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4 Results

4.1 Gene expression analysis with cDNA microarrays

To search for genes differentially expressed between SHHF strain and the control of WKY or
SHRSP, expression analysis was carried out using rat heart cDNA microarray filters with
subtractive suppressive hybridization probes. Sequences from 23 clones were analyzed and
genes were identified by homology search using the Blast algorithm at the NCBI database.
The chromosomal locations of these genes were located for rat, mouse and human using

sequence Blast at Ensembl (Table 4.1).

Table 4.1 Candidate genes selected from rat heart library (619)

Chromosomal location

c¢DNA clone-ID Expression Sequence result and gene description

Rat Mouse Human

MO11, M125* Down Cytochrome oxidase subunit II gene (COXII) 16 16 5

31(6)451(3),sz130, Down Cytochrome oxidase subunit I (COXT) 14 5 17
10764 " Down Cd36 antigen 4 5 7

K0331° Down Phospholamban exon 2 20 10 --
J2312° Down Similar to musculus titin (Ttn) 3 2 2

12350, D0768 >  Down ND4 (NADH-DH subunit4) 16 1 8

H168° Down Golgi SNAP receptor complex member 1 (Gosrl) -- 9 10
L0410*° Up Hybrid protein 6 16 18
oot (e piielelme e .o o

M2112,P2418" Up Heat shock 27 kD protein 2, HSPB2 8 9 11
C095* Up Cytochrome ¢ oxidase subunit IV, COX4 3 7 14
J1510,N1222° Up Similar to RE70703p (Drosophila melanogaster) 1 16 19
F1749° Up Similar to heat shock protein family, HSPB7 5 4 --
J1816° Up Laminin receptor 1/40 kDa ribosomal protein 1 4 X
D1745,J114"° Up Ribosomal protein L14 (Rpl14) 8 9 12
D1754° Up Subunit of NADH, ubiquinone oxidoreductase 6 5 13

a, SSH probe was prepared using SHHF strain as tester and SHRSP as driver; b, SHH probe was prepared using SHHF strain
as tester and WKY as driver. Genes marked in bold were retested using Real Time PCR. --, No hit on the chromosome.

59
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4.2 Gene expression profiling with Affymetrix chip

Affymetrix RG-U34A and RG-U34B chips, which include 7000 genes, 9000 EST, and control
sequences, were used to obtain comprehensive gene-expression analysis. In order to screen
candidate genes related to heart failure and cardiomyopathy, five, three and two samples of rat
heart tissue from the strains SHHF, WKY and SHRSP were used to prepare targets hybridized
with both RG-U34A and RG-U34B chips respectively.

4.2.1 Targets preparation

The quality of the RNA is essential for the success of the analysis. The integrity of total RNA
was verified by agarose-formaldehyde gel electrophoresis (Fig. 4.1). RNA yield was
quantified by spectrophotometric analysis; all RNA samples were well purified according to
the A260/A280 ratio that were between 1.9 and 2.1 for all samples. cRNAs were synthesized
and labeled with biotin by in vitro transcription reaction. The A260/A280 ratios for all cRNAs
were over 2.0. Distribution sizes of fragmented cRNAs ranged from 35 to 200 bases that fit
well to the right sizes (Fig. 4.2).

M 1 2 3 45 6 7 8 9 10 M
bp

6000-

3000-

Fig. 4.1 Formaldehyde agarose gel of total RNA isolated from rat heart tissue

1-5 pg of total RNAs isolated from rat heart tissue of SHHF (lane 1-5), WKY (lane 6-8), and SHRSP (lane 9-10)
using Trizol method were loaded on 1.2 % formaldehyde agarose gel. M, 1 ug of RNA ladder from MBI.

M 1 2 3 4 56 7 8 910
bp

Fig. 4.2 Formaldehyde agarose gel of fragmented cRNAs

1 pg of fragmented cRNA from SHHF (lane 1-5), WKY (lane 6-8), and SHRSP (lane 9-10) was loaded on 1.2%
FA gel. M, 0.5 ng of 1kb DNA ladder from Life/Tech.
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4.2.2 Hybridization result with Test chips

Hybridization cocktail from each sample was first used to hybridize with the test chip. Test
chip hybridization results were scanned after washing and staining (Fig. 4.3). All probe sets
were selected as normalization factor and batch analysis was preformed. There are 107 probe
arrays including hybridization controls and housekeeping gene sequences on the test chip.
About 30-40% of transcripts on the test chip were present in hybridization result and rat
housekeeping genes (e.g. Actin, Gapdh, and hexokinase) were also present. However, the
gene GAPD from human was absent. Those results suggested that all targets could be further
hybridized with working chips.

d

Fig. 4.3 Hybridization result from one of the Affymetrix test chips

The microarray suite software displayed a picture of the image data file (*.dat) and automatically generated the
* cel file from the *.dat file (a). One area that was randomly selected showed white, gray or black squares in
different intensity (b). Four corners of the picture showed clearly white and black squares (c).
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4.2.3 Hybridization and analysis of RG-U34A and RG-U34B chips

RG-U34A and RG-U34B were separately hybridized with the above hybridization cocktails.
Hybridization results were briefly checked on the *.cel file. Global scaling was used to
minimize differences of non-biological origin from multiple probe arrays in our study.

An absolute expression analysis was first performed for every chip after hybridization. From
absolute analysis, 34.6-41.5% of transcripts on RG-U34A and 29.5-40.8% of transcripts on
RG-U34B were present, 57.0-64.1% of transcripts on RG-U34A and 57.3-68.8% on RG-
U34B were absent (Table. 4.2). Measured images of one transcript AF072411 on ten chips
hybridized with samples from the strains SHHF, WKY and SHRSP showed this gene was
downregulated in SHHF strain compared with that in the other two controls (Fig. 4.4).

Table 4.2 Outline of the hybridization result for Affymetrix chips

Hybridized chips Present Absent Marginal Total
C2 _RG-U34A 3179 (36.1%) 5481 (62.3%) 139 (1.6%) 8799
C3 RG-U34A 3647 (41.5%) 5014 (57.0%) 138 (1.6%) 8799
C4 RG-U34A 3512 (39.9%) 5151 (58.5%) 136 (1.6%) 8799
C5_RG-U34A 3220 (36.6%) 5456 (62.0%) 123 (1.4%) 8799
C6_RG-U34A 3498 (39.8%) 5168 (58.7%) 133 (1.5%) 8799
W18 RG-U34A 3044 (34.6%) 5644 (64.1%) 111 (1.3%) 8799
W19 RG-U34A 3326 (37.8%) 5338 (60.7%) 135 (1.5%) 8799
W22 RG-U34A 3383 (38.5%) 5291 (60.1%) 125 (1.4%) 8799
SP24 RG-U34A 3211 (36.5%) 5484 (62.3%) 104 (1.2%) 8799
SP25 RG-U34A 3313 (37.7%) 5352 (60.8%) 134 (1.5%) 8799
C2 RG-U34B 3008 (34.2%) 5643 (64.2%) 140 (1.6%) 8791
C3 RG-U34B 3396 (38.6%) 5226 (59.5%) 169 (1.9%) 8791
C4 RG-U34B 3586 (40.8%) 5034 (57.3%) 171 (1.9%) 8791
C5 RG-U34B 2712 (30.8%) 5921 (67.4%) 158 (1.8%) 8791
C6_RG-U34B 2764 (31.4%) 5865 (66.7%) 162 (1.8%) 8791
W18 RG-U34B 2834 (32.2%) 5814 (66.1%) 143 (1.6%) 8791
W19 RG-U34B 2597 (29.5%) 6044 (68.8%) 150 (1.7%) 8791
W22 RG-U34B 2798 (31.8%) 5841 (66.4%) 152 (1.7%) 8791
SP24 RG-U34B 2716 (30.9%) 5916 (67.3%) 159 (1.8%) 8791
SP25 RG-U34B 3219 (36.6%) 5414 (61.6%) 158 (1.8%) 8791

C , Hybridization results of SHHF strain; W_, Hybridization results of WKY strain. SP_, Hybridization results of SHRSP

strain.

62



4. Results

FIRLE | T BN EEE] Py AF072411_at [C2_RG-U34A]
BEEEEEEENERENEEEEE YW ntensity: 264 - 14532

HECOE TN EEEET] PM AF072411_at [C3_RG-U34A]
EREEEN NN EEE vV  intensity: 152 - 6742

PEEEC T PEEEEEREED PV AF072411_at[C4_RG-U34A]
HEEEERE NN EENE vV Intensity: 203 - 10109

FEAETTTITTTEEEEREENE Py AF072411_at [C5_RG-U34A]
HEEEN NN EENE vV  Intensity: 256 - 11555

FIEFE T TN EEEEEEr Py AF072411_at [C6_RG-U34A]
EEEERN NN EENE M Intensity: 174 - 10612

CECEI T TEPEEEEEELT PV AF072411_at [W18_RG-U34A]
BEEEEN NN EEE vV intensity: 241 - 13897

FECOECTTRRERERERT Py AF072411_at [W19_RG-U34A]
EEEE NN Vv intensity: 249 - 16748

FECNETTINEEEEEEEET PV AF072411_at [W22_RG-U34A]
HEEENN NN EEY vV  Intensity: 168 -23558

FMENE T INEEEEEEEET Pv - AF072411_at [SP24_RG-U34A]
EENEEE NN EEEEE v ntensity: 203 - 16896

DEOETTINEEEEEEEEL] Pv AF072411_at [SP25_RG-U34A]
EEEELNEEEEEEEEEE v ntensity: 882 - 20510

Fig. 4.4 Intensity of hybridization for transcript AF072411 on RG_U34A

The images showed intensity of the transcript AF072411 on RG_U34A chips that hybridized with bio-labeled
cRNA from 10 different samples. PM, Perfect match; MM, Mismatch.

A comparison expression analysis was carried out to compare the cell intensity data of an
experiment (result from SHHF strain) and a baseline probe array of the same probe array type
(result from WKY or SHRSP strain). The hybridization result was statistically analyzed from
each chip by making difference call valuable with 1, -1, 0.5, -0.5 or 0 instead of Increased,
Decreased, Marginally Increased, Marginally Decreased, and No change. The total value of
the difference call for each transcript was summed. The transcripts with an absolute value
over half of the total absolute value were selected. Afterwards the genes showing differential

expression in SHHF strain compared with WKY (SHHF/WKY) or SHRSP (SHHF/SHRSP),
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as well as the genes showing differential expression in the SHRSP compared with WKY
(SHRSP/WKY) were acquired.

Another comparison expression analysis was performed on mean chip method. Three mean
chips of the SHHF, WKY, and SHRSP strains were produced using the cell intensity data.
Absolute and comparison analyses were further carried out on mean chips. The transcripts,
which were selected using both mean chip and individual chip analyses, were explored by
Microsoft Excel Match analysis. Analysis results using the two methods were outlined (Table
4.3). Transcripts showing similar expression change by two comparison methods were 46.2-
85.2% in selected transcripts by each comparison analysis. In order to reduce the false
positive rates and stand out important genes, the analyzed genes that showed similar
differential expression by these two methods were selected as potential genes for further

analysis (see in Appendix, Table 11.1-2).

Table 4.3 Overview of genes selected using two different comparison methods

Total of selected Same result using two Differential result using
Methods .
transcripts methods two methods
C/W_U34A Individual 122 104 (85.2%) 18 (14.8%)
C/W_U34A mean 147 104 (70.7%) 43 (29.3%)
C/SP_U34A_Individual 115 73 (63.5%) 42 (36.5%)
C/SP_U34A mean 116 73 (62.9%) 43 (37.1%)
SP/W_U34A Individual 130 68 (52.3%) 62 (47.7%)
SP/W_U34A mean 92 68 (73.9%) 24 (26.1%)
C/W_U34B Individual 59 49 (83.1%) 10 (16.9%)
C/W_U34B mean 106 49 (46.2%) 57 (53.8%)
C/SP_U34B _Individual 62 47 (75.8%) 15 (24.2%)
C/SP_U34B mean 88 47 (53.4%) 41 (46.6%)
SP/W_U34B _Individual 87 43 (49.4%) 44 (50.67%)
SP/W_U34B_mean 75 43 (57.3%) 32 (42.7%)

C/W_U34A individual or C/W_U34A mean, Comparison analysis of SHHF strain versus WKY using RG_U34A individual
chip or mean chip; C/SP_U34A individual or C/SP_U34A mean, Comparison analysis of SHHF versus SHRSP;
SP/W_U34A _individual or SP/W_U34A mean, Comparison analysis of SHRSP vs. WKY.
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4.2.4 Gene expression profiling in rat heart tissue

The genes showing differential expression in SHHF/WKY, SHHF/SHRSP and SHRSP/WKY
were set up after the above comparison analyses. Of thel26 genes (153 probe sets) showing
differential expression in the SHHF/WKY comparison, 44, or 34.9%, were downregulated
and 82, or 65.1%, were upregulated (Appendix, Table 11.1). Among of the 104 genes (120
probe sets) exhibiting differential expression in the SHHF/SHRSP comparison, 46 genes, or
42.2%, were downregulated and 58, or 55.8%, were upregulated (Appendix, Table 11.2).
Many genes tested with more than one probe set on the Affymetrix chips were found similar
expression change in the study (Marked in bold in Appendix, Table 11.1-2).

To identify genes related to heart failure and cardiomyopathy in SHHF strain, genes showing
the same expression changes in the groups SHHF/WKY and SHHF/SHRSP were selected
(blue and red area in Fig 4.5), SHRSP strain was used to balance hypertensive background.
Twenty-eight genes tested in 38 probe sets were found significantly differential expression in
SHHF strain compared with the two controls (Table 4.4). Among of them, genes involved in
fatty acid metabolism, e.g., Cd36, pyruvate dehydrogenase, were exclusively downregulated.
However, genes related to glucose metabolism, such as fructose bisphosphatase 2, uncoupling
protein 1, and retinoid X receptor were upregulated. Sequences of these selected genes were
downloaded from the Genbank at NCBI and were further located on the chromosome of rat,

mouse and human using Blast algorithm.

Fig. 4.5 Groups of genes selected from Affymetrix chips

Three circles represent selected genes from the groups SHHF/WKY, SHHF/SHRSP, or SHRSP/WKY after two
comparison analyses with individual or mean chips. The areas in blue and red show genes exhibited differential
expression in the comparisons of SHHF/WKY and SHHF/SHRSP. The areas in green and red show the genes
that were differential expression in the comparisons of SHHF/WKY and SHRSP/WKY.

65



4. Results

Table 4.4 Genes with differential expression in the SHHF/WKY and SHHF/SHRSP

C/'W .
C C/SP C/W  C/SP Chromosomal location
No. Probe set ID Gene description’
AC DC FC FC Rat  Mouse Human
1 AF072411 g at P D 34 3.2 4 5 7 cd36 antigen (Cd36)
2 122654 at A D 5 6 4 6 5 Anp-acetylchohne receptor
- antibody gene
3 M20131cds s at A D 33 24 1 7 10 Cytochrome P450 2E1
(Gyp2el)
4 Re AA955251 at P D 25 3l 14 15 10 Interferon-induced protein é-
- - 16 precursor
5 U44948_at P D 2.1 25 20 10 3 Smooth muscle cell LIM
- protein (Csrp2)
6 Re AA998152 at P D 35 24 10 11 17 Insulin receptor tyrosine
- - kinase substrate protein p53.
7 M12822cds_f at' A D 9.1 -4.9 4 6 2 Ig kappa-chain gene C-region
Dimethylaniline
8 Rc AA945750 at A D -15.3 -23.1 13 1 -- monooxygenase (FMO 1)
Pyruvate dehydrogenase
9 AF034577 _at P D -3.1 -4.6 4 6 7 (Pdkd)
10 Rc_AA942718 at P D -2.1 -1.9 3 2 20 Bcel2-like 1 (Bcl211)
11 Rc_AI639060 at' P 1 13.5 3.4 7 10 19 Unknown EST
12 X03894 at P I 10.5 5.8 13 8 4 uncoupling protein 1 (Ucpl)
13 M64795 f at A 1 8.8 5.1 20 17 6 MHC class I antigen
Fructose-1,6-bisphosphatase
14 AJ005046_g_at P 1 52 3.5 17 13 9 (Fbp2)
15 Rc_AI009603_at P 1 3.7 3.5 5 4 -- HRPAP20 short form
16 Rc AA849518 at P I 34 2.7 2 3 4 Similar to group XII-1
= = phospholipase protein
Rc_AA946457 ¢ Hypothetical protein
17 Cat P 1 2.7 2.6 6 17 -- KIAAO0846
WAP four-disulfide core
18 AF037272_at P 1 2.6 3.1 19 8 16 protein (Wfdel)
19 Rc AA849841 at P 1 2.5 2.5 5 4 4 Syncoilin
20 Rc_AA859805 at P I 25 2 8 9 15 Mus musculus, Similar to
- - lysyl oxidase-like 1
21 Rc _AI043601 at P I 24 1.8 8 9 15 Hypothetical WD-repeat
- - protein alr3466
#: .
2 K01934mRNA™2 P I 42 28 1 7 1 Hepatic product spot 14
at (Thrsp)
23 M69246_at P I 2.1 43 1 7 9,11 Collagen-binding protein
- (Serpinhl)

24 Rc_AI060197_at P I 2 22 11 8 21 Membrane protein C21or f4
25 U02553cds s at p I 29 5.8 10 17 5 Protein tyrosine phosphatase
5 (Ptpnl6)

26 749858 at P 1 1.8 2.8 19 8 X Plasmolipin

27 D2639%exon s at P I 438 2.9 4 6 2 HK2 gene for type Il
hexokinase

28 M25804 g at P I 3.1 3.1 10 11 17 Thyroid hormone receptor

alpha

1, The genes also showed differential expression in the SHRSP/WKY comparison. 2, Gene symbols were marked in bold.
AC, Absolute call; DC, Difference call; FC, Fold change; C, SHHF; W, WKY; SP, SHRSP. --, No hit on the chromosome.
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The SHRSP strain has some similar syndromes as SHHF, like hypertension. Thus genes
exhibited the same expression change in the groups SHHF/WKY and SHRSP/WKY were also
selected (Area in green and red in Fig. 4.5). These genes maybe play roles in hypertension and

other similar phenotypes in SHHF and SHRSP (Appendix, Table 11.3).

4.3 Comparison analysis of candidate genes using Real Time PCR

To verify the differential expression analysis from the microarrays, quantitative Real Time
PCR was performed using primers specific to the selected genes (Table 2.5). In order to get
rid of any effect from the contamination of genomic DNA, cDNA quality was approved by
PCR amplification of the Gapdh gene (Fig. 4.6 a), and the purity of cDNAs was confirmed by
PCR amplification using angiotensinogen intron primers (Fig. 4.6 b). Relative quantification
of gene expression was calculated from Cr. All quantitations were normalized to an
endogenous control (18s rRNA) to account for variability in the initial concentration of the

different samples. Relative quantification of gene expression in the comparisons of

SHHF/WKY or SHHF/SHRSP was calculated.

a M CWwWSZSsPG [bcwsspc M

bp bp
603 - - 603
301- - 301

Fig. 4.6 Analysis of cDNA using PCR with Gapdh and angi_intron specific primers

PCRs were amplified from cDNA acquired from SHHF (C), WKY (W), SHR (S), SHRSP (SP), and rat genomic
DNA (G) using the rat housekeeping gene Gapdh specific primer (a), or using primers designed from two close
introns of the rat angiotensinogen gene sequence (b). M, 0.2 ug of PhiX174 BsuRI (Haelll) DNA marker.

Sixteen genes selected from the Affymetrix chip were further detected using Real Time PCR
with SYBR Green (Fig. 4.7). Except for the gene cytochrome P450 2E1 (Cyp2el), other nine
genes, Cd36, pyruvate dehydrogenase (Pdk4), smooth muscle cell LIM protein (Csrp2),
protein tyrosine phosphatase (Pnpnl6), uncoupling protein 1 (Ucpl), fructose-1, 6-
bisphosphatase (Fbp2), WAP four-disulfide core protein (Wfdcl), collagen-binding protein
(Serpinhl), and anti-acetylcholine receptor were found similar expression change in SHHF
strain compared with control WKY and SHRSP both in Affymetrix arrays and using Real

Time PCR analysis. The genes, nuclear protein 1 (Nuprl), sulfotransferase family 1A
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(Sultlal), alpha 1 collagen III (Col3al), interleukin 2 receptor (//2rb), and cyclin D2 (Ccnd?2)
showed consistent changes in the SHHF/WKY comparison with Real Time PCR and
Affymetrix chips. The upregulation of the gene synaptic glycoprotein (SC2) in the
SHHF/SHRSP comparison was also confirmed using Real Time PCR.
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Fig. 4.7 Verification of differential expression of candidate genes using Real Time PCR

The upper part of the diagram shows downregulated genes detected using Real Time PCR. The lower part shows
upregulated genes detected using Real Time PCR.
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4.4 Molecular basis of Cd36 in SHHF model

4.4.1 Expression level of Cd36 in SHHF strain

In the SHHF/WKY and SHHF/SHRSP comparison, Cd36 showed downregulation detected
from 7 probe sets on the Affymetrix chips. These probe sets represent different parts of the
Cd36 cDNA sequence (Fig. 4.8). The first five probe sets were close on the side of the 5’ end
of Cd36 cDNA. Expression level of Cd36 in SHHF was 2.8 to 7.5 times downregulated
compared with that in WKY and SHRSP. The sequence of the probe set rc AA925752 locates
between the end of the open reading frame (ORF) and the beginning of the 3’ untranslated
region, where a large cDNA fragment in SHHF Cd36 cDNA sequence was different
compared with WKY cDNA sequence from our later study (Fig. 4.11). Therefore, the result
on the Affymetrix chips of the probe set rc AA925752 reflected not only the expression level
of Cd36 but also its mutation in SHHF. The last probe set rc. AA946398 locates at the 3” end
of Cd36 gene, where SHHF Cd36 cDNA sequence (long transcript) shows about 92.7%
identity to that of WKY. The decreased expression of Cd36 in SHHF was also found with
Real Time PCR (Fig. 4.7) and cDNA array analysis (Table 4.1).
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Fig. 4.8 Expression level of Cd36 in SHHF strain compared with WKY or SHRSP

The upper part of the diagram, Expression of Cd36 in the SHHF/WKY or SHHF/SHRSP comparisons by
expression profiling using Affymetrix chips. The lower part, Relative positions for sequences of Cd36 probe sets
on WKY Cd36 cDNA sequence.
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4.4.2 Different transcripts of Cd36 in SHHF strain

To determine the basis of the differential hybridization signals for Cd36 from the microarrays,
expression of Cd36 in SHHF and control strains was analyzed using northern-blot with its 5’
and 3’ probes (Fig. 4.9 a). In SHHF and SHR/mol rat heart tissue, two major transcripts
(about 3.5 kb and 5.0 kb) were seen, which were not present in the controls. However, the 2.8-
kb transcript observed in WKY and SHRSP rat heart tissue was not detected in SHHF and
SHR/mol. The two major transcripts in SHHF heart tissue were also detected using Smart
Race method and were confirmed as specific fragments for Cd36 with southern blot analysis

(Fig. 4.9 b, ¢).

SHHF3
bkb M1CD1GD2 C D1GD2 c kb CDI1IGD2M2 C D1GD2
29- - 29- -
13- 13-
. b
Probe G Probe D1

Fig. 4.9 Analysis of Cd36 transcripts by northern blot and southern blot

a, Northern blots of total RNA from SHHF (C), SHR/mol (S), WKY (W) and SHRSP (SP) rats. Each filter was
hybridized with o-P* labeled PCR products from near 5’end of WKY c¢DNA, 3’ end of WKY or SHHF ¢DNA.
Gapdh was used as endogenous control. b and ¢, Cd36 3° RACE PCR products using SHHF Cd36 gene specific
primer GSP3 and UPM (The left part, lane C). Both of the two fragments were confirmed as specific transcripts
for Cd36 in SHHF heart tissue using southern blot with o-P* labeled PCR products G and D1 (The right part).
G, PCR products from SHHF c¢cDNA (nt 2061-2483) using Cd36 G primers; D1 and D2, PCR products from
WKY (nt 1626-2305) or from SHHF (nt 1579-4617) using Cd36 D primers; M1, 0.2 ug of PhiX174 BsuRI
(Haelll) DNA marker; M2, 0.5 pg of 1kb DNA ladder from Life/Tech.

4.4.3 SHHF and WKY C(d36 cDNA sequences

To obtain the Cd36 cDNA sequence, five primer pairs were designed to amplify the entire
Cd36 cDNA from SHHF and WKY by RT-PCR in five overlapping segments. One large
unexpected fragment D (3039 bp) was found in SHHF and SHR/mol, instead of the 680 bp
fragment observed in WKY and SHRSP (Fig 4.10). Then the fragments D from SHHF and
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WKY were cloned and sequenced respectively. The two different cDNA draft sequences from

SHHF and WKY were acquired by assembling all sequenced fragments with Seqman from

DNAStar program.
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Fig. 4.10 PCR products amplified from SHHF and WKY ¢DNA

The upper part of the diagram, PCR products using Cd36 primers A (A), B (B), C (C), D (D), E (E), and F (F).
PCR products were absent in WKY and SHRSP using primer F. W, WKY; C, SHHF; S, SHR; SP, SHRSP; G,
genomic DNA from WKY; M1, PhiX174 BsuRI (Haelll) DNA marker; M2, 1kb ladder marker. The below part,
Cd36 primers A, B, C, D and E were designed from the published Cd36 cDNA sequence (GenBank accession
number L19658). Primer F was designed from the SHHF Cd36 cDNA sequence (acquired in this study,
unpublished, nt 1621-2122). Expected PCR products amplified using above primers from WKY and SHHF
cDNA were compared.
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To get full length of the cDNA sequences, 5’ and 3° RACEs were performed. Two 3° PCR
fragments with different length were detected in SHHF heart tissue (Fig. 4.9 b). The
sequences of the 5’ and 3’ ends of SHHF and WKY (Cd36 ¢cDNA were acquired by
sequencing 5 to 10 positive clones for every RACE PCR fragment (Fig. 4.11). WKY Cd36
cDNA sequence (2653 bp) and two cDNA sequences of SHHF (SHHF Cd36 cDNA long,
4960 bp and Cd36_cDNA short, 3366 bp) were obtained after being assembled with the two
draft cDNA sequences respectively. The lengths of two SHHF Cd36 cDNA sequences were
similar to the size of the two transcripts detected in this strain by northern blot (Fig 4.9 a).
Except for part of the last exon (nt 3367-4960) of SHHF (Cd36 cDNA long, SHHF
Cd36_cDNA short was 100% identical to it at nt 1-3366. WKY Cd36 cDNA and SHHF
Cd36 cDNA long were also compared (Fig. 4.12). The gene Cd36 open reading frame (ORF)
was complete in SHHF Cd36 cDNA, followed by a long untranslated sequence divergent
from WKY Cd36 cDNA sequence. Compared with WKY, the first upstream ORF was absent
in SHHF Cd36 cDNA.

C1C2 P M
bp

3850-
2945-

P W1 WwW2M

1357 -

Fig. 4.11 Positive clones including Cd36 5’ and 3° RACE PCR products

Plasmids were digested using EcoRI and loaded on 0.8% agarose gel. C1, C2 and C3, Positive clones include
SHHF Cd36 3" RACE PCR products (C1: 1357 bp and C2: 2945 bp:) amplified using GSP2 and UPM and 5’
RACE PCR product (C3: 1216 bp) amplified using GSP1 and UPM. W1 and W2, Positive clones include WKY
Cd36 3° RACE PCR product (W1: 1163 bp) amplified using GSP4 and UPM and WKY Cd36 5" RACE PCR
product (W2: 1880 bp) amplified using GSP4 and UPM. P, Digested pDriver cloning vector as negtive control;
M, 0.5 pg of 1kb DNA ladder from Life/Tech.
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1

1

lDl GTAD: TTACARATCATT CCAACTCT TCARACTTTC TCACT CTCAATCAACTATTTCT CACACARCTCAGATACT CCTCT TCATCCAT GAATT
GTAD: TTACAAAT GATT CGAAGTGCT TCARACTTTC TEAGT CT CAA TCAAC TATTTCT CACAC AACTC AGATACT GCTGT TCATGCAT GAATT

ukyodss cIHA
SHHP=d3E_DHA_long

wryed3s MR

SHHFed 38 DHA_long

wryed36_ A
SHIFcdls cINA long

239 wiyed 36D
25z SHFFcd36 cDNA long
399 BEARRTT GTCCT TGAMRAAGGAACCATTEC TT TCARA AL TR GETRAARACGRECAC CACTS TG TAC ARACART TTTERATC TI TRACGT whyed36_dDNA
352 GEARRTT GTCCT TGANRAAGCAACC ATTEC TT TEARA A TR CETRAAR ACEEGCAC CAC TG T TACARACAGT TITERATC TTTRACCT SHFd36_cINA long
439 GCARAACCCAGAGGANF TR ALAG AL TAG CAGCARGATC ALGET TARM ACAGRCGTC CITACICATA wiyed 36D
457 GCARAACCCAGACGAARTCRCALAGAL TARCAGCAAGATC AAGET TA KA AGAGACGTC CITACACATA SHFFcd36 cDNA long

599 uiryed36_DHA
552 SHEFed36 cDNL long
&89 TECAC CAC ATATC TACAD AR BCT CATTTT TCARGCT GG CT (A CAGID TTATCAL BAMRT COAMSTCT TOTATGTT whyed 36 DA
652 TETACCACATATCTACCA AR ACT CATTT TT TCARGET GIGCT CAACATAT TTATCAAAAART CCABCTCT TCTATGTT SHEF=d36 cDNA long
799 CCAAACACGAAGTTTGAAGGAACTCTI CTEGECTT ACARAGA TECAT TCT TGAGTTT GETIC CATAT CC TAT AAGTACCACAGT TR TG TGT TTTATCCT wiynd36_dDMA
757 CCARACACGLAGTTTRALAGALCTC T CTEGEGTTATCALGA TECAT TCT TEAGTTT GATTC CATATCC TAT A GTACCACACT TR TR TGT TT TATECT SHEFCd36 cDNL long
899 ulryed36_DMA

GAATTTGT
GAATTTGT
CCTAT TCCGELAAGTTAT TCCGACAT GATTART GEC
CCTAT TGGAL AL GTTAT TGOGACAT GATTART GGC

-ziTC CATCTATGCT GTGTT TGAAT CT GRAGT GAACC TTALL GEALTCCC COTATACAGATT TGT TCTTC CAGCCAACGCCT TTGOC TCCCCA

g5z

293
SEE

1059

SHIFcdls cINA long

whynd 26 DN
SHIF=d36 DA long

whyed36_ DN

1052 TCCATCTATECT GTGTT TGART CT GAAGT GAADE TTARAGGAATCCE CETAT ACARATT TGT TCTICCAGCCAACGCCT TT GEETOCCCA SHHFod3E cDNA long
1156 CTOCAGAACT CAGE AR CEACT GTT TC TECAD TE AR A CT AT CTE A A T AR TR ACRTC CT AT G 6T TR CT CRLCATTCOC AL ST CARAC AL GOl whryed 38 DI
115 CTOCAGAANCAGICARLCCACT GTTTC TECAC TEALARAL CTA T CTC AL ATA ACTRT ACGTC ET TG CT GTRCT CEL CATTCA MABTECARIEAL GG SHHRCd3E cDHA lmg
125 ukyrd36_DNA
1252 SHHFod3E cDHA long
1358 TAACT GGATT CACTC TACARTT TRCAR AAC G CTCCARET CARCA Th CTG GT CAA GE CAGCT AGARA R TIL, uyed36_ DN
1352 TAACTGGATT CARTC TACARTT TRCARARC G CTCCARGT CARCA TA CTG GT CAL GC CAR CTARARA AL TIL, SHHFcd3E_cDNA long

149
1452

GAC TG GERACCATC GRCGATEAGA LA GOL GAANT GT TCAGR AL CCL A TGACT GGGA
GAC T CEACCATT GRCCATCAGA AL CCA G AMT CT TCAGL AR CCA AC TG CC CEGA
1559

1552

leoa
1aE2

1712
2ALE

ARATAM COT CCTOCCCCTCET TEAGR TEE o TT ACTTCETE TT CEA CT AGT GATCT TTETTCC TIT TATGATT TCR TACTCTCCT TRC AGATC TALCAR
BABTALLGCT CCTOGGCCTGET TRAGR TG TC TTACT TG GTGTT GLRAGT AGT GATGT TTGTT GC TTT CATGATT TCATACT GTGCT TRCAGATT TAAGRL

CORF and
TEEAAAATAMCT A—

TEEARAATANCT ARG TCCTCAT CAA NG TAT GTAT CATTT CAT CAAAGTATCT TTTCATCTCATC GAGAL GACAT TATACATTAR AGCAC AT ATATACATT

ACCACTT GTT GECCT CCACGET CAT TRACACATACATCA CEA TR GAC A A GA GACCT GLAGG CA LML TACCC ACGCACATARAA TCAM ACTTC TCALTC

1712
3954

<5 TGEATRASCCTAC AT TAT GCACT AGCTACATI TI TG TALRACCRAT CTCE
GCCTTTTTAT TATCT CACTECT CIC TRATTER TAATGTC TCT T TET AR TOEATRAACCTAC TT TAT GLACT AGCTACATCTI TG TAAMACCAAT CTCE

1764
4054

AAMCCAAGECT TAATACATGC TTCTT TTTAT AAAACACACCTATCT GTAGT TRALGARATRET GAT GT GOGCT CTCTC TCTCT CTCTC TCTCT CTCTCT

1548
4184 CTCTCTCTIATT COAGATATATATT TATTTAT AT ACT CCAAT A CTAAC ACCATATT TOCAL AN CAT TAATA TCTCACT AACCC TATAT TT TTT AATARR

153 ATCTTGTATT TTCT AL GTCCATCATC TG AACT GAGTGAAC T CATT TCT GEARAACTAA TT ATC T TTT TEGTTCT GATTT AC TRATT TIT T TIES
4254 ATCTTRTATT TTTTCARGTCCATCATC TRCAACT GAGTGGACTT CAR TT TCT CCARAACCAR TT ATC T TTT TRETTCT GATTCAC -G TT TAT TT TCCC

E0m
42353 TCTTGGCARCTT TCAAGAATCTATAT--TCTAMGAAAT CTTTTCCTC CT CAT CRAA G TARAC TC TTATCATC TC TR CETECCC CT TTCAT TTATAGCAR

213 ATEITCCTISTGAT GTCARCACAT GATAT GT CATAART ATT A ATC AT TTT ARARATTTAL BGATGAL RAL TG AN BATTCAC ATATS AACCATT GCTA
4451 ATETTCCTTRTGACT CTCARCACAT CATAT GT CATAARGATT AT ATC AT TTTARARATTTALCEATC AL A TR AN A TICAC ATATRALCEATT GTTC

22X
4EEl ATATATTCIT TAATCCTCTCCCTCT CTGETCTCCTTCEC AL A Chl O OO CETAT CACRCATACT TT TTI CT TTTTACTTTC TTACACAGAGCT TATA

2330 TGTICTGTICCT Ol CATGARATGAAL TAT TT TTAGCAC ATTTTAGE T TTTATTITAARTATG TG TC ARG T T CCA G CTCC TAGCT CT TTI CARRAT
465l TGTICTGTIC CTCGE CATGARA TGAAL TAT TT TTAGCACATT TTAGE TC TITATTTTAARTATG TG TC ARG TTCCATECTECE TAGCTCT TTT AAARAT

2433
4751 TGAGTAGETTTTTCT CTTTCTGCTCAGCTRCALS TAATZTALCT TCAGAGAGCTGTTATAGT GT Thh AR GAT CT AAT TTATTAT AR AT A TTA TGATAT

2530 AGMTCTTACAAARGCTAGART 1GGCT TTAM TATCTAT TG IGGTAAT ATATICTGCTTT T AT AT CACCE AGAR TAACTGGTT TCT AACAT TARAGR
485l AGAATCTTAC ALAAGCTAGART COGCT TTAM TATATAT TG TRGTAAT ATATTCTECTTTC ATAAT CACCE AGAMAGAACTGE TT TCT AACAT TAAAGA

e
43E] TGTTCTTARL

Fig. 4.12 Alignment of Cd36 cDNA sequence

wkyed3c_dNA
ESHHFod3e cDNA long

wkyed3s DN
SHFcdls cDNA long
whyodle cDHA
SHHFcd36 cDHA long

whyed 26 DA
SHHFcd36 cDHA long

wkyed36_dDNA
SHHFodZe cDNA long

whyed 26 DL
SHHFcd36 cDHA long

wkyed36_dDNA
SHHFodZe cDNA long
wkyed36_dDNA
SHFcdls cDNA long

whyed3e_dDNA
SHHFod3e cDNA long

wiryrd 36 _cDHL
SHHPcdls cDNA long

wlyed3e_dDNA
ESHHFod3e cDNA long
ukyed3c_dNA
SHHFodZe cDNA long

whyed 26 DL
SHHFcd36 cDHA long

wkyed3c_dNA
SHHFodZe cDNA long
ukyed3s cDNA
SHIFcd3_cDHA long

The Cd36 cDNA sequences from WKY (wkycd36 cDNA) and SHHF (SHHFcd36 cDNA long) were aligned
using MegAlign of the DNAStar program. About 3.3 kb of SHHF Cd36 cDNA sequences are omitted, where do
not match to WKY c¢DNA sequence. Exons are labeled as intervals using dark gray and light gray; sequences
marked in yellow are shared by two close exons. The mismatches between two sequences are marked in red.
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4.4.4 Blast analysis of Cd36

Blast analysis of WKY and SHHF Cd36 cDNA sequences was performed against the rat
genome database at NCBI. Three and a half quite similar homologue fragments at the Cd36
locus on rat genome chromosome 4ql1 were matched. Thirty-three exons and 3 genes were
found in this genomic region spanning 248794 bp (Fig 4.13). Three genes are LOC360376
(hypothetical gene), LOC362310 (similar to fatty acid translocase/Cd36) and LOC296786
(similar to fatty acid transport protein). All these three model genes carry a Cd36 family
domain. WKY Cd36 cDNA sequence showed higher homology with the first two model
genes than with SHHF Cd36 cDNA sequence (Fig 4.14), especially the sequences of exons 2
to 4 were 100% identical to the exons at the beginning of the first model gene. The sequence
nt 521-4960 in SHHF Cd36 cDNA (including exons 5 to 14) is 99.6% identical to the exons
of the gene LOC296786. However the cDNA from nt 56 to nt 523 (exons 2 to 4), which is
identical with WKY Cd36 cDNA sequence, is only 95% identical to the exons of the gene
LOC296786. WKY (Cd36 exon 1, which is 92% identical to mouse musculus Cd36 gene

upstream promoter, is quite different from SHHF exon 1 sequence.

TI04874 TH53673

CIW D4TEET ] —8——————— il il ST |
WOOL 346685 T I T
WO 342623 WL

O 216076 Lt TR
GRCOD3406 (T J Howmo sapiens
GLO&ES50 L I Howme sapiens
G M24795 L I Howme sapiens
G 93393 L I Home sapiens
B Wi Q00072 (T I Heome sapiens
G3567532 L I Home sapiens
G ABOOST43 (I “Wistar
G AFQ72411 Lo Wistar
GAF111268 LLL TR SHE
GAF113914 o darl: agouti
GL19658 T R TT Sprague-Dawley
B M 031561 Ll o Sprague-Dawley
EESTs I I 11

| Genofric sequence (C)
m model exons, single (M) m mEMNA exons, single (G, )

Fig 4.13 Evidence viewer Rattus norvegicus NW 047687.1 acquired from NCBI

C, contig; M, model mRNA; R, RefSeq mRNA; G, GenBank mRNA. XM 346685, model mRNA for
hypothetical gene LOC360376; XM 342623, model mRNA for gene LOC362310; XM 216076, model mRNA
for gene LOC296786. BC008406, L06850, M24795, M98398, NM_000072, and S67532, homo sapiens CD36
antigen. AB005743, mRNA for fatty acid transporter; AF07241, mRNA fatty acid translocase/CD36; AF111268,
fatty acid transport protein (CD36/FAT); AF113914, cell surface protein Cd36 mRNA; L19658, FAT mRNA.
NM 031561, Cd36 antigen.
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Fig. 4.14 Blast analysis of the Cd36 cDNA sequence against the Rat genome

The left part of the diagram shows the blast result of WKY Cd36 cDNA sequence against the rat genome at
NCBI. The right part shows the blast result of SHHF Cd36 cDNA sequence (the long transcript).
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4.4.5 Cd36 copy number and deletion breakpoints in SHHF strain

The sequences of Cd36 intron 4 and intron 3 acquired from the genomic sequence
NW _047687.1 from Genbank were compared. Five repeat regions within exon 4 and its
boundary were found. Seven primer pairs (Table 2.3) were designed to amplify the boundary
of exon 4, intron 3, and intron 4. One or two PCR fragments observed in WKY amplified with
intron 3 IV or intron 4 III primers respectively were not detected from SHHF genomic DNA
(Fig. 4.15, Fig. 4.16). Only one fragment was found from SHHF genomic DNA when
amplified with other primers (Fig. 4.15). PCR fragments of intron 3 I, intron 4 I, and II from
SHHF genomic DNA were sequenced and compared with corresponding parts of published
genomic sequences. A deletion of about 165.4 kb from the beginning of the first intron 4 to
the last repeated intron 4 was identified in SHHF Cd36 DNA sequence (Fig. 4.16). The
upstream and downstream limits of the breakpoint were designated as the region where the
pattern of sequence variants observed in intron 4 of SHHF Cd36 gene changed from being
identical to LOC360376 and different from LOC296786, to always being different from
LOC360376 and always identical to LOC296786. Comparison of the sequence data from the
first 900 bp of intron 4 in SHHF indicated that breakpoint was between nt 9 and nt 630 away
from the first repetition exon 4/intron 4 boundary (Fig. 4.17).

;MCCWWSSSPSPbEMCCWWSSSPSP

872-

dyccwwssspsp

310-

Fig. 4.15 Analysis of Cd36 deletion in SHHF strain

PCRs were performed from rat genomic DNA from SHHF (C), WKY (W), SHR (S), SHRSP (SP) with primers
intron 4 III (), intron 3 I (b), intron 3 III (c) or intron 3 IV (d).
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NW047687.1

Exon 2
Exon 3

Exon 4

Exon 2

Exon 4

Exon 4

Exon 5
Exon 6_15

Exon 5
Exon 6_15
Exon 2
Exon 3

Exon 4

Exon 5
Exon6_15
Exon 2
Exon 3

Exon 4

Exon 5
Exon 6_15

v

24801_24894
25362_25577

34248_34409

40205_40298

52572 52733

53591 53750

59887_60038

88669_88820

128769_128863

129336_129551

134157_134318

138301_138452

192683_192776

193257_193440

198926_199087

201827_201964

Expected PCR products Primers
from WKY DNA
33219 33652 434 bp Intron 3 1lI
33489 33807 319 bp Intron 3 Il
33622 34387 766 bp Intron 3 |
34357_35133 777 bp Intron 4 |
Intron 4 |
51550 51977 428 bp Intron 3 1lI
51814 52132 319 bp Intron 3 11
51947 52711 765 bp Intron 3 |
52681 53456 776 bp Intron 4 |
53698 54473 776 bp Intron 4 |
59822759570 11249 bp I Intron 4 Il
188108188555 N248 BRI Intron 4 1l
133209_133669 461 bp Intron 3 1lI
133639_134296 658 bp Intron 3 |
134266_135042 777 bp Intron 4 1
Intron4 I
Intron 4 1lI
197715 198261 547 bp Intron 3 IV
198231_199065 835 bp Intron 3 1
199035_199810 776 bp Intron 4 1
1199757_200291635bp " Intrond Il

Fig. 4.16 Analysis of Cd36 deletion in SHHF strain
NWO047687.1, Rattus norvegicus chromosome 4 WGS supercontig from 7705272 to 7953265.

PCR products
from SHHF DNA

~434 bp
~319 bp
771 bp

773 bp
No

No

Deletion
No

No

No

v773 bp
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GGAAGTTGTCCTTGAAGAAGGAACCATTGCTTTCAAAAACTGGGTGARAACGGGCACCACTGTGTACAGACAGTTTTGGATCTTTGACGT Majority

1 NW_047687.1 34248 35358
1 NW _047687.1 52572 53682
1 NW 047687.1 53591 54701
1 NW_047687.1 134157 135267
1 NW _047687.1 198926 20003¢
1 sequence from SHHF
GCAARACCCAGAGGAAGTGGCAAAGAATAGCAGCAAGATCAAGGTTARACAGAGAGGTCCTTACACATACAGGTGAGTGGGCTCTTCAGG Majority
L e e e e I .. > . NW_047687.1 34248 35358
PP NW _047687.1 52572 53682
2 NW _047687.1 53591 54701
O - SR NW_047687.1 134157 135267
91 e @ ............................................................................ NW 047687.1 198926 20003¢€
L5 £ sequence from SHHF
AGTAGTGGTCTCACTCTGTTTCTGAGAACTCTTCCTCCTAAGGAATTCCATGGCATTGAAGTGTACTTAAT-CTTGCCAACAARATTTAC Majority
B N (ST e NW _047687.1 34248 35358
R € R NW 047687.1 52572 53682
e € e NW_047687.1 53591 54701
I L PR TR NW 047687.1 134157 135267
I e NW 047687.1 198926 20003¢€
1 @.— .................. sequence from SHHF
ATCAARATGTTTTCCCTACAAGTAAAGGATCCTAGTCTACAGATTTAGGTTCTACCAATATATGCTACCCAAATGTTACCATATATTATA Majority
200 NW _047687.1 34248 35358
Y NW 047687.1 52572 53682
T NW_047687.1 53591 54701
2T e e e e e e e e e e e e e NW_047687.1 134157 135267
200 i e e e, NW 047687.1 198926 20003¢€
23 @ ................................... sequence from SHHF
TCAAAAAGAGCTGTAGAATTTATTGCAAGTTTAAAGCTACTAAGTAGCTCCCCTACTAAARAACTTTATGGATGGTT-GTTTGACACTTGA Majority
360 Beooeeeeennnn. NW_047687.1 34248 35358
360 T, NW 047687.1 52572 53682
358 OO NW_047687.1 53591 54701
361 PO NW_047687.1 134157 135267
359 @ ............. NW 047687.1 198926 20003¢€
359 e sequence from SHHF
GTCATGTTCCAAAATGTCCAGTTGGCATACTGAGAGATTTATGAATACATGATGAACATCTTAGAAGGAAACAGGTATCTTACTTCTGTG Majority
A0 ittt e e e e e e e NW _047687.1 34248 35358
R ¢ NW_047687.1 52572 53682
PPN ¢ SR NW_047687.1 53591 54701
B850 et Beeeeeee e NW_047687.1 134157 135267
B e e et e @ ......... NW 047687.1 198926 20003¢€
448  L..iio..... E—} ............................................................................ sequence from SHHF
ATTATCCTGGTGTGGCCTCTAGGTCAGAAACAACCGTAACACCCGTCAACTGCTACAACAAGTGGATGGAACAGACTCTACCTGGTTATT Majority
540 iiiiiia.n [ Beooeeee B [ NW_047687.1 34248 35358
5 1E 1 NW_047687.1 52572 53682
P NW_047687.1 53591 54701
S NW 047687.1 134157 135267
5 1E 1 NW 047687.1 198926 20003¢€
£ @ ........... sequence from SHHF
TCAAACTCCTTTGTGGARATCAGATATGAGT TCAGTGTTGAGAACCACAGARATGARATGATTGTGCATAGCTGCAGCCCCTGCTAAGTG Majority
B30 it e e e e e e e et e NW 047687.1 34248 35358
(72 P NW_047687.1 52572 53682
P NW_047687.1 53591 54701
L0 P NW 047687.1 134157 135267
L7 1 P NW 047687.1 198926 20003¢€
<22 @ .............. @ ........... sequence from SHHF

Fig 4.17 continued to next page
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TCGAAGTCAGATATGCATTGAGATTTAAATAGCAATTTAAAGCTTACAATGTTTCACTCTCTTATACTTTTAAGTATTTTAATAGTTTAT Majority

7200 e G Beoore e NW_047687.1 34248 35358
2 N NW_047687.1 52572 53682
72 @ ............ E ................... NW_047687.1 53591 54701
72220 A 2 G NW 047687.1 134157 135267
7= T B B NW 047687.1 198926 20003¢
J LG ettt e et e e e @ ............................ sequence from SHHF
TTAATAAAGTTATAAATAAAATTTGAAATAAGTGCATCTAGGGGAAATACTAATTCAGCACCTTTTGTTGGAAGARAAAGAAAGTGGAAG Majority
B10 et oo B NW_047687.1 34248 35358
809 B NW_047687.1 52572 53682
807 e @ .................................................................... NW_047687.1 53591 54701
B10 et oo Beooe NW 047687.1 134157 135267
< NW_047687.1_198926_20003¢
S 10 sequence from SHHF
AAGCAGAAGGAGAAGGAGA----GAGGAGGAAGGAGGAGGAGGAGGAGGAAG-——-—-—--. AGGAGGGGGAGGGAGAGGAGGAGGAGGGGG Majority

900 ..... Beoorivnnnnns [F-- Goveeenn BH-B-weeimmmmm LG BACBC R .o o .. NW _047687.1 34248 35358
899 i ATGH.GA.GH. ..o Bt TAAGGAAG. ...d.A...A.H.. NNNNN......... NW _047687.1 52572 53682
897 i TG ..... @ ............... TAAGGAAEEEE NW_047687.1 53591 54701
900 ..... Beooriinnnn. CGAG. . wvevennn Aeenn, BGmmmmmmmm B NW 047687.1 134157 135267
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Fig. 4.17 SHHF Cd36 exon 4 and intron 4 sequence compared with published sequence

The sequence of SHHF Cd36 exon 4 and intron 4 (1-900 bp) were aligned with the corresponding parts of the
sequence NW _047687.1 using MegAlign of DNAStar program. The sequences (1-162 bp) are exon 4. The
limits of the breakpoint are marked with arrows. Other SHHF sequence variants that were observed different
from the others may be sequence variations between SHHF and BN, since the genome sequences are derived
from the BN rat. Decoration 1, Hide (as °.”) residues that match the Majority exactly. Decoration 2, box residues
that differ from the majority.

4.4.6 Western blots of Cd36 protein in SHHF heart tissue

To determine whether the SHHF transcripts translate to a normal Cd36 protein. The protein
Cd36 was analyzed by western blots. Cd36 was detected in plasma membrane from WKY and
SHRSP heart tissue but not detectable from SHHF and SHR/mol heart tissue (Fig.4.18).

Fig. 4.18 Western blot of Cd36 protein

40 pg of microsomal and plasma membrane proteins in WKY (W), SHRSP (SP), SHHF (C) and SHR/mol (S)
were separated on 8% SDS-PAGE gel, Cd36 was visualized using a polyclonal rabbit anti- human Cd36
antibody (a) and monoclonal human Ig M anti-human Cd36 antibody (b).
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4.4.7 Comparison of predicted protein sequence of Cd36

Cd36 coding sequence (cds) was 1419 bp, with 472 amino acids in length, and about 52.73
KDa of its predicted protein. Cd36 had multiple polymorphisms among the different rats from
their predicted amino acids sequence (Fig. 4.19), SHHF Cd36 ORF that was consistent with
SHR/NCrIBR had 11 amino acids variation compared with WKY. For the SHRSP, there’s
only a point mutation (G/A, Arg262/Glu) compared to WKY (Collison et al., 2000). From
comparisons of amino acids sequences, WKY Cd36 was more similar to the XP 346685
(from model gene LOC 360376), however SHHF Cd36 fit better to the XP 216076 (From
model gene LOC296786). These further confirmed that WKY Cd36 cDNA was transcribed
from the gene LOC360376 and SHHF Cd36 from the gene LOC296786. Although Cd36
amino acid sequence of WKY also had 9 amino acids variation compared with that of
Sprague-Dawley, it might cause by the strain difference.
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Fig 4.19 Comparison of Cd36 amino acid sequence

Wistar-dark agouli, from WKY Cd36 cDNA (from this study), AF072411 (Wistar), AF113914 (dark agouti);
XP 346685, from XM346685; SHHF-SHR, from cds of SHHF Cd36 cDNA (from this study) and AF111268
(SHR); XP_216076, from XM216076; Sprague-Dawley, from L.19658. XP342623, from XM342623.
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4.5 Functional study of Cd36 in SHHF rat using linkage analysis
4.5.1 Genotype of F2 animals

The cross of SHHF with WKY strain was set up to further characterize the phenotype and to
facilitate gene identification. (SHHFxWKY) F2 animals were genotyped by Cd36 Hinfl
RFLP analysis. The animals were scored as SHHF homozygotes if the complete Hinfl
digestion showed only the 77-bp fragment, and as either SHHF/WKY heterozygotes or WKY
homozygotes if both the 77 bp and 107 bp bands were present (Fig. 4.20, Fig. 4.21).

a MWCSSPWC SSP b MWCSSPWC S SP

bp bp
122-
107 -
77—
cDNA Genomic DNA cDNA  Genomic DNA

Fig. 4.20 Analysis of PCR products amplified from ¢cDNA and genomic DNA

a, PCR products were amplified from cDNA and genomic DNA of strains SHHF (C), WKY (W), SHR/mol (S),
and SHRSP (SP) with Cd36 Hinf primer. b, PCR products were further analyzeded by Hinfl digestion on 4%
agarose gel (for small DNA from Biozym).

F2

MCWSPF1 1 2 3 4 5 6 7 8 910 1112 M

bp
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=

Fig. 4.21 Genotype results of F2 animals by hinfl RFLP analysis (example)

PCR products amplified from genomic DNA of (SHHFxWKY) F2 (F2, 1-12), SHHF (C), WKY (W), SHRSP
(SP) and (SHHFxWKY) F1 with Cd36 Hinf primer were analyzed on 4% agarose gel after Hinfl digestion. M1,
PhiX174 BsuRI (Haelll) DNA marker.

4.5.2 Expression of Cd36 in F2 animals

The expression of Cd36 in F2 heart tissue was detected. The normal transcript of Cd36 was

confirmed absent in SHHF Cd36 homozygotes, and present in both WKY homozygotes and
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SHHF/WKY heterozygotes by Hinfl RFLP analysis (Fig. 4.22). Cd36 showed 2.2-fold
downregulation in SHHF homozygotes compared with WKY homozygotes and two-fold
downregulation compared with SHHF/WKY heterozygotes with TagMan quantitative PCR.

bp12345eccwwuum_
122
107
77 -

Fig. 4.22 Expression of Cd36 in (SHHFxWKY) F2 animals

PCR products amplified from cDNA of SHHF Cd36 homozygotes (Lane 1, 2), WKY Cd36 homozygotes (Lane
3, 4), SHHF/WKY heterozygotes (Lane 5, 6), SHHF (C), and WKY (W) with Cd36 Hinf primer were analyzed
on 4% agarose gel after Hinfl digestion. U, Undigested PCR products; M1, PhiX174 BsuRI (Haelll) DNA
marker.

4.5.3 linkage analysis by MapMaker

The F2 animals were also genotyped by the markers D4Rat6, D4Rat221 and D4Brol on either
side of Cd36 (Table 4.6). The calculated hemodynamic parameters were used as indicators of
cardiovascular performance in response to heart failure. The linkage analysis with MapMaker
was performed on the original data following a normal distribution or transformed data that
more closely fit the normal distribution (Table 4.8). The LOD scores above 1.5 were listed in
Table 4.7. The highest LOD score of 2.07 was detected at marker D4rat 221 in male rats for
11-12

the cardiac output, which indicates the locus on chromosome 4q

linkage to heart failure (Fig. 4.23) (Lander and Kruglyak, 1995). Cd36 is less than 1 cM away

showing suggestive

from this marker.

Table 4.6 Positions of Cd36 and three markers on chromosome 4

Estimated distance

Marker Chr_start (bp) Chr_end (bp) Expected size to Cd36
D4borl 6115283 6115445 162 7,331,555
D4rat6 10298232 - 173 3,148,595
Cd36 13447000 13695000

D4rat221 90925354 > 14388573 158 693,573

1, primer 2 of D4rat6 could not be mapped. 2, primer 1 of D4rat221 hits for a different contigs on chromosome
4.
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Chromosome: 4 — fp_CO
Phenotype: C0 — mp_CO
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Marker: DdFRat221 (0.0c30) D4Raté (4.9 D4Bral (12.5:M)

2
o 1B
3
@ 12
O
[=]
— 0z
0.4--_____________—_________
D T 1
] % =)
% = g
= [} [}
[

Fig 4.23 MapMaker result for Cardiac output

Table 4.7 MapMaker results of the LOD scores above 1.5

Gender Markers MDP Tau Sv CO HGmg LUNGmgRNmg LNmg

D4Rat221 (0 cM)'  1.148 0.569 1.652 2.071 0.347 0.475 2.025  1.399
Male D4Rat6 (4.9 cM)  1.605 1.529 0.613 1.333 0.689 0.178 2.038  1.448

D4Brol (12.3cM) 142 1.174 0.826 1.016 1.085 0.049 2.002  1.556
D4Rat221 (0cM) 0.2 0.004 0.117 0.367 0.758 1.026 0.157  0.261
Female D4Rat6 (4.9cM)  0.101 0.207 0.196 0.184 1.03 1.568 0.682 0.771
D4Brol (12.3 cM) 0.023 0.102 0.412 0.326 1.155 2.53 0.418 0479
D4Rat221 (0 cM)  0.463 0.081 1.117 0.737 1.017 0.085 1.328 0.885
All D4Rat6 (4.9 cM)  0.407 0.537 0.267 0.451 1.534 0.419 2.039  1.568

D4Brol (12.3 cM) 0.301 0.354 0.66 0.41 2.052 0.452 1.805 1412

1. Relative position of the three markers.

4.5.4 Comparison analyses by t-test and anova

From t-test analysis that performed between SHHF Cd36 homozygotes and WKY Cd36
homozygotes or SHHF/WKY Cd36 heterozygotes, combined anova analysis that performed
among SHHF homozygotes, WKY homozygotes and SHHF/WKY heterozygotes divided by
genotype result of Marker D4Rat221, Cardiac output showed significant difference among
SHHF homozygotes, SHHF/WKY heterozygotes and WKY homozygotes in F2 male rats

(Table 4.8, P < 0.05). Time constant of relaxation and Mean diastolic pressure also showed
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significantly difference among two homozygotes and heterozygotes in male rats according

genotype result of Cd36 combined with Marker D4Rat 6 (Table 4.8, P < 0.05).

Table 4.8 Comparison analyses of (SHHF*WKY) F2 animals by t-test and anova

Parameters Data transformation Values of t-test analysis' Values of anova analysis’
All Female Male All Female Male D4Rat221 D4Rat6  D4Brol

PMAX 1div 1div 1div 0.311 0.606 0.294 0.764 0.327 0.324
PMIN sqrt sqrt sqrt 0.033 0.157 0.069 0.211 0.055 0.074
PBD sqrt sqrt sqrt 0.109 0.252 0.169 0.458 0.21 0.254
PED 1div 1div orig 0.439 0.844 0.053 0.066 0.038 0.061
PES 1div 1div 1div 0.14 0.612 0.168 0.521 0.174 0.253
DP 1div 1div 1div 0.41 0.63 0.486 0.954 0.584 0.425
SEP 1div log log 0.884 0.159 0.201 0.347 0.263 0.675
DFP sqrt sqrt sqrt 0.826 0.207 0.406 0.8 0.375 0.328
MSP 1div 1div 1div 0.253 0.596 0.25 0.633 0.278 0.345
MDP log log sqrt 0.198 0.641 0.025 0.083 0.025 0.051
CT 1div 1div - 0.1 0.213 - - - -

RT orig orig orig 0.322 0.739 0.099 0.266 0.08 0.079
DPMAX orig orig orig 0.593 0.953 0.44 0.997 0.757 0.727
DPMIN orig orig orig 0.686 0.904 0.626 0.866 0.877 0.779
CI - orig - - 0.275 - - - -

TAU orig orig orig 0.254 0.88 0.035 0.281 0.0302 0.087
VMAX orig orig orig 0.607 0.81 0.338 0.063 0.343 0.228
VMIN orig orig orig 0.352 0.607 0.093 0.162 0.324 0.218
EDV orig orig orig 0.776 0.688 0.437 0.061 0.396 0.28
ESV orig orig orig 0.356 0.63 0.114 0.149 0.361 0.206
SV orig orig orig 0.334 0.43 0.129 0.027 0.257 0.163
CO orig orig orig 0.295 0.208 0.014 0.011 0.051 0.109
EF log log log 0.418 0.723 0.106 0.286 0.435 0.256
SW orig orig orig 0.757 0.255 0.302 0.041 0.318 0.218
EA 1div 1div 1div 0.109 0.805 0.047 0.051 0.173 0.122
HR log log log 0.725 0.324 0.172 0.546 0.125 0.147
ANIMALG n_log log log 0.253 0.642 0.048 0.079 0.16 0.502
HGMG n_log log log 0.432 0.227 0.987 0.456 0.215 0.084
LUNGMG n_log log log 0.242 0.267 0.527 0.339 0.676 0.897
RNMG n_log log log 0.004 0.618 0.001 0.012 0.01 0.022
LNMG n log log log 0.024 0.803 0.004 0.045 0.034 0.045

1, t-test results of all rats (191), male rats (105) or female rats (86) were analyzed between SHHF Cd36 (-/-)
homozygotes and WKY Cd36 (+/+) homozygotes or WKY/SHHF Cd 36 (+/-) heterozygotes. 2, Anova results of
the male rats were analyzed among SHHF homozygotes, WKY homozygotes and SHHF/WKY heterozygotes
divided separately according the genotype result of Marker D4Rat221, D4Rat6 or D4Brol. -, The transformation
is not allowed.
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