC) 962 A(GCC) 11.92%
5 -11C>T 18 A(GCC) 1008 A(GCT)0.05% 19  V(GTC) 1027 I(ATC) 0.40%
5 -46 1bp INS/DEL 19 D(GAC) 1034 D(GAT)0.05% 19 S(TCG) 1060 L(TTG) 0.05%
6 -55C>T 19  H(CAT) 1076 H(CAC)0.05% 20  A(GCT) 1108 S(TCT) 0.20%
7 +40 G=2>A 21 V(GTG) 1184 V(GTC)0.05% 20  V(GTC) 1141 I(ATC) 0.05%
7 +31G=> A 22 E(GAA) 1272 E(GAG) 0.05% 21 A(GCT) 1196 V(GTT) 0.89%
7 -10C>T 22 S(TCC) 1278 S(TCT) 0.15% 22 T(ACC) 1289 I(ATC) 0.05%
7 -12C>G
8 +49 G=>C
8 +28 G2A
10 +13T>C
10 -19C>T
10 +63 G2>A
10 -48 C>T
10 +37C->T
11 +15 G2>A
11 -33C>T
11 +22 C>T
11 -48 G2>A
12 -38C>G
12 -39C>T
13 +15 3bp DEL
13 +17 G=2A
13 -102 G>A
13 +19 G=2A
13 +45 1bp INS/DEL
13 +50 T=>G
15 +34 C>G
16 -42 A>G
17 -71T>C
17 -8C->T
17 -66 G=>T
17 +15C>T
17  -11A>T Intronic (cont)

19 21 1bp INS Exon Description
19 +55G=>C 20 +30C>T

19 49C->T 20 -6 T2A

19 +11C-=>T 20 +28C>T

19 -10C>T 20 -+20 3bp DEL
19 -30 A>G 20 -37C->T
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2. PER1, E3, R(CGC) 158 C(TGT)

- Frequency: 0.20% (4/2012)

- Diagnoses: 100% (4/4) Mood Disorder (MDD)

- Family History: 50.0% (2/4) family history of Mood Disorder
25.0% (1/4) family history of psychiatric illness
25.0% (1/4) unknown family history

- Ethnicity: 100% (2/2) Caucasian

- Sex: 50.0% (2/4) male, 50.0% (2/4) female

3. PER1, E4, E(GAG) 191 C(TGT)
- Frequency: 0.15% (3/2012)
- Diagnoses: 100% (3/3) Mood Disorder (2 with MDD, 1 with Bipolar Disorder)
- Family History: 66.7% (2/3) family history of Mood Disorder.
33.3% (1/3) unknown family history.
- Ethnicity: 100% (3/3) Caucasian
- Sex: 100% (3/3) female

4. PER1, E5,V(GTC) 240 I (ATC)
- Frequency: 0.45% (9/2012)
- Diagnoses: 100% (9/9) Mood Disorder (MDD)
- Family History: 66.7% (6/9) family history of Mood Disorder
(4 with MDD, 1 with Bipolar Disorder, 1 with Depression NOS)
11.1% (1/9) family history of ADHD
11.1% (1/9) unknown family history
- Ethnicity: 88.9% (8/9) African American
11.1% (1/9) Native American
- Sex: 33.3% (3/9) male, 55.6% (5/9) female, 11.1% (1/9) unknown

5. PER1, E6, S(TCC) 296 C(TGC)
- Frequency: 0.05% (1/2012)
- Diagnoses: Unknown
- Family History: Unknown
- Ethnicity: Caucasian
- Sex: female

6. PER1, E7, R(CGG) 307 Q(CAG)
- Frequency: 0.10% (2/2012)
- Diagnoses: 100% (2/2) Mood Disorder (MDD)
- Family History: 100% (2/2) family history of Mood Disorder
50.0% (1/2) family history of ADHD
50.0% (1/2) family history of Anxiety Disorder (Obsessive-
Compulsive Disorder)
- Ethnicity: 100% (2/2) Caucasian
- Sex: 100% (2/2) female

7. PER1, E7, Q(CAG) 314 R(CGG)
- Frequency: 0.05% (1/2012)
- Diagnoses: Mood Disorder (MDD)
- Family History: Mood Disorder
- Ethnicity: Caucasian
- Sex: female
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8. PERL, E15, S(AGC) 640 N(AAC)
- Frequency: 0.05% (1/2012)
- Diagnoses: unknown
- Family History: unknown
- Ethnicity: Caucasian
- Sex: female

9. PER1, E17, DEL 758 PAPS
- Frequency: 0.05% (1/2012)
- Diagnoses: unknown
- Family History: unknown
- Ethnicity: Caucasian
- Sex: female

10. PER1, E18, Q(CAG) 846 R(CGG)
- Frequency: 0.05% (1/2012)
- Diagnoses: unknown
- Family History: unknown
- Ethnicity: Caucasian
- Sex: male

11. PER1, E18, P(CCC) 859 S(TCC)
- Frequency: 0.20% (4/2012)
- Diagnoses: 75.0% (3/4) Mood Disorder (MDD)
25.0% (1/4) Anxiety Disorder (Obsessive-Compulsive Disorder)
- Family History: 75.0% (3/4) family history of Mood Disorder.
25.0% (1/4) unknown family history.
- Ethnicity: 100% Caucasian
- Sex: 100% female

12. PER1, E18, P(CCC) 962 A(GCC)
- Frequency: 11.92% (240/2012)
- Diagnoses: 72.1% (173/240) Mood Disorder (135 with MDD, 30 with Bipolar Disorder,
7 with Depression NOS, 1 with Dysthymic Disorder )
0.83% (2/240) Schizoaffective Disorder
1.25% (3/240) Anxiety Disorder (all Generalized Anxiety Disorder)
2.08% (5/240) Psychotic Disorder (3 with Schizophrenia, 2 with Psychosis NOS)
1.25% (3/240) Substance Related Disorder (2 with Alcohol Dependence,
1 with Cocaine Dependence)
1.67% (4/240) ADHD
0.42% (1/240) Eating Disorders (Anorexia-Nervosa)
25.0% (60/240) Unknown
- Family History: 41.23% (99/240) family history of Mood Disorder
48.8% (117/240) unknown family history
7.5% (18/240) no family history of psychiatric illness
5.84% (14/240) family history of Anxiety Disorder
2.92% (7/240) family history of ADHD
2.08% (5/240) family history of Psychotic Disorder
2.08% (5/240) family history of Substance Related Disorder
- Ethnicity: 63.8% (154/240) Caucasian
22.1% (53/240) Native American
6.25% (15/240) African American
3.33% (8/240) Hispanic
2.08% (5/240) Other
0.42% (1/240) Asian
0.42% (1/240) Asian / Caucasian
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0.42% (1/240) Hispanic / Caucasian
0.42% (1/240) Other / Caucasian
0.42% (1/240) Unknown
- Sex: 28.8% (69/240) male, 57.1% (137/240) female, 14.2% (34/240) unknown

13. PER1, E19, V(GTC) 1027 I(ATC)
- Frequency: 0.40% (8/2012)
- Diagnoses: 75.0% (6/8) Mood Disorder (all MDD)
25.0% (2/8) Unknown
- Family History: 37.5% (3/8) family history of Mood Disorder
37.5% (3/8) no family history
25.0% (2/8) unknown family history
- Ethnicity: 87.5% (7/8) Caucasian
12.5% (1.8) Native American
- Sex: 25% (2/8) male, 62.5% (5/8) female, 12.5% unknown

14. PER1, E19, S(TCG) 1060 L(TTG)
- Frequency: 0.05% (1/2012)
- Diagnoses: Mood Disorder (MDD)
- Family History: unknown family history
- Ethnicity: Native American
- Sex: male

15. PER1, E20, A(GCT) 1108 S(TCT)
- Frequency: 0.20% (4/2012)
- Diagnoses: 75.0% (3/4) Mood Disorder (2 with Bipolar Disorder, 1 with MDD)
25.0% (1/4) Unknown
- Family History: 50.0% (2/4) family history of Mood Disorder
50.0% (2/4) unknown family history
25.0% (1/4) family history of Psychotic Disorder
- Ethnicity: 75.0% (3/4) Caucasian
25.0% (1/4) Native American
- Sex: 25.0% (1/4) male, 75.0% female

16. PER1, E20, V(GTC) 1141 1(ATC)
- Frequency: 0.05% (1/2012)
- Diagnoses: Mood Disorder (MDD)
- Family History: no family history of psychiatric illness
- Ethnicity: Caucasian
- Sex: female
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17. PER1, E21, A(GCT) 1196 V(GTT)
- Frequency: 0.89% (18/2012)
- Diagnoses: 66.7% (12/18) Mood Disorder (9 with MDD, 2 with Bipolar Disorder,
1 with Depression NOS)
22.2% (4/18) Unknown
5.56% (1/18) with Substance Related Disorder (Alcohol Abuse)
5.56% (1/18) with ADHD
- Family History: 38.9% (7/18) family history of Mood Disorder
55.6% (10/18) unknown family history
5.56% (1/18) no family history of psychiatric illness
5.56% (1/18) family history of ADHD
5.56% (1/18) family history of Schizophrenia
5.56% (1/18) family history of Alcohol Abuse
- Ethnicity: 88.9% (16/18) Caucasian
11.1% (2/18) Native American
- Sex: 38.9% (7/18) male, 50% (9/18) female, 11.1% (2/18) unknown

18. PER1, E22, T(ACC) 1289 I(ATC)
- Frequency: 0.05% (1/2012)
- Diagnoses: Mood Disorder (Bipolar Disorder)
- Family History: unknown family history
- Ethnicity: Caucasian
- Sex: female

PER3: Table5 shows that in 2013 study subjects, 55 intronic GVs, which will not be discussed further, and 47 exonic GVs were
identified in PER3. 17 of the exonic GVs in PER3 were silent: (1) PER3, E2, V(GTC) 59 V(GTG) (0.05% frequency), (2) PER3,
E2, R(CGC) 71 R(CGT) (0.05% frequency), (3) PER3, E4, T(ACC) 195 T(ACG) (0.05% frequency), (4) PER3, E5, F(TTT) 210
F(TTC) (0.05% frequency), (5) PER3, E6, P(CCC) 233 P(CCG) (0.05% frequency), (6) PER3, E6, | (ATT) 259 I (ATA) (0.05%
frequency). (7) PER3, E12, N(AAT) 498 N(AAC) (0.05% frequency), (8) PER3, E16, L(CTC) 658 L (CTG) (0.05% frequency), (9)
PERS3, E17, P(CCA) 753 P(CCG) (2.39% frequency), (10) PER3, E17, Y(TAC) 805 Y(TAT) (0.10% frequency), (11) PER3, E17,
S(TCG) 872 S(TCA) (3.18% frequency), (12) PER3, E17, L(TTA) 937 L(TTG) (0.05% frequency), (13) PER3, E18, A(GCA) 979
A(GCQG) (0.05% frequency), (14) PER3, E18, T(ACT) 977 T(ACC) (11.03% frequency), (15) PER3, E18, T(ACG) 982 T(ACA)
(0.30% frequency), (16) PER3, E18, T(ACA) 1000 T(ACG) (2.49% frequency), and (17) PER3, E18, T(ACG) 1036 T(ACT)
(0.15% frequency). Thirty of the exonic GVs in PER3 produced an amino acid change: (1) PER3, E1, A(GCC) 18 S(TCC) (0.15%
frequency), (2) PER3, E2, Q(CAG) 45 K(AAG) (0.05% frequency), (3) PER3, E2, R(AGA) 50 K(AAA) (0.05% frequency), (4)
PERS, E2, E(GAA) 61 K(AAA) (0.05% frequency, (5) PER3, E2, R(CGC) 71 C(TGC) (0.05% frequency), (6) PER3, E2, R(CGC)
85 C(TGC) (0.05% frequency), (7) PER3, E3, M(ATG) 112 T(ACG) (0.05% frequency), (8) PER3, E3, E(GAG) 116 G(GGG)
(0.05% frequency), (9) PER3, E9, R(CGG) 365 Q(CAG) (0.05% frequency), (10) PER3, E11, P(CCA) 414 A(GCA) and PERS3,
E11, H(CAC) 416 R(CGC) (0.20% frequency), (11) PER3, E12, DEL 422 (G) (0.05% frequency), (12) PER3, E13, T(ACT) 519
A(GCT) (0.65% frequency), (13) PER3, E13, R(AGA) 545 K(AAA) (0.05% frequency), (14) PER3, E15, H(CAT) 638 R(CGT)
(0.05% frequency), (15) PER3, E15, V(GTC) 639 G(GGC) (16.00% frequency), (16) PER3, E16, L(TTG) 664 F(TTC) (0.05%
frequency), (17) PER3, E16, Q(CAG) 708 L(CTG) (0.05% frequency), (18) PER3, E17, S(AGC) 750 N(AAC) (0.05% frequency),
(19) PERS, E17, INS 804 C (0.05% frequency), (20) PER3, E17, P(CCG) 828 L(CTG) (0.10% frequency), (21) PER3, E17,
P(CCT) 835 S(TCT) (0.05% frequency), (22) PER3, E17, D(GAC) 854 H(CAC) (0.20% frequency), (23) PER3, E17, P(CCT) 856
A(GCT) (12.33% frequency), (24) PER3, E17, L(CTG) 860 M (ATG) (0.05% frequency), (25) PER3, E17, INS 917 (T) (0.05%
frequency), (26) PER3, E18, H(CAT) 984 Y (TAT) (0.10% frequency), (27) PER3, E19, Q(CAA) 1086 K (AAA) (0.05% frequency),
(28) PER3, E19, T(ACA) 1111 I1(ATA) (0.05% frequency), (29) PER3, E20, T(ACT) 1168 A(GCT) (0.05% frequency), and (30)
PERS3, E21, C(TGT) 1176 S(TCT) (0.35% frequency). Details of these 30 meaningful exonic GVs in PER3 are outlined below.
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Table5: GVs in PER3.

INTRONIC CHANGES EXONIC CHANGES (SILENT) EXONIC CHANGES (MEANINGFUL)
Exon  Description Exon  Description Frequency Exon Description Frequency
1 +22 G2A 2 V(GTC) 59 V(GTG) 0.05% 1 A(GCC) 18 S(TCC) 0.15%
1 +23 A>G 2 R(CGC) 71 R(CGT) 0.05% 2 Q(CAG) 45 K(AAG) 0.05%
1 +25 G2A 4 T(ACC) 195 T(ACG) 0.05% 2 R(AGA) 50 K(AAA) 0.05%
1 +27 C>G 5 F(TTT) 210 F(TTC) 0.05% 2 E(GAA) 61 K(AAA) 0.05%
1 +48 2bp DEL 6 P(CCC) 233 P(CCG) 0.05% 2 R(CGC) 71 C(TGC)  0.05%
2 +49 C>T 6 I(ATT) 259 I(ATA)  0.05% 2 R(CGC) 85 C(TGC)  0.05%
2 -18 1bp INS/DEL 12 N(AAT) 498 N(AAC) 0.05% 3 M(ATG) 112 T(ACG) 0.05%
3 +11 A=>G 16 L(CTC) 658 L(CTG) 0.05% 3 E(GAG) 116 G(GGG) 0.05%
3 +53 6bp DEL 17  P(CCA) 753 P(CCG) 2.39% 9 R(CGG) 365 Q(CAG) 0.05%
4 -35T=>C 17  Y(TAC) 805 Y(TAT) 0.10% 11 P(CCA) 414 A(GCA) 0.20%

4 +27 A>G 17 S(TCG) 872 S(TCA) 3.18% and H(CAC) 416 R(CGC)

5 -17 G2>A 17 L(TTA) 937 L(TTG) 0.05% 12 DEL 422 G 0.05%

5 27T->C 18 A(GCA) 979 A(GCG) 0.05% 13 T(ACT) 519 A(GCT) 0.65%

6 -61 1bp INS 18 T(ACT) 977 T(ACC) 11.03% 13 R(AGA) 545 K(AAA) 0.05%

7 -15T=>G 18 T(ACG) 982 T(ACA) 0.30% 15 H(CAT) 638 R(CGT) 0.05%

7 +11 C>T, 18 T(ACA) 1000 T(ACG)2.49% 15 V(GTC) 639 G(GGC) 16.00%
or 1bp INS 18 T(ACG) 1036 T(ACT) 0.15% 16  L(TTG) 664 F(TTC) 0.05%

7 -20 2bp DEL 16  Q(CAG) 708 L(CTG) 0.05%

7 +39 A>G 17 S(AGC) 750 N(AAC) 0.05%

7 +42 T=>C 17 INS 804 C 0.05%

8 +63 T=>C 17 P(CCG) 828 L(CTG) 0.10%

9 +36 T=>G 17 P(CCT) 835 S(TCT)  0.05%

9 -14 2bp DEL 17 D(GAC) 854 H(CAC) 0.20%

9 +32C>T 17 P(CCT) 856 A(GCT) 12.33%

11 -38C>G 17 L(CTG) 860 M(ATG) 0.05%

11 +63 C>A 17 INS 917 (T) 0.05%

11 +7 G>A 18 H(CAT) 984 Y(TAT) 0.10%

11 +56 G>C 19 Q(CAA) 1086 K(AAA) 0.05%

12 -719C>T 19 T(ACA) 1111 I(ATA) 0.05%

12 -162 C2>A 20  T(ACT) 1168 A(GCT) 0.05%

12 +10C>T 21 C(TGT) 1176 S(TCT) 0.35%

13 23 C>T

13 +4 C>T

14 +73 A>G

14 +72 C>T

14 +81 A>G

15 +12 G=2A

15 -58 G2A

15 -48 C>G

15 -45 G2>A

15 +35C>T

15 +51 G=>C

15 +66 2bp DEL

16 -4T>G

16 +36 A>G Intronic (cont)

17 +51 A>G Exon Description

18 +43 G2A 20 +58C~>G

18 +16 A>G 20 +19 G>A

19 +67T>C 20 +48 G2A

19  +39 1bp DEL 21 -49T->C

19  +702bp DEL 21 +3A>G
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. PER3, E1, A(GCC) 18 S(TCC)
- Frequency: 0.15% (3/2012)
- Diagnoses: 66.7% (2/3) Mood Disorder (2 with MDD)
33.3% (1/3) Unknown
- Family History: 33.3% (1/3) family history of Mood Disorder
66.7% (2/3) unknown family history
- Ethnicity: 100% (3/3) Caucasian
- Sex: 33.3% (1/3) male, 66.7% (2/3) female

. PER3, E2, Q(CAG) 45 K(AAG)

- Frequency: 0.05% (1/2012)

- Diagnoses: Mood Disorder (Bipolar Disorder)
- Family History: Unknown

- Ethnicity: Caucasian

- Sex: male

. PER3, E2, R(AGA) 50 K(AAA)
- Frequency: 0.05% (1/2012)
- Diagnoses: Unknown

- Family History: Unknown

- Ethnicity: Native American

- Sex: Unknown

. PER3, E2, E(GAA) 61 K(AAA)
- Frequency: 0.05% (1/2012)
- Diagnoses: Unknown

- Family History: Unknown

- Ethnicity: Native American

- Sex: Unknown

. PER3,E2, R(CGC) 71 C(TGC)

- Frequency: 0.05% (1/2012)

- Diagnoses: Psychotic Disorder (Schizophrenia)
- Family History: Unknown

- Ethnicity: Caucasian

- Sex: female

. PER3, E2, R(CGC) 85 C(TGC)
- Frequency: 0.05% (1/2012)
- Diagnoses: Unknown

- Family History: Unknown

- Ethnicity: Native American

- Sex: Unknown

. PERS3, E3, M(ATG) 112 T(ACG)

- Frequency: 0.05% (1/2012)

- Diagnoses: Mood Disorder (MDD)
- Family History: Unknown

- Ethnicity: Caucasian

- Sex: male
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8. PER3, E3, E(GAG) 116 G(GGG)

- Frequency: 0.05% (1/2012)

- Diagnoses: Mood Disorder (MDD)
- Family History: Mood Disorder

- Ethnicity: Caucasian

- Sex: female

9. PER3, E9, R(CGG) 365 Q(CAG)

10.

11.

12.

13.

14.

- Frequency: 0.05% (1/2012)

- Diagnoses: Anxiety Disorder (Panic Disorder)

- Family History: Mood Disorder and Anxiety Disorder
- Ethnicity: Hispanic

- Sex: female

PER3, E11, P(CCA) 414 A(GCA) and PERS3, E11, H(CAC) 416 R(CGC)
- Frequency: 0.20% (4/2012)
- Diagnoses: 75% (3/4) Mood Disorder (2 with MDD, 1 with Depression NOS)
25% (1/4) Unknown
- Family History: 50% (2/4) unknown family history
25% (1/4) family history of Schizophrenia
25% (1/4) family history of Mood Disorder
- Ethnicity: 100% (4/4) Caucasian
- Sex: 100% (4/4) female

PERS3, E12, DEL 422 (G)

- Frequency: 0.05% (1/2012)

- Diagnoses: Mood Disorder (MDD)
- Family History: Unknown

- Ethnicity: Caucasian

- Sex: male

PERS, E13, T(ACT) 519 A(GCT)
- Frequency: 0.65% (13/2012)
- Diagnoses: 84.6% (11/13) Mood Disorder (10 with MDD, 1 with Depression NOS)
15.4% (2/13) Unknown
- Family History: 53.8% (7/13) unknown family history
46.2% (6/13) family history of Mood Disorder
- Ethnicity: 92.3% (12/13) Caucasian
7.69% (1/13) Native American
- Sex: 53.8% (7/13) male, 46.2% (6/13) female

PERS3, E13, R(AGA) 545 K(AAA)
- Frequency: 0.05% (1/2012)

- Diagnoses: Mood Disorder (MDD)
- Family History: Unknown

- Ethnicity: Caucasian

- Sex: male

PERS3, E15, H(CAT) 638 R(CGT)

- Frequency: 0.05% (1/2012)

- Diagnoses: Mood Disorder (MDD)
- Family History: Mood Disorder

- Ethnicity: African American

- Sex: female
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15. PERS, E15,

V(GTC) 639 G(GGC)

- Frequency: 16.0% (322/2012)
- Diagnoses: 54.4% (175/322) Mood Disorder (129 with MDD, 33 with Bipolar Disorder,

8 with Depression NOS, 3 with Dysthymic Disorder,
2 with Mood Disorder NOS)

44.4% (143/322) Unknown

4.35% (14/322) with Anxiety Disorder (2 with Generalized Anxiety Disorder, 3 with
Panic Disorder, 6 with Obsessive-Compulsive Disorder, 1 with Social Phobia,
2 with Posttraumatic Stress Disorder)

4.35% (14/322) with ADHD

2.48% (8/322) with Substance Related Disorder (5 with Alcohol Dependence, 2 with
Opioid Dependence, 1 with Cocaine Dependence)

0.62% (2/322) with Psychotic Disorder (2 with Schizophrenia)

0.62% (2/322) with Eating Disorder (2 with Bulimia Nervosa)

0.31% (1/322) with Schizoaffective Disorder

- Family History: 64.9% (209/322) unknown family history

- Ethnicity:

33.9% (109/322) family history of Mood Disorder
6.52% (21/322) no family history of psychiatric illness
3.42% (11/322) family history of ADHD
3.42% (11/322) family history of Anxiety Disorder
5.56% (4/322) family history of Substance Related Disorder
5.56% (4/322) family history of Psychotic Disorder
0.31% (1/322) family history of Personality Disorder

62.1% (200/322) Caucasian

33.5% (108/322) Native American

1.55% (5/322) African American

0.93% (3/322) Hispanic

0.93% (3/322) Unknown

0.62% (2/322) Other

0.31% (1/322) Caucasian / Other

- Sex: 28.9% (93/322) male, 52.8% (170/322) female, 18.3% (59/322) unknown

16. PERS3, E16,

L(TTG) 664 F(TTC)

- Frequency: 0.05% (1/2012)
- Diagnoses: Mood Disorder (Bipolar Disorder)
- Family History: Unknown

- Ethnicity:
- Sex: male

17. PERS, E16,

Caucasian

Q(CAG) 708 L(CTG)

- Frequency: 0.05% (1/2012)
- Diagnoses: Mood Disorder (MDD)
- Family History: Mood Disorder

- Ethnicity:

Caucasian

- Sex: female

18. PERS3, E17,

S(AGC) 750 N(AAC)

- Frequency: 0.05% (1/2012)
- Diagnoses: Mood Disorder (MDD)
- Family History: Unknown

- Ethnicity:
- Sex: male

Caucasian
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19.

20.

21.

22.

23.

PER3, E17,INS804 C

- Frequency: 0.05% (1/2012)

- Diagnoses: Mood Disorder (MDD)
- Family History: Mood Disorder

- Ethnicity: Caucasian

- Sex: male

PERS3, E17, P(CCG) 828 L(CTG)
- Frequency: 0.10% (2/2012)
- Diagnoses: 50.0% (1/2) Mood Disorder (MDD)
50.0% (1/2) Unknown
- Family History: 100% (2/2) Mood Disorder
- Ethnicity: 50.0% (1/2) Caucasian
50.0% (1/2) African American
- Sex: 100% (2/2) female

PERS3, E17, P(CCT) 835 S(TCT)

- Frequency: 0.05% (1/2012)

- Diagnoses: Mood Disorder (MDD)
- Family History: Mood Disorder

- Ethnicity: Caucasian

- Sex: female

PERS3, E17, D(GAC) 854 H(CAC)
- Frequency: 0.20% (4/2012)
- Diagnoses: 100% (4/4) Mood Disorder (2 with MDD, 2 with Dysthymic Disorder)
- Family History: 100% family history of Mood Disorder
- Ethnicity: 75% (3/4) Caucasian
25% (1/4) Native American
- Sex: 25% (1/4) male, 75% (3/4) female

PERS3, E17, P(CCT) 856 A(GCT)
- Frequency: 12.33% (248/2012)
- Diagnoses: 73.4% (182/248) Mood Disorder (144 with MDD, 27 with Bipolar Disorder,
8 with Depression NOS, 3 with Dysthymic Disorder)
16.5% (41/248) Unknown
4.44% (11/248) Anxiety Disorder (5 with Generalized Anxiety Disorder,
3 with Obsessive-Compulsive Disorder, 3 with Posttraumatic Stress Disorder)
2.82% (7/248) ADHD
2.02% (5/248) Substance Related Disorder (3 with Alcohol Dependence,
1 with Opioid Dependence, 1 with Polysubstance Abuse)
2.02% (5/248) Psychotic Disorder (5 with Schizophrenia)
0.81% (2/248) Schizoaffective Disorder
- Family History:48.4% (120/248) family history of Mood Disorder
43.1% (107/248) unknown family history
6.05% (15/248) family history of Anxiety Disorder
5.24% (13/248) no family history of psychiatric illness
2.02% (5/248) family history of Psychotic Disorder
1.21% (3/248) family history of ADHD
0.81% (2/248) family history of Substance Related Disorder
0.81% (2/248) family history of Personality Disorder
- Ethnicity: 80.2% (199/248) Caucasian
12.9% (32/248) Native American
2.42% (6/248) African American
2.42% (6/248) Hispanic
1.21% (3/248) Other
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24.

25.

26.

27.

28.

29.

0.40% (1/248) Caucasian / African American)
0.40% (1/248) Caucasian / Indian
- Sex: 33.5% (83/248) male, 59.7% (148/248) female, 6.85% (17/248) unknown

PER3, E17,L(CTG) 860 M(ATG)

- Frequency: 0.05% (1/2012)

- Diagnoses: Anxiety Disorder (Generalized Anxiety Disorder)
- Family History: Unknown

- Ethnicity: Caucasian

- Sex: male

PERS3, E17,INS 917 (T)

- Frequency: 0.05% (1/2012)

- Diagnoses: Mood Disorder (MDD)

- Family History: Mood Disorder and Anxiety Disorder.
- Ethnicity: Caucasian

- Sex: female

PERS3, E18, H(CAT) 984 Y(TAT)

- Frequency: 0.10% (2/2012)

- Diagnoses: 50% Mood Disorder (MDD)
50% Unknown

- Family History: 100% (2/2) Unknown

- Ethnicity: 100% (2/2) Caucasian

- Sex: 100% (2/2) female

PERS3, E19, Q(CAA) 1086 K(AAA)
- Frequency: 0.05% (1/2012)

- Diagnoses: Unknown

- Family History: Unknown

- Ethnicity: Native American

- Sex: male

PER3, E19, T(ACA) 1111 I (ATA)

- Frequency: 0.05% (1/2012)

- Diagnoses: Mood Disorder (MDD)
- Family History: Mood Disorder

- Ethnicity: Caucasian

- Sex: female

PERS3, E20, T(ACT) 1168 A(GCT)
- Frequency: 0.05% (1/2012)

- Diagnoses: Mood Disorder (MDD)
- Family History: Mood Disorder

- Ethnicity: Caucasian

- Sex: female
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30. PER3, E21, C(TGT) 1176 (TCT)
- Frequency: 0.35% (7/2012)
- Diagnoses: 71.4% (5/7) Mood Disorder (5 with MDD)
14.3% (1/7) Anxiety Disorder (Generalized Anxiety Disorder)
14.3% (1/7) Unknown
- Family History: 57.1% (4/7) Unknown
28.6% (2/7) Mood Disorder
14.3% (1/7) Anxiety Disorder
- Ethnicity: 71.4% (5/7) African American
14.3% (1/7)Hispanic
14.3% (1/7) Native American
- Sex: 42.9% (3/7) male, 42.9% (3/7) female, 14.3% (1/7) unknown

Figure 1 illustrates the GVs identified in PER1 and PER3 in the context of the full amino acid sequences of PER1, PER2 and PER3
from all species from which PER1, PER2 and PER3 have all been fully sequenced. Intronic GVs and exonic GVs that did not produce
an amino acid change are not shown. Red highlight indicates single nucleotide substitutions that produced amino acid changes. Green
highlight indicates a double nucleotide substitution that produced a double amino acid change. Blue highlight indicates deleted amino
acid(s). Purple highlight indicates inserted nucleotide base. Yellow highlight indicates inserted amino acid.

Figurel. PER1 and PER3 GVs in the context of the full amino acid sequences of PER1, PER2 and PER3 from all species from which
PER1, PER2 and PERS have all been fully sequenced.
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Table6: Classification of GVs in PER1 and PER3

CLASS1: 1. PER3INS917(T)

2. PER3 DEL 422G

3. PER3 P(414)A and H(416)R
CLASS2: PER3 E(61)K

4
5. PER3 R(365)Q
6. PER3H(638)R
7. PER3E(116)G
8. PER3R(85)C

9. PER1 S(640)N
10. PER1 R(158)C
11. PER3 R(71)C
12. PER3 C(1176)S
13. PER3 Q(45)K
14. PER1 S(1060)L
15. PER3 P(828)L
16. PER3 P(835)S
17. PER3INS804 C

CLASS3:  18. PER3V/(639)G
19. PER3 S(750)N
20. PER1 S(296)C
21. PER3 Q(708)L
22. PER3 D(854)H
23. PER1 R(307)Q
24. PER3 R(545)K
25. PER3 R(50)K
26. PER3 M(112)T

CLASS4:  27. PER1DEL 758-761 PAPS
28. PER3 H(984)Y
29. PER3 P(856)A
30. PER3 T(1111)l
31. PER1 E(191)C
32. PER1 P(962)A
33. PER1 Q(314)R
34. PER1 P(859)S
35. PER1 Q(846)R
36. PER3 T(1168)A
37. PER1 A(1108)S
38. PER1 V(240)|
39. PER1 A(1196)V
40. PER3 T(519)A
41. PER1 V(1027)l
42. PER3 Q(1086)K
43. PER3 L (664)F
44. PER3 L (860)M
45, PER1 T(1289)l
46. PER1 V(1141
47. PER3 A(18)S
48. PER1 P(37)S



Table 6 illustrates our classification of all potentially
meaningful exonic changes that were discovered in PER1 and
PER3. These GVs were broadly divided into 4 classes, and
then further ranked within these classes. Class 1 is composed
of truncations and radical amino acid changes having, or very
likely having, functional consequences on protein function.
Class 2 is composed of GVs in which the amino acid change is
radical, or otherwise located within a highly conserved region
likely to have functional importance. Class 3 is composed of
amino acid changes that are less radical or that occur at a less
well-conserved amino acid site still located within a larger
conserved region. Class 4 is composed of amino acid changes
that are either not radical or not located at a conserved amino
acid site or within a larger conserved region.

Class 1 is composed of 3 GVs: (1) PER3INS917
(T), (2) PER3 DEL 422 G, and (3) PER3 P(414)A and
H(416)R. PER3 INS 917 (T) inserts a T nucleotide within
exon 17 that causes a frameshift mutation. PER3 DEL 422 G
is a deletion of the amino acid G at a perfectly conserved G in
all PER proteins across all species from which the PER
proteins have been fully sequenced. This G closely follows
the conserved nuclear export sequence (NES) (PER3 528
ITELQEQIYKLLLQPVH), which is highly conserved in all
PER proteins across all species from which the PER genes
have all been fully sequenced. Deletion of this perfectly
conserved G within a very highly conserved region of PER3 is
likely to have serious consequences on proper protein
functioning. The double mutation PER3 P(414)A and
H(416)R also occurs on the immediate C-terminal side of the
NES. As shown in Figure 1, these two amino acids are
perfectly conserved in all PER3 proteins from which PER3
has been fully sequenced, and is almost perfectly conserved in
all PER proteins from all species from which the PER genes
have all been fully sequenced. Within proteins, proline often
functions to terminate a-helical domains, and a mutation that

* *

QPVHVSVSSGYGSLGSSGS
QPVHVSVSSGYGSLGSSGS
QPVHVSVSSGYGSLGSSGS

AAA QPVHVSVSSGYGSLGSSGS
AAA QPVHVSVSSGYGSLGSSGS
AAAPVHVSVSSGYGSLGSSGS
QAAAVSVSSGYGSLGSSGS
QPVHAAASSGYGSLGSSGS
QPVHVSVAAAYGSLGSSGS
QPVHVSVSSGAAALGSSGS
QPVHVSVSSGYGSAAASGS
QOPVHVSVSSGYGSLGSAAA

2

UUUUUUUUUU%U

substitutes alanine for proline might disrupt the normal o.-
helical structure of the NES. We have more fully analyzed
the in vitro consequences of this double mutation, and shown
that it effectively disrupts nuclear export function of PER3.

The PER3 P(414)A and H(416)R double mutation affects
nuclear localization of PER3: Nuclear entry of mammalian
clock gene products is an essential step in assuring 24 hour
rhythmicity of the core circadian clock (35,36). Subcellular
localization of the murine clock Period proteins (mPeriod 1, 2,
and 3) is thought to be controlled by a number of mechanisms
including dimerization (37,38), phosphorylation by CKlg (39),
and intrinsic localization signals (38,39,40). It was first
recognized in Drosophila that the dPeriod protein contained a
clear nuclear localization signal (NLS) and cytoplasmic
localization domain (CLD) (35,36). A few years later a series
of papers was published describing similar domains in
mPeriod 1 (mPerl), mPeriod 2 (mPer2), and mPeriod 3
(mPer3) (38). Furthermore, Vielhaber and colleagues
demonstrated a conserved, functional nuclear export signal
(NES) in the mPer proteins (40). In efforts to understand the
specific residues required for a functional NES of human Per3
(hPER3), alanine scanning mutagenesis was performed in
which sequential triple alanines were substituted for residues
within the NES or surrounding sequences (Figure 2). These
were generated in the context of a construct containing
residues 1-454 of hPer3 fused to EGFP (Figure 3). The
various constructs were transfected in HEK 293 cells, and
localization visualized by fluorescence microscopy. The
results are described in Figure 4 and shown in Figure5.
Mutant constructs containing triple alanine substitutions in
residues 400-417 failed to be excluded from the nucleus.
These results demonstrate that residues 400-417 are critical for
functionality of the Per3 NES.

*

*

Figure 2. Triple alanine scanning mutagenesis of residues 400-432 of hPer3. The NES is highlighted in yellow while
the various positions of the substituted alanines are in red. Single asterisks indicate the site of the PER3 P(414)A and
H(416)R double mutation. Double asterisks indicate the site of PER3 DEL 422 G.
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Figure 3. Truncated Per3 GFP fusion constructs. C-terminal Per3 truncation contructs were generated with
either residues 394-454 (consisting of the NES and surrounding conserved regions) or 1-454 (includes both
PAS domains and the NES) fused to an enhanced GFP to investigate the role of various mutations on
nuclear/cytoplasmic localization.
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Figure 4. Subcellular localization of NES triple alanine mutants. Following transfection of the various
mPer3 (1-454)-GFP constructs, cells were stained with DAPI and scored based on the exclusion of GFP
from the nucleus.
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PER3 394-454 WT

PER3 394-454 P(415)A and H(417)R
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Figure5. PER3 P(415)A and H(417)R lesions affect cytoplasmic shuttling of Per3. PER3 P(415)A and H(417)R-GFP
fusions displayed diffuse fluorescence whereas the wildtype distribution is confined to the cytoplasm. Nuclei were stained
with DAPI.
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As demonstrated in Figure 4, P415 and H417 are
essential for nuclear export of PER3 constructs. P(415)A and
H(417)R Per3 mutations were generated in the context of the
truncated GFP fusion constructs illustrated in Figure 3. These
constructs have previously been shown to be an effective
means for assessing subcellular localization of mutant Per
constructs. HEK 293 cells were stably transfected with
wildtype PER3 constructs or PER3 P(415)A and H(417)R
constructs, and subcellular localization was visualized by
fluorescence microscopy. In both truncated constructs,
introduction of the double mutation PER3 P(415)A and
H(417)R resulted in GFP signal diffusely present in both
nucleus and cytoplasm, whereas the wildtype counterparts
produced signal that was confined to the cytoplasm (Figure
5). This demonstrates that the PER3 P415A and H(417)R
double mutation identified in study subjects affects nuclear
localization of PER3. Irregular PER3 subcellular localization
might lead to altered circadian rhythms that, in combination
with other environmental or genetic factors, might yield
susceptibility to mental illness. It is also notable that this
double amino acid GV might be capable of acting in a
dominant manner. Premature entry of the product of only one
of the two alleles of PER3 might disrupt normal functioning of
the circadian system. This may be of importance given the
identification of this GV only in the heterozygous state in the
four study subjects carrying this GV.

Within the PER1 and PER3 GVs, Class 2 is composed of
14 GVs: (1) PER3 E(61)K, (2) PER3 R(365)Q, (3) PER3
H(638)R, (4) PER3 E(116)G, (5) PER3 R(85)C, (6) PER1
S(640)N, (7) PER1 R(158)C, (8) PER3 R(71)C, (9) PER3
C(1176)S, (10) PER3 Q(45)K, (11) PER1 S(1060)L, (12)
PER3 P(828)L, (13) PER3 P(835)S, and (14) PER3 INS 804
C. According to our classification scheme, all of these amino
acid changes are classified as either radical, located at a highly
conserved site, or located within a larger highly conserved
region. For example, as shown in Figure1, PER3 E(61)K,
PER3 R(365)Q, and PER1 S(640)N all occur at amino acid
sites that are perfectly conserved and located within larger
domains of high conservation in all PER proteins from all
species from which all PER proteins have been fully
sequenced. PER3 E(116)G (located within the PAS domain),
PER3 R(85)C (located within the PAS domain), PER1
R(158)C, PER3 R(71)C (located within the PAS domain),
PER3 H(638)R (located within the CKlIe binding domain),
PER3 C(1176)S, PER3 Q(45)K, PER1 S(1060)L, PER3
P(828)L, and PER3 P(835)S are all located at relatively
highly conserved amino acid sites that are within larger highly
conserved regions. PER3 INS 804 C occurs directly adjacent
to a highly conserved region, and could alter the spacing
between this conserved domain and a relatively well-
conserved APXGA penta-amino acid sequence located 12
amino acids downstream.

Class 3 is composed of 9 GVs: (1) PER3 V(639)G, (2)
PER3 S(750)N, (3) PER1 S(296)C, (4) PER3 Q(708)L, (5)
PER3 D(854)H, (6) PER1 R(307)Q, (7) PER3 R(545)K, (8)
PER3 R(50)K, and (9) PER3 M (112)T. PER3 S(750)N,
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PER1 S(296)C, PER3 Q(708)L, PER3 D(854)H, PER1
R(307)Q, PER3 R(50)K, and PER3 M (112)T all occur at
poorly-conserved amino acid sites, yet these sites are located
within a larger conserved region. PER3 R(545)K is a
conservative amino acid change that occurs at a perfectly
conserved R in a highly conserved region in all PER proteins
from all species from which the PER proteins have all been
fully sequenced. Of particular interest is the fact that PER3
V(639)G, which is located within the CKlIe binding domain,
was found in 16% of study subjects. 18% of individuals
carrying PER3 V(639)G carried a diagnosis of bipolar
disorder, which is significantly higher than the 9.4% rate of
bipolar disorder found in the overall study population.
However, PER3 V(639)G has also been discovered in a
separate general population study to be similarly present in
17% of study subjects (EntrezZSNP accession# rs10462020).
Another subject with mood disorder (major depressive
disorder) was found to have the neighboring conservative GV
PER3 H(638)R.

Class 4 is composed of 22 GVs, all of which produce
amino acid changes that are either not radical or not located at
a conserved amino acid site or within a larger conserved
region: (1) PER1 DEL 758 PAPS (2) PER3 H(984)Y, (3)
PER3 P(856)A, (4) PER3 T(1111)I, (5) PER1 E(191)C, (6)
PER1 P(962)A, (7) PER1 Q(314)R, (8) PER1 P(859)S, (9)
PER1 Q(846)R, (10) PER3 T(1168)A, (11) PER1 A(1108)S,
(12) PER1 V(240)I, (13) PER1 A(1196)V, (14) PER3
T(519)A, (15) PER1 V(1027)1, (16) PER3 Q(1086)K, (17)
PER3 L(644)F, (18) PER3 L(860)M, (19) PER1 T(1289)I,
(20) PER1 V(1141)I, (21) PER3 A(18)S, and (22) PER1
P(37)S. PER1 DEL 758 PAPS produces a deleted sequence
in a poorly conserved region, and is thus likely to have little
consequence on protein function. The PAPS sequence is
immediately preceded by an identical amino acid sequence
encoded by an identical nucleotide sequence, and thus is likely
to result from unequal chromosome crossover. PER1
T(1289)] was assigned to Class 4 despite the fairly good
conservation of T1289 because it is located within a non-
conserved region at the end of the protein, and thus unlikely to
be critical to protein function

DISCUSSION

Analysis of the data collected in this study raises the
possibility that genetic variation in PER3 may be more likely
to be involved in mental illness than GVs in the PER1 gene.
For example, almost twice as many meaningful GVs were
discovered in PER3 compared to PER1. This finding
correlates with our observation that PERS is significantly less
conserved across species than PER1 and PER2. This
difference in conservation among the three classes of PER
proteins fully sequenced from 5 species is illustrated in Figure
6. Calculated pairwise distances from sequences shown in
alignment (Figure 1), using the JTT matrix (Jones, Taylor,
Thornton) (41) of the PHYLIP software package, were used to
generate a phylogenetic tree using the FITCH program with
global rearrangements, according to established methods (42).



The phylogenetic tree was plotted with the drawgram feature
of the PHYLIP package such that branch length is inversely
related to similarity of amino acid sequence. Figure 6 shows
that PER3 is considerably more divergent among the species
examined than PER1 and PER2. The reasons for this
difference in divergence are not clear. PER3 may in some
manner be predisposed to genetic variation, or its increased
divergence relative to PER1 and PER2 may reflect a higher
degree of species-specific function. Alternatively, increased
divergence might simply have resulted from a lower degree of
evolutionary constraint, which could indicate that PER3
function is less critical to survival of the organism than PER1
and PER2.

The possibility that mutations in PER3 may be more
relevant to mental illness than mutations in PER1 may also be
predicted from the fact that 82% of the GVs in Classes 1 and 2
were found in PER3, whereas GVs in PER3 and PER1 were
roughly equally represented within Classes 3 and 4 (52% and
48% respectively). As articulated above, Classes 1 and 2 are
judged to comprise GVs with a greater likelihood of functional
significance. Not surprisingly, the Class 1 and 2 GVs were
more rare (1.39% of the overall study population) than the
GVs in Classes 3 and 4 (45% of the overall study population).
Of potential importance, the incidence of mood disorder was

DanioPEE1

IMouzePEE.

DogPER3

HumanFEER3

DanmcFPEE3

71% in study subjects carring Classes 1 and 2 GVs, which is
somewhat greater than the incidence of mood disorder in study
subjects carrying Classes 3 and 4 GVs (66%) or the overall
study population (63%). More specifically, 64% of study
subjects carrying Class 1 and 2 GVs had a diagnosis of major
depressive disorder, which is greater than that seen in study
subjects carrying Class 3 and 4 GVs (52%) and also in the
overall study population (48%). No meaningful differences in
other forms of mental illness, or in reported family history of
mental illness, emerged among these three groups.

It is important to close with proper acknowledgement
of the weaknesses of our study design. Psychiatric diagnosis
was not standardized between study subjects and genetic
analysis was not performed on matched controls. Thus, we
are unable to draw firm conclusions from our data with
regards to any link between these GVs and mental illness. We
present here a descriptive study in which we have identified
and stratified a large number of genetic variations in circardian
rhythm genes from a large study population. Despite these
shortcomings, we hope to contribute to the field of psychiatric
genetics by posting these GVs on www.mcknightlab.com so
that other investigators might utilize our findings in their own
future studies on the genetic basis of psychiatric disease

DanieFPEEZ

Figure 6. Phylogenetic tree of PER1, PER2 and PER3 proteins from all species from their genes have been
fully sequenced. The line distance is inversely proportional to similarity in amino acid sequence.
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Appendix 1. Primer sequences used for PCR amplification of genes controlling circadian rhythm.

Exon sequences are displayed in upper case with yellow highlight. Flanking intron sequences are displayed in lower case. Primer
sequences, located within flanking introns, are displayed in lower case bold with red hilight. Green highlight indicates areas in which
primer sequences overlapped with exonic sequences.

BMAL1

Exonl :_agagctcatcgaaataaacacacctttgtgcctcttgtaacaattccagATCATCCAATGGCAGACCAGAGAATGGACATTT
CTTCAACCATCAGTGATTTCATGTCCCCGGGCCCCACCGACCTGCTTTCCAGCTCTCTTGGTACCAGTGGTGTGGATTGC
AACCGCAAACGGAAAGGCAGCTCCACTGACTACCAgtaaggcctttggggcatgtcttectcttgtt

Exor.ttctcmtgttttttcagAGAAAGcATGGACACAGACAAAGATGACCCTcATGGAAthaccatgaacctagtaa
tttga

Exon3 SO CCCaIBIoea- 2 2 attatgtttttatcttttgctttttcctccccccagGTTAGAATATACAGAACACCAAGGAAGGATAAAAAATGCA
AthaagcttggaccttattttgtctacaaagcatcctagH

Exon4 [l CHONECaIeeag - 2 c gt ttttcatattgttgttcag GGAAGCTCACAGTCAGATTGAAAAGCGGCGTCGGGATAAAATGAA
CAGTTTTATAGATGAATTGGCTTCTTTGGTACCAACATGCAACGCAATGTCCAGGAAATTAGATAAACTTACTGTGCTA
AGGATGGCTGTTCAGCACATGAAAACATTAAGAGgtgagaccctgggctctattgtectttatgtecttgeccac

Exon5 :_gacattttctgaatatcaagtataccaattctttctctttttgcccctaagGTGCCACCAATCCATACACAGAAGCAAACTAC
AAACCAACTTTTCTATCAGACGATGAATTGAAACACCTCATTCTCAGGgtatgttcaattatgggattgttttacaacgtttgtttttataaattt S ENGE

Ex0n6:_tatcagggtgattacaaattatgtttcctacagtatgagaaattgattatccatttctcctgattagGCAGCAGATGGATTTTTGTTTGT
CGTAGGATGTGACCGAGGGAAGATACTCTTTGTCTCAGAGTCTGTCTTCAAGATCCTCAACTACAGCCAGGgtattgttcatgcetect

gttgatggtgggcagecteac

Exon7:_tgcataattgattttctgcatgcaattgacttgtcatgtttaacatttcatctccccagAATGATCTGATTGGTCAGAGTTTGTTTGA
CTACCTGCATCCTAAAGATATTGCCAAAGTCAAGGAGCAGCTCTCCTCCTCTGACACCGCACCCCGGGAGCGGCTCATA
GATGCAAAAAgtgagtaccagagaggcctegcatttcctcagecageccactcacaggeagec

Exon8 :_actccccctcctgacagacaacactgctctcagtttatcacattttgtgtattgatttgcagCTGGACTTCCAGTTAAAGCAGATAT
AACCCCTGGGCCATCTCGATTATGTTCTGGAGCACGACGTTCTTTCTTCTGTAGGATGAAGTGTAACAGGCCTTCAGTA
AAGGTTGAAGACAAGGACTTCCCCTCTACCTGCTCAAAGAAAAAAGgtaccaatttaacagtccattaaaaccetgtgacaggtgaageatgcetttetge

agcggagctctcagetgggc

Exon9-BlCCeIt0eeaaaBeanl < - teacactaaccacgaactttgetttctag CAGATCGAAAAAGCTTCTGCACAATCCACAGCACAGGCTATTT
GAAAAGCTGGCCACCCACAAAGATGGGGCTGGATGAAGACAACGAACCAGACAATGAGGGGTGTAACCTCAGCTGCC
TCGTCGCAATTGGACGACTGCATTCTCATGTAGTTCCACAACCAGTGAACGGGGAAATCAGGGTGAAATCTATGGAAT

ATGTTTCTCGGCACGCGATAGATGGAAAGTTTGTTTTTGTAGACCAGAGgtaagagtctacatactacccttgagcaatg

Exon10- e IeaCIRaIOeet  tcttctttaaatattcctttattcecttttagGGCAACAGCTATTTTGGCATATTTACCACAAGAACTTCTAGG
CACATCGTGTTATGAATATTTTCACCAAGATGACATAGGACATCTTGCAGAATGTCATAGGCAAGgtaagctaggatgtatgaaagat
cttaagttgaaagtgtc

Exon| 1 - Sl CHOOCIOa0: 2 2 c aacaatgtccatgttttctitacattttcag TTTTACAGACGAGAGAAAAAATTACAACTAATTGCTATAA
ATTTAAAATCAAAGATGGTTCTTTTATCACACTACGGAGTCGATGGTTCAGTTTCATGAACCCTTGGACCAAGGAAGTA
GAATATATTGTCTCAACTAACACTGTTGTTTTgtaagtacttttcctatatctgaagceteecct

Exon12: [ IUICaCa0eIoag -2 2 ccteactcacgtttecttattgetgggatgticacagAGCCAACGTCCTGGAAGGCGGGGACCCAACCTTCCC
ACAGCTCACAGCATCCCCCCACAGCATGGACAGCATGCTGCCCTCTGGAGAAthaactatgtgctgctggggccctggggcttgcccgtg-
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Exon 3 [ SEGCINCoIaeIeIeage: tcctttgttatagGTGGCCCAAAGAGGACCCACCCCACTGTTCCAGGGATTCCAGGGGGAACCCGG
GCTGGGGCAGGAAAAATAGGCCGAATGATTGCTGAGGAAATCATGGAAATCCACAGgcaagtaacacctictagttectetgttaeuaen

Exon14:_aaaaaagaaaaggcagtgtaattctcttttctgacagGATAAGAGGGTCATCGCCTTCTAGCTGTGGCTCCAGCC
CATTGAACATCACGAGTACGCCTCCCCCTGATGCCTCTTCTCCAGGAGGCAAGAAGgtaagactgatgattcttagectaagetaga el

Exon15: [ GoOCICaeeRaBIoaN 24 cttcacacttccctecttttgtitgtag ATTTTAAATGGAGGGACTCCAGACATTCCTTCCAGTGGCCTA
CTATCAGGCCAGGCTCAGGAGAACCCAGGTTATCCATATTCTGATAGTTCTTCTATTCTTGgtaagtggcatcattattcgtttccattgcaat
gagcttgcaaaacatcttacataaagtcaattttaag

Exonl6 :_atgctttaaaaaagaaatcactgaccagtctttatctcctcccacagGTGAGAACCCCCACATAGGTATAGACATGAT
TGACAACGACCAAGGATCAAGTAGTCCCAGTAATGATGAGGCAGCAATGGCTGTCATCATGAGCCTCTTGGAAGCAGA
TGCTGGACTGGGTGGCCCTGTTGACTTTAGTGACTTGCCATGGCCGCTGTAAacactacatgttgctttggcaacagctatagtatcaaagtgcattl

BMAL2

Exon | - [ICICICIOeI00008 - 2 ¢ taaagtgttgagagaggagaaccagtgcattgCTCCTGTGGTTTCCAGCCGCGTGAGTCCAGGGACAAGACC
AACAGCTATGGGGTCTTTCAGCTCACACATGACAGAGTTTCCACGAAAACGCAAAGGAAGTGATTCAGACCCATCCCA
GTaagtgaatttggtcctctaacccagtgagatctttgactttagggagaagaggaaaatattccttttaaaatcattaattatttccaagttcatggtaacatttggagatgggagagtacttatccaccca
tctgetacc

Ex0n2:_tgctgtccattcccagaacatctgggtagggggtgacccaaggcctccttccttccaggtCAGGAATCATGACAGAAAAAGTGG
TGGAAAAGCTTTCTCAGAATCCCCTTACCTATCTTCTTTCAACAAGGATAGAAATATCAGCCTCCAGTGGCAGCaggtaagtc
ctggactgtctttgacatactctctccectacttgaagagggcatagagtgggagtgaaaacatgatacacg

Exon3: _g gctcagceatetgetccagtgageaacacgggggtgactgggggtctgctgaatgttaaatataaaggaagttccttttccctctt AGAGAAGCT
CATAGCCAAACTGAAAAGCGGAGGAGAGATAAAATGAATAACCTGATTGAAGAACTGTCTGCAATGATCCCTCAGTGC

AACCCCATGGCGCGTAAACTGGACAAACTTACAGTTTTAAGAATGGCTGTTCAACACTTGAGATCTTTAAAAGgtgagtttga
cga

Ex0n4:_agcagcagcattgctaatgttcattaagcattttgccctctctactatatttccaataactcttgatgcctttctttttagGCTTGACAAATTCTT
ATGTGGGAAGTAATTATAGACCATCATTTCTTCAGGATAATGAGCTCAGACATTTAATCCTTAaggtaactaaagatatatttgtctaagtt

gtgt

Exon5 :_ctgaatgtgtgtgtgtgtgtgc gtgtgtataagagacagacaatattttaaaatattcactttttttttaaatcctAGACTGCAGAAGGCTTC
TTATTTGTGGTTGGATGTGAAAGAGGAAAAATTCTCTTCGTTTCTAAGTCAGTCTCCAAAATACTTAATTATGATCaggtatc
caaaaatgaggatattttccatacaatgtttaattttttgaacaaacacatatttttaagetctttttctgaac

Exon6: iU eCIeCIBO0IE - < 222t caatcaaaaatcaaaaaagaacatttattgtatgcatcaagaaatgtagaaaaagcatggtactgattitaaatgaatgtctaccttatgaat
AGGCTAGTTTGACTGGACAAAGCTTATTTGACTTCTTACATCCAAAAGATGTTGCCAAAGTAAAGGAACAACTTTCTTC
TTTTGATATTTCACCAAGAGAAAAGCTAATAGATGCCAAAAgtaagtgtccatttccgeatgcttattattttatgtaaatg

Exon7SIEIICICICUEEE00Mel cc2aaagCTGGTTTGCAAGTTCACAGTAATCTCCACGCTGGAAGGACACGTGTGTATTCTGGCT
CAAGACGATCTTTTTTCTGTCGGATAAAGAGTTGTAAAATCTCTGTCAAAGAAGAGCATGGATGCTTACCCAACTCAAA
GAAGA Aaggtatcattttgaaatgtc

ExonS IO eaMeeeeiea: - ((ttagcatatitaaagagcattttatagcacaattataactattatagatgtcaatataagaaatttaatgacttatttataatgatccaaatgtectttttaaaaat
ctttgaatt AGAGCACAGAAAATTCTATACTATCCATTGCACTGGTTACTTGAGAAGCTGGCCTCCAAATATTGTTGGAATGG
AAGAAGAAAGGAACAGTAAGAAAGACAACAGTAATTTTACCTGCCTTGTGGCCATTGGAAGATTACAGCCATATATTG
TTCCACAGAACAGTGGAGAGATTAATGTGAAACCAACTGAATTTATAACCCGGTTTGCAGTGAATGGAAAATTTGTCTA
TGTAGATCAAAGGtaaacatttacatgttataatgattagaa
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Ex0n9:_gagggagtaoactcaccacttctgaagtttattttcaattttgaaaccaggGCAACAGCGATTTTAGGATATCTGCCTCAGGA
ACTTTTGGGAACTTCTTGTTATGAATATTTTCATCAAGATGACCACAATAATTTGACTGACAAGCACAAAGCaggtaggtatge
at

Exonl0 :_atttgaa gtttgaattaatcttcacaacattgatttttatagtcattgactattatgctgataattatcttttctcgtta AGTTCTACAGAGTAAG
GAGAAAATACTTACAGATTCCTACAAATTCAGAGCAAAAGATGGCTCTTTTGTAACTTTAAAAAGCCAATGGTTTAGTT
TCACAAATCCTTGGACAAAAGAACTGGAATATATTGTATCTGTCAACACTTTAGTTTTGtaagtaattttttatgttaagacctttatattgatttc
aaatgagtctctttgett

Exon1 1 - EECoCOeU e eaReans o 2 tetttttaattctaggGGACATAGTGAGCCTGGAGAAGCATCATTTTTACCTTGTAGCTCTC
AATCATCAGAAGgtaagcttacttttagatgatggaagacttattactaagacatattattaagactattactatc

Exon12: NN CHCCICAACIEANRRIENES toctettactt AGAATCCTCTAGACAGTCCTGTATGAGTGTACCTGGAATGTCT
ACTGGAACAGTACTTGGTGCTGGTAGTATTGGAACAGATATTGCAAATGAAATTCTGGATTTACAGaggtaatgttttattgctgcaaa
tattttcaaaagtaaaaatatcatatttataaaa

Exonl3 :_tattagtagattattatgtatttagag gagaaaatttcctictaaaatatgtaaaattaaaaatgttttatgtatcactttttaaAGGTTACAGTC
TTCTTCATACCTTGATGATTCGAGTCCAACAGGTTTAATGAAAGATACTCATACTGTAAACTGCAGGAGTgtaagtatacttgtaa
atgataatattcatgaaataa;

Exon 14 EEUCORUBIBaNel c 2 202aaataaaaaataaaaagtaaaaataaataaataaagagtgtecttattctagtaggaaccteactgtitgttactetggetgtettttcag ATGTC
AAATAAGGAGTTGTTTCCACCAAGTCCTTCTGAAATGGGGGAGCTAGAGGCTACCAGGCAAAACCAGAGTACTGTTGC
TGTCCACAGCCATGAGCCACTCCTCAgtaagttttc

Exon |5 ElCoaeIOIOIaaaaIatge. t 2 cteatcacctttacttacacaggectgtattttaattcatagGTGATGGTGCACAGTTGGATTTCGATGCCCTA
TGTGACAATGATGACACAGCCATGGCTGCATTTATGAATTACTTAGAAGCAGAGGGGGGCCTGGGAGACCCTGGGGAC
TTCAGTGACATCCAGTGGACCCTCTAGcctttga

CRY1

Exonl :_ctatgagccggagcctccttccttgaatttctccgtggaggacccgcc gcgeeeeccggc ATGGGGGTGAACGCCGTGCACTGGT
TCCGAAAGGGGCTCCGGCTCCACGACAACCCCGCCCTGAAGGAGTGCATTCAGGGCGCCGACACCATCCGCTGCGTCT

ACATCCTGGACCCCTGGTTCGCCGGCTCCTCCAATGTGGGCATCAACAGGTGGCGgtgagtcacaageeccgtgggaaatggatttgggtgttta
atgagtctgatgttaatgaattc

Exon2 :_aatag gaggtaataagatgataggttggcatttcaacttttagaataacatgactttgtaataatttatgtcttctaaatatgtattttttaataatttaaat
aatactttcttctctctaGATTTTTGCTTCAGTGTCTTGAGGATCTTGATGCCAATCTACGAAAATTAAACTCCCGTCTGTTTGTGATT
CGTGGACAACCAGCAGATGTGTTTCCCAGGCTTTTCAAG Ggtaatttgaaaaatatttgcataaaacaatcttttctcagataatattacatatttggtaaataaagttttt
tgactaat

Exon3 - EilICIEOaMOOeea0e- 22 (e cctagaatctaatgggtiatgeattcattacttatgtatttittaattgataaattgtttactttttcctgcataticaaagttgatttatgtataateetttga
tatgtagattttcagctttttcacttttcgttataatagaaaaaataactattacaattggtgtacattgttcccctttctcttactttagGAATGGAACATTACTAAACTTTCAATTGA
GTATGATTCTGAGCCCTTTGGAAAGGAACGAGACGCAGCTATTAAGAAACTGGCAACTGAAGCTGGAGTAGAAGTCAT
TGTAAGAATTTCACATACATTATATGACCTAGACAA Gt

Ex0n4:_attaattttattttctgctttttaagccttttgggagcttattagccaaaatgtattgtcttttttaatactaactacattttactaactcttgttatagGATCATA
GAACTCAATGGTGGACAACCGCCTCTAACTTATAAAAGATTCCAGACTCTCATCAGCAAAATGGAACCACTAGAGATA
CCAGTAGAGACAATTACTTCAGAAGTGATAGAAAAGTGCACAACTCCTCTGTCTGATGACCATGATGAGAAATATGGA
GTCCCTTCACTGGAAGAGCTAGgtgag

Exon’ [ CICCOR0MBIOo0N t22ataaaaattagtttcggaagaatgatgtttttttcttttctttcttgtagGTTTTGATACAGATGGCTTATCCTCTGCAGTGTG
GCCAGGTGGAGAAACTGAAGCACTTACTCGTTTGGAAAGGCATTTGGAAAGAAAAgtatgataatgtagattatatagcta
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Exon6 [aieuea el aetetonang t ttcagGCTTGGGTGGCAAATTTTGAAAGACCTCGAATGAATGCGAATTCTCTGCTTG
CAAGCCCTACTGGACTTAGTCCTTATCTCCGATTTGGTTGTTTGTCATGTCGACTGTTTTACTTCAAACTAACAGATCTCT
ACAAAAAGgtattctctaaaattagagcttattgtttaatactttaaaaaaaaattctgataatacttctttg

Exon7 :—ctacaaaaag gtattctctaaaattagagcttattgtttaatactttaaaaaaaaattctgataatacttctttgctttttaaccatagGTAAAGA
AGAACAGTTCCCCTCCCCTTTCCCTTTATGGGCAACTGTATGGCGTGAATTTTTCTATACAGCAGCAACAAATAATCCAC
GCTTTGATAAAATGGAAGGAAACCCTATCTGTGTTCAATTCCTTGGGATAAAAATCCTGAGGCTTTAGCCAAATGGGCG
GAAGGCCGGACAGGCTTTCCATGGATTGATGCCATATGACACAGCTTCGTCAGGAGGGTTGGATTCATCATCTAGCCAG
GCATGCAGTTGCTTGCTTCCTGACACGAGGGGACTGTGGATTAGTTGGGAAGAAGGAATGAAGgtaagtgttcta

Ex0n8:_gctctactgtgaccttgaaaatgcttgctttgcgaattatgtgtgtgcaaactaattggttactgttacttctgaagGTATTTGAAGAATTATTGCTTG

ATGCAGATTGGAGCATAAATGCTGGAAGTTGGATGTGGCTGTCTTGTAGTTCCTTTTTTCAACAGTTTTTTCACTGCTAT

TGCCCTGTTGGTTTTGGTAGGAGAACAGATCCCAATGGAGACTATATCAGgtaaatcaagggtgattactactcagtttggaatagttaattcaagaag
agcttttcatgtttaa

Exon9-[El000ea0eauaueitag - - 2 o taaacagatcatttaaatggtcttgatitgattttggtctgtcatagetagtagttatagtitgettagagtgcattitattagtaatettictititictceca
aagGCGTTATTTGCCTGTCCTAAGAGGCTTCCCTGCAAAATATATCTATGATCCCTGGAATGCACCAGAAGGTATCCAAA

AGGTAGCCAAATGTTTGATAGGAGTTAATTATCCTAAACCAATGGTGAACCATGCTGAGGCAAGCCGTTTGAATATCGA
AAGGATGAAACAGATCTATCAGCAGCTTTCACGATATAGAGGACTAGgtatgttaagaactgtctttgtttctttggcagetgtttatgtacttatetttgaatt
ttatcttgatcataatttaaaagaaaatttttt

Exonl0 :—ttgtttctttggcagctgtttatgtacttatctttgaattttatcttgatcataatttaaaagaaaatttttttgtgctttagGTCTTCTGGCAT
CAGTACCTTCTAATCCTAATGGGAATGGAGGCTTCATGGGATATTCTGCAGAAAATATCCCAGGTTGTAGCAGCAGTGG
AAgtaagtgaaaaggaaatttctgcacttagtaacatgaagaggttattaaacaaatatatttgttattgatcctcactaacatattttataaaaa

Exonll :_cttaaaagcatataaatgaccttaagtacaagcgctaaaagttggatttgtagacttaataatacatacatcttggatttgattttaagtaattttact
gtgttttaaatactaacagGTTGCTCTCAAGGGAGTGGTATTTTACACTATGCTCATGGCGACAGTCAGCAAACTCACCTGTTGAAG

CAAGgtaagaatgaagcattggagcatactgttctttttccttttcctatcttaaacatacattttttaaatgtge

Exon 12 [EICO00UEBa0Neas c 2 ctcacctgttgaagcaaggtaagaatgaageattggageatactgtictttttcettttectatcttaaacatacattttttaaatgtgcag GAAGAA
GCTCCATGGGCACTGGTCTCAGTGGTGGGAAACGTCCTAGTCAGGAAGAGGACACACAGAGTATTGGTCCTAAAGTCC
AGAGACAGAGCACTAATTAthaaatattttagagctgtatttcttgctttagaagagtatataattaacataaattaagataatttcaaaaatggagcaaatctctatttt_

CRY2

Exon | - SIS CIO0R0ea0e 2 ca 2tc A TGGCGGCGACTGTGGCGACGGCGGCAGCTGTGGCCCCGGCGCCAGCGCCCGGCACGG
ACAGCGCCTCTTCGGTGCACTGGTTCCGCAAAGGGCTGCGACTCCACGACAACCCGGCGTTGCTGGCGGCCGTGCGCG
GGGCGCGCTGCGTGCGCTGCGTTTACATTCTCGACCCGTGGTTCGCGGCCTCCTCCTCAGTCGGGATCAACCGATGGAG

glgaggggacceggggctgggtggeggggacgeage

Exon2:_gctttgttaggaaagagagccactcttcatgatgttatcactaacaaggcctgtgtggactccacagGTTCCTACTTCAGTCTCTGGAA
GATTTGGACACAAGTTTAAGGAAACTGAACTCCCGCCTGTTTGTAGTCCGGGGACAGCCAGCCGACGTGTTCCCAAGGC
TGTTCAAGgtaagcgtgcagagecccagagaagacagtgagattctgtcectgacggtttec

Exon3 G aeaUIOeage- (2 cagatcctetecccacagGAATGGGGAGTGACCCGCTTGACCTTTGAATATGACTCTGAACCCTTTG
GGAAAGAACGGGATGCAGCCATCATGAAGATGGCCAAGGAGGCTGGTGTGGAAGTAGTGACGGAGAATTCTCATACC
CTCTATGACCTGGACAGgtaagagatggggcccagggatcaggttaccaattgtgagagttagtaatttg

Exon4: [ECoIOI0OOIReaeane - toctttegectccccagGATCATTGAGCTGAATGGGCAGAAGCCACCCCTTACATACAAGCGCTTTC

AGGCCATCATCAGCCGCATGGAGCTGCCCAAGAAGCCAGTGGGCTTGGTGACCAGCCAGCAGATGGAGAGCTGCAGG
GCCGAGATCCAGGAGAACCACGACGAGACCTACGGCGTGCCCTCCCTGGAGGAGCTGGgtgcegtactteetg
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Exon5: ctatcactgaaatggtcaaacctectgtcttgtgacctttecttetcttcagGGTTCCCCACTGAAGGACTTGGTCCAGCTGTCT
GGCAGGGAGGAGAGACAGAAGCTCTGGCCCGCCTGGATAAGCACTTGGAACGGAAGGtatgggccgtttctgagacacagagetgcagat
actgatatccacac

Exon6 :_cagattccttaaccacccaatgcctccattttttcctctgttacatccaagcctttccttttgccaccttctctttctgctgtagGCCTGGGTTGCCAA
CTATGAGAGACCCCGAATGAACGCCAACTCCCTCCTGGCCAGCCCCACAGGCCTCAGCCCCTACCTGCGCTTTGGTTGT
CTCTCCTGCCGCCTCTTCTACTACCGCCTGTGGGACCTGTATAAAAAGgtaagggggacatacctgeccacattge

Exon7: aggcaccatgctaagagetgggegagtgtttgtatccatgtgccaccectacctctcagGTGAAGCGGAACAGCACACCTCCC
CTCTCCCTATTTGGGCAACTCCTATGGCGAGAGTTCTTCTACACGGCAGCTACCAACAACCCCAGGTTTGACCGCATGG
AGGGGAACCCCATCTGCATCCAGATCCCCTGGGACCGCAATCCTGAGGCCCTGGCCAAGTGGGCTGAGGGCAAGACAG
GCTTCCCTTGGATTGATGCCATCATGACCCAACTGAGGCAGGAGGGCTGGATCCACCACCTGGCCCGGCATGCCGTGGC
CTGCTTCCTGACCCGCGGGGACCTCTGGGTCAGCTGGGAGAGCGGGGTCCGGgtgagtgctetctcaacgaaaagetggectgtacectetggtea
ggeccgtcaaagggeagece

Ex0n8:_ggaaaaaacatggctgcatgtccccaaggaggctgatcatcccctcccctatctagGTATTTGATGAGCTGCTCCTGGATGCAG
ATTTCAGCGTGAACGCAGGCAGCTGGATGTGGCTGTCCTGCAGTGCTTTCTTCCAGCAGTTCTTCCACTGCTACTGCCCT
GTGGGCTTTGGCCGTCGCACGGACCCCAGTGGGGACTACATCAGgtgaggatacagaccaggctctetggectctgaccactgtg

Ex0n9:_aggatgggataccctgggccttttgaaggagggtctgggtatgctgatgggtcatctggtgtatcttatttcagGCGATACCTGCCCAAAT
TGAAAGCGTTCCCCTCTCGATACATCTATGAGCCCTGGAATGCCCCAGAGTCAATTCAGAAGGCAGCCAAGTGCATCAT

TGGTGTGGACTACCCACGGCCCATCGTCAACCATGCCGAGACCAGCCGGCTTAACATTGAACGAATGAAGCAGATTTA
CCAGCAGCTTTCGCGCTACCGGGGACTCTgtaaggagacaaacacctagctcactgaagggaagg

Exon10: EElCI0CaaIeeioeaagc 2 cactetgattactectegectetetcccagGTCTACTGGCATCTGTCCCTTCCTGTGTGGAAGACCTCAGTC
ACCCTGTGGCAGAGCCCAGCTCGAGCCAGGCTGGCAGCATGAGCAGTGCAGgtgageageageaaccaacctectgtggectectgto ol

Exon| | EGacooHoseaeansC CCAAGACCACTACCCAGTGGCCCAGCATCCCCCAAACGCAAGCTGGAAGCAGCCGAGGAA
CCACCTGGTGAAGAACTCAGCAAACGGGCCCGGGTGGCAGAGTTGCCAACCCCAGAGCTGCCGAGCAAGGATGCCTG
AGagtgagtgacagcagcctagattcaacctcaggaaggaagttgggagtgggoggocctactgecctgecagetgeaggttgaaacatagcaaactagatgaaaatetggteg

CLOCK

Exonl :_taacatttttagaaaactaatgaccatttatttttcttttcacctaag gagaagtacaaatgtctactacaagac gaaaaCﬁtaitatittATGTTGTT

TACCGTAAGCTGTAGTAAAATGAGCTCGATTGTTGACA Ggtatgtttttgaagacttattttaagttatatataattattttaaa

Exon2: _tagtattgctgttgcttagtgagtctgctcttactttctctatcc gctttcttttagAGATGACAGTAGTATTTTTGATGGGTTGGT
GGAAGAAGATGACAAGGACAAAGCGAAAAGgtagtttgattagagatataaaatagtaaatgaatgaataatagataaatataatggtaaataaatagtgaataaatgatt

Exon3: FiEHCIOOIaeeio0oag. (- ttttaccatctatgttgatagaagtacatgctgtgteatgtetaaattaacattgtattaaactacttgtgtaattaaatggattgtitaaaaaatgeatatttt
tcatttcatcagAGTATCTAGAAACAAATCTGAAAAGAAACGTAGAGATCAATTTAATGTTCTCATTAAAGAACTGGGATCCAT
GCTTCCTGGTAATGCTAGAAAGATGGACAAATCTACTGTTCTGCAGAAAAGCATTGATTTTTTACGAAAACATAAAGgta
aatttttaactctgtaaaatggaacagactctcaaagcattag

Ex0n4:_cggtggttggagtatgccactaatatgtcaatctgtttacagAAATCACTGCACAGTCAGATGCTAGTGAAATTCGACA

GGACTGGAAACCTACATTCCTTAGTAATGAAGAGTTTACACAATTAATGTTAGA Ggtatgtccagatttaatttttgaaagttttattttcctcaaaaa
agaaatcacagggtgacttaatatccaggtgtaccttggegatattgcgagttgagttccagaccactgcaataaagctaatatttc

47



Exon5: [EIICIONCOIOCRReeNael tcttttcatttaacatatcattatgtttaatttcagGCTCTTGATGGTTTTTTTTTAGCAATCATGACAGATGGAAG
CATAATATATGTGTCTGAGAGTGTAACTTCATTACTTGAACATTTACCAgtaagtataaagatcctacaatctacttcgtattaaaatgcctattttaaatat
tctaaag]

Exon6: [EIONCICHBRNeag: - o tattttacttttaacaattttcttttcag TCTGATCTTGTGGATCAAAGTATATTTAATTTTATCCCAGAAGG
GGAACATTCAGAGGTTTATAAAATACTCTCTACTCATCTGCTGGAAAGTGATTCATTAACCCCAGAATATTTAAAATgtaa
gtagtagctgttaagcaaaaaagtcaaatgttgtattcag

Ex0n7:_aatcattgttttatatcagaaatatgtgatttttaaaatctcttttatttcagCAAAAAATCAGTTAGAATTCTGTTGTCACATG
CTGCGAGGAACAATAGACCCAAAGGAGCCATCTACCTATGAATATGTAAAATTTATAGGAAATTTCAAATCTTTAAAC
AGTGgtgagttaaaatgcttctctcacaatgtgttttaacttgttattt

Exon8: —tgtttgaatatcagtgacaattaggttttgctggcataactgatgatacatatttccctattgttttagTATCCTCTTCAGCACACAATGG
TTTTGAAGGAACTATACAACGCACACATAGGCCATCTTATGAAGATAGAGTTTGTTTTGTAGCTACTGTCAGGTTAGCT
ACACCTCAGTTCATCAAGgtatgtttttaattttatttcccaaaggggatttcagttcatatgetgagagetgectga

Exon9:_gcacctggccatgacttatttttatatgtagcaatatttaatattcttaaggacacaaagtatttataaattttaattatttatttgtagGAAATGTGCAC
TGTTGAAGAACCCAATGAAGAGTTTACATCTAGACATAGTTTAGAATGGAAGTTTCTGTTTCTAGATCACAGgtaattccattttt
aaattccatgaaaaggtaatagtcatgttatataattcttga

Exonl0: _ttttttgaaaaataaagcccccccccaaagtttatttctagttgaaatatttcttattatggaaaaacttataataatgattgttttctgtgtaatttagGGCA
CCACCCATAATAGGGTATTTGCCATTTGAAGTTCTGGGAACATCAGGCTATGATTACTATCATGTGGATGACCTAGAAA
ATTTGGCAAAATGTCATGAGCACTgtaagtagattttaacatttctggtgataataactgttttataagcagaagtcctgtectga

Exonll :_aaaaacaatctttatataatatgaattaaagaaaaaatatttctctattttccttttagTAATGCAATATGGGAAAGGCAAATCA

TGTTATTATAGGTTCCTGACTAAGGGGCAACAGTGGATTTGGCTTCAGACTCATTATTATATCACTTACCATCAGTGGAA
TTCAAGGCCAGAGTTTATTGTTTGTACTCACACTGTAGTAAGgtaataattcttttagagaatttctgaattagggtaacatcctatgatgattttggeattgtaact
tt

Exon12: [ ONCaOOIONOeaeE - ttaaacgaatgaccagacactaaaatttgattattttttccatttgtag TTATGCAGAAGTTAGGGCTGAAAGACGACG
AGAACTTGGCATTGAAGAGTCTCTTCCTGAGACAGCTGCTGACAA Agtatgtttcttataattaaaaaaaattatttttaatttctccccaataaaagatgaaa
ctcaataattaataggaaaactatttttcaaaaatactttatttc

Exonl3 :_aactgaaccacaagaaaacatttattttactctgtctccatagaGCCAAGATTCTGGGTCAGATAATCGTATAAACACA
GTCAGTCTCAAGGAAGCATTGGAAAGGTTTGATCACAGCCCAACCCCTTCTGCCTCTTCTCGGAGTTCAAGAAAACCAT
CTCACACGGCCGTCTCAGACCCTTCCTgtgagtacccttgcttcaaagcagacttcctttaaagtaactaactaaacttttagttacttat

Exon14: EEGINCOMOSBIOOIIO0E: 222t attcaaaagccatttttattaactgaaatacattttgagattaatctitaaaaactatattttataaagtactaatgctctictgattttgttgacttcag
CAACACCAACCAAGATCCCGACGGATACGAGCACTCCACCCAGGCAGCATTTACCAGCTCATGAGAAGATGGTGCAAA
GAAGGTCATCATTTAGTAGTCAGgtaagctctttagtggatattcttctgaataaagatttattaagaggggaaaaatgatctaaatcttcagaaa

Exon15: ElCIOEEOIEBIOaNoNg ¢ o aatgagaatcacttcagtgttattttttattttgctctag TCCATAAATTCCCAGTCTGTTGGTTCATCATTAACAC
AGCCAGTGATGTCTCAAGCTACAAATTTACCAATTCCACAAGGCATGTCCCAGgtactttttggtttttgtttcagttgegtatttgaatatgataaattg
cttttaagctaatgtaatttttttaaaaatccaggettgetgge

Exonl6:_gtaattctaaaatatattacactttttccgtacatggtacttcagTTTCAGTTTTCAGCTCAATTAGGAGCCATGCAAC
ATCTGAAAGACCAATTGGAACAACGGACACGCATGATAGAAGCAAATATTCATCGGCAACAAGAAGAACTAAGAAAA
ATTCAAGAACAACTTCAGATGGTCCATGGTCAGGGGCTGCAGgtaattgttatatttgaat

Exonl7: _ctttttaatgctcattcttcttttcaatctac aaagctcattttaacataatctttatttttaaagATGTTTTTGCAACAATCAAATCCTGG
GTTGAATTTTGGTTCCGTTCAACTTTCTTCTGGAAATTCATCTAACATCCAGCAACTTGCACCTATAAATATGCAAGGCC
AAGTTGTTCCTACTAACCAGATTCAAAGTGGAATGAATACTGGACACATTGGCACAACTCAGCACATGATACAACAAC
AGACTTTACAGAGTACATCAACTCAGgtaatgttactgagcacagcgggctatggagtgatcagtggttggaaggl
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Exon18: [EIICIOCaIeOIeeeas- (24 tattttcagttaatctgtctataaaatctctttatitttaacagAGTCAACAAAATGTACTGAGTGGGCACAGTCAG
CAAACATCTCTACCCAGTCAGACACAGAGCACTCTTACAGCCCCACTGTATAACACTATGGTGATTTCTCAGCCTGCAG
CCGGAAGCATGGTCCAGATTCCATCTAGTATGCCACAAAACAGCACCCAGAGTGCTGCAGTAACTACATTCACTCAGG
ACAGGCAGATAAGgtagttgtcatatttcatttgttatttttaaaattgtaaaccgattgattagaaaacaataatttgatttcttaatcaaattttttaatgtgatttta

Exonl9:_tataccttgtactttggactccaatttttttccttctttcttctaacagATTTCTCAAGGTCAACAACTTGTGACCAAATTAGT
GACTGCTCCTGTAGCTTGTGGGGCAGTCATGGTACCTAGTACTATGCTTATGGGCCAGGTGGTGACTGCATATCCTACTT
TTGCTACACAACAGCAACAGTCACAGACATTGTCAGTAACGCAGCAGCAGCAGCAGCAGAGCTCCCAGGAGCAGCAG
CTCACTTCAGTTCAGCAACCATCTCAGGCTCAGCTGACCCAGCCACCGCAACAATTTTTACAGgtaattctccccatggggaagetgett
caaactcatttactttcatgtaatgaaattaagcat

ExonZO:_actattatgtgggtgccataaagggagtaaagcaatgctgcataatccatttgttttttagaCTTCTAGGTTGCTCCATGGGAATC
CCTCAACTCAACTCATTCTCTCTGCTGCATTTCCTCTACAACAGAGCACCTTCCCTCAGTCACATCACCAGCAACATCAG
TCTCAGCAACAGCAGCAACTCAGCCGGCACAGGACTGACAGCTTGCCCGACCCTTCCAAGGTTCAACCACAGTAGCAC
ACGTGCTTCCTCTCTTGACATCAAGGGAGGAAGGGGATGGCCCATTA iEicoicataoaeeid

NPAS2

Exonl :-aATGGATGAAGATGAGAAAGACAGAGCCAAGAthaagatgcagctgtccccctgctcagcagagctctctgg
cceeeggegg

Exon?: EEIOIOECOIOaaOReC- o taacctectegttttgtgtttcagagCTTCTCGAAACAAGTCTGAGAAGAAGCGTCGGGACCAGTTCAAT
GTTCTCATCAAAGAGCTCAGTTCCATGCTCCCTGGCAACACGCGGAAAATGGACAAAACCACCGTGTTGGAAAAGGTC
ATCGGATTTTTGCAGAAACACAATGgtaaaggtcaccttctete

Exon3: _tcatttgttaattccaatttctag gtgccattgaatataaaggcttatttgtgtctettttctagAAGTCTCAGCGCAAACGGAAATCTGT
GACATTCAGCAAGACTGGAAGCCTTCATTCCTCAGTAATGAAGAATTCACCCAGCTGATGTTGGAGGtgaaatgcactttcaaaata
gcttaaacagttgccagttaaaatggtag]

Exon4: EEGO0OUCIRB00a0el (caaatgttgcattttccacaggCATTAGATGGCTTCATTATCGCAGTGACAACAGACGGCAGCATCATCT
ATGTCTCTGACAGTATCACGCCTCTCCTTGGGCATTTACCGgtgagtttccactccaatggectt

Exon5 [ CEHCHCOMORBOOIeN - ccttgtcctttattttctttttcag TCGGATGTCATGGATCAGAATTTGTTAAATTTCCTCCCAGAACAAGAAC
ATTCAGAAGTTTATAAAATCCTTTCTTCCCATATGCTTGTGACGGATTCCCCCTCCCCAGAATACTTAAAATgtaagtttaatttttc
tggttttacaagctagaaagataagaatt

Exon6[EICIOI0CaIOIeaene - c cctttctctcctcttcttectttaacggeccagCTGACAGCGATTTAGAGTTTTATTGCCATCTTCTCAGAGGCA
GCTTGAACCCAAAGGAATTTCCAACTTATGAATACATAAAATTTGTAGGAAATTTTCGCTCTTACAACAATGgtaagctttaatt
gtcatataattgtgacagtgtctt

Exon7 - EEeCa0UOCIaaeetaiel < t - tcttcttcccaaccecccag TGCCTAGCCCCTCCTGTAATGGTTTTGACAACACCCTTTCAAGACCTT
GCCGGGTGCCACTAGGAAAGGAGGTTTGCTTCATTGCCACCGTTCGTCTGGCAACACCACAATTCTTAAAGGcaagtacctga

gaggcagttcattgtgcg

Exong: HGoICIO0Ca0eaateas tttttttttctgcttccaatacagg AAATGTGCATAGTTGACGAACCTTTAGAGGAATTCACTTCAAGGC
ATAGCTTGGAATGGAAATTTTTATTTCTGGATCACAGgtttgagaaaagaaaaacatatttgggttgggecc

Exon9 :_g gccaccagggtgagecctgeagggtgtetectecctgatgacaagtectecttgteettgtgcagAGCACCTCCAATCATAGGAT
ACCTGCCTTTTGAAGTGCTGGGAACCTCAGGCTATGACTACTACCACATTGATGACCTGGAGCTCCTGGCCAGGTGTCA
CCAGCACCgtgagtaccactgcccageccaggeatgggggce

Exonl0 :_ttttttttgaaagcttatctttacaataactcttggggaaaagatcattttcatattaacattggttatatgc ggaatccattttctaccgacagTGATGC
AGTTTGGCAAAGGGAAGTCGTGTTGCTACCGGTTTCTGACCAAAGGTCAGCAGTGGATCTGGCTGCAGACTCACTACTA
CATCACCTACCATCAGTGGAACTCCAAGCCCGAGTTCATCGTGTGCACACACTCGGTGGTCAGGtaccgegeacgggcaggggtec

ggctgegtecttgtegeacctgggggaggggtecaggatggegtggeece
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Exonll :_gtggtgtcatcccttcctggaatgccccatctccactgtggtctcttaatttcctgtacagTTACGCAGATGTCCGGGTGGAAAGG
AGGCAGGAGCTGGCTCTGGAAGACCCGCCATCCGAGGCCCTCCACTCCTCAGCACTAAAGGtacgcccatccctgccaiatiiatacﬁf

caaaiittigctaggaagaaaatgcagccaaccagtctctgaaacaagggtttcttttcatcaatggaagggtacaaccaagctattcaggaggctgaggtgggaggatccttga

Exonl2 :_ttctttcctcttgatgctgacatgag gactgtttgatgtgtatetttcagge ACAAGGGCTCAAGCCTGGAACCTCGGCAGCA
CTTTAACACACTCGACGTGGGTGCCTCGGGCCTTAATACCAGTCATTCGCCATCGGCGTCCTCAAGAAGTTCCCACAAA
TCCTCGCACACAGCCATGTCAGAACCCACCTgtgagtgcgagtccatggatggggagtggl

Exonl3 :_gtacatg gaagttagaaggtcattcgttgcetttcttacagCCACTCCCACCAAGCTGATGGCAGAGGCCAGCACCC
CGGCTTTGCCAAGATCAGCCACCCTGCCCCAAGAGTTACCTGTCCCCGGGCTCAGCCAGGCAGCCACCATGCCGG taagtgt
gtgaccccaaactcctecacgg

Exon14: Cl0EEIOea0aa0eanl <t acaaageccctttcteteccacaggCCCCTCTGCCTTCCCCATCGTCCTGCGACCTCACACAGCAGCTC
CTGCCTCAGACCGTTCTGCAGAGCACGCCCGCTCCCATGGCACAGgtgagtctgggacccaggaaagggcagecece

Exonl 5:_cagcaagatctgcctgcaaggctgaaataactctttcatctgattatgttttttggctccaccttgaagTTTTCGGCACAGTTCAGCAT
GTTCCAGACCATCAAAGACCAGCTAGAGCAGCGGACGCGGATCCTGCAGGCCAATATCCGGTGGCAACAGGAAGAGC
TCCACAAGATCCAGGAGCAGCTCTGCCTGGTCCAGGACTCCAACGTCCAGgtgatccccttcecegggetggectetgtec

Exonl6:_tctaggcagctcagagcaagaaagttcttactggcacagggaatgcaaaggaggtgcacactggtgaggtacccatgaccccaacttcacaggg
catttctattctgctcccagATGTTCCTGCAGCAGCCAGCTGTATCCCTGAGCTTCAGCAGCACCCAGCGACCTGAGGCTCAGCAGC

AGCTACAGCAAAGGTCAGCTGCAGTGACTCAGCCCCAGCTCGGGGCGGGCCCCCAACTTCCAGGGCAGATCTCCTCTG
CCCAGGTCACAAGCCAGCACCTGCTCAGAGAATCAAGTGTGATATCAACCCAGGtaaatgtgctcettgecagcettcacteettgectctagage
agacaccctcttgcagtttgg

Exonl7 :_ggagagatggcccagggttgagtccaagtcttacctttctcattgaatcattgaaatgatgctccaggGTCCAAAGCCAATGAGAAGC
TCACAGCTAATGCAGAGCAGCGGCCGCTCTGGAAGCAGCCTAGTGTCCCCGTTCAGCAGCGCCACAGCTGCGCTCCCG
CCAAGTCTGAATCTGACCACACCTGCTTCCACCTCCCAGGATGCCAGCCAGTGCCAGCCCAGCCCAGACTTCAGCCATG
ATCGGCAGCTCAGGtacgagactgcccttgtttaaaggataacccaggcatcattttaccccattcatttcagcetctactttc

Exon18: [ECOaoIeaaeealaaag: < tccagccaggctgageaagtgctgecacgaccagtgggtetgtggticaggtgctgatcagtttectatttecccacctetgettaaaggCTG
TTGCTGAGCCAGCCCATCCAGCCCATGATGCCCGGGTCCTGTGACGCAAGGCAGCCCTCGGAAGTCAGCAGGACGGGA
CGGCAAGTCAAGTACGtggaccctggcgggaggcaggaggcaagegetgg]

Exonl9: _ttcttaaag gacctgttttctectteccacgtgaaacaggtacgCCCAGAGCCAGACCGTGTTTCAAAATCCAGACGCA
CACCCCGCCAACAGCAGCAGCGCCCCGATGCCCGTCCTGCTGATGGGGCAGGCGGTGCTCCACCCCAGCTTCCCTGCCT
CCCAACCATCGCCCCTGCAGCCTGCACAGGCCCGGCAGCAGCCACCGCAGCACTACCTGCAGGTgggtgccacggeccagggggc
cceegtgeaggectgggagecgggecacgetccacaccegaagtctcagagatatttt

Exon20: _g gagcggacatcagaaccacctctgaagecctttgttettttttttctaggst ACAGGCACCAACCTCTTTGCACAGTGAGCA
GCAGGACTCGCTACTTCTCTCCACCTACTCACAACAGCCAGGGACCCTGGGCTACCCCCAACCACCCCCAGCACAGCCC
CAGCCCCTACGTCCTCCCCGAAGGGTCAGCAGTCTGTCTGAGTCGTCAGGCCTCCAGCAGCCGCCCCGATAAtgccceggeac
tgaagtcgggacacaatcagctttaaccaatggatgagggggstggccacaggagatggggagaggagtctgaactaaacecctgge

PER1

Exon | [ SOIOCIB0aRORB0aN c  ta2acccaacataccacateccatacacaCCTCTTGCTGCTCTCAGTGGTCTCCAGCAGGGCTGAGTCCTTG
CCGTTGCCTGAGGAGGAGCTGTGTGAGCTCCGCTGAGATGCGCCTCTAGACTCATGCCCGTTGGACTCATTGCCACTTG
AACCATTGCTGTTGGCATCGGTGTCATCGGCCAGGCTGGGGCCTGGGCAAGGCCGGTGCTGTGGGGGCCCAGGGGATG
GGACGCCCCCAGGACAAAATGATTCCCCAGGCCTGGGGTCCCCTCCCCCATCAGCCCCTTCTAGGGGGCCACTCATGTC
TGGGCCATGgggaga
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Exon2 :_g gcctgggeccccagacctetectccagectcacccgacgtacCTGCAGCCACTGGTGGACGGGTTGTCCTGCTCTG
AGCTGGCACTCAGGAGGCTGTAGGCAATGGAACTGCTGGGTGGGGATGGGCTCTGAGAGTTTGTgctaggagacagcaacaggece
agttacaggtagggccagcagtgcgaggctgtcacccage

Exon3 :_ggctgcctcttctc gggagcccaggeccaggcatteectettgggacacaccacttaCCTGCACCTGCTTGACACAGGCCAGT
GCGTACTGCAGCGTGGCCAGGGTCCCAGARCGGCCCTTGCCCCGGCGCTCTGGCGGCAGTCGAAGCTTGAGCTCTCGA
AGTGCTGTCATGAGTTCCTTCTGAGTCCTTGCCCGGGCTGACTGTTCACTGetgeggggccacaggaaga

Exon4:_gggatagggtgcgtcgggatgcagaggccaggccgccgctgacCTGGTTCTGAAGTGTGTACTCAGACGTGATGTG
CTCCAGCTCCTCCAGGGTATAGGTGGACATGTCCATGGAGCAAGGCTCGCCCTCCTCCAGGCTCCACTGCTGGTAGTAT
TCCTGGTTGGctgcagagtggaggcagtgaggcattcag]

Exon5 i a0CaOUBBIeel o 2 2 2 ctecteatgcctecccacagegettgggeacetcacCTGCTGAGGCCCCTGTGCCCCAGGTGGGCAGGCGAGA
TGGAGCAGTGGAACCATAGAAGACTCCCACATCCTGGGGAGCCAGGAGCTCAGAGAAGCGGGTACCCCGGAACACGT

CCCGCTTGCAACGCAGCAGGACGGCTGCCTGCTCCGAAATGTAGACGATTCGGCCCGTCAGGAAGGAGACAGCCACTG
AGAAGGTATCctggcaggagggggagagcaagagcagattcaagagetgtgggagaaggagtaggggtac

Exon6: HCH0EUOICIEIeaa -  cctcacctacCTGATACGGCAGAAGACGGACTTCTCCTGGGTAAAGTCCCTGAGGCCTGAACctgg
gacagacaggagaggagtgagcacagcttcctgeeecttcecctaggetgecgaagaatccactaagggaaagtetgggttcceecggeece

Exon7 SO OIaaIeeIeel c ttectttgctagAGGAGGTCCTGACCGGGATCCAGGGCCTCGGTACCAGCCATTCCGCCTAACCCC
GTATGTGACCAAGATCCGGGTCTCAGATGGGGCCCCTGCACAGCCGTGCTGCCTGCTGATTGCAGAGCGCATCCATTCG
GGTTACGAAGgtgggcagttcagggccctggectggteggggctgggagaaagg

Exong: il00eaIeIotaeteas  c cagtgaccacactctetgtgectcagCTCCCCGGATACCCCCTGACAAGAGGATTTTCACTACGCGGCAC
ACACCCAGCTGCCTCTTCCAGGATGTGGATGAAAGgtgaggataggacctagaggagacgagggcageecagggetgaggecacggecactc

Exon9: [0 0eeaeie. (e cctccttcecgttcagGGCTGCCCCCCTGCTGGGCTACCTGCCCCAGGACCTCCTGGGGGCCCCAGT
GCTCCTGTTCCTGCATCCTGAGGACCGACCCCTCATGCTGGCTATCCACAAGAAGAgtgagttcctetcgecetgetegecctteccactgtect

gggcttttg

Exonl0 :_ctcagctctccctccctttgacc getectectttcecacttccatcagtCTGCAGTTGGCGGGCCAGCCCTTTGACCACTCC
CCTATCCGCTTCTGTGCCCGCAACGGGGAGTATGTCACCATGGACACCAGCTGGGCTGGCTTTGTGCACCCCTGGAGCC
GCAAGGTAGCCTTCGTGTTGGGCCGCCACAAAGTACGCACgtaagtgggccatgcceececgagetggegttggggatagggcagtgeggtgggggacagg

accgggccagg]

Exonll :_gggcagtgcggtgggggaoaggaccgggccagggctggattcactcttcactctacagGGCCCCCCTGAATGAGGACGTGTT
CACTCCCCCGGCCCCCAGCCCAGCTCCCTCCCTGGACACTGATATCCAGGAGCTGTCAGAGCAGATCCACCGGCTGCTG
CTGCAGgtgagagtagcggagagggageetgggag

Exon 12 Sl e0oII0eeas c o o ¢ tcaagccatctaacctgecctetecctgetgcagCCCGTCCACAGCCCCAGCCCCACGGGACTCTGTGGA
GTCGGCGCCGTGACATCCCCAGGCCCTCTCCACAGCCCTGGGTCCTCCAGTGATAGCAACGGGGGTGATGCAGAGGGG
CCTGGGCCTCCTGCGCCAgtgagtgacctgcttcctacctaccetctaatcgecctttceectettet

Exonl3 :_aaaaaacagcaaatgggttgg gggtoaaggtcaggggaccecccaggtetgtctcttcacccacacatcatcatcaactcacCAGGGAGGCG
GGGCCGGGACTGAGGCCGGGCCCGAGACTCAATAAAAAGCTGCTGGCCCTGGTGCTTCACCAGATGCACATCCTTACA
GATCTGCTGGAAAGTCACctgtgggacacagcaccacagtgagcagaaccagggggtgtcgecagtgtcaggggecaagggcacaataaaacaagaaggtaccagtgggga
ggcacagacgcct

Exon14: [ SIMMMOOaROIoag c ttagaaggctattttectetttctctetttgeccccagCTACAGGCACGTTCAAGGCCAAGGCCCTTCCCTGCCAATC
CCCAGACCCAGAGCTGGAGGCGGGTTCTGCTCCCGTCCAGGCCCCACTAGCCTTGGTCCCTGAGGAGGCCGAGAGGAA
AGAAGCCTCCAGCTGCTCCTACCAGCAGATCAACTGCCTGGACAGCATCCTCAGgtaaggectgecaggcatcettctccacetcgggcetetaac
cctgeccaccccaagecectgc
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Exon| 5 ElCooI0IOeIONONe0al c cccagGTACCTGGAGAGCTGCAACCTCCCCAGCACCACTAAGCGTAAATGTGCCTCCTCCTCC
TCCTATACCACCTCCTCAGCCTCTGACGACGACAGGCAGAGGACAGGTCCAGTCTCTGTGGGGACCAAGAAAGgtaaagatc
caatgcaccctgctcccactgeccegtectggectggtggecctgtgtettttcecttetgettctgggcecc

Exon]6: [ COICICIBIOBBIEE 2 2t 2 g 2ot gg ggatggtaactggeaccatetetetgeacagATCCGCCGTCAGCAGCGCTGTCTGGGGAGGGGGC
CACCCCACGGAAGGAGCCAGTGGTGGGAGGCACCCTGAGCCCGCTCGCCCTGGCCAATAAGGCGGAGAGTGTGGTGTC
CGTCACCAGTCAGTGTAGCTTCAGCTCCACCATCGTCCATGTGGGAGACAAGAAGCCCCCGGAGTCGGgtatgggtgtggaattg

gggggcag

Exonl 7:_gggcagagggcaggctcCaggaggccccaggtggctacCTCGCTCGCCAAGGGCTGAGGGAGCTGTGGAAGA
GCTGTCGAGTCCACGCAGCCTGCCCAGGTCTCGGAAGCGGCTGAGGAAGGCTTGCTCTTCCTTCTGYGTGTGCAGGGAC
AGCACGGCCTTGGTCAGCCCCACTGGACGGTAGGCGTCTGGGGCTGGGTCAGGGGCTACTGTGGGGCTGGGGGCTGGG
CTGGGGGCTGGGCCTGGGGCTAGGCCAGGCAGGTCCTCCATCATGATGATGTctgaggagagtgagatagggaaaggtcatcagaaccacttca
ggggtcaacacatccataccacacce

Exon| 82 [ CICe00a0OMaae -t t2ctaaccctagtetctecccacagGCTGCCACCACGGCCCCGCACCCCCAAGCCGCCGACACCACTG
CCGATCCAAAGCCAAGCGCTCACGCCACCACCAGAACCCTCGGGCTGAAGCGCCCTGCTATGTCTCACACCCCTCACCC
GTGCCACCCTCCACCCCCTGGCCCACCCCACCAGCCACTACCCCCTTCCCAGCGGTTGTCCAGCCCTACCCTCTCCCAGT
GTTCTCTCCTCGAGGAGGCCCCCAGCCTCTTCCCCCTGCTCCCACATCTGTGCCCCCAGCTGCTTTCCCCGCCCCTTTGG
TGACCCCAATGGTGGCCTTGGTGCTCCCTAACTATCTGTTCCCAACCCCATCCAGCtatccttatggggcactccagaccectgetgaagggec
tccl

Exon | 8b: [ ICIOOOICIaIeIONeE .2 ccccatccagc TATCCTTATGGGGCACTCCAGACCCCTGCTGAAGGGCCTCCCACTCCTGC
CTCGCACTCCCCTTCTCCATCCTTGCCCGCCCTCCCCCCGAGGTCCTCCTCACCGCCCGGACTCTCCACTATTCAACTCG
AGATGCAGCTCTCCACTCCAGCTCAATCTGCTGCAGCTGGAGGAGCTTCCCCGTGCTGAGGGGACTGCTGTTGCAGGAG
GCCCTGGGAGCAGTGCCGGGCCCCCACCTCCCAGTGCGGAGGCTGCTGAGCCAGAGGCCAGACTGGtgageactgaccectgegt
ctgectgecagececccaccccageeccgececctetgecacee

Exon19-ECoOMUea000a00eenE.: ot ctgacccctecatcectecttgecceeceteeccteetecagg CGGAGGTCACTGAGTCCTCCAATCAGGACGC
ACTTTCCGGCTCCAGTGACCTGCTCGAACTTCTGCTGCAAGAGGACTCGCGCTCCGGCACAGGCTCCGCAGCCTCGGGC
TCCTTGGGCTCTGGCTTGGGCTCTGGGTCTGGTTCAGGCTCCCATGAAGGGGGCAGCACCTCAGCCAGCATCACT Cgtgag
taccccgectecageatcteccagggtagggcagtgattggggageegggageccaggecccg]

ExonZO:_gggcatgcagccggcctgactcccattggtctgccccccacttcacagGCAGCAGCCAGAGCAGCCACACAAGCAAAT
ACTTTGGCAGCATCGACTCTTCCGAGGCTGAGGCTGGGGCTGCTCGGGGCGGGGCTGAGCCTGGGGACCAGGTGATTA
AGTACGTGCTCCAGGATCCCATTTGGCTGCTCATGGCCAATGCTGACCAGCGCGTCATGATGACCTACCAGGTGCCCTC
CAGgtgaggcatttcagaggcecttcttggec

Exon2 | : OGOt aOaaaeee < ccagcttcatgggtagtgccccegggtectggateccagectetgecttctgaaccecttettgggcag GGACATGACCTCTGTG
CTGAAGCAGGATCGGGAGCGGCTCCGAGCCATGCAGAAGCAGCAGCCTCGGTTTTCTGAGGACCAGCGGCGGGAACTG

GGTGCTGTGCACTCCTGGGTCCGGAAGGGCCAACTGCCTCGGGCTCTTGATGTGAT G Ggtgagagaagectgggacggggagaaaaaagaa

Exon22:_GgagaagaaagcctctcatggactcctggagatggteccagaatggagtCTAGCTGGTGCAGTTTCCTGCTGTAGGTA
AGGCTGGACTGGATGAGCTCCTGCCTTCTTCCTCCTCCTCCATAGCCAAGTCCTGAGAGCTTGAAGCCTTGGCCCCGCCT
TGGGCCTCCTCGCAGCCCTCTCCCTCACCACTGCCGCCACCGCTGCTGCCCTGCTCGCCTCCACCCTCTTCCATGGGCTC
CAGCCCCAGTCCATCCAGCTCTGAGAAGAGTGGGTCATCAGGGTGACCAGGATCTTGGGTGCTGCTCCCACAGTCCAC
ACAGGCcttggtgagagaaatggacatgagagag
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PER2

Exonl :_atgcgtgacagcatecctctgtttgccagcttc gttccagagcccagcATGAATGGATACGCGGAATTTCCGCCCAGCCCC
AGTAACCCCACCAAGGAGCCCGTGGAGCCCCAGCCCAGCCAGGTCCCACTGCAGGAAGATGTGGACATGAGCAGTGG
CTCCAGTGGACATGAGACCAACGAAAACTGCTCCACGGGGCGGGACTCGCAGGGCAGTGACTGTGACGACAGTGGGA
AGGAGCTGGGGATGCTGGTGGAGCCACCGGATGCCCGCCAGAGgtgagttcagectetggecagatggaggctgggeaggttgttttctcagtggeteatt
tctgetgtgatttgattgettttgcaatctttaa

Exon?: [TTTICIOBIOICIORa00N - tattccagttttatcttaacctigtatititaaaaaatigtcttaccatggtattatctagectgttatcact ggtaggatggcag gg gaagatgtgtetggage
atacaattgtctaaattttgcttttattttttgttttcatagTCCAGATACCTTTAGCCTGATGATGGCAAAATCTGAACACAACCCATCTACAAGTGG

CTGCAGgtaaggccaattagaacttcatacatagaggttttagagaaattgaaagacttcttattggaggttagttttctgggagtgacgtggetttttttaagetgtgctaaaacccatetgtgtgget
agtepcnccioo IR

Exon3 :_caggaaaggacacctaggaagctaacatttggctgcctctttcttgaatcctgcagTAGCGACCAGTCTTCGAAAGTGGACAC
ACACAAAGAACTGATAAAAACACTAAAGGAGCTGAAGGTCCACCTCCCTGCAGACAAGAAGGCCAAGGGCAAGGCCA
GTACGCTGGCCACCTTGAAGTACGCCCTCAGGAGCGTGAAGCAGGTGAAAGgtacgtcggectcgeacatetgetccaaacctatagaaatatgttt
taaatccceccaaattatagettggattgtgttgactttc

Exon4 :_cc goccaagegetgggttctgeccactgagtgaacactgtetetecctgcagCCAATGAAGAGTATTACCAGCTGCTGATGT
CCAGCGAGGGTCACCCCTGTGGAGCAGACGTGCCCTCCTACACCGTGGAGGAGATGGAGAGCGTTACCTCTGAGCACA
TTGTGAAGAATGCCgtaagcctctttccgcaaagtttctttc

Exon’: (GO0 OO OICIOaeel < tcatcagagcccgactettecttttcagGATATGTTTGCGGTGGCCGTGTCCCTGGTGTCTGGGAAGATCCTG
TACATCTCTGACCAGGTTGCATCCATATTTCACTGTAAAAGAGATGCCTTCAGCGATGCCAAGTTTGTGGAGTTCCTGG
CGCCTCACGATGTGGGCGTGTTCCACAGTTTCACCTCCCCGTACAAGCTTCCCTTGTGGAGCATGTGCAGTGGAGCAGgt

geagtggagcaggtgagtatatcgaggtggteccttgttcectetggggtcgggaaaggggccaggagetgggeecaacceagatgtggtgcaggegece

Exon6:_gattctgctgctcctcttttgtttgtgagaaatgaggaacactgtatttagttgttggtttggatgaatgactttgggctctctcttttagATTCTTTTACT
CAAGAATGCATGGAGGAGAAATCTTTCTTTTGCCGTGTCAGgtaagcctggttcccagttttcttaaattagaaaaccgtat

Exon7: 00O a0aea00e0eel < tcctetetcacagttcecaacttagagegaggctettcaccgcag TGTCCGGAAAAGCCACGAGAATGAAATCCGC
TACCACCCCTTCCGCATGACGCCCTACCTGGTCAAGGTGCGGGACCAACAAGGTGCTGAGAGTCAGCTTTGCTGCCTTC
TGCTGGCAGAGAGAGTGCACTCTGGTTATGAAGgtaacagccaageccagggegagggcagatgttgtetetggeteeee

Ex0n8:_tttaatataacatcaaatatgcatttcttaggatcacaaatgtgtgcaatattctgttctttcagCCCCTAGAATTCCTCCTGAAAAGAG
AATTTTTACAACCACCCATACACCAAATTGTTTGTTCCAGGATGTGGATGAAAGgtacgtggtcttgacccaccecctttttcatgtttttgatataaa
agctatttagccaaagccaagactgcatcttggttttataat

Exon9:_catctgtttggatgccaatcctagcgtgtgtctgcttgccttccagGGCGGTCCCTCTCCTGGGCTACCTACCTCAGGACC
TGATTGAAACCCCAGTGCTCGTGCAGCTCCACCCTAGTGACAGGCCCTTGATGCTGGCCATCCACAAAAAGAgtaggtcccett
ttcatggtacatcctgaagtgtttggeggaagttccetgtgtecttggggetge

Exonl0 :_ctctctctactataaatcctgtttgctccccttttcccctgaatgctg gcttttgetctcctagTCCTGCAGTCAGGCGGGCAGCCTTTC
GACTATTCTCCCATTCGGTTTCGCGCCCGGAACGGAGAGTACATCACGTTGGACACCAGCTGGTCCAGCTTCATCAACC
CATGGAGCAGGAAAATCTCCTTCATCATTGGGAGGCACAAAGTCAGGGTgtgagtgctccaagggeccgaggtggetcaggggtettggecggg
ggtctegggcetgtectcaccteee

Exon | - i Ca0ICa0eeauauaaa  ctcctetegggccccatctaacaagatgaattaaaaccacgcag GGGCCCTTTGAATGAGGACGTGTTTGCAGC
CCACCCCTGCACAGAGGAGAAGGCCCTGCACCCCAGCATTCAGGAGCTCACAGAGCAGATCCACCGGCTCCTGCTGCA

Ggtgggtgtggtecctec

Exon 12 eEea00OIOIOMOees 2 o 2 o ccacatgcatagetcagcag CCCGTCCCCCACAGCGGCTCCAGTGGCTACGGGAGTCTGGGCAG
CAACGGGTCCCACGAGCACCTTATGAGCCAGACCTCCTCCAGCGACAGCAACGGCCATGAGGACTCACGCCGGAGGAG
AGCCgtacgtctccttccattctccetgagaaaatgagtttgtggatgtcectecagagttaaaa
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Exonl3 :_ggacagactgaag gaggtctcctagaatgaataatgtgttcattttgtttttcttcaagGAAATTTGTAAAAATGGTAACAAGACC
AAAAATAGAAGTCATTATTCTCATGAATCTGGAGAACAAAAGAAAAAATCCGTTACAGgtaaaaaaaaaaatattcaacatttccttactgaa
actagagtatggccacatgagaagagggaacctgggttaaatgetgactctggetggcaggg|

Exonl4: _aaatgctttgtaaatacacagcgttttctgtgggagaaaaatgaatgaaagaacaattttgccattccttcagAAATGCAAACTAATCCC
CCAGCTGAGAAGAAAGCTGTCCCTGCCATGGAAAAGGACAGCCTGGGGGTCAGCTTCCCCGAGGAGTTGGCCTGCAAG
AACCAGCCCACCTGCTCCTACCAGCAGATCAGCTGCTTGGACAGCGTCATCAGgtatgeceggcatttccagecgagtetccaccatctcacacac
cttcectectgteatgttgtgtggecttaccagtgg

Exon| 5 [EGICICORBHBEIIBRRE - - tctcatgttgtgtgacctcaccagtggttcatgectttcacacagGTACTTGGAGAGCTGCAATGAGGCTGCCACCCT
GAAGAGGAAATGCGAGTTCCCAGCAAACGTCCCAGCGCTAAGGTCCAGTGATAAGCGGAAGGCCACAGTCAGCCCAG
GGCCACACGCTGGAGgtatctaatctgtgtagagccatgtacatgtgaaataatgtaaatectctggagtagagtcagacgtcee

Exonl6:_cacagtgcattgtaatgacacactaatgtttgttcccccttcctctcatgaagAGGCAGAGCCGCCCTCCAGGGTGAACAGCC
GCACGGGAGTAGGTACGCACCTGACCTCGCTGGCACTGCCGGGCAAGGCAGAGAGTGTGGCGTCGCTCACCAGCCAGT
GCAGCTACAGCAGCACCATCGTCCATGTGGGAGACAAGAAGCCGCAGCCGGAGTTAGgtatgactatgggctcttggatcagagagcagttt
gatttttaaccatgaaaacaagaagtttgccatcttaaattt

Exonl7:_aatatagtgtggccttaaaataataaacagggcacgtgtggaccagagccctgggttcttgtgttacAGATGGTGGAAGATGCTGCG
AGTGGGCCAGAATCCCTGGACTGCCTGGCGGGCCCTGCCCTGGCCTGTGGTCTCAGCCAAGAGAAGGAGCCCTTCAAG
AAGCTGGGCCTCACCAAGGAGGTACTCGCTGCACACACACAGAAGGAGGAGCAGAGCTTCCTGCAGAAGTTCAAAGA

AATAAGAAAACTCAGCATTTTCCAGTCCCACTGCCATTACTACTTGCAAGAAAGATCCAAGGGGCAGCCAAGTGAACG
AAgtaagtgatacccgaattaaaagtgcgttttaaaaaactttattcetg

Exonl8A :_ggtgtcttcaaatttggagttaaaattttaactcc gagtatttctttttctgcattagCTGCCCCTGGACTAAGAAATACTTCCG
GAATAGATTCACCTTGGAAAAAAACAGGAAAGAACAGAAAATTGAAGTCCAAGCGGGTCAAACCTCGAGACTCATCT
GAGAGCACCGGATCTGGGGGGCCCGTGTCCGCCCGGCCCCCGCTGGTGGGCTTGAACGCCACAGCCTGGTCACCCTCA
GACACGTCCCAGTCCAGCTGCCCAGCCGTGCCCTTTCCCGCCCCAGTGCCAGCAGCTTATTCACTGCCCGTGTTTCCAGC
GCCAGGGACTGTGGCAGCACCCCCGGCACCTCCCCACGCCAGCTTCACAGTGCCTGCTGTGCCCGTGGACCTCCAGCAC
CAGTTTGCAGTCCAGCCCCCACCTTTCCCTGCCCCTTTGGCGCCTGTCATGGCATTCATGCTACCCAGTTATTCCTTCCCC
TCGGGGACCCCAAACCTGCCCCAGGCCTTCTTCCCC

Exon18B: fGlGlcalgoeaneatael ACCCAGTTATTCCTTCCCCTCGGGGACCCCAAACCTGCCCCAGGCCTTCTTCCCCAGCCAG
CCTCAGTTTCCGAGCCACCCCACACTCACATCCGAGATGGCCTCTGCCTCACAGCCTGAGTTCCCCAGCCGGACCTCGA
TCCCCAGACAGCCATGTGCTTGTCCAGCCACCCGGGCCACCCCACCATCGGCCATGGGTAGGGCCTCCCCACCGCTCTT
TCAGTCCCGCAGCAGCTCGCCCCTGCAGCTCAACCTGCTGCAGCTGGAGGAAGCCCCTGAGGGTGGCACTGGAGCCAT
GGGGACCACAGGGGCCACAGAGACAGCAGCTGTAGGGGCGGACTGCAAACCTGGCACTTCTCGGGACCAGCAGCCGA
AGGCGCCTCTGACCgtaaggattttctgatgctcetttccccaaagecaggeagcaaacageacacctggeaggeeggeceg

Exon19: [ElE0CIOIOICeIOaeIoag c c cctgaacagcagtatctgcttectgtecctaaagCGTGATGAACCCTCAGACACACAGAACAGTGACGCCCT
TTCCACGTCAAGCGGCCTCCTAAACCTCCTGCTGAATGAGGACCTCTGCTCAGCCTCGGGCTCTGCTGCTTCGGAGTCTC
TGGGCTCCGGCTCACTGGGCTGCGACGCCTCCCCGAGTGGGGCAGgtatgttggecctggeggggtattaggeacttgggaggttcctgcagg BlaR

Exon20: e eaaaloeaa : ttaatttcatatgtcaatgttttgacgcaccacgttttttgtttttaaagGCAGTAGTGACACAAGTCATACCAGCAAATA
TTTTGGAAGCATTGACTCCTCAGAGAATAATCACAAAGCAAAAATGAACACTGGTATGGAAGAAAGTGAGCATTTCAT
TAAGTGCGTCCTGCAGGATCCCATCTGGCTGCTGATGGCAGATGCGGACAGCAGCGTCATGATGACGTACCAGCTGCCT
TCCCGgtaaccacccagcgttttcctaggeacetggggagggatggggttcaggagetccecagaa

Exon21 :_agaataaaaatagatacccttaagacatttgaaagcttaccgatttctaaatatcttgc gaagAAATTTAGAAGCGGTTTTGAA

GGAGGACAGAGAGAAGCTGAAGCTCCTACAGAAACTCCAGCCAGGTTCACGGAGAGTCAGAAGCAGGAGCTGCGCGA
GGTCCACCAGTGGATGCAGACGGGCGGCCTGCCCGCAGCCATCGACGTGGCAgtaagctcacgggactegatttctgatatggecctaa;
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Exon22:_AacaactcagatctcaagtttgttactgatttctctttttttttcttttaagGAATGTGTTTACTGTGAAAACAAGGAAAAAG

GTAATATTTGCATACCATATGAGGAAGATATTCCTTCTCTGGGACTCAGCGAAGTGTCGGACACCAAAGAAGACGAAA

ATGGATCCCCCTTGAATCACAGGATCGAAGAGCAGACGTAACCCCTGCCCCACCTCAGCCCGGCAGCCAGCGAGGTAC
ACCAGGTGGTGCTT

PERS3

Exonl :_ctgcgggccgtcccagcacgacgtggagccccgcggagaoctc gagATGCCCCGCGGGGAAGCTCCTGGCCCCGGG
AGACGGGGGGCTAAGGACGAGGCCCTGGGCGAAGAATCGGGGGAGCGGTGGAGCCCCGAGTTCCATCTGCAGAGGAA
ATTGGCGGACAGCAGCCACAGgtgacgcgctggcttcaggecgagggece

Ex0n2:_atgctgttgtcttcagaggatgaagttgtaatttttttttatcttccagTGAACAGCAAGATCGAAACAGAGTTTCTGAAGAA
CTTATCATGGTTGTCCAAGAAATGAAAAAATACTTCCCCTCGGAGAGACGCAATAAACCAAGCACTCTAGATGCCCTCA
ACTATGCTCTCCGCTGTGTCCACAGCGTTCAAGgtaaacaagccggagagaaatttcatcctacgaatgcaccaggactcat:

Exon3 :_g gtttcctaaagatactgttgtcactggactacctgtttatctecctgtgtttcttagCAAACAGTGAGTTTTTCCAGATTCTCAG
TCAGAATGGAGCACCTCAGGCAGATGTGAGCATGTACAGTCTTGAGGAGCTGGCCACTATCGCTTCAGAACACACTTCC
AAAAACACAgtaagaattcatgcattttgccatatcaac

Exon4: EEIICa000EEIaIOeag <2 otatctcaatatttgeatttattitaaatgtttttcatagGATACCTTTGTGGCAGTATTTTCATTTCTGTCTGGAAGG
TTAGTGCACATTTCTGAACAGGCTGCTTTGATCCTGAATCGTAAGAAAGATGTCCTGGCGTCTTCTCACTTTGTTGACCT
GCTTGCACCTCAAGACATGAGGGTATTCTACGCGCACACTGCCAGAGCTCAGCTTCCTTTCTGGAACAACTGGACCCAA

AGAitaacaggaccaatgttcagatgtctatctttcctcatcaagatcagtttcattcttacaggaatagtacagaaattaacatattatttagaacatgcacactatctggtttt_

ExonS:_agagiiaitiactiaccaiicatctttctttctagGCTGCACGGTATGAATGTGCTCCGGTGAAACCTTTTTTCT

GCAGGATCCGgtaagtatagtggctc

Exon6 :_atgggccagtagggtgcgtcaggaccagcactaatatctttaatctcctcathGAGGTGAAGACAGAAAGCAAGAGAAGTGTC
ACTCCCCATTCCGGATCATCCCCTATCTGATTCATGTACATCACCCTGCCCAGCCAGAATTGGAATCGGAACCTTGCTGT
CTCACTGTGGTTGAAAAGATTCACTCTGGTTATGAAGgtaagtcagtagataagatgcagaaatgtcagcaatca

Exon7 - EI0OIBOMEO0e: 24t taattagatatttgcctitaaatgggtctttgtttttttttccttag CTCCTCGGATCCCAGTGAATAAAAGAATCTTCACCA
CCACACACACCCCAGGGTGTGTTTTTCTTGAAGTAGATGAAAAgtaagtacttctttaagcctaaaagaaatttgtttctgaaaataaatataaatgtgaagaa
gattacattatgtt

ExonS [ eIiCeeIOaIOaOIaies- c totettgtgtatctgtatcccagAGCAGTGCCTTTGCTGGGTTACCTACCTCAGGACCTGATTGGAACA
TCGATCCTAAGCTACCTGCACCCTGAAGATCGTTCTCTGATGGTTGCCATACACCAAAAAGgtcaggacctactcctttataggaggaaat
atttttctctcattgatttgttctaatttttcttttcatctcatt

Exon9 [ eateueOauaeIaaioNg 2 222 aaaccactaaaacatttacaaataaatggcttaaaaaggacatttgtaatcagtatctgtgttaagtaaatcctatttttgtettattattttatata
gTTTTGAAGTATGCAGGGCATCCTCCCTTTGAACATTCTCCCATTCGATTTTGTACTCAAAACGGAGACTACATCATACT
GGATTCCAGTTGGTCCAGCTTTGTGAATCCCTGGAGCCGGAAGATTTCTTTCATCATTGGTCGGCATAAAGTTCGAACgta
agccagtcagttttcatattttctaaaacatctcttgtatcaaataat

Exon10: [0 ECICa0IeIeIeas: o c ccatttictagGAGCCCACTAAATGAGGATGTTTTTGCTACCAAAATTAAAAAGATGAACGATA
ATGACAAAGACATAACAGAATTACAAGAACAAATTTACAAACTTCTCTTACAGgtaaggtgagattgttaaaaa

Exon 1 : [COICICE0CaIaea - 2 22 gtaccaacctgeacacacctaatttagtatitcaggaattgteatcttaattittacatgattctagatgagetetgeggtggctgcatttgaacaccea

geaattctggacttgttcctctttgtecttccagCCAGTTCACGTGAGCGTGTCCAGCGGCTACGGGAGCCTGGGGAGCAGCGGGTCGCAGGA
GCAGCTTGTCAGCATCGCCTCCTCCAGTGAGGCCAGTGGGCACCGTGTGGAGGAGACGAAGGCGGAGCAGgtgcatgggctta
tgtcacattcttatacaggcatcgtgttttctgtactaccteggttctgaatgtggtgacatcttagtatatattcctgact
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Exon12: EllCOCaIOIOaeataiig (12 gaatttgttggtaccagtatactgtggcatggtgcaggaaactggattaaagtgattactgtgcttcagteattatatcttcaaagaaacagaag
ctaagtgtattttgtttatgtatcttttagtggacatttttataatttttgaaacatattttatcattcctttccctaagATGACCTTGCAGCAGGTCTATGCCAGTGTGAACAAA

ATTAAAAATCTGGGTCAGCAGCTCTACATTGAGTCAATGACCAAATCATCATTCAAGCCAGTGACGGGGACACGCACA
GAACCGAATGGTGGTGGTGAGgtgagtcagcgaatggtggtegtoagtcageeggeagecccaaggatctecttccatgggetgtea

Exonl3 :_atttaattttggtaagaaagtatatgttcttaattacatgctgggtacttttaattgcacatccctttattctgtttcagAATGTAAGACCTTTA
CTTCCTTCCACCAAACACTGAAAAACAATAGTGTGTACACTGAGCCCTGTGAGGATTTGAGGAACGATGAGCACAGCC
CATCCTATCAACAGATCAACTGTATCGACAGTGTCATCAGgtatgagaccgcaagtttggataccatgtaagtetgttccggaag

Exonl4:_cacaattagggaacaggtaagaatgtgtggcctaattatgttgttacagATACCTGAAGAGCTACAACATTCCAGCTTT
GAAAAGAAAGTGTATCTCCTGTACAAATACAACTTCTTCCTCCTCAGAAGAAGACAAACAGAACCACAAGGCAGATGA
TGTCCAAGCCTTACAAGGtaacaagaatgcccctcagagttaaattcaaagaactgtaaatacatccttcttgtttctctttaatgtcttatattgttataagcataaaattctggttt-

Exonl5 :_taaactgggtcttttatgtaaatttctcgttgggaatttttcttttcactgtcagtttctcttacaccaccagCTGGTTTGCAAATCCCAGC
CATACCTAAATCAGAAATGCCAACAAATGGACGGTCCATAGACACAGGAGGAGGAGCTCCACAGATCCTGTCCACGGC
GATGCTGAGCTTGGGGTCGGGCATAAGCCAATGCGGTTACAGCAGCACCATTGTCCATGTCCCACCCCCAGAGACAGgt

accacactcgcctcttactttgaaaatatactcaactttaactacattgtgatgagaaaacaaaag

Exon16: EECICOIIea0eag 2 taataatgtttgtaaaaatgtatcaaaaggcagttaacaaagtaaaataaatacaaataattgataggaattaaaattaaatatgtettcttccacctca
gCCAGGGATGCTACCCTCTTCTGTGAGCCCTGGACCCTGAACATGCAGCCAGCCCCTTTGACCTCGGAAGAATTTAAAC

ACGTGGGGCTCACAGCGGCTGTTCTGTCAGCGCACACCCAGAAGGAAGAGCAGAATTATGTTGATAAATTCCGAGAAA
AGATCCTGTCATCACCCTACAGCTCCTATCTTCAGCAAGAAAGCAGGAGCAAAGCTAAATATTCATATTTTCAAGgtacgta
attttttaaaaataaatgccattaatctatgtaaatgttacaa

Exon17a i CCIOOIaOIeoeeg- 2 e ctcattcgtcagetacttataactacctgtaagtggcatecttetettctititgggtitaattttccataatttgectetacctttatecttccagGAG

ATTCTACTTCCAAGCAGACGCGGTCGGCCGGCTGCAGGAAAGGGAAGCACAAGCGGAAGAAGCTGCCGGAGCCGCCA
GACAGCAGCAGCTCGAACACCGGCTCTGGTCCCCGCAGGGGAGCGCATCAGAACGCACAGCCCTGCTGCCCCTCCGCG
GCCTCCTCTCCGCACACCTCGAGCCCGACCTTCCCACCTGCCGCCATGGTGCCCAGCCAGGCCCCTTACCTCGTCCCAG

CTTTTCCCCTCCCAGCCGCGACCTCACCCGGAAGAGAATACGCAGCCCCCGGAACTGCACCGGAAGGCCTGCATGGGC

TGCCCTTGTCCGAGGGCTTGCAGCCTTACCCAGCTTT

Exonl17b:ttgcageettacccagettt CCCTTTTCCTTACTTGGATACTTTTATGACCGTTTTCCTGCCTGACCCCCCTGTCTGTCCTCT
GTTGTCGCCATCGTTTTTGCCATGTCCATTCCTGGGGGCGACAGCCTCTTCTGCGATATCACCCTCAATGTCGTCAGCAA
TGAGTCCAACTCTGGACCCACCCCCTTCAGTCACCAGCCAAAGGAGAGAGGAGGAAAAGTGGGAGGCACAAAGCGAG
GGGCACCCGTTCATTACTTCGAGAAGCAGCTCACCCTTGCAGTTAAACTTACTTCAGGAAGAGATGCCCAGACCCTCTG
AATCTCCAGATCAGATGAGAAGGAACACGTGCCCACAAACTGAGTATgtaagtgatgctcattttcaacactcaagtgagaaagtgaatatcttactaal

Exonl8 :_actgtattttgtgataagaagattaaagtgtcttttcatgtgcccttactttctagcagTGTGTTACAGGCAACAATGGCAGT
GAGAGCAGTCCTGCTACTACCGGTGCACTGTCCACGGGGTCACCTCCCAGGGAGAATCCATCCCATCCTACTGCCAGCG
CTCTGTCCACAGGATCGCCTCCCATGAAGAATCCATCCCATCCTACTGCCAGCGCTCTGTCCACAGGATCGCCTCCCAT
GAAGAATCCATCCCATCCTACTGCCAGCACACTGTCCATGGGATTGCCTCCCAGCAGGACTCCATCCCATCCTACTGCC
ACTGTTCTGTCCACGGGGTCACCTCCCAGCGAATCCCCATCCAGAACTGGTTCAGCAGCATCAGgtagtggatcaggacaactaatgtt
tcaaactccaatgccagacattcac

Exon19:_ggcaaatcagtc ggacaggtcttttctaattatgtgttgttgatttttgacagGAAGCAGCGACAGCAGTATATACCTTACT
AGTAGTGTTTATTCTTCTAAAATCTCCCAAAATGGGCAGCAATCTCAGGACGTACAGAAAAAAGAAACATTTCCTAATG
TCGCCGAAGAGCCCATCTGGAGAATGATACGGCAGACACCTGAGCGCATTCTCATGACATACCAGGTACCTGAGAGgtaa
gaaagcactttagaaaacccactttttatatttttgtggtttctttttttcttttttttcttttt
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ExonZO:_gggaaaagaaccctgtgtcttattcaggactattaagattctgtttgtttgttttcagGGTTAAAGAAGTTGTACTAAAAGAAG
ACCTGGAAAAGCTAGAAAGTATGAGGCAGCAGCAGCCCCAGTTTTCTCATGGGCAAAAGGAGGAGCTGGCTAAGGTGT
ATAATTGGATTCAAAGCCAGACTGTCACTCAAGAAATCGACATTCAAgtaagcacagtaataatggctgtcatatactcatgtattttggecaggtagtg
cttttaatat

Exon21 :_tactgttttaaaactctttaggtgacattgacatcaagtaactcgcctgctttgttcttttttggagGCCTGTGTCACTTGTGAAAATG
AAGATTCAGCTGATGGTGCGGCCACATCCTGTGGTCAGGTTCTGGTAGAAGACAGCTGTTGAgtgactgtgaggatgaaccttcatacce

tttccaag]
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