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Introduction  

Fatness is one of economically important traits in the swine industry. Intense selection 

for fat production using modern statistical methods has taken place for the past fifty 

years (Clutter and Brascamp, 1998). At present, most swine breeding schemes aim to 

decreased fatness and increased lean tissue growth because of the consumer’s demand 

for lean pork. Swine fatness traits have moderate to high heritabilities, permitting 

effective genetic improvement based solely on phenotypic selection. However, the use 

of marker-assisted selection (MAS) is expected to yield genetic gain over traditional 

phenotypic selection. The remarkable developments of molecular biology 

technologies have open new windows for investigator to identify genes or molecular 

markers associated with traits of economical importance in farm animals. Current 

strategies are involved with the chromosome or genome scan approach, the positional 

candidate gene approach and the direct candidate gene approach (See review by 

Andersson, 2001). The direct candidate gene approach is the most general and 

straightforward approach compared to the other two methods. Candidate genes can be 

identified based on the knowledge of the physiology and biochemistry of a trait. With 

the development of large number of molecular markers and interval-mapping method, 

the chromosome and total genome scan approaches have been successfully utilized to 

dissect quantitative trait loci (QTL) affecting economically important traits such as 

fatness in pigs. QTLs can be detected in a distinct chromosomal region using the 

experimental intercross between divergent populations, e.g., European wild boar vs 

European domestic, Chinese Meishan vs European White. Such verified QTLs may be 

 2



exploited in MAS programs in commercial populations, and causative genes or 

mutations underlying the phenotypic variance may be ultimately revealed by 

positional candidate cloning on the basis of the verified QTLs and the comparative 

mapping knowledge. So far, the genome-wide significant QTLs for fatness have been 

consistent evidenced on the porcine chromosome 1q, 2p, 4, 6, 7, and X. Moreover, 

some suggestive QTLs of chromosome-wide significance affecting fatness trait were 

reported on the porcine chromosome 3, 5, 10 and 14. In this thesis, the recent 

progresses of identification of the major QTLs and the corresponding positional 

candidate genes for fatness traits in pigs are outlined as follow: 

 

QTLs and positional candidate genes for fatness traits in pigs 
 

QTLs and positional candidate genes for fatness traits on SSC 4 

The first genome scan for QTLs in pigs used a European wild boar × Large White 

(Andersson et al., 1994) and revealed QTLs significantly affecting abdominal fat 

percentage, growth from birth to 70kg and length of small intestine. The QTLs were 

all on the porcine chromosome 4, which were confirmed by further analysis with 

additional markers and different statistical methods (Knott et al., 1998; Marklund et 

al., 1999; Knott et al., 2002). The best location of QTL was between markers S0175 

and ATP1B1 on SSC 4. The QTL was also shown to segregate in a cross between 

Chinese Meishan and Large white (Walling et al., 1998; Bidanel et al., 2001; Milan et 

al., 2002), Iberian×Landrace intercross (Perez-Enciso et al., 2000) and Berlin 

Miniature×Duroc intercross (Willmers et al., 2002). The QTL locations were fairly 
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consistent across all tests (Table 1, Fig. 1). A joint analysis of seven different resource 

populations confirmed the presence of the QTLs for subcutaneous fat depth on SSC 4 

in both Meishan- and wild-boar-derived populations with the location close to the 

marker S0073 (Walling et al., 2000). It is both of scientific and commercial interest to 

know if the similar effect can be found within commercial populations. Recently, 11 

QTLs for backfat and growth rate previously identified in experimental resource 

populations were examined for segregation in 10 different commercial populations. 

The QTL for fatness trait on SSC 4 was the most consistent effect across populations, 

this QTL was detected for fatness traits in Hampshire, Large white and Pietrain 

populations, indicating the QTL that explain variation between divergent populations 

also account for genetic variation within commercial populations (Evens et al., 2003). 

The finding is of particular importance from breeding point of view for the QTL can 

be utilized for marker-assisted selection in commercial breeding schemes. A long term 

goal of QTL mapping is to identify the causative genes and mutations, though it’s a 

very difficult task. The positional candidate gene approach on the basis of 

comparative mapping knowledge is currently promising strategy to achieve it. 

Unfortunately, the QTL region is close to the break point of conserved synteny 

(human chromosome 1 and 8), complicating the identification of possible candidate 

genes. Indeed, no obvious positional candidate gene has so far been identified in the 

region. Although the adipocyte fatty acid-binding protein (A-FABP) gene was 

assigned to SSC 4 and supposed to control fat deposition in pigs, further studies did 

not support this hypothesis (Gerbens et al., 2000). Two additional candidate genes, 
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β-3-adrenegic receptor (ADRB3) and Na+/K+-ATPase subunit β (ATP1B1) gene were 

within the QTL confidence interval (Knott et al., 1998). However, their effects on 

fatness traits remain unknown to date. 

 

 
Figure 1 Genomic region for fatness traits on the porcine chromosome 4. The confidence interval 

of consistently evidenced QTL is indicated by black vertical bar. The map display was based on 

the USDA-MARC Swine Genome Map (http://www.genome.iastate.edu/maps/marcmap.html). 

 

QTLs and positional candidate genes for fatness traits on SSC 7 
The porcine chromosome 7 contains the swine lymphocyte antigen (SLA) complex, 

the major histocompatibility complex (MHC) of the sus scrofa species. Many studies 

indicated the association of the SLA polymorphisms with immunology, production 

and reproductive traits (see review by Chardon et al., 2000). The QTL significantly 

affecting fatness traits was consistently evidenced in the region surrounding the SLA 

region among different Meishan-derived experimental populations (Table 2, Fig. 2). 

In a Meishan-White Composite reciprocal backcross population, the maximum F-ratio 
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Table 1 QTL significantly affecting fatness traits on SSC 4 in different populations. 

Populations    Institutions QTL locations Traits Favorable allele Candidates References

Hampshire, Pietrain and 

Large White 

PIC, UK Sw35-Sw839 Fatness   Evans et al., 

(2003) 

Meishan × Large White INRA, France S0001-Sw1089 Backfat thickness Large White  Milan et al., 

(2002) 

Meishan × Large White INRA, France S0001-Sw1089 Backfat thickness Large White  Bidanel et al., 

(2001) 

Berlin Miniature × Duroc University of 

Bonn, Germany 

S0001-S0214; 

close to STS_Bio1

Backfat thickness 
eye muscle area, 
carcass length 

Duroc  Wimmers et al., 

(2002) 

Iberian × Landrace SGIT-INIA 

Spain 

Sw839-S0214, 

close to Sw839 

Backfat thickness,  
Backfat weight, 
% linoleic acid 

Landrace   Perez-Enciso

et al., (2000) 

Joint analysis of seven 

resource populations 

Roslin institute, 

UK 

Close to S0073 Backfat thickness   Walling et al., 

(2000) 

Wild boar × Large White Uppsala, Sweden S0175-ATP1B1, 

close to S0107 

Backfat thickness, 

% abdominal fat 

Large white ADRB3, 

ATP1B1 

Knott et al., 

(1998) 

6

Meishan × Large White Roslin , UK S0175-GBA Backfat thickness Large White  Walling (1998) 

 



of the QTL for six backfat thickness measures was close to the location of the tumor 

necrosis factor alpha (TNFα) gene, which was located in the SLA region (Rohrer, 

2000; Rohrer and Keele, 1998a). The QTL effects were also detected in Iowa State 

University resource families within the same region that was near TNFα (Wang et al., 

1998). The existence of QTL influencing fatness on SSC 7 was further confirmed by 

analyzing other Meishan-White populations. The QTL was localized a 33-cM 

confidence interval (Sw1369-S0102) in a Meishan × Dutch Large White and Landrace 

F2 cross (Rattink et al., 2000). In the INRA QTL experiment, the most likely QTL 

location was supposed to be between the SLA and marker S0102 (Milan et al., 2002). 

A striking characteristic of the QTL across all populations was that the obesity 

decreasing allele was originated from Meishan pig, irrespective of its obese phenotype. 

Wada et al (2000) also reported a significant QTL for back fat thickness around the 

SLA region on SSC 7 in a Meishan × Goettingen Miniature cross population. 

Moreover, The greatest evidence for QTL for back fat was detected in an 80-cM 

interval around the SLA (TNFB-S0101) in a Berkshire × Yorkshire resource family. 

Different from the Meishan cryptic allele for leanness, Berkshire alleles were 

associated with considerably greater fatness in that study as expected from breed 

differences (Malek et al., 2001). It is interesting to note that the highly selected 

commercial populations are recently evidenced for the presence of the QTL for 

fatness (Nagamine et al., 2003). The maintenance of such QTL (alleles) in commercial 

populations indicates its strong pleiotropic effects, presumably on fitness traits such as 

survival and fertility. The major QTL for fatness trait detected in experimental cross 

also explains the considerable phenotypic variance in commercial populations and 

have not yet reached fixation through the process of artificial selection, supporting its 

encouraging application in MAS programs in pig breeding. 
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  The consistent findings for the QTL near the SLA region on SSC 7 indicate that this 

QTL is real and has generally large effects on fat deposition in pigs. Comparative 

mapping of the SLA region was performed using IMpRH panel to supply positional 

candidate genes underlying the QTL effects. The SLA is assigned in the SSC 

7p12-q12 region and homologous to HSA 6p23-q12 harboring human MHC 

(Demeure et al., 2003). A global conservation of gene order and distance was revealed 

between the two MHC regions with the exception of a 3.7-Mb rearranged fragment. 

The Colipase (CLPS) and bone morphogenetic protein 5 (BMP5) genes within the 

SLA region were proposed as positional candidate genes (Demeure et al., 2003). 

CLPS prevents the inhibition of pancreatic lipase activity by surface-active agent such 

as bile salts by binding the enzyme to its triacylglycerol substrate. CLPS gene was 

mapped to the QTL interval between the TNFB and S0102 (Brown and Archibald, 

2002). BMP5 influences the skeleton development and is required for normal 

development of several soft tissues (King et al., 1994). However, it should be 

mentioned that the SLA has a high gene density and is highly polymorphic, numerous 

genes might be considered as positional candidate genes in this region.  
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Figure 2 Genomic region for fatness traits on the porcine chromosome 7. The confidence interval 

of consistently evidenced QTL is indicated by black vertical bar. The map display was based on 

the USDA-MARC Swine Genome Map (http://www.genome.iastate.edu/maps/marcmap.html). 
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Table 2 QTL significantly affecting fatness traits on SSC 7 in different populations. 

Populations    Institutions QTL Locations Traits Favorable allele Candidates References

5 western commercial 

pig populations  

Roslin institute, UK TNFB-SLA  Fatness Meishan  Nagamine et al., 

(2003) 

Meishan × Large White INRA, France SLA-S0102 All fatness traits Meishan  Milan et al., 

(2002) 

Meishan × Large White INRA, France SLA-S0102 BF14w, 17w, 22w 

BF40kg, BF60kg 

Meishan BMP5; 

CLPS 

Bidanel et al., 

(2001) 

Berkshire × Yorkshire Iowa State University,  

USA  

TNFB-S0101  

(80cM) 

Backfat thickness Yorkshire  Malek et al., 

(2001) 

Meishan × Dutch Large 

White or Landrace 

University of Wageningen, 

The Netherlands 

Sw1369-S0102 

(33cM) 

Backfat thickness Meishan  Rattink et al., 

(2000) 

Meishan × Dutch Large 

White or Landrace 

University of Wageningen 

The Netherlands 

SLA-Sw1856 Backfat thickness Meishan  de Koning et al., 

(2000) 

Goettingen Miniature 

× Meishan 

NIAI, Japan Swr1078-TNFB 

Sw1369-S0102 

Backfat thickness   Wada et al., 

(2000) 
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Table 2 QTL significantly affecting fatness traits on SSC 7 in different populations (continued). 

Resource population Institutions QTL Locations Traits  Favorable allele  Candidates References

Meishan × Dutch Large 

White or Landrace 

Wageningen University,  

The Netherlands 

S0064-S0102- 

Sw175 

Backfat thickness Meishan  de Koning et al., 

(1999) 

Meishan × White 

reciprocal backcross 

USDA, USA 5cM after SLA Backfat thickness 

at 14 and 26 weeks

Meishan   

    

Rohrer

(2000) 

Meishan or Minzhu × 

Duroc or Hampshire 

or Landrace 

Iowa State University, 

USA 

S0064-S0102, 

close to TNFα 

Backfat thickness Meishan TNFα  

CLPS 

Wang et al., 

(1998) 

Meishan × White 

reciprocal backcross 

USDA, USA Close to TNFα Backfat thickness Meishan  Rohrer & Keele 

(1998a, b) 

Pietrain × Large White University of Liege, 

Belgium 

S0066-Sw252 % Belly fat Pietrain Nezer et al.,

(2002) 

11

BF14w, 17w, 22w: Average backfat thickness at 14, 17 and 22 weeks; BF40kg, BF60kg: Average backfat thickness at 40 and 60kg live weight; 

% Belly fat= belly weight/carcass weight.  

 



 

QTLs and positional candidate genes for fatness traits on SSC 2p 

A whole genome scan using a Pietrain × Large White intercross initially revealed a 

parentally imprinted QTL with major effects on fat deposition and muscle mass at the 

centromeric end of chromosome 2 (Nezer et al., 1999; Fig. 3). The result was 

confirmed at the same location in the same population with additional markers and 

production traits. The imprinted QTL was evidenced for three fatness traits (backfat 

thickness, % back fat and % fat cut) and three muscularity traits (% loin, % ham and 

% lean cut) (Nezer et al., 2002). Meanwhile, this QTL was shown to segregate in a 

European wild boar × Large White intercross and explained 10-20% of the variation 

in backfat thickness and 15-30% of the phenotypic variation in muscle mass (Jeon et 

al., 1999). For the distal end of p arm of SSC 2, the homologous human region is 

HAS 11p, encompassing several imprinting genes including the parentally imprinting 

insulin-like growth factor 2 (IGF2) gene. Hence, the IGF2 locus was considered as a 

strong positional candidate gene in the region (Nezer et al., 1999). However, initial 

screening of polymorphisms in the coding and regulatory regions of the IGF2 gene 

failed to find any causative mutations. To uncover causative mutations underlying the 

QTL, a haplotype sharing approach was used to refine the QTL location. The QTL 

was narrowed in an ~250-kb interval between the markers 370SNP6/15 and SWC9, 

which contains IGF2 and insulin (INS) gene as the only known paternally expressed 

genes (Nezer et al., 2003). Further analysis provided convincing evidences that a G /A 

transition in intron 3 of IGF2 (at position 3072 nucleotide) is the causative mutation 

explaining the effects of the QTL. The wild type (G) binds a nuclear factor, probably a 
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repressor and this interaction is abrogated by the mutation (A), resulting in an increase 

in IGF2 mRNA expression in postnatal muscle and consequently higher muscle mass 

and lower fat deposition (Van Laere et al., 2003). This extraordinary finding indicates 

that regulatory mutations in the non-coding intronic region are also important for 

controlling phenotypic variation besides the polymorphisms in the coding and 

flanking regulatory regions. 

 

Figure 3 Genomic region for fatness traits on the porcine chromosome 2p. The confidence interval 

of consistently evidenced QTL is indicated by black vertical bar. The map display was based on 

the USDA-MARC Swine Genome Map (http://www.genome.iastate.edu/maps/marcmap.html). 

 

It should be noted that a different paternally expressed QTL for back fat thickness 

was found at 35 cM from the IGF2 region in an experimental cross between Meishan 

pigs and commercial Dutch pigs (de Koning et al., 2000; Rattink et al., 2000). So far, 

no promising positional candidate gene has been proposed, partially due to the fact 
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that the QTL region is crossing the breakpoint of two conserved synteny group, HSA 

11 and HSA 19. The extremity of SSC 2p was also evidenced for one QTL affecting 

both lean and, to a lesser extent, fat tissue weights in the INRA Meishan × Large 

White F2 populations. The position was quite similar to the IGF2 region. However, 

the QTL did not exhibit any significant imprinting effect (Milan et al., 2002), 

supporting the finding that the IGF2 causative mutation was just present in some 

founders of different experimental resource populations (Van Laere et al., 2003). 

 

QTLs and positional candidate genes for fatness traits on SSC 1q 

A genome-wide significance was evidenced for fatness and growth traits in the 

telomeric region of the SSC 1q in several studies involved Meishan × White pig 

intercross populations and Meishan synthetic lines (Fig. 4). This region was shown to 

influence backfat depth, loin eye area and trimmed wholesale product weight in the 

USDA resource families, the Meishan allele tended to increase the backfat depth 

(Rohrer, 2000; Rohrer and Keele, 1998a, b). The genomic area was also identified as 

affecting backfat thickness in a cross between Meishan and Dutch Large White and 

Landrace lines (de Koning et al., 1999). Moreover, strong evidences for QTL were 

found for lean and fat cut weight, backfat thickness and postweaning growth rate at 

the same region, i.e. the end of SSC 1q and close to the Sw1301 markers in the INRA 

Meishan × Large White experimental population (Milan et al., 2002; Bidanel et al., 

2001). These results were in good agreement with the recent finding that the QTL 

effects were confirmed in a Meishan synthetic line (Evens et al., 2003). In this QTL 
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region, the steroidogenic factor 1(SF1) and LIM homeodomain transcription factor 

(Lhx3) gene were identified and considered candidate genes for this QTL due to their 

position and physiological role (Smith et al., 2001). 

 

 
Figure 4 Genomic region for fatness traits on the porcine chromosome 1q. The confidence interval 

of consistently evidenced QTL is indicated by black vertical bar. The map display was based on 

the USDA-MARC Swine Genome Map (http://www.genome.iastate.edu/maps/marcmap.html). 

 

QTLs and positional candidate genes for fatness traits on SSC 6 

A QTL for backfat thickness and intramuscular fat (IMF) content was identified on 
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the porcine chromosome 6 in a F2 cross between Iberian × Landrace pigs. The most 

likely position of the QTL is in the interval between the markers S0228 and Sw1881 

and the maximum F-ratio is close to Sw1881 (Óvilo et al., 2000; Fig. 5). So far this 

genome-wide significant QTL has not been detected in other Meishan or European 

wild boar derived resource populations, indicating that the Iberian genetic background 

is partially different from that of Meishan and European wild boar. Two positional 

candidate genes within the QTL region, i.e. the heart fatty acid-binding protein 

(H-FABP) and the leptin receptor (LEPR) gene were utilized for fine mapping of the 

QTL region in combination of seven microsatellite markers using the same 

experimental population. The QTL effects on fatness and IMF were confirmed and 

mapped in the same marker bracket (Óvilo et al., 2002). The H-FABP protein is 

involved in the intracellular transport of fatty acids in skeletal muscle and plays an 

important role in lipid metabolism. A HaeIII restriction fragment length 

polymorphism (RFLP) in the intron 2 of the H-FABP was initially indicated to be 

associated with fatness traits in the Duroc breed (Gerbens et al., 1999). However, 

more recent works have described this association with only IMF (Gerbens et al., 

2000). In the Iberian × Landrace F2 population, the H-FABP polymorphism showed 

significant effects on IMF and eye muscle area in an animal model (Óvilo et al., 2002). 

Due to its interaction with leptin, the LEPR gene is related to the control of feed 

intake and the regulation of energy balance in mammals (Ruiz-Cortes et al., 2000). A 

HpaII-RFLP in the fourth intron of the LEPR gene showed significant effects on 

backfat thickness and IMF in the Iberian × Landrace F2 population in an animal model 
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(Óvilo et al., 2002). However, when the candidate gene effect was included in a QTL 

regression analysis, both the H-FABP and LEPR associations were not observed, 

suggesting that they must not be the causative mutations for the QTL but only markers 

in linkage disequilibrium with them (Óvilo et al., 2002). Hence, Polymorphisms in 

other positional candidate genes or new polymorphisms in the coding and regulatory 

regions of the H-FABP and LEPB genes are required to identify the causative 

mutations underlying the QTL effects on SSC 6. 

 

Figure 5 Genomic region for fatness traits on the porcine chromosome 6. The confidence interval 

of the QTL is indicated by black vertical bar. The map display was based on the USDA-MARC 

Swine Genome Map (http://www.genome.iastate.edu/maps/marcmap.html). 
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QTLs and positional candidate genes for fatness traits on SSC X 

Several studies reported the presence of a QTL for fatness traits on the porcine 

chromosome X (Fig. 6). Significant QTL was detected on SSC X in the USDA 

resource population, which significantly affected backfat thickness and leanness traits 

including loin area and trimmed wholesale product weight (Rohrer and Keele, 1998a, 

b). This genomic region (in the interval between the markers Sw2456 and Sw2476) 

was also evidenced for the existence of a QTL affecting backfat thickness in a 

Meishan × Dutch White pigs intercross (Harlizius et al., 2000). In the INRA QTL 

experiment, a significant QTL was identified for backfat, ham and loin weight in the 

similar region (near the marker Sw1994 on SSC X), with favourable effects of Large 

White alleles. The QTL effects explain 36 and 41% of phenotypic variance of loin and 

backfat weight, respectively (Milan et al., 2002). These consistent findings support the 

reliability of the QTL in this region. Two candidate genes, the androgen receptor (AR) 

and the phosphoglycerate kinase 1 (PGK1) were located within the QTL region on the 

basis of comparative mapping (Harlizus et al., 2000). However, their associations with 

fatness traits in pigs remain to be seen to date.  
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Figure 6 Genomic region for fatness traits on the porcine chromosome X. The confidence interval 

of consistently evidenced QTL is indicated by black vertical bar. The map display was based on 

the USDA-MARC Swine Genome Map (http://www.genome.iastate.edu/maps/marcmap.html). 
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SCD: the candidate gene for fatness traits in pigs 

The discovery of leptin gene 

In 1994, Friedman and his colleagues identified an obesity-decreasing gene 

designated by leptin by tracing the genes in a mutant strain of extremely obese mice 

(Zhang et al., 1994). It was the identification of leptin gene that opens the door to the 

obesity research in mammals. Leptin is a 16-kDa protein secreted from white 

adipocyte. It has been implicated in the regulation of feed intake, energy expenditure, 

whole-body energy balance and neuroendocrine axis in mammals (Campfield et al., 

1995). The leptin-deficient mice (ob/ob) are extremely obese, and administration of 

leptin protein into ob/ob mice resulted in reduced feed intake, weight loss and 

improved reproduction (Zhang et al., 1994). Leptin is believed to produce weight loss 

by decreasing the animals’ appetite while at the same time revving up their metabolic 

rate. Plasma leptin has been demonstrated to infuse into the arcuate nucleus in the 

hypothalamus and inhibit the neuropeptide Y (NPY) and agouti-related peptide 

(AgRP), causing the reduced appetite and metabolism. Meanwhile, Leptin stimulates 

the POMC/CART neurons and activates the release of α-melanocyte-stimulating 

hormone (MSH), consequently inhibiting eating (Marx, 2003).  

Because of its physiological properties in the energy metabolism, the leptin gene 

has been considered as a strong candidate gene controlling obesity in livestock. 

Plasma leptin levels in cattle and sheep increase linearly with increased body fat mass 

and with increased energy balance (Delavaud et al., 2000; Ehrhardt et al., 2000). A 

cytosine (C) to thymine (T) missense mutation was identified in exon 2 of the bovine 
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leptin gene, and the T allele appeared to be associated with fatter carcasses and higher 

leptin mRNA level (Buchanan et al., 2002). In swine, the leptin gene is exclusively 

expressed in adipose tissue, and leptin mRNA level in sera was reported to be greater 

in adipose tissue from obese pigs than lean pig (McNeel et al., 2000). The porcine 

leptin gene consists of three exons, and a 504-bp open reading frame encodes a 

peptide of 167 amino acids (Bidwell et al., 1997). Seven non-invasive single 

nucleotide polymorphisms (SNPs) were characterized in the porcine leptin gene. 

Kennes et al (2001) presented a possible association between the A2845T and T3469C 

SNPs with feed intake and growth rate traits in Landrace pigs. The T3469C 

polymorphism was also suggested to affect fatness in pigs (Jiang and Gibson, 1999). 

Nevertheless, those evidences are not conclusive, for those mutations do not alter the 

encoding protein structure and so far none of interval confidence of major QTL for 

fatness in pigs harbors the leptin gene. Linkage disequilibrium with another causative 

mutations was proposed to be more likely explanation of the association (Jiang and 

Gibson, 1999). In human, several studies indicated the polymorphisms in the leptin 

gene were not the primary cause of obesity (Carlsson et al., 1997), though some rare 

case of human obesity caused by leptin deficiencies were treatable by the hormone. 

For this reason, numerous studies have been focused on the biochemical pathways 

through which leptin works to uncover other obesity regulators since the discovery of 

leptin gene. 

 

SCD gene is a key component in the leptin-signaling pathway  

To pinpoint the most important leptin-regulated gene, DNA microarrays were used to 
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compare the transcription profiles between the leptin-treated ob/ob mice and the food 

restriction group. Stearoyl-CoA desaturase-1 (SCD-1) gene was most prominent in six 

clusters of genes specifically regulated by leptin (Cohen et al., 2002). Leptin was 

found to specifically repress RNA level and enzymatic activity of SCD-1 gene. SCD-1 

RNA levels were highly elevated in ob/ob mice liver, whereas normalized at 2 days 

after treated by leptin. To elucidate whether SCD-1 mediate the leptin’s metabolic 

effects, Cohen et al. (2002) intercrossed the leptin-deficient ob/ob mice and the 

abJ/abJ mice with naturally occurring mutations in SCD-1. It was notable that 

double-mutant abJ/abJ; ob/ob mice were significantly less obese than ob/ob controls 

and had markedly increased energy expenditure. The ob/ob mice were characterized 

for massively enlarged livers that were engorged with lipid, and had high levels of 

liver triglyceride and very low density lipoprotein (VLDL). However, the ob/ob mice 

with mutations in SCD-1 had normal livers with significantly reduced triglyceride 

storage and VLDL production. These data suggest that SCD-1 is an important 

biological modulator of lipid metabolism and indicate that SCD-1 is required for the 

fully developed obese phenotype of ob/ob mice, and down-regulation of SCD-1 is an 

important component of leptin’s metabolic actions.  

 

The role of SCD gene in lipid metabolism 

Stearoyl-CoA desaturase is a key enzyme in the cellular biosynthesis of 

monounsaturated fatty acids. It is located in the endoplasmic reticulum membrane and 

catalyzes the insertion of a double bond between carbon atoms 9 and 10 in a spectrum 

of saturated fatty acids. The preferred substrates are stearoyl-CoA (C18:0) and 
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palmitoyl-CoA (C16:0), which are converted to oleic acids (C18:1) and palmitoleic 

acids (C16:1) by SCD enzyme, respectively (Enoch et al., 1976). The oxidative 

reaction is catalyzed by a set of microsomal electron-transport proteins composed 

sequentially of NADH cytochrome b5 reductase, cytochrome b5 and the terminal 

SCD (Fig. 7). Stearoyl-CoA desaturase is the rate-limiting component in this reaction.  

 

Figure 7 The pathway of electron transfer in the desaturation of fatty acids by SCD. 

 

It has been shown that a deficiency of SCD-1 ameliorates the obesity of ob/ob mice 

and completely corrects the hypometabolic phenotype of leptin deficiency (Cohen et 

al., 2002). The SCD-1 deficient mice (SCD1-/-) were also found to reduce body 

adiposity despite the increased feed intake, increase insulin sensitivity and be resistant 

to diet-induced weight gain (Ntambi et al., 2002). Furthermore, Stearoyl-CoA 

desaturase has been implicated as a nutritional target for lipid lowering; the beneficial 

effects of dietary (n-3) fatty acids for lowering serum lipids in rodents are due in part 

to decreased expression of SCD gene (Kramer et al., 2003). These observations 

suggest that SCD gene is a central lipogenic enzyme, playing an essential role in the 

lipid metabolism. Several explanations have been postulated for the molecular basis 

of the lipid-lowering effects of SCD deficiency, through it is not yet fully understood.  

The revving up fatty acid oxidation may account for the decreasing body fat caused 
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by SCD deficiency. The deletion of SCD-1 gene was reported to up-regulate the lipid 

oxidation enzymes such as acyl-CoA oxidase, very long chain acyl-CoA 

dehydrogenase and carnitine palmitoyltransferase-1 (CPT-1) gene in mice (Ntambi et 

al., 2002). All these genes are targets of peroxisome proliferators-activated receptor α 

(PPARα) and contain PPARα response region in their promoters. Changes in SCD-1 

activity presumably alter the levels of ligand for PPARα, resulting in an increased 

expression of PPARα and consequently an increased expression of PPARα-targeted 

lipid oxidation enzymes. Moreover, if SCD-1 gene is blocked, the intercellular levels 

of saturated fatty acyl-CoAs will build up and inhibit acetyl-CoA carboxylase (ACC) 

through a well-known feedback mechanism, reducing cellular levels of malonyl CoA. 

Malonyl CoA is a key control point of the lipid β-oxidation. It inhibits CPT-1 gene 

controlling the import and oxidation of fatty acids in mitochondria. Hence, the 

reduced levels of malonyl CoA will stimulate fatty acids import to mitochondria, 

resulting in an increased lipid oxidation (Ntambi et al., 2002).  

An impaired triglyceride and cholesterol biosynthesis could partially underlie the 

adiposity-loss effects of SCD deficiency. The oleic and palmitoleic fatty acids, the 

products of SCD enzyme, are main components of triglyceride and cholesterol, which 

are required for hepatic lipid storage and VLDL synthesis. It had been reported that 

the SCD-1 deficient mice had very low levels of triglycerides in the VLDL and low 

density lipoprotein fractions compared with normal animals (Miyazaki et al., 2000). A 

lipogenic diet failed to induce triglyceride synthesis in the SCD-1 deficient mice, 

despite the incorporation of oleate into the liver. Only endogenous monounsaturated 
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fatty acids produced by SCD-1 gene are required for triglyceride synthesis in mice 

liver (Miyazaki et al., 2001). Meanwhile, the deletion of SCD-1 gene was shown to 

down-regulate sterol regulator element binding protein-1 (SREBP-1) gene and its 

targeted lipogenic genes such as fatty acids synthase (FAS) and glycerol phosphate 

acyl-CoA transferase (GPAT) gene, thereby reducing triglyceride synthesis and 

storage (Ntambi et al., 2002). These data indicate that SCD-1 gene expression is a key 

control point in the induction of triglyceride synthesis in liver. 

Alternative mechanisms may also explain the adiposity-loss effects of SCD 

deficiency. It is well established that the ratio of saturated to unsaturated fatty acids 

incorporated into phospholipids determines the membrane fluidity. Hence, Changes in 

SCD activity could alter the membrane fluidity by altering the ratio of saturated to 

unsaturated fatty acids, which could affect signal transduction. It should be mentioned 

that alterations of this ratio have been implicated in various disease state including 

hypertension, neurological diseases, immune disorders and cancer in addition to 

adiposity (see review by Ntambi, 1999). 

In summary, stearoyl-CoA desaturase is a rate-limiting enzyme in the biosynthesis 

of monounsaturated fatty acids. It plays a crucial role in regulating the body weight 

and adiposity in the complex leptin-signaling pathway, spurring SCD gene as a strong 

candidate gene for obesity in mammals. 

 

Characterization of SCD genes in mammals  

SCD genes have been so far characterized in several mammals including mouse, rat 

(Mihara, 1990), human (Zhang et al., 1999), goat (Bernard et al., 2001) and sheep 
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(Ward et al., 1998). The murine SCD gene was first isolated and cloned by Ntambi 

and his colleagues in 1988 (Ntambi et al, 1988). Since than, three additional murine 

SCD genes have been characterized. Their encoding regions and predicted proteins are 

highly homologous, whereas their expression profiles differ remarkably. SCD1 is 

mainly expressed in adipose tissues and liver (Ntambi et al., 1988), SCD2 is 

principally expressed in brain (Kaestner et al., 1989), SCD3 is skin-specifically 

expressed (Zheng et al., 2001), whereas SCD4 is exclusively expressed in the heart 

(Miyazaki et al., 2003). The reasons for having four SCD gene isoforms in mice 

remain to be seen. In human, one functional SCD gene was identified on chromosome 

10, which generated two alternative transcripts of 3.9 and 5.2 kb. An inactive, fully 

processed pseudogene was located on human chromosome 17 (Zhang et al., 1999). In 

sheep and goat, SCD mRNA is transcribed from a single gene, which was assigned to 

ovine chromosome 22q21 (Bernard et al., 2001; Ward et al., 1998). So far, only a 

1,003-bp porcine SCD mRNA sequence was deposited in the database (GenBank 

accession no. Z97186). The sequence was incomplete, especially lacking the start and 

stop codon. The aim of this study is to isolate and characterize the complete porcine 

SCD gene, and to elucidate its association with fatness traits in pigs. The 

chromosomal assignment, the genomic organization, the complete cDNA and 

genomic DNA sequence of the porcine SCD gene, the expression profiles in different 

tissues, the gene polymorphisms among different pig breeds and their association with 

fatness traits in a White Duroc × Chinese Erhualian F2 population were described in 

this thesis.  
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Summary 

Stearoyl-CoA desaturase (SCD) is a rate-limiting enzyme in the biosynthesis of 

unsaturated fatty acids. So far the porcine SCD gene has not been characterized. The 

isolation and molecular characterization of the full-length cDNA and genomic DNA 

sequence of the porcine SCD gene were described in the thesis. The 5134 bp cDNA 

contains a 1080 bp open reading frame encoding a protein of 359 amino acids with a 

calculated molecular mass of 41.3 kDa and theoretical isoelectric point of 9.4. The 

porcine SCD shares high identity (>80%) with the other mammalian SCD. To further 

elucidate the genomic structure of the porcine SCD gene, 20,985 bp of genomic DNA 

sequence was determined encompassing the complete porcine SCD gene. Similar to 

the other mammalian orthologs, particularly in term of exon size and exon/intron 

boundary, the porcine SCD gene spans a transcription unit of 16,186 bp, consisting of 

six exons with sizes ranging from 131 bp to 4048 bp, and five introns varying in size 

from 518 bp to 4784 bp. The unusual long 3' UTR of 3848 bp as opposed to the 176 

bp 5’ UTR appears in the last exon. A comparative analysis of different mammalian 

SCD promoters identified some regulatory domains required for the transcription 

regulation in the 5’ flanking sequence of the porcine SCD gene, such as the conserved 

polyunsaturated fatty acid response region (PUFA-RE). Reverse transcription 

(RT)-PCR result indicates that the SCD gene is expressed ubiquitously in pigs. The 

porcine SCD gene was assigned to chromosome 14q27 by fluorescence in situ 

hybridization (FISH) and screening of hybrid panels with intronic primers. A total of 

26 gene polymorphisms were revealed in the 21 kb DNA sequence, including 24 
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single nucleotide polymorphisms (SNPs), a 24 bp length polymorphism in the fourth 

intron and a triplet nucleotide insertion in the fifth intron. None of SNPs lead to an 

amino acid exchange. Significant differences in allele frequencies of the SNP 

T(-233)C and the SNP C(641)T (number refer to the corresponding position starting 

with +1 at the adenine of initiation codon ATG) were observed in samples of three 

Western commercial pig breeds (Landrace, Large White, and Duroc) and three 

Chinese indigenous pig breeds (Erhualian, Luchuan, and Huai). The Western pig 

breeds revealed higher frequencies of the allele T at the SNP T(-233)C, whereas the 

Chinese pig breeds showed higher frequencies of the allele T at the SNP C(641)T. 

Associations of SNPs T(-233)C and C(641)T with fatness traits have been 

investigated in F2 animals of a White Duroc × Erhualian pig resource family and a 

purebred White Duroc population. Significant associations were observed between the 

SNP C(641)T and backfat thickness at the 6-7th rib, backfat thickness at the last rib, 

and the average backfat thickness at four points (at the shoulder, the 6-7th rib, the last 

rib and the hip joint) in the F2 resource family (P<0.05). The allele T has an 

unfavorable effect (i.e. positive) on backfat thickness.  
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The Porcine SCD mRNA and DNA sequence 
 

 

 

LOCUS       AY487829                5134 bp    mRNA    linear   MAM 07-JAN-2004 

DEFINITION  Sus scrofa stearoyl-CoA desaturase (SCD) mRNA, complete cds. 

ACCESSION   AY487829 

VERSION     AY487829.1  GI:40549307 

KEYWORDS    . 

SOURCE      Sus scrofa (pig) 

ORGANISM    Sus scrofa

            Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; 

            Mammalia; Eutheria; Cetartiodactyla; Suina; Suidae; Sus. 

REFERENCE   1  (bases 1 to 5134) 

  AUTHORS   Ren,J., Knorr,C., Huang,L. and Brenig,B. 

  TITLE     Isolation and molecular characterization of the porcine 

            stearoyl-CoA desaturase (SCD) gene 

  JOURNAL   Unpublished 

REFERENCE   2  (bases 1 to 5134) 

  AUTHORS   Ren,J., Knorr,C. and Brenig,B. 

  TITLE     Direct Submission 

  JOURNAL   Submitted (26-NOV-2003) Institute of Veterinary Medicine, 

            Georg-August-University of Goettingen, Groner Landstr.2, Goettingen 

            37073, Germany 

FEATURES             Location/Qualifiers 

     source          1..5134 

                     /organism="Sus scrofa" 

                     /mol_type="mRNA" 

                     /db_xref="taxon:9823" 

     gene            1..5134 

                     /gene="SCD" 

     5'UTR           1..176 

                     /gene="SCD" 

     CDS             177..1256 

                     /gene="SCD" 

                     /codon_start=1 

                     /product="stearoyl-CoA desaturase" 

                     /protein_id="AAR87713.1" 

                     /db_xref="GI:40549308" 

/translation="MPAHLLQEEISSSYTTTTTITAPSSRVLQNGGGKLEKTPQYVEE 

DIRPEMKDDIYDPTYQDKEGPRPKLEYVWRNIILMSLLHLGALYGIILIPTCKIYTLL 

WAFAYYLLSAVGVTAGAHRLWSHRTYKARLPLRVFLIIANTMAFQNDVYEWARDHRAH 

HKFSETDADPHNSRRGFFFSHVGWLLVRKHPAVKEKGGLLNMSDLKAEKLVMFQRRYY 

http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=9823
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=40549307&itemID=2&view=gbwithparts
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=40549307&itemID=5&view=gbwithparts
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=40549307&itemID=1&view=gbwithparts
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=AAR87713.1


KPGILLMCFILPTIVPWYCWGEAFPQSLFVATFLRYAIVLNATWLVNSAAHLYGYRPY 

DKTISPRENILVSLGAVGEGFHNYHHTFPYDYSASEYRWHINLTTFFIDCMAALGLAY 

DRKKVSKAAILARIKRTGDESYKSG" 

     variation       299 

                     /gene="SCD" 

                     /replace="t" 

     3'UTR           1257..5134 

                     /gene="SCD" 

     variation       3052 

                     /gene="SCD" 

                     /replace="t" 

     variation       3251 

                     /gene="SCD" 

                     /replace="g" 

     variation       3257 

                     /gene="SCD" 

                     /replace="g" 

     variation       3297 

                     /gene="SCD" 

                     /replace="c" 

     polyA_signal    4857..4862 

                     /gene="SCD" 

     polyA_signal    5086..5091 

                     /gene="SCD" 

ORIGIN       

        1 acagcaggtc gggtgcagac accgacccaa cgtgcagcaa agggttccga gcgcagcatc 

       61 gctgatctcc gcgcaagagc cggctccagc actagtctac gctcagtgcg gtctgccacg 

      121 aactcctccc tgaagtctca tccctgggaa agtgatccca acgtccgaga gcccagatgc 

      181 cggcccactt gctgcaagag gagatctcta gctcctacac aaccaccact accatcacag 

      241 caccttcctc cagggtcctg cagaatggag ggggcaagtt ggagaagact ccccaatacg 

      301 tggaagaaga catccgccct gaaatgaaag atgacatcta tgacccaacc taccaggata 

      361 aggagggccc aaggcccaag cttgaatatg tttggagaaa catcatcctc atgagtctgc 

      421 tacacttggg agccctgtat gggatcatat tgatccccac ctgcaagata tacaccttgc 

      481 tctgggcgtt tgcctactat ctgctgagtg ctgtgggtgt cacggcagga gctcaccgcc 

      541 tgtggagtca ccgaacttac aaagctcgac tgcccctgcg ggtcttcctg atcattgcca 

      601 acacgatggc attccagaat gacgtttatg aatgggcccg agatcaccgt gcccaccaca 

      661 agttttcaga aacagatgct gatccccaca attcccgacg tggctttttc ttctctcacg 

      721 tgggttggct gcttgtgcgc aaacacccag ccgtcaaaga gaagggtggt ttgcttaaca 

      781 tgtctgacct aaaagccgag aagctggtga tgttccagag gaggtactac aaacccggta 

      841 tcctgttgat gtgcttcatc ctgcccacga tcgtgccctg gtattgctgg ggtgaagctt 

      901 ttccccaaag cctgttcgtc gccacctttc ttcgttacgc catcgtgctc aatgccacct 

      961 ggctggtaaa cagtgctgcc cacctatacg gatatcgccc ttatgacaag actattagcc 

     1021 cccgggagaa tatcctggtt tcattgggag ctgtgggtga gggcttccac aactaccacc 

     1081 acacctttcc ctatgactat tctgccagcg agtaccgctg gcacatcaac ttaaccacgt 

http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=40549307&itemID=7&view=gbwithparts
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     1141 tcttcatcga ctgcatggct gccctgggtc tggcttatga ccggaagaaa gtatccaagg 

     1201 ctgccatctt ggccaggatt aaaagaactg gagatgagag ctacaagagt ggctgagttt 

     1261 ggggtccctt gggttccttt tctgaaagcc agctgggcag aggtttaatg ttctgtttat 

     1321 taactactga ataatgctac caggatgcta aagatgatga tgttaacccg ttccagtaca 

     1381 gtattctttt aaaatttctt ttaagattga aagcctacaa ttctgccttt atgatgctaa 

     1441 gctcatattc ttgtttcttc tctctcttct agtcccattg tccttctctt ggctttgttc 

     1501 ctgtcacctt cctctctctt ccccctcact gtgccccagg caaggagctg gtcagtcgtt 

     1561 ggtgggtttc cagcttccaa agcctagacc tttcagtagt ccaaaactgg tgagcggtct 

     1621 ttgccccaga tagctctttc tttgagttgt cctgagcttt aaggtgggtg gctcaaggga 

     1681 gagaggtgat aaaatcttct gggaaagccc ctgttcatta ttttcagccc agacttttgc 

     1741 tcaatgacaa aaataactct attttggcac aaagcttcga aagcaggtaa cttgtcaggg 

     1801 gagggagtta gcatgctgtg tgtggtgggg ttgataaaga agggggaggt gaggtgggaa 

     1861 accaggcagg aggctcctgc tgtgatggga cactcggctg actgcccagt gagggctttg 

     1921 cgccctggca cacagcatgc ttcctttctc tcctgactct ggggaatggc cgtggaactt 

     1981 ggcaatgcta gaactcaaaa gcacatccca gtgtcccaat gtacgttagg ctgaggataa 

     2041 agaagcagca tttagtttgt ggcagcagtg gtctctgctg gggaagaagt ctttcttgtc 

     2101 tctttaataa caggaagatt tcttattcca tagagtgaga aatcttgagg ttctttccgg 

     2161 aattgctgaa tcggcaactc atggaattgt cctcactctt ttcatcttcc cgctctgcca 

     2221 tctttgggat acagctcccc tcatagtaac aataaggtgg ctgccgcatt ttgagacatc 

     2281 ggaactgagg tgtgttggtg gtaccgtggt gagcttaact atcttcccaa aaagaaagga 

     2341 ttttagcagg tggaggtggg tcccacataa agatagttaa acctcggtac tttgcttgga 

     2401 ataccaacat aattctcttg gactatttcc ctctgaaaga gaaggaggct tgagaagagg 

     2461 aagaatgggg gtggatggtc tcctttcctc tctctgctga acaggagatg gaggggttga 

     2521 ggggcagggt ctagaggcag ctcctgagac ataacattgc aaacgaaggg ctctggggga 

     2581 ttcagaaggt tactgagtaa gttactggac gtcctcctat gggaagctgg tcacacaggc 

     2641 aagttagata ttggggttca tttcattcat tccagttgct gcttggaata aggaactaga 

     2701 aggctgctcc ccacagtgtg aaagcctttc actcctgcct tctagcctca agcgtactac 

     2761 cctgactatg gattcctgct ctgccctgtc tatccgtttt ttcctgccgg ttctatctcc 

     2821 tccctgaggt ttttcctttc tctctggagg gcaggcctcc tttgggagta tgcaaaggca 

     2881 gtgatggctg ctgctctaca ggcagcttcc tctcccacag tcagaatgct cagggtcact 

     2941 gaaccactgt ttctcttcac aaaggtgagc tagctgccac ctccacgtgg cctccagagt 

     3001 ctccacctgc acccttgtgc tcccctgcca ctccaatgat tcaagacaag gcgggcaaac 

     3061 cctcctagaa acatcccggg cacgggcatc ctttctcata aggcacagcc aagccaaatg 

     3121 ctcacgttgt gccagtgagt cagccacaga gcaaaagagg gtttgtggtt agtctcctct 

     3181 atctgggtca gaaccagaga gcaggctgga tgccccctgc ttgctcggta agcctgccca 

     3241 gcctgagtca atgctcacgg ctgacagtgc aatgcttgca gaaacaggag ggagcctggt 

     3301 cttcactggg aagcacaaga ggccaagaca agttccaaag tgcctcactc gaaagggaac 

     3361 cctgtcccct ggagctaggg tgtaccacaa agctttggct gagtcttggg ctgaacagcg 

     3421 tctctgttca gcaaactaac cagcattccc tacagcacag cccaaggcag acaagagaat 

     3481 agaagagggc tggaaaacaa aaaataagaa ccttggccca ctcctgtccc tgtaacctca 

     3541 gtcgtcaaca cagaagcctg gctttactct aaagattgga aatatacaat accagatgct 

     3601 ctgtccactg ttgagcccca ggagtggaag ggcagagagc atttcttcct gtattaactg 

     3661 agtaaatgga ggataaaggg gttgggctgg actagaggca tctttgtctt ttgagccatt 

     3721 cttctcagta gaaaaaaaag ctgatggaag atcactgtag ttcacattcc cagacccaag 



     3781 cacctactct ttggaaatga ctgttgggtt agttttaatt ccacaggtcg tcagatgcct 

     3841 gctttatagc tgatgatcaa aaccaacttt tatctttcta ttctaattgt tttcaatgga 

     3901 tctgatccat accataaccc tacacaaggc tggatggggt tcttaggcca agggccccag 

     3961 tgtatgtgtg gatgtgtagg gtgggagggc ggggagtaag gaatactttt ttcaaggttc 

     4021 taaagctgaa ttcaaatgac gcattaatga cccagaaact cagatctgat agaatctgaa 

     4081 tttctaacag gccttgcttt gtaggtgtac tgacaactta tctgggggcc ttacatcttt 

     4141 tttaatcggt gttacgtccg agcctgctct gctccctcac tccctctgca ctccctctgt 

     4201 ggcgttccct tgcccctgag agcctgcaga agtggctggt agaagtgggg ggctggctgg 

     4261 agaattatca gtatgcagga ttcctttctg ggctttgttt tggaaacttt ccttagggct 

     4321 gtttttatta agtgcccaca tttgacggaa ggtggaagga atttgaatgt atttgattta 

     4381 taatgttatt attattattt ttttagatta aaagatggtt gtagcattta aaacggaaac 

     4441 cttttctcct ggttagctag tatcctgagt gtattctctg taagtgtagc tcaaatgggt 

     4501 cagcgtgaag aaaagttaaa gaaagcacga tgtcaaggtt acacgggtgg ttaaggccag 

     4561 ggcctctcct accactgtgc cactgacttg ctatgtgacc ctgggcaagt catttaacta 

     4621 taatgtgcct cagttttcct tctgttaaaa tgggataata atactgacct acctcaaagg 

     4681 gcagttttga ggcgtgacta atgcttttta taaagcattt tgggatcctt cagcagagga 

     4741 attctcttaa gtcctgagta tttttataat aacagtatcc accatgaact gtgtccacca 

     4801 tgaaccctgt gtcctggatg ctgtcattaa tctttatggt tctctctgag aaattgaata 

     4861 aacccaatag ataagtggtg gataactagt cagacagaat ctgagaatgc ataaactcat 

     4921 tgccatggaa acatacacag gatacctttt ccttgattgg gtgggatttt ttcccctttt 

     4981 tatgtgggat agtagttatt tgtggcctaa gaataatttt ggaataattt ctattaatat 

     5041 caactctgaa gctagttgta ctgatctgag attgtgtttg ttcataataa aagggaagtg 

     5101 aatcaaaaaa aaaaaaaaaa aaaaaaaaaa aaaa 
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LOCUS       AY487830               20985 bp    DNA     linear   MAM 07-JAN-2004 

DEFINITION  Sus scrofa stearoyl-CoA desaturase (SCD) gene, exons 1 through 6 

            and complete cds. 

ACCESSION   AY487830 

VERSION     AY487830.1  GI:40549309 

KEYWORDS    . 

SOURCE      Sus scrofa (pig) 

  ORGANISM  Sus scrofa

            Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; 

            Mammalia; Eutheria; Cetartiodactyla; Suina; Suidae; Sus. 

REFERENCE   1  (bases 1 to 20985) 

  AUTHORS   Ren,J., Knorr,C., Huang,L. and Brenig,B. 

  TITLE     Isolation and molecular characterization of the porcine 

            stearoyl-CoA desaturase (SCD) gene 

  JOURNAL   Unpublished 

REFERENCE   2  (bases 1 to 20985) 

  AUTHORS   Ren,J., Knorr,C. and Brenig,B. 

  TITLE     Direct Submission 

  JOURNAL   Submitted (26-NOV-2003) Institute of Veterinary Medicine, 

            Georg-August-University of Goettingen, Groner Landstr.2, Goettingen 

            37073, Germany 

FEATURES             Location/Qualifiers 

     source          1..20985 

                     /organism="Sus scrofa" 

                     /mol_type="genomic DNA" 

                     /db_xref="taxon:9823" 

                     /chromosome="14" 

                     /map="14q27" 

                     /clone="TAIGP714K14117Q" 

     repeat_region   1..209 

                     /note="L1M4" 

                     /rpt_family="LINE/L1" 

                     /rpt_type=dispersed 

     repeat_region   241..507 

                     /note="PRE1_SS" 

                     /rpt_family="SINE/Pig" 

                     /rpt_type=dispersed 

     repeat_region   508..853 

                     /note="L1M4" 

http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=9823
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=40549309&itemID=39&view=gbwithparts
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                     /rpt_family="LINE/L1" 

                     /rpt_type=dispersed 

     repeat_region   826..1070 

                     /note="PRE1_SS" 

                     /rpt_family="SINE/Pig" 

                     /rpt_type=dispersed 

     variation       1423 

                     /replace="c" 

     gene            2020..18470 

                     /gene="SCD" 

     promoter        2020..2270 

                     /gene="SCD" 

     variation       2108 

                     /gene="SCD" 

                     /replace="t" 

     variation       2228 

                     /gene="SCD" 

                     /replace="c" 

     TATA_signal     2255..2262 

                     /gene="SCD" 

     mRNA            join(2285..2487,3006..3288,8073..8203,9562..9767, 

                     11236..11468,14423..18470) 

                     /gene="SCD" 

                     /product="stearoyl-CoA desaturase" 

     exon            2285..2487 

                     /gene="SCD" 

                     /number=1 

     5'UTR           2285..2460 

                     /gene="SCD" 

     CDS             join(2461..2487,3006..3288,8073..8203,9562..9767, 

                     11236..11468,14423..14622) 

                     /gene="SCD" 

                     /codon_start=1 

                     /product="stearoyl-CoA desaturase" 

                     /protein_id="AAR87714.1" 

                     /db_xref="GI:40549310" 

                     /translation="MPAHLLQEEISSSYTTTTTITAPSSRVLQNGGGKLEKTPQYVEE 

                     DIRPEMKDDIYDPTYQDKEGPRPKLEYVWRNIILMSLLHLGALYGIILIPTCKIYTLL 

                     WAFAYYLLSAVGVTAGAHRLWSHRTYKARLPLRVFLIIANTMAFQNDVYEWARDHRAH 

                     HKFSETDADPHNSRRGFFFSHVGWLLVRKHPAVKEKGGLLNMSDLKAEKLVMFQRRYY 

                     KPGILLMCFILPTIVPWYCWGEAFPQSLFVATFLRYAIVLNATWLVNSAAHLYGYRPY 

                     DKTISPRENILVSLGAVGEGFHNYHHTFPYDYSASEYRWHINLTTFFIDCMAALGLAY 

                     DRKKVSKAAILARIKRTGDESYKSG" 

     variation       2528 
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                     /gene="SCD" 

                     /replace="g" 

     variation       2650 

                     /gene="SCD" 

                     /replace="c" 

     variation       2894 

                     /gene="SCD" 

                     /replace="a" 

     exon            3006..3288 

                     /gene="SCD" 

                     /number=2 

     variation       3101 

                     /gene="SCD" 

                     /replace="t" 

     variation       3534 

                     /gene="SCD" 

                     /replace="a" 

     repeat_region   4869..4944 

                     /note="L3b" 

                     /rpt_family="LINE/CR1" 

                     /rpt_type=dispersed 

     repeat_region   5739..5953 

                     /note="PRE1_SS" 

                     /rpt_family="SINE/Pig" 

                     /rpt_type=dispersed 

     repeat_region   6808..7068 

                     /note="PRE1_SS" 

                     /rpt_family="SINE/Pig" 

                     /rpt_type=dispersed 

     repeat_region   7071..7145 

                     /note="MIR" 

                     /rpt_family="SINE/MIR" 

                     /rpt_type=dispersed 

     repeat_region   7188..7440 

                     /note="PRE1_SS" 

                     /rpt_family="SINE/Pig" 

                     /rpt_type=dispersed 

     repeat_region   7571..7598 

                     /note="low complexity GC rich region" 

                     /rpt_type=dispersed 

     exon            8073..8203 

                     /gene="SCD" 

                     /number=3 

     repeat_region   8619..8771 

http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=40549309&itemID=15&view=gbwithparts
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=40549309&itemID=16&view=gbwithparts
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                     /note="MIR" 

                     /rpt_family="SINE/MIR" 

                     /rpt_type=dispersed 

     variation       9261 

                     /gene="SCD" 

                     /replace="g" 

     exon            9562..9767 

                     /gene="SCD" 

                     /number=4 

     variation       10188 

                     /gene="SCD" 

                     /replace="t" 

     variation       10216..10221 

                     /gene="SCD" 

                     /replace="agcttaggaatccacttaggaatctttgta" 

     variation       10246 

                     /gene="SCD" 

                     /replace="c" 

     variation       10447 

                     /gene="SCD" 

                     /replace="a" 

     variation       10498 

                     /gene="SCD" 

                     /replace="g" 

     variation       10542 

                     /gene="SCD" 

                     /replace="g" 

     variation       10551 

                     /gene="SCD" 

                     /replace="c" 

     variation       10552 

                     /gene="SCD" 

                     /replace="a" 

     variation       10601 

                     /gene="SCD" 

                     /replace="a" 

     repeat_region   10940..11101 

                     /note="MIR" 

                     /rpt_family="SINE/MIR" 

                     /rpt_type=dispersed 

     exon            11236..11468 

                     /gene="SCD" 

                     /number=5 

     variation       11754 

http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=40549309&itemID=19&view=gbwithparts
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                     /gene="SCD" 

                     /replace="g" 

     repeat_region   12562..12783 

                     /note="PRE1_SS" 

                     /rpt_family="SINE/Pig" 

                     /rpt_type=dispersed 

     variation       13756..13758 

                     /gene="SCD" 

                     /replace="ctcctc" 

     variation       14416 

                     /gene="SCD" 

                     /replace="g" 

     exon            14423..18470 

                     /gene="SCD" 

                     /number=6 

     3'UTR           14623..18470 

                     /gene="SCD" 

     repeat_region   15468..15646 

                     /note="MLT1L" 

                     /rpt_family="LTR/MaLR" 

                     /rpt_type=dispersed 

     variation       16418 

                     /gene="SCD" 

                     /replace="t" 

     variation       16617 

                     /gene="SCD" 

                     /replace="g" 

     variation       16623 

                     /gene="SCD" 

                     /replace="g" 

     variation       16663 

                     /gene="SCD" 

                     /replace="c" 

     repeat_region   17742..17779 

                     /note="low complexity AT rich region" 

                     /rpt_type=dispersed 

     repeat_region   17941..18032 

                     /note="MON1" 

                     /rpt_family="SINE/Monotremes" 

                     /rpt_type=dispersed 

     polyA_signal    18223..18228 

                     /gene="SCD" 

     polyA_signal    18452..18457 

                     /gene="SCD" 
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     repeat_region   19039..19289 

                     /note="SSSINE1" 

                     /rpt_family="SINE/Pig" 

                     /rpt_type=dispersed 

     variation       19062 

                     /replace="g" 

     repeat_region   19813..19859 

                     /note="PRE1_SS" 

                     /rpt_family="SINE/Pig" 

                     /rpt_type=dispersed 

     repeat_region   20374..20604 

                     /note="PRE1_SS" 

                     /rpt_family="SINE/Pig" 

                     /rpt_type=dispersed 

ORIGIN       

        1 tctagaccct ttgaatttcc acttaaattt tagaatctgc ttgtctattt cctcaaagaa 

       61 atctgttgga tttctatagt gattaaatta atctatagat caacactgag tctgtccatt 

      121 tatgaacaca gaatataaca aattcttttt ttctctctat ttaagagttt taaagttttt 

      181 ctcagcattg ttttgatact ttcagtgtag ctatcctata aacatttaga tttattcttt 

      241 gtgacatttt tgatgttctt ttaatttttg tttttttagg gccgcacctg tggcacatga 

      301 agttcctggg ccaggggtcg aatcagagcc aaagctacca gcctatacca ccaccatagc 

      361 aacgccaggt ctggaccgca tctgtgatgt acgccggagc tcgtgacaat gccagatcct 

      421 taacccactg agcaaggcca gcatgtaacc cacaacctcg tggacactag tcgagttctt 

      481 aacccgctga gccacaagga gaactccatt tttgatgcta ttttaaacag tatattttaa 

      541 atttcattct gcaattgttt tttaatagaa tataggacag aataattttt ttatactggt 

      601 ttctatcttg acctttctaa attcacttac caattttgac acttttttgg tggtagattc 

      661 tatacatttt tcatacacac agttaggtct tctgcaaata ataacagttt ctttcttctt 

      721 ttcctatctt tatatctttc atttcttttt tcctgtccat catgcaacct aggatttcta 

      781 gcacaatgtt gactagaaat ggtagacgat tatatgcttg cctgttctct taaggggaaa 

      841 tttttttttt ttttttttgg tctttttaag cctgcaccca tggctaggaa ctgtagctgc 

      901 tggcctatgc cacagccaca gcaacactgg atccgaactg tatctgtgac ctacaccaca 

      961 gctcatggct atgccagatc cttaacccac tgagcgaggc cagggatcga accctcgacc 

     1021 tcacggttcc tagtcggatt cgtctccgct gcgccacaac gggaactccc acgactaatg 

     1081 attaagtaaa atgattcttg tggactgact tgcctaataa ttctatagct gatagctatt 

     1141 tttgtcccac ttacaagtcc ttttgcctgc ttctggatga aggcacacgc tgcgcttcct 

     1201 cccttttctc atgaaagcca ttccaaaatt acaactcgac aatctgaaga atttccaaaa 

     1261 catcccgcac acgttcgggg tggggggggg gcgtgggcac aaggacggga tcgctcactg 

     1321 gtgcctggcg gcgaacgtcc cctgctgggc ttgcctagta gctgaacgcc gtgcgcgcgt 

     1381 gcaggtccac acatctatct atgcatctac gtgtgtgtac acggctgccg gcctggagac 

     1441 cggcgagttc agcagtacgc atctatcgcc ccgccgccag tgggcggcgc agagccattg 

     1501 ttccgccgcc ggccgaccct cagcccctgc ggcacgcgcg ttcgtcacgg agggaggtgg 

     1561 ggcttcgccg ggcccccggc ccccaacccg gggtttgaag gcacgtctcc ccctcccacg 

     1621 cgtctccgcg agctagaagg cgggagtgga gttgtgcgta gcggtcgccc gcgcggcttc 

     1681 acccacactt tccccggaaa cttccctagt gcccatcctt tcgcgaagtg ccccagggcc 
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     1741 agtcctgggc tagcacccac ctcccacccc cctactgagt cctcttcctc ttccagggaa 

     1801 gacgctctcg agcgcctccg aggaggcagg acgccgggca gaagcccagc ggccggtgga 

     1861 agagaagctg aggaggagaa agggagggga gggggagtga ggagctcgcg gcagagggaa 

     1921 cagcagattg cgccgagcca atggcaacgg caggacgagg tggcaccaaa ttcccttcgg 

     1981 ccaatgacgc gccagagtct acagaagccc attagcattt ccccaggggc aggggcagag 

     2041 gcaggggctg cggagaccga gccgcggagt gtctgcagca tccagttttt gcgtctccgg 

     2101 cccccagcaa gccccggctc tctgtctcct cccctctccc gcccatgcgg ttctcccacg 

     2161 gtgagccaac tctgcgcact ttgccccttc ttggcagcga ataaaagggg tcagaggaaa 

     2221 tacaggatac ggtcgcccac tgccagctct agcctttaaa tacccagcct ggggagaccc 

     2281 acgcacagca ggtcgggtgc agacaccgac ccaacgtgca gcaaagggtt ccgagcgcag 

     2341 catcgctgat ctccgcgcaa gagccggctc cagcactagt ctacgctcag tgcggtctgc 

     2401 cacgaactcc tccctgaagt ctcatccctg ggaaagtgat cccaacgtcc gagagcccag 

     2461 atgccggccc acttgctgca agaggaggtg agtttccaag taatggcccc cagaccgcgg 

     2521 gctcgccagt gctggttggg cttctaggtg actcggtgta gaagagagtt gagatcgccg 

     2581 aggacagcca cctttttcga gttgtatagt cttcagtttg ttgggaatgt ggattgtaat 

     2641 ttgggaactt agttctccaa cttttgtttc ctaaagcttc aaagaaaaat ctggtggtac 

     2701 ctgtaccctg atgtgtgtag gcatgcgggc tttcctttgt gtgtttgaag gggtgcgagt 

     2761 gttttacccc tctatttccc cttcccctga ggtttcaccc tcctccccaa tttctccgca 

     2821 cagttcctgg ggacttgcgt ctcttccatc taggatagac cttgccctca ggtaacctgg 

     2881 gtattggggc caggtctgtg cctatacccc gcccttcccc cagctagacc agggagtgaa 

     2941 gtggccccta gtgtctccac gtgtcctccc ctctctccca gctctgcact tccactctct 

     3001 ttcagatctc tagctcctac acaaccacca ctaccatcac agcaccttcc tccagggtcc 

     3061 tgcagaatgg agggggcaag ttggagaaga ctccccaata cgtggaagaa gacatccgcc 

     3121 ctgaaatgaa agatgacatc tatgacccaa cctaccagga taaggagggc ccaaggccca 

     3181 agcttgaata tgtttggaga aacatcatcc tcatgagtct gctacacttg ggagccctgt 

     3241 atgggatcat attgatcccc acctgcaaga tatacacctt gctctggggt aagaggtccc 

     3301 cttgtcctcc tgtctcagta tcccaggttc tctccactct tttaatacag tagcaactta 

     3361 cacagagtag aaacaccagc ccctccaggc cgaggttttt ccaaccattt ctcttaggtg 

     3421 ttgtggtggg ctgggaaggg agtctagggg gtttgggatg caggagtgtc gattctgggg 

     3481 cctttaattt gggggggggg ttggagaggg agccctggga ccatgggcca caggctttga 

     3541 agtgagtaga tctgtgccag ggagtcagct tttctgtttc aagtcatttt cttgactgct 

     3601 tgtcccagcc ctgccagcct agaaagaatc aaggccctta cctggatgca tgggaacatg 

     3661 gggctagact agtgtgactt tagagggcac atgctgggta tagtcacggg gtagcaagag 

     3721 aaactactca ggaagagggt taagcagaag aggggggaag agagctgtgg tcatccatga 

     3781 aattattttg ccctgatcct tagccttatc aggctcctta attacacaga cagaggaagg 

     3841 cggctcctgc ataactcatg ttacatggat gtcttgctct gtgactccac gtgggtctcc 

     3901 agggaactgc acatgccact caagaaaatg ttctaatgaa ataaggttaa agaaacgttt 

     3961 cctgccccat tccccaccca tcctgctcca gcccctctcc cctgatgcca ggagtgcctc 

     4021 cttgctgggg acagccaagc cagaaaagag actccggagc agccccggcc ctcaggctgc 

     4081 tgcagtgagg gagacagtcc cccgtgcgtc cctgacctgc ccttagctca gctctttcag 

     4141 gaatccatgg cttgggctga tagtggagcc ctgccccctc acacacatgc gctctgcagg 

     4201 cattgccact cctgcctcga gtctgacttg ggaagaggag agcagggaac tctaaagatc 

     4261 caggagctcc atgctgctac cctctgtgat gggtgtgggg ttcagaactc cctgttcaga 

     4321 aagccacggt atggtttctg gagcagtgtc ggatgttggg tccttgctgg cagctatgct 



     4381 cttggagggt ggttctacag aaggactggt gggccaagtt tcagcaaagt cctccaggac 

     4441 ctctttgatc taaagagggt ggatctggtc tgcggagcct tgtcttggca gatcctcttg 

     4501 gtgccacaga cagagaaatg catctgggta gattccctct ctcaattttc ccagacacaa 

     4561 actggggaca acaggacttt ttttaagctt agaaaggtag tgctcctctt ttggcctccc 

     4621 tgaagcatgt ggagttgccg gaccggggat cagacctaag cctcagctgc aggaatgccg 

     4681 gatccttaac ccaccctacc aggccgggat tccacctgag tcccagcatt cccaaggtgc 

     4741 cgctgatccc gttgtgctac agcggacatt ccaagaaagg tgctcctgga gttcctcgag 

     4801 tgtcattgct ggggccagcc aggtgcagag gaaatcaatt catcctcaga ccaggaaggg 

     4861 ctcttataat tgtaagggga gggggacttc tgctccccag cccctctgag aacccagcag 

     4921 agcttgagtt gcagtgtgag gaatcaagag ccagggacat ggatgcccca gggaatctgt 

     4981 gggctcccct cctgacccct tctcccccat agaggagtct tcacaagttt agtcacttcc 

     5041 aagtccccct ccagcctcag gactccctgt cggcctcgtt aagttccgag tttggccagg 

     5101 cagctgctgc tggctcttct cccttggctg ctactgcagg ggacaggatg ctgtccccaa 

     5161 ccaaggctgt gcctgccgcc tttttggtgc cctgcctgta gatgtgtgct ctgcccttgg 

     5221 acagaaacct gtcacacaga ctggatggtg acttttttac ttgtccctgg atcctgtggt 

     5281 ggtggatggc ttagctgatg gaatgaccat tttggtatgg ccatatccga gctcctctgg 

     5341 tggagttggg gggagggtca gagttcccga accttaagag ttcaggaact tggcttcatc 

     5401 ttttcttgtc ttgtccctaa ggacagtgct gaattagcaa atggttgtga ttccagcatt 

     5461 tgtcaggact gagcaatttt gagtgtctca gaagagccct gagggctgaa gcgatacctg 

     5521 gcagcacctg ggggctctga ggcgaaacgt ctccaggctc ttccttaggg ctaaaactat 

     5581 gaagttttgc ttaaccataa atctagactt tagtagagaa tgaatatcca actgacaggc 

     5641 ttaggggtgc tggtagaaaa aggcaccaga gacttgggtg tttccccagg ttctctgtta 

     5701 ggatcatatg tgcttccatt tttgtgcttt gcttttttag ggccacactt gcggcatatg 

     5761 taagttccca ggctaggggt caaatgggag ctgcagttgc tggcctacac cacagccaca 

     5821 gcaactccca cgtacaccac agttcatggc aatgctagat ctttaaccca ctgagtgagg 

     5881 ccaggcatca cacccatgtc ctcatggata ctagtcaggt tcgtaattca ctgagccaca 

     5941 gtcagaactg cctgcgtgtg ctttctgagt cagcttgcca gggtcttcgg ttgcatgtaa 

     6001 ccaccccagt agcttcctgg gttctgagct acctctttcg tgctcaaaga cttttcttgg 

     6061 cctttggtga ttggcgggct gcggctcaac tgttatttat ccaggtgcag atgcaggcag 

     6121 atgctgcctc tgggaggata ttaccacaag gcgggggagg ccagaaaatc acctggaccc 

     6181 ctaatgcagc cccgaggacc gtgggtggca cttccctgag acagactctg gctccctggc 

     6241 tctcctccct gtcctgtagg aggaataggc tagggtagag gaaggtgggt gggacagggg 

     6301 gcttgtttag gaaactggtg tctgtggctg agaacacaag acaatgtgtt acaatgtgtg 

     6361 gtgtctccaa ctgcaactaa gttcagtggc cactgaggat ccattgtttc tagctgcttc 

     6421 cctaggaatg aaacattgtc aacagtcact gctctcccaa ggcctcagcc tctgcctcct 

     6481 agagctgctg aacagaggaa ggtgggtgtg cccagcaacc cgcctcccag ttagagactc 

     6541 caacctgcac ccctagaacc tgcaggcccc caggaagatg aggtagacag cgctggggtg 

     6601 ccccccacca cagctttgag cctgccctac cgttgcctag aattaaccct gacgggggta 

     6661 tgagctgact gaggaaggtg gcaaaggaga gatgcaggag cgctgcgagt atcttgggcg 

     6721 gggggggcat ggtaaacatc ctcgagccag ggctcaggag caccaagtac ttgttgacag 

     6781 aacacctcat ttcaaaccat ggctccattt tttttttttt tttccttttg ctttttaggg 

     6841 ccacaccttc ggcatatgga ggttcccagg ctaggggtct aatcagagct gtagccaccc 

     6901 acctacacca cagccatagg aactcaggat ccgagccgca tctgcgacct attccatagc 

     6961 tcactgcaac gccagatcct taactcactg agtgatccca gggatcgaac atgcaacctc 



     7021 atggttacta gttggattag tttttgctgc gccacaacag gaactcctat ggctcccttt 

     7081 cttactagcc atgtggcctt agataaacac ttaatctttc tgagtgtcta tttctttggc 

     7141 ttaaacccca tgcaaggtat ccagtgaatc aaagaataca gaaatctgga gttcccctta 

     7201 tgtctcagcc gtaacgaacc tgactagtat ccataaggac tcgggttgat ccctggaccc 

     7261 gctcagtggg ttaaatatcc agcattcctg taagctgtgg tgtgggttgc agacacagct 

     7321 ggggtctggc gtggctgtgg cgtacgttgg cggctgtggc tccaattcca cccctagcct 

     7381 gggagcttcc atatgctggg gatgtggctc tagaaacaaa cacaaacaaa caaacaaaaa 

     7441 tccttggcaa agcttaagac tgtgcagata tgacttaggt gcaaggcgag ttttccccat 

     7501 tctgtgacca cgcagtctgc caaaagactg aaatggtttt gtaccagatg gtaaatagct 

     7561 ctagttctga gccccccccc cgccccccgc tgccccccat gtcccctaga acccagagtc 

     7621 cctcaaactg gtcagtgccc aggccatcct gtcttacata ttttaatact gcccttgttt 

     7681 atgggtcttc agctctgcaa gagtactctg tggtccttaa aactgtggag aagcttagtg 

     7741 aaggtcagag gagatgggac ctgggataat gtccttcatg acagagaatg acaagtggct 

     7801 ggagggtgag agccctcttc tctgtcccgc cttcctgaac tttctgggac ctgtaagctt 

     7861 attccagctg tgaggctaag aggataggag gcgatggtaa tttttttcca agtggtaaaa 

     7921 ttgaagggga ctaagagatc taggtgtccg tggagttcag ggaaaagcag atcctcacct 

     7981 gcagcctgaa ggacacctag acgctgacct gaggagaaca tcacgtgtaa gacttgcccc 

     8041 gattactgac tccctgtcct gtcttccggc agcgtttgcc tactatctgc tgagtgctgt 

     8101 gggtgtcacg gcaggagctc accgcctgtg gagtcaccga acttacaaag ctcgactgcc 

     8161 cctgcgggtc ttcctgatca ttgccaacac gatggcattc caggtaagaa gccagctgtg 

     8221 ctcagctctt tatcaaacgc aggcgatggg tgcctggaag ggagcagcac ctggacagct 

     8281 acttcacttt cctctctgct tccagtcacc tcaagttcag gttcagtcct tgggtccata 

     8341 acacctgcag tactttggag tgactggaaa agggaaatag gggataaaga ggaaatagcc 

     8401 tctgtgtata ggatcgtttt cgagcctccg ttgtcacaca gtctggtcgt tgtggtccct 

     8461 tcattagtgc acgaggcagg aactgaccct gatttcctag gcagccgttg gacaatacat 

     8521 tcactatttt aggtgaacat ctcaggactc caccaaaagg gattaaagtt aatgtttcac 

     8581 agattcatga accctattgt tttcaggtga gaagatcaaa cacttttata gtgttaacta 

     8641 tacctcctgg ccctattctg agcacttgac aaggattaca ccattaagcc ctcccaacag 

     8701 tcttaggagg ttggtactgt tgtgatcccc atttcacgga gggggaagct gtgtcactga 

     8761 gggtgtaggt agaccatcat tatggtcctg tgttgagctg ccaagctgtc taagtcaaat 

     8821 attgaggtct gctgaagccg gaagctcata gcagggaatt ggagaaaggg aactccgagt 

     8881 tattgaacag cagcactggg caaaggctag catgttgtgt ggggcttagc ttggatcaag 

     8941 gggcaaaaag aaggaaacca aatcggttcc tttcttcgtg gcagtgtctc acacagctgc 

     9001 ataactgtct tctgccatag cacttaacgc cttgaaggcc cctgatgtgg tccctgttgg 

     9061 ggcaaaagaa ggaagagata ttggcaccct ctctaagcga tagaaagtgt cccagaggag 

     9121 cccagagacc atttggaaat gcggtcaaat catgattatg tgtctggcct tgttgagttg 

     9181 tgggagctga atcttgccaa gggattaggc agcctgtgaa gaccctttgc tccagttctt 

     9241 gctggaagaa ttgcaatttt acctcctagt gaaactcttc aagctctata caatccatct 

     9301 ccattctgcc caccatataa cccgcaagaa gcagccagcc ctattcatgt ggtcctgaga 

     9361 cttgaaggtg cttttccact taagcatcag tggccagtta gagaggaggc aactccctga 

     9421 ctcctccttt ggagccctga ctcccaggta tttcgcgagc ttgggctgag cgcctcgggc 

     9481 tcttgaagac acctagccat tggcattccc ctgagagggt gtctctcctc aggcctccat 

     9541 tcctcttctc tgtccctcca gaatgacgtt tatgaatggg cccgagatca ccgtgcccac 

     9601 cacaagtttt cagaaacaga tgctgatccc cacaattccc gacgtggctt tttcttctct 



     9661 cacgtgggtt ggctgcttgt gcgcaaacac ccagccgtca aagagaaggg tggtttgctt 

     9721 aacatgtctg acctaaaagc cgagaagctg gtgatgttcc agaggaggtg agtgctgtgg 

     9781 tggtggagct gggcgcctgg tgtttgggga caccctctcc cctccctgtt ttttcttcta 

     9841 ggacttgtcc acataagctg ggaaactgac agggtctgcc taccccaaat cataattcaa 

     9901 aacccttctt ttatgggcca cagccataga ctgttgttga ttctttctct ctgagctaaa 

     9961 aaaaaaacca gttaaggtca acaatgtgtg ttgacctgtt acagtcatgg atacaaagct 

    10021 acatgttgcc atagtcctta ccttcaagaa gttcatagcc tgttggggat gggagcacta 

    10081 agccaggtgt ccaaatacct atgacatggc aaaatatttt tctgtcccca ggaaaggcac 

    10141 agaggggagg gagactgtgg agtggggaac attagagaag ggttttagga gaaggtagct 

    10201 taggaatcca ctggtggata gagattttca caagtgttgg cggaggggga ggcagtgcaa 

    10261 acagaaagaa tgagctaaag catgaagcat gttccagcaa tagagtccct ctgcttaaag 

    10321 tacagggtgt ggtaggaaat aaagactaga gagaccgaga cctttcttgt ggggccttaa 

    10381 gagcagacag ggtttaattc aactccagca ataggaaacc atggaagggt ttttgagccg 

    10441 gaatgtggtc agaggtgtgc tctggagagg tcaccctgca gataggtgaa agaaaccatt 

    10501 gggctgaaga ggtgagctgc agggccccag gtgaggaggt actgggcatc tgtgctgggg 

    10561 aagtggtggc acggagagga ggcgaaatgt ggggacacac gtgatccaag agtagcagac 

    10621 ttgactgctg aagaggtgca ggaaatcagc tccctcggaa tgtcagtagc ctgttttact 

    10681 ttgggagaat gaagaatggg ccagggcctc cagagggaca gcctgcaggc atccgggaca 

    10741 ctcggtgtgc ccctgagggg aaaagaagag aaaggatcag aaggcttgct ggctagcaag 

    10801 agaggaaggc aagataccaa acacagattc tgcaaagagc actgacacca agagaggagc 

    10861 aggcagaatg gaaagacctg ggcaggagaa ctcagttcag taatctgtaa tttgggccgc 

    10921 ccctgttgtg gtacgattag gctgtggtca aagagagcaa tggatggaga gtcgggagac 

    10981 aaggcattcc agcccttgct ccactggttc ctggtggtat gaccctagaa aagtcattta 

    11041 gcccctcctt accttacctc atcaaaaaag tatgataata acactgcctt ctcaaaagac 

    11101 tacccacccc atccctcttg ctctgtttcc tgccaccttg tgctcacagc gtagagggta 

    11161 ggggacagct cagccccatg aaaggacaaa gtcagagtcc cctccatgaa tggggtgtgt 

    11221 gatctctccc tgtaggtact acaaacccgg tatcctgttg atgtgcttca tcctgcccac 

    11281 gatcgtgccc tggtattgct ggggtgaagc ttttccccaa agcctgttcg tcgccacctt 

    11341 tcttcgttac gccatcgtgc tcaatgccac ctggctggta aacagtgctg cccacctata 

    11401 cggatatcgc ccttatgaca agactattag cccccgggag aatatcctgg tttcattggg 

    11461 agctgtgggt aagttagcag tccatagcaa gaccccatct agtgggctgc tggttaagag 

    11521 tattagacta ggagccagaa aaaccagatt aacctgcttt atgacccctc tctgtttctc 

    11581 tgctataaaa ctaaggtgca atagtagata ccccttgaga gttgggcagc aagtcttata 

    11641 taaagagaat tgggctaaaa aataacaatg tctctgagtc caggttccaa aaagatcccc 

    11701 aggtgctctg gatgaggaac cgctttggct tgtccttttt ccagtcatct ctgagctggc 

    11761 acatggtctg gctaggggca gggactgcat gaatagaaca gtagggtctt ctgggtggcc 

    11821 agtaagccta gtgttttata tttagacatg ctatacaaaa tgcagaacaa atccttaaca 

    11881 tttcaacaag cttctctttt atcaccttgc tatattcaga gaggctgaac tcaaagtgta 

    11941 tttcatgcct tattgtttgg tgatgccaac atgaaggacc tcaaagcaac tgttggtggc 

    12001 ccttttatca ccgccgaccg ctctcatctc ttgtccttta ttcttctctt gtcctttatt 

    12061 cttctctaac ccgtgctggg aacacccgct ccccttaaca tggcttggag aactcctgat 

    12121 aaagcagtta atttgatcac aagtctctgc tcactgatct aatgctgact attcaagaat 

    12181 atctttctaa aaaaaaaaaa agttatatct ttctctcatt ccagttgcaa tagccagaat 

    12241 ctaagacaac agtgttctac catctgtctc ccttttattt tttcccctgc cactcttttc 



    12301 aactaaacat agatcttgac taacgcctgg aagcagtttt ccttaagcag cgcctgtgac 

    12361 ctcttccacg ccagtgatca gtgccactgg ttgtctggca tatctaggca acctccctgc 

    12421 tccccacatg tgtgtacact gcggcctagc ttttgctttg ttctctttaa aacctttctt 

    12481 tatgtgctca accctgagca tctttttttt tacaatctgt actaaagaca tttcatttgt 

    12541 atcttttttt tttttttttt tagtgccgca cctgtgccat atggaagttc ccaggctagg 

    12601 ggtccaatcc gagctacagc tgctggcctc caccacagcc acggcaatgc cagatccaag 

    12661 caacctacac cacagctcat ggcaatgctg gatccttaac ccactgagca aggccaggga 

    12721 ttgaacccac aacctcatgg ttcctagttg gatttgtttt tgctgagcca caaggggaac 

    12781 tcctgtatct ctttttaact ttcatgtatc ttccccctcc tttcagggac cctctaccat 

    12841 tgtgcatgta tctactctga accatgtttg aaatctaaca ggctattttc atagatttat 

    12901 gaatgttgcg gaagtttctg gaatgagact ggtcctggat ttagaatgag ctcccccaac 

    12961 cccagtctct ttctaaccat ccgttcaaag tagctgccaa catcttcctt tgtctcaatt 

    13021 atcattcatc cctccatcct ggctgctctc ccccttatta cctcaccctt tgttctccca 

    13081 tagctggctt ccctgtcatt ctaatctttt tcttcttgaa ttacctcccc cacagtcaca 

    13141 tgctcatctc tccgctaaag ctgacctcct gccttgagcc tctcctggac tgtgtcttgc 

    13201 tgccccagtt gcagagtctt gtccttctcc tctttttttc tcccttggca actagtgtgt 

    13261 gtctgattaa agttttaaat ctgataagta tatctgataa gcctggctag tgcttatcaa 

    13321 gatcctagct gcagaatttt atggaaattc gtacttttag ccttggggtt atcctaccct 

    13381 cctactcagt tcacactaga taagctgatt atccacttgg tagagagtca gacagaggac 

    13441 ctacctcgaa tgatgccctg gatggtgtca tttcctttgc agaatttcct tccttgcttg 

    13501 ttattaatgt cattactact ctactaaggc tctttcatct tcaaagggct caacatgctc 

    13561 ttttattagc tattcttgcc cagctctgcc tgggcgtcat aaggggtcag cattgtcata 

    13621 gttgaatgct gttcggaaaa aagatcccgc caagggttgg agacctctgg ctctggagtt 

    13681 tgcacagctc aactcatgac agacattatt ctgaatccag agtttctctg attttcttct 

    13741 atggagcaaa gtgaactctt ctcagaagca tagaggtttt ttattctaat tctaagcctt 

    13801 ttgattctgt ttccctcaga gagcttctgt cttatcagct tgacccccac accaggattc 

    13861 aagctcaaag aattagaagc cagagcagtc ccctctgaac cagtggaaac tgaggaaatg 

    13921 tgggcccctg gtctgggcct ctttctgact tttgactgtt ggtgcctgat tccgtggtac 

    13981 cttctgccct tagagatggt atggtacagt ggggaaaggt ataccccctt gctcaccttt 

    14041 ttcagaaaca cggcagcagt tctttgttct agactcttct ctcctcaccc taacacatgc 

    14101 tcactcatac agagctttaa ggtctcagac caataactag tgaagctctg gaatttccca 

    14161 atctaaaatt tatcccctgt gatagcagtt tctctccggt catcttatcc cctcagagga 

    14221 actgtcagtc ctcttcccac agaggctccc agagagccat ggcgaccagg gtgtccccag 

    14281 ttgtttctta aggtgcctct gaggggatct atttagttga aaagactgga ttcattcatt 

    14341 caaccacagc aagttatctg ctaggtttga gctgtgccac ccccagtgta gcttcatgac 

    14401 ttttctctgc tttttattcc aggtgagggc ttccacaact accaccacac ctttccctat 

    14461 gactattctg ccagcgagta ccgctggcac atcaacttaa ccacgttctt catcgactgc 

    14521 atggctgccc tgggtctggc ttatgaccgg aagaaagtat ccaaggctgc catcttggcc 

    14581 aggattaaaa gaactggaga tgagagctac aagagtggct gagtttgggg tcccttgggt 

    14641 tccttttctg aaagccagct gggcagaggt ttaatgttct gtttattaac tactgaataa 

    14701 tgctaccagg atgctaaaga tgatgatgtt aacccgttcc agtacagtat tcttttaaaa 

    14761 tttcttttaa gattgaaagc ctacaattct gcctttatga tgctaagctc atattcttgt 

    14821 ttcttctctc tcttctagtc ccattgtcct tctcttggct ttgttcctgt caccttcctc 

    14881 tctcttcccc ctcactgtgc cccaggcaag gagctggtca gtcgttggtg ggtttccagc 



    14941 ttccaaagcc tagacctttc agtagtccaa aactggtgag cggtctttgc cccagatagc 

    15001 tctttctttg agttgtcctg agctttaagg tgggtggctc aagggagaga ggtgataaaa 

    15061 tcttctggga aagcccctgt tcattatttt cagcccagac ttttgctcaa tgacaaaaat 

    15121 aactctattt tggcacaaag cttcgaaagc aggtaacttg tcaggggagg gagttagcat 

    15181 gctgtgtgtg gtggggttga taaagaaggg ggaggtgagg tgggaaacca ggcaggaggc 

    15241 tcctgctgtg atgggacact cggctgactg cccagtgagg gctttgcgcc ctggcacaca 

    15301 gcatgcttcc tttctctcct gactctgggg aatggccgtg gaacttggca atgctagaac 

    15361 tcaaaagcac atcccagtgt cccaatgtac gttaggctga ggataaagaa gcagcattta 

    15421 gtttgtggca gcagtggtct ctgctgggga agaagtcttt cttgtctctt taataacagg 

    15481 aagatttctt attccataga gtgagaaatc ttgaggttct ttccggaatt gctgaatcgg 

    15541 caactcatgg aattgtcctc actcttttca tcttcccgct ctgccatctt tgggatacag 

    15601 ctcccctcat agtaacaata aggtggctgc cgcattttga gacatcggaa ctgaggtgtg 

    15661 ttggtggtac cgtggtgagc ttaactatct tcccaaaaag aaaggatttt agcaggtgga 

    15721 ggtgggtccc acataaagat agttaaacct cggtactttg cttggaatac caacataatt 

    15781 ctcttggact atttccctct gaaagagaag gaggcttgag aagaggaaga atgggggtgg 

    15841 atggtctcct ttcctctctc tgctgaacag gagatggagg ggttgagggg cagggtctag 

    15901 aggcagctcc tgagacataa cattgcaaac gaagggctct gggggattca gaaggttact 

    15961 gagtaagtta ctggacgtcc tcctatggga agctggtcac acaggcaagt tagatattgg 

    16021 ggttcatttc attcattcca gttgctgctt ggaataagga actagaaggc tgctccccac 

    16081 agtgtgaaag cctttcactc ctgccttcta gcctcaagcg tactaccctg actatggatt 

    16141 cctgctctgc cctgtctatc cgttttttcc tgccggttct atctcctccc tgaggttttt 

    16201 cctttctctc tggagggcag gcctcctttg ggagtatgca aaggcagtga tggctgctgc 

    16261 tctacaggca gcttcctctc ccacagtcag aatgctcagg gtcactgaac cactgtttct 

    16321 cttcacaaag gtgagctagc tgccacctcc acgtggcctc cagagtctcc acctgcaccc 

    16381 ttgtgctccc ctgccactcc aatgattcaa gacaaggcgg gcaaaccctc ctagaaacat 

    16441 cccgggcacg ggcatccttt ctcataaggc acagccaagc caaatgctca cgttgtgcca 

    16501 gtgagtcagc cacagagcaa aagagggttt gtggttagtc tcctctatct gggtcagaac 

    16561 cagagagcag gctggatgcc ccctgcttgc tcggtaagcc tgcccagcct gagtcaatgc 

    16621 tcacggctga cagtgcaatg cttgcagaaa caggagggag cctggtcttc actgggaagc 

    16681 acaagaggcc aagacaagtt ccaaagtgcc tcactcgaaa gggaaccctg tcccctggag 

    16741 ctagggtgta ccacaaagct ttggctgagt cttgggctga acagcgtctc tgttcagcaa 

    16801 actaaccagc attccctaca gcacagccca aggcagacaa gagaatagaa gagggctgga 

    16861 aaacaaaaaa taagaacctt ggcccactcc tgtccctgta acctcagtcg tcaacacaga 

    16921 agcctggctt tactctaaag attggaaata tacaatacca gatgctctgt ccactgttga 

    16981 gccccaggag tggaagggca gagagcattt cttcctgtat taactgagta aatggaggat 

    17041 aaaggggttg ggctggacta gaggcatctt tgtcttttga gccattcttc tcagtagaaa 

    17101 aaaaagctga tggaagatca ctgtagttca cattcccaga cccaagcacc tactctttgg 

    17161 aaatgactgt tgggttagtt ttaattccac aggtcgtcag atgcctgctt tatagctgat 

    17221 gatcaaaacc aacttttatc tttctattct aattgttttc aatggatctg atccatacca 

    17281 taaccctaca caaggctgga tggggttctt aggccaaggg ccccagtgta tgtgtggatg 

    17341 tgtagggtgg gagggcgggg agtaaggaat acttttttca aggttctaaa gctgaattca 

    17401 aatgacgcat taatgaccca gaaactcaga tctgatagaa tctgaatttc taacaggcct 

    17461 tgctttgtag gtgtactgac aacttatctg ggggccttac atctttttta atcggtgtta 

    17521 cgtccgagcc tgctctgctc cctcactccc tctgcactcc ctctgtggcg ttcccttgcc 



    17581 cctgagagcc tgcagaagtg gctggtagaa gtggggggct ggctggagaa ttatcagtat 

    17641 gcaggattcc tttctgggct ttgttttgga aactttcctt agggctgttt ttattaagtg 

    17701 cccacatttg acggaaggtg gaaggaattt gaatgtattt gatttataat gttattatta 

    17761 ttattttttt agattaaaag atggttgtag catttaaaac ggaaaccttt tctcctggtt 

    17821 agctagtatc ctgagtgtat tctctgtaag tgtagctcaa atgggtcagc gtgaagaaaa 

    17881 gttaaagaaa gcacgatgtc aaggttacac gggtggttaa ggccagggcc tctcctacca 

    17941 ctgtgccact gacttgctat gtgaccctgg gcaagtcatt taactataat gtgcctcagt 

    18001 tttccttctg ttaaaatggg ataataatac tgacctacct caaagggcag ttttgaggcg 

    18061 tgactaatgc tttttataaa gcattttggg atccttcagc agaggaattc tcttaagtcc 

    18121 tgagtatttt tataataaca gtatccacca tgaactgtgt ccaccatgaa ccctgtgtcc 

    18181 tggatgctgt cattaatctt tatggttctc tctgagaaat tgaataaacc caatagataa 

    18241 gtggtggata actagtcaga cagaatctga gaatgcataa actcattgcc atggaaacat 

    18301 acacaggata ccttttcctt gattgggtgg gattttttcc cctttttatg tgggatagta 

    18361 gttatttgtg gcctaagaat aattttggaa taatttctat taatatcaac tctgaagcta 

    18421 gttgtactga tctgagattg tgtttgttca taataaaagg gaagtgaatc tgattgcctt 

    18481 gtgtctgaga ggttttttgc ctgtgagtca gtctcttggg acttaatctg ccaccctatg 

    18541 tcctgttcct gtacctttaa gagagtaaaa aaagtagaag ctacaatggt tgattcacac 

    18601 tctagtaacc cgccctgccc tccctgccct tcttaggggt aactttaggt taaactcagc 

    18661 cttggcagca ggaagccagg agtctgctgc cattagatca gacatgttaa ccccagctgg 

    18721 ctctttggcc ctggggaaat gccaggtctc tttcggtaac atgggccaaa atgatactga 

    18781 gagaggaaag gagcagcagg tgacacttcc ctggaaaggg gttctgtacc tggcaaccca 

    18841 ggctgggcca tcctgcttca ttcctctgaa atgtagcccc ttctgggaat aaagtggctt 

    18901 cctgaaaatg ctgattaaca acagcaggaa gaaaggaaaa gcaatcctag agaagccttg 

    18961 taaattcctg gaatagagag ggcttcatga tcatcaacta gaaaggcttt ggcttttact 

    19021 gctttagcta agaatctttt tttttttttt tttttttttt gtctttttgc tatttctttg 

    19081 ggtcgctcct gcagcatatg gaggttccca ggctaggggt ccacagcaac gcgggatccg 

    19141 agccgcgtct gcaacctaca ccacagctca cagcaacacc agatccttaa cccactgagc 

    19201 aggggcaggg accgaacccc caacctcatg attcctagtc ggattcgttg accactgcgc 

    19261 cacgacggga actcagctaa gaatcttgat gtgcaaacga gaagggcttt ttttgaagag 

    19321 gcttcatttt ccaacaggag ccacctaagc ttctgagcat tccccagacc ccccccttac 

    19381 actttctagt gtaacgtcgc cctcaccttg gacaagcacg actctcagtg attcatccca 

    19441 aatcaagtct atattcagtg aggccttgcc aggccttaat aacgtaaatt gatggtggca 

    19501 ctttcttaat atctggcttt ctaccccttt ccctctattg tgtttaaaat gttcgggttg 

    19561 gaccattttt ccattttata taatggcatg gttccgccca agtctctgtt tttggaggca 

    19621 aagacatcag ccacatgaga aagggcagct gtgataaact atagtgagtc taggatgata 

    19681 ctcatgaaac caaattcctt ggaacaatct atatcagata gagggattgg gaccatgcgt 

    19741 caacagaaat ctcacaccct cttttttttt cttttctttt ttggtcgcac atgcagcaca 

    19801 ttgaagttcc tatgtgacct atgccacagc tagggcaatg ttggatcctt aacccactgt 

    19861 gccacagcag gaactcgcta tgacaacatt tggtgcagga aacccaaatt gtgagtccac 

    19921 cagactcaat aacatttact ataaacagcc attgtagtga gtgcttgaca gtgcattatc 

    19981 acagcatttc caaagcaggt gccatcatta ccctaatttt attgatgaaa ttccctagaa 

    20041 gagaaagaac acaaggcgag ggagtatgca aggatgctgt gattcagctc agaactttgc 

    20101 ttatttactg ctctccaaat gggtgtaaag tagataagca acttgataag tctggatgca 

    20161 taagtcccat atatgtaagt agatgcctgg cgatattcag ttatgctcag aggtaaaact 



    20221 tggtagcaat ggtacagagc ttagtttatg caaagtcaaa tcgcagatgt gtcctctgtt 

    20281 ccagaggaac ccaactcact ccacctcccg acatgtttta acattcaacc acacctgagt 

    20341 tttaaagctc tcagaccata gaaaccattt cttgggccgc tcccacggca tatggaggtt 

    20401 cccaggctag gggtcgaatc ggagctgtag ccaccagcct acgccacagc cacagcaatg 

    20461 tgggatccga gcctcatctg caacctacac cacagctcac ggcaatgctg gatccttaac 

    20521 ccactgagca aggccaggga tcgaacccgc aaactcatgg ttcctagtca gatttgttaa 

    20581 ccactgagcc atgatgggaa ctcctcctct atcgttttgc aaaccatact ccatccaccc 

    20641 tgctcttgtg ttttgagatc tttaagggca tctcttcttt tagaaatgtc tcctgcccct 

    20701 aatggatcag tgcttaataa aagtattgaa agacctcgtt tctagtttta aattctgtct 

    20761 ctgtgacaaa ctgtgtgaaa tgtcacaggg agtgggaatt gcattctgtg acctgtagtt 

    20821 aacttactaa actgcaggca aaaagccgat tcctgcatgc tgactttggg gcaaatacca 

    20881 caagctctaa ttgcaggttc caagaagttg agattctata ctgggattgc ccctcccccg 

    20941 cccggggcct gcccagcctg ctgcaaccca ggccacagag agctc 
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