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Abstract

The high and low alcohol-drinking (HAD and LAD) rats were selectively bred for differences in 

alcohol intake. The HAD/LAD rats originated from the N/Nih heterogeneous stock (HS) 

developed from intercrossing 8 inbred rat strains. The HAD × LAD F2 were genotyped, and a 

powerful analytical approach, utilizing ancestral recombination as well as F2 recombination, was 

used to narrow a QTL for alcohol drinking to a 2 cM region on distal chromosome 10 that was in 

common in the HAD1/LAD1 and HAD2/LAD2 analyses. Quantitative real time PCR (qRT-PCR) 

was used to examine mRNA expression of 6 candidate genes (Crebbp, Trap1, Gnptg, Clcn7, 
Fahd1, and Mapk8ip3) located within the narrowed QTL region in the HAD1/LAD1 rats. 

Expression was examined in 5 brain regions, including the nucleus accumbens, amygdala, caudate 

putamen, hippocampus, and pre-frontal cortex. All six genes showed differential expression in at 

least one brain region. Of the genes tested in this study, Crebbp and Mapk8ip3 may be the most 

promising candidates with regard to alcohol drinking.
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Introduction

The impact of genes on the risk for developing alcoholism has been firmly established in 

humans. There is also a strong genetic component in the response to alcohol in animals. 

Animal models with phenotypic traits similar to the human condition have been useful in 

identifying genetic loci that may influence this complex disease. One animal model, the 

High- and Low-Alcohol Drinking (HAD and LAD) rats, has been used to map quantitative 

trait loci (QTL) for alcohol preference and consumption. The HAD1/LAD1 and the HAD2/

LAD2 rats were independently derived from the N/Nih heterogeneous stock rats, developed 

by intercrossing 8 inbred rat strains (ACI/N, WKY/N, F344/N, BUF/N, BN/Ssn, WN/N, 

M520/N, and Mr/N) with a wide range of alcohol preference and other alcohol-related 

phenotypes (Hansen & Spuhler, 1984; Li & Lumeng, 1984; Li et al., 1993; Spuhler & 

Deitrich, 1984). Consequently, both the HAD1/LAD1 and HAD2/LAD2 rat lines are 

genetically diverse, and theoretically, could have as many as 8 alleles at any given loci in 

which all parent strains differ.

In a previous study, a QTL for alcohol preference was identified on distal chromosome 10 in 

the HAD1/LAD1 rats (Foroud et al., 2000) and later confirmed in the HAD2/LAD2 lines 

(Carr et al., 2003). Because the QTL on chromosome 10 exhibited linkage in both studies, 

further assessment of the region was warranted. Therefore, in the present study, we used a 

powerful analytical approach, utilizing ancestral recombination (from the aforementioned 8 

inbred strains) as well as F2 recombination to narrow the chromosome 10 QTL in both the 

HAD1/LAD1 and HAD2/LAD2 lines. This approach is implemented computationally by 

calculating the probability that a marker genotype or haplotype is inherited identical by 

descent (IBD) from each of the 8 inbred founders crossed to generate the N/Nih HS and 

subsequently the HAD × LAD F2 animals. This in turn allows the QTL to be mapped to a 

narrower segment among the F2 progeny with more extreme phenotypic values. This study 

design and analytic approach was successfully implemented in a recent study using HS mice 

(Valdar et al., 2006).

To further assess the molecular mechanisms underlying this QTL, we took advantage of 

unpublished microarray data that were available for the iHAD1/iLAD1 rats, which are 

inbred strains developed from the HAD1/LAD1 lines. We examined mRNA expression of 

six genes in a 2 cM QTL region that was in common in the HAD1/LAD1 and HAD2/LAD2 

analysis. Five genes within this region (Trap1, Gnptg, Clcn7, Fahd1, and Mapk8ip3) were 

differentially expressed in microarray (W.J. McBride, personal communication). We also 

examined the Crebbp gene, which falls within the region and has been shown to play an 

important role in alcohol addiction. qRT-PCR was used to examine expression differences 

for each of the 6 genes in five brain regions of the HAD1/LAD1 rats, including the nucleus 

accumbens, amygdala, caudate putamen, hippocampus, and pre-frontal cortex.

Materials and Methods

Subjects used for genotyping

Previously, six reciprocal crosses of HAD1 and LAD1 rats taken from the 26th generation of 

selective breeding were completed (Foroud et al., 2000). Six F1 progeny from each cross (3 
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females and 3 males) were intercrossed 2 to 3 times to create 459 HAD1 × LAD1 F2 

animals. Subsequently, six reciprocal crosses of HAD2 and LAD2 rats taken from the 36th 

generation were performed. Six F1 progeny of each cross (4 females and 2 males) were then 

intercrossed 2 to 3 times to create 428 HAD2 × LAD2 F2 animals. In addition, the current 

dataset also included one DNA sample from each of the 8 inbred ancestral strains that were 

used in this study.

Phenotyping of HAD × LAD F2 Rats

The method for phenotyping was identical in the HAD1/LAD1 and HAD2/LAD2 lines. 

Each animal was housed individually and given free choice of water and a 10% (v/v) ethanol 

solution. Food was available ad libitum throughout the testing period to ensure that 

consumption was not for caloric intake. The volume of ethanol consumed was recorded 

every 3 days for a period of 3 weeks. The location of the bottles was switched each time to 

control for position bias. All nine scores were averaged to obtain an alcohol consumption 

score. Drinking scores were also used to calculate alcohol preference, which is the volume 

of 10% ethanol divided by the total fluid volume consumed. Because drinking scores from 

HAD1/LAD1 are quite different from HAD2/LAD2, normal quantiles were used in the 

analyses.

DNA Isolation and Genotyping

Genomic DNA was isolated from the spleens of each HAD1/LAD1 animal by using Purgene 

(Gentra Systems, Inc. Minneapolis, MN) according to the manufacturer’s protocol, and tail 

snips of each HAD2/LAD2 animals using GenElute Mammalian Genomic DNA Miniprep 

Kit (Sigma-Aldrich, Inc. St. Louis, MO). For further details on the DNA isolation 

procedures, see Carr et al. (2003).

Most of the microsatellite markers analyzed in this study were genotyped formerly in the 

HAD1/LAD1 and HAD2/LAD2 lines (see Carr et al., 1998; Carr et al., 2003) for marker 

selection and genotyping procedures). Not all markers were informative in both crosses. 

Four additional markers (D10rat183, D10rat121, D10rat17, and D10rat49) were added to 

chromosome 10 in the HAD2/LAD2 animals to increase the marker density within the QTL 

region. In addition, the 8 ancestral inbred strains were genotyped for each marker used in 

this study. When additional genotyping was performed, the procedures were identical to 

those found in Carr et al. (1998).

Genetic analysis

QTL analyses was performed by using a software package “HAPPY” (Mott et al., 2000; 

http://www.well.ox.ac.uk/happy). At the first stage, a dynamic-programming algorithm is 

used to calculate FLi(s,t), which is the probability of a given marker interval L descended 

from founder strains s and t for each individual. Then a regress model 

 was fitted to test the presence of QTL. TL (s,t) is the 

phenotypic effect contributed by strains s, t at marker interval L. If T(s,t) = T(s) +T(t), then it 

is an additive model. When interactions are included, it is defined as a full model. The QTL 

interval was defined by that region in which the LOD score was above 3.0. The mapping 
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approach results in a stepwise LOD score so the region was defined based on the position of 

the marker at which the LOD score fell below 3.0. This results in a conservative narrowing 

of the region.

Animals and Dissection of Brain Regions

Inbred adult male rats, 90–100 days old, from the iHAD strains 2A (n = 4) and 3A (n = 2) 

and iLAD strains 7A (n = 2) and 5C (n = 4) were used in the microarray experiments. They 

were all from the 25th generation. Inbreeding by brother-sister mating was initiated after the 

S30 generation of mass selection and was in the F37 generation at the start of these 

experiments. For the qRT-PCR study, adult selectively bred male HAD1 and LAD1 rats (90–

100 days old) were used in the experiments. All animals (both inbred and selectively bred) 

were received in our facilities 3 weeks prior to the experiment. Rats were double housed on 

a 12:12 light dark cycle with lights on at 0700 hours. Rats had water and rat chow ad 
libitum. Animals were habituated to handling and to the guillotine daily between 0900 – 

1000 hr for 10 days prior to sacrifice. The animals used in these experiments were 

maintained in facilities fully accredited by the Association for the Assessment and 

Accreditation of Laboratory Animal Care (AAALAC). All research protocols were approved 

by the Institutional Animal Care and Use Committee and are in accordance with the 

guidelines of the Institutional Animal Care and Use Committee of the National Institute on 

Drug Abuse, NIH, and the Guide for the Care and Use of Laboratory Animals (Institute of 

Laboratory Animal Resources, Commission on Life Sciences, National Research Council 

1996).

Animals were sacrificed by decapitation between 0900 and 1000 hr over consecutive days, 

with equal numbers of animals from each strain sacrificed each day. This minimized 

differences in time of sacrifice and dissection, and maintained the experimental balance 

across the two strains. The head was immediately placed in a cold box maintained at −15°C, 

where the brain was rapidly removed and placed on a glass plate for dissection. All 

equipment used to obtain tissue was treated with RNAse Zap (Ambion, Inc. Austin, TX) to 

prevent RNA degradation. The nucleus accumbens, pre-frontal cortex, amygdala, 

hippocampus, and caudate putamen were dissected bilaterally according to the coordinates 

of Paxinos and Watson (1998). These subregions were selected because they have been 

implicated in alcohol-drinking behavior (McBride and Li, 1998). The nucleus accumbens 

and caudate putamen are dissected from a 2 mm section generated by a coronal cut at 2 mm 

anterior to the optic chiasm (Bregma 1.70 mm) and a coronal cut at the optic chiasm 

(Bregma 0.26 mm). The nucleus accumbens is dissected bilaterally by cutting below the 

rhinal fissure and trimming off the olfactory tubercles and cortical tissue at the ventral and 

ventrolateral borders of the slice. From the remaining tissue the caudate putamen (bilateral) 

is dissected below the corpus callosum leaving the septum hanging in the center. The 

amygdala is dissected by a cut at the lateral borders of the lateral hypothalamus (Bregma 

2.12 mm) and ventral of the rhinal fissure, with cortical tissue then removed at the lateral 

edges of the dissected slice. The caudal border of the amygdalar dissection is the rostro-

ventral border of the CA3 subfield of Ammon’s horn (4.16 mm). The entire hippocampus is 

dissected from the remaining brain by a midline incision between the hemispheres and 

rolling the hippocampus out of the cerebral cortex. We have previously demonstrated the 
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consistency of dissection of discrete brain regions in our laboratory (Bice et al., 2008; 

Kimpel et al., 2007; Liang et al., 2003). All equipment used to obtain tissue was treated with 

RNAse Zap (Ambion, Austin, TX) to prevent RNA degradation.

Isolation of RNA

Total RNA used for the qRT-PCR was isolated using the Trizol reagent combined with 

RNeasy mini kit (Qiagen, Valencia, CA). Concentration is determined by measuring the 

absorbance at A260 in a spectrophotometer. The purity was determined by the A260/A280 

ratio. In addition, samples were run on agarose gels to confirm that the ribosomal bands 

were intact, indicating that the RNA was of high quality. To avoid DNA genomic 

contamination in the qRT-PCR assay, the RNA was treated with DNase I.

Microarray

The microarray study provided a means of prioritizing candidate genes within the 2 cM 

region. Each GeneChip® was scanned using an Affymetrix Model 3000 scanner and 

underwent image analysis using Affymetrix GCOS software. Raw .cel files were then 

imported into the statistical programming environment R (R Development Core Team, 2006) 

for further analysis with tools available from the Bioconductor Project. Quality assurance 

analysis was conducted using the BioConductor package affyQCReport (Gautier, et al., 

2004; Miller, 2005; http://bioinformatics.picr.man.ac.uk/simpleaffy/index.jsp). Expression 

data were normalized and log2 transformed using the Robust Multi-chip Average (RMA) 

method (Bolstad et al., 2003; Irizarry et al., 2003) implemented in the Bioconductor package 

RMA. To increase power and decrease the false discovery rate, probe sets not reliably 

detected on at least one third of the microarrays in at least one experimental group in one of 

the three brain regions (using the Affymetrix Microarray Analysis Suite 5.0 detection call) 

were not analyzed (McClintick et al., 2006). Data from the three brain regions from each 

animal were averaged and the average value was analyzed to detect differences that were 

more general across multiple regions and thus more likely to reflect constitutive genetic 

differences as opposed to secondary effects. Linear modeling to calculate gene-wise p values 

was performed using the package Limma (Smyth, 2004). Mapping of probe sets to 

chromosomal locations was accomplished with data provided by Affymetrix. Calculated p 

values of probe sets mapping within the chromosome 10 candidate QTL region between 

11,500,000 and 15,600,000 base pairs (locations of the microsatellite markers (D10Rat184 

and D10Rat50) were then corrected for false discovery rate (FDR) by the method of Storey 

(Storey & Tibshirani, 2003). Probe sets were considered to be differentially expressed if the 

FDR adjusted p-value was p <= 0.10 (FDR 10%).

Quantitative real-time PCR

Because the linkage analyses and fine mapping studies were carried out in F2 animals that 

were derived from the non-inbred HAD1/LAD1 rats, we used animals from those selected 

lines to perform qRT-PCR. Using the ABI 7300 Real Time PCR System (Applied 

Biosystems, Foster City, CA), the relative mRNA expression levels of Crebbp, Trap1, Gnptg, 
Clcn7, Fahd1, and Mapk8ip3 for the HAD1 and LAD1 rats were determined in the pre-

frontal cortex, nucleus accumbens, amygdala, hippocampus, and caudate putamen by qRT-

PCR. For the Crebbp gene, which was not differentially expressed in microarray, cDNA was 
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generated from RNA for 6 HAD1 rats and 6 LAD1 rats (12 rats total) for each of the five 

brain regions. Also for this gene, we used an alternative qRT-PCR method in which cDNA 

was generated by pooling RNA from each individual brain region of 6 HAD1 rats and 6 

LAD1 rats. We compared both qRT-PCR methods to determine if pooling would be 

sufficient to examine multiple brain regions and multiple genes. We found that both methods 

yielded very similar results. Therefore, we used the pooling method for the remaining genes 

(Trap1, Gnptg, Clcn7, Fahd1, and Mapk8ip3), which had been differentially expressed in 

microarray and were confirmation studies. For all experiments, Superscript III First-Strand 

Synthesis System was used to perform the RT-PCR (Invitrogen, Carlsbad, CA). cDNA 

template, generated from 35 ng total RNA, was added to each PCR reaction that contained 

0.20 μM forward and reverse primers and SYBR® Green PCR Master Mix (Invitrogen, 

Carlsbad, CA). For the individual samples, each experiment was performed in triplicate. For 

the pooled samples, each experiment was performed twice and each reaction was performed 

in triplicate. Vector NTI (Invitrogen) was used to design the forward and reverse primers for 

qRT-PCR (Table I). Each sample was amplified for 40 cycles, and the cycle threshold (Ct) 

was determined for each cDNA template. The Ct refers to the cycle number at which the 

fluorescence of the amplified product reached an arbitrary threshold that was within the 

exponential phase of amplification. To correct for sample-to-sample variation, an 

endogenous control, glyceraldehyde-3-phosphate dehydrogenase (GAPDH), was amplified 

with the target and served as an internal reference to normalize the data. The average 

GAPDH Ct values for the HAD1 and LAD1 were the same in each brain region tested, 

making this an appropriate control gene to normalize the expression of the candidate genes 

of interest. Relative quantification of mRNA was performed using the standard curve 

method (Applied Biosystems, absolute quantitation guide; http://

www3.appliedbiosystems.com/cms/groups/mcb_support/documents/generaldocuments/

cms_041436.pdf). The ratio of a study gene (any 1 of the 6) to GAPDH is referred to as the 

normalization value. For each individual gene, the brain region with the lowest average 

normalization value was divided by itself (or set to 1.0), and it was divided by the average 

normalization values of each of the other brain regions to obtain a measure of relative 

expression for each region for that particular gene. t-Tests were performed to detect 

significant differences in expression between the HAD1 and LAD1 samples. Additionally, 

dissociation-curve analysis was examined to ascertain that non-specific amplification in the 

cDNA samples did not occur.

Results

Genetic Analyses of the HAD1 × LAD1 and HAD2 × LAD2 F2

Initially, using 459 HAD1 × LAD1 F2 animals, Foroud and colleagues (2000) found 

evidence for linkage on chromosome 10 between the markers D10mgh25 and D10Mit16, a 

region spanning 18 cM. In a later study, new microsatellite markers were placed in and 

around the QTL region, providing additional support for the QTL. Analysis of additional 

markers as well as genotyping of the 8 inbred strain ancestors resulted in a LOD score of 

4.54 on chromosome 10 near D10rat218 in the HAD1x LAD1 F2 sample. The data best fit 

an additive model and importantly narrowed the linkage peak to only 5.5 cM (2.2 – 7.7 cM; 

Figure I).
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Genotyping of additional markers in the HAD2 × LAD2 F2 sample and the 8 inbred strain 

ancestors yielded a maximal LOD score of 4.01 with the additive model. The QTL interval 

was narrowed to 2.4 cM (5.8 – 8.1 cM), and the region overlapped with that identified by the 

analyses of the HAD1 × LAD1 F2 sample (Figure I). The overlapping region is 2 cM, 5.8 – 

7.7 cM (11.5 to 15.6 Mb), and represents the critical interval examined in the present study.

mRNA expression in the HAD1 and LAD1 rats

qRT-PCR was used to determine relative mRNA expression levels for 6 genes within the 2 

cM critical interval (11.5 to 15.6 Mb) on chromosome 10. Five of these genes ((Trap1, 
Gnptg, Clcn7, Fahd1, and Mapk8ip3) demonstrated differential expression (FDR <= 0.10) in 

the average of three brain regions (nucleus accumbens, amygdala, and hippocampus) 

between the iHAD1 and iLAD1 using micro-array technology (see Table II).

Microarray results were derived using biological replicates; thus, significance for microarray 

results reflect mean differences and account for both biological and microarray technical 

variance. qRT-PCR results were derived from different, independent biological samples 

because microarray was performed on inbred samples and the authors wanted samples from 

selected lines to better corroborate with QTL data obtained from selected lines. In the case 

of Trap1, Gnptg, Clcn7, Fahd1, and Mapk8ip3, we were confirming microarray results on 

different biological samples; therefore, for budgetary reasons, we elected to pool samples for 

qRT-PCR. Summary qRT-PCR statistics for these genes represent mean differences in 

expression with corresponding p-values accounting only for technical variance. Hence, we 

report technical confirmation of differential expression for these genes with a very low level 

of certainty. In addition, there is biological confirmation of differential expression in that we 

report replication of microarray results. In the case of Crebbp, however, which did not 

demonstrate statistically significant differential expression in the microarray experiment, 

qRT-PCR was obtained from multiple biological replicates and the reported significance 

level accounts for both biological and technical variance.

Relative mRNA expression levels can be seen in Figure II. The HAD1 rats showed 

significantly greater expression of the Trap1 gene in the pre-frontal cortex (p < 0.001) and 

hippocampus (p < 0.01) than the LAD1 rats. For Gnptg, the HAD1 rats showed significantly 

greater expression in the pre-frontal cortex (p < 0.001), hippocampus (p < 0.001), and 

caudate putamen (p < 0.001) but lower expression in the nucleus accumbens (p < 0.001) 

compared to the LAD1 rats. The Clcn7 gene was also differentially expressed in all brain 

regions tested. The HAD1 had significantly greater expression of Clcn7 than the LAD1 rats 

in the pre-frontal cortex (p < 0.001), amygdala (p < 0.01), hippocampus (p < 0.001), and 

caudate putamen (p < 0.001) but lower expression in the nucleus accumbens (p < 0.001). For 

the Fahd1 gene, the HAD1 rats showed significantly greater expression in the pre-frontal 

cortex (p < 0.001) than the iLAD1 rats. Expression of Mapk8ip3 was significantly greater 

for the HAD1 rats in the hippocampus (p < 0.01) and caudate putamen (p < 0.001) than the 

LAD1 rats but lower in the nucleus accumbens (p < 0.01). The Crebbp gene was 

differentially expressed in four of the five brain regions tested. The HAD1 had significantly 

greater expression of Crebbp in the pre-frontal cortex (p < 0.001), amygdala (p < 0.001), 

hippocampus (p < 0.001), and caudate putamen (p < 0.001) than the LAD1 rats. The fact 
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that some genes show higher expression in some brain regions and lower expression in other 

brain regions is not unexpected. A gene’s function may vary depending on the brain region; 

the gene may play a more important role with regard to our phenotype in some brain regions 

than others.

Discussion

In this study, we employed a powerful analytic approach that used ancestral recombination 

as well as F2 recombination to narrow a QTL on distal chromosome 10 in both the HAD1/

LAD1 and HAD2/LAD2 lines. We identified a 2 cM region spanning from 11.5 to 15.6 Mb 

that overlaps in the two lines and represents our critical interval. To assess the molecular 

mechanisms underlying the QTL, we examined mRNA expression of six candidate genes 

within this critical interval. Based on the current alcohol literature, of the six genes 

examined herein, Crebbp and Mapk8ip3 may be the most promising with regard to 

alcoholism.

Using qRT-PCR, we found that the HAD1 rats displayed significantly greater levels of 

Crebbp mRNA expression than the LAD1 rats in the pre-frontal cortex, amygdala, 

hippocampus, and caudate putamen. The Crebbp gene is an interesting candidate because it 

provides instructions for making the cyclic adenosine 3′5′-monophosphate (cAMP) -

response element binding protein (CREB). CREB is a transcription factor that binds to a 

DNA sequence, called cAMP response elements (CRE), and increases or decreases 

transcription and the expression of certain genes (Meyer & Habener, 1993). After the 

phosphorylation by protein kinase A (PKA) or Ca2+, CREB can modulate the expression of 

cAMP-inducible genes by binding to the promoter region of genes that contain CRE binding 

domains (Meyer and Habener, 1993; Pandey et al., 1999; Pandey et al., 2001). The CREB 

signaling cascade is known to regulate the transcription of tyrosine hydroxylase and many 

neuropeptides. The cAMP second messenger pathway has been shown to be important in 

mediating physiological and behavioral responses to ethanol (Pandey et al., 2001). Asher 

and colleagues (2002) have shown that ethanol induces cAMP-dependent gene expression 

regulated by CREB and PKA, and they believe that the signaling pathway may mediate 

some of the addictive behaviors underlying alcoholism. Pandey et al. (1999) found that the 

CRE-DNA binding activity in the amygdala of the alcohol preferring (P) rats may be 

associated with the higher level of anxiety observed in these animals. Also, it has been 

suggested that CREB may be important in the formation of long-term memories (Alarcon et 

al., 2004; Cooke and Bliss, 2005; Korzus et al., 2004; Martin and Sun, 2004; Wood et al., 

2005), which may ultimately be vital for understanding addiction. As Nestler (2001) has 

pointed out, addiction may be viewed as a form of drug-induced neural plasticity. Because 

drugs of abuse have been shown to produce morphological changes in particular neuronal 

cell types after chronic drug administration, these structural changes may be a type of 

consolidation, a form of neuronal adaptation analogous to learning and memory, which may 

be required for the long-term effects associated with the addictive process (Nestler, 2001).

Mapk8ip3, mitogen-activated protein kinase 8 interacting protein 3, is another potentially 

important candidate gene located within the critical interval on chromosome 10. The HAD1 

rats displayed significantly higher levels of Mapk8ip3 mRNA expression in the 
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hippocampus and caudate putamen than the LAD1 rats but significantly lower levels in the 

nucleus accumbens. MAP kinases (MAPks) are evolutionarily conserved regulators that 

mediate signal transduction and play essential roles in various physiological processes 

(Zhang and Dong, 2007). Recent evidence suggests a role for the MAPK family in several 

effects of ethanol. In an extensive review, Aroor and Shukla (2004) present evidence that 

ethanol influences MAPK in diverse cell/organ systems and exhibit different patho-

physiological consequences, such as liver injury, pancreatitis, and neuronal toxicity. 

Interestingly, MAPK has an important association with the cAMP signaling cascade. 

Constantinescu et al (2004) found that the inhibition of the MAPK pathway enhances 

cAMP-dependent gene activation during exposure of cells to ethanol. MAPK signaling 

appears to increase CRE-mediated gene expression by removing the restraint of CREB 

binding protein (CBP) on CREB transcriptional activity (Constantinescu et al., 2004). The 

MAPK family could also play an important role in the alcohol induced changes in synaptic 

plasticity associated with the effects of alcohol abuse on learning and memory (Roberto et 

al., 2003). It has been shown that CREB activation via the MAPK cascade may influence 

long-term memory formation (Cooke and Bliss, 2005). Further, the protein encoded by 

Mapk8ip3 may interact with and regulate the activity of numerous protein kinases of the c-

Jun NH2-terminal kinase (JNK) signaling pathway, and thus function as a scaffolding 

protein in neuronal cells and as an adaptor protein for axonal vesicular transport (Kelkar et 

al., 2003). The JNK signaling pathway is also activated in response to many stressful stimuli, 

including ethanol-induced cell death (Han et al., 2008; Ku et al., 2007).

Although it is currently unclear as to what role, if any, the Trap1, Gnptg, Clcn7, and Fahd1 
genes play with regard to alcohol intake, each appear to underlie complex functions, and 

their influence may not be obvious at this time. For example, the Trap1 gene is a 

mitochondrial HSP90 protein that is a highly conserved molecular chaperone that plays a 

key role in signal transduction, protein folding, protein degradation, and morphologic 

evolution (Pagliarini et al. 2008). HSP90 proteins normally associate with other chaperones 

and are important for folding newly synthesized proteins or stabilizing and refolding 

denatured proteins after stress (Wegele et al. 2004).

The Clcn7 gene showed significant differences in expression between the HAD1 ad LAD1 

rats in all brain regions tested. This gene encodes chloride channel 7, which produces 

proteins that belong to the CLC chloride channel family. Chloride channels play important 

roles in the plasma membrane and in intracellular organelles. Defects in Clcn7 have been 

shown to cause osteopetrosis in both men and mice (Kornak et al. 2001). Using the alcohol 

preferring (P) and non-preferring (NP) rats and the HAD1/LAD1 and HAD2/LAD2 rats, 

Alam et al. (2005) found that there is no consistent relationship between preference for 

alcohol consumption and high bone mass or strength. However, it appears that genes that 

regulate bone mass and strength segregate with alcohol preference genes in the P and HAD 

rat lines, suggesting that alcohol preferring rat lines may be useful for identifying genes that 

regulate bone mass and structure.

The Gnptg gene provides instructions for making one the gamma subunits of an enzyme 

called GlcNAc-1-phosphotransferase, which helps prepare certain newly made enzymes for 

transport to lysosomes (Braulke et al. 2008), which are compartments within the cell that use 
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digestive enzymes called hydrolases to break down large molecules into smaller ones that 

can be reused by the cell. The Fahd1 gene encodes fumarylacetoacetate hydrolase (FAH), an 

enzyme abundant in the liver and kidneys. FAH is the last in a series of five enzymes needed 

to break down the amino acid tyrosine, a protein building block found in many foods. 

Specifically, FAH converts a tyrosine byproduct called fumarylacetoacetate into smaller 

molecules that are either excreted by the kidneys or used in reactions that produce energy.

In the present study, we identified a QTL region on distal chromosome 10 that was in 

common in the HAD1/LAD1 and HAD2/LAD2 analyses. We examined mRNA expression 

of six genes within this region. Of the six genes tested, we believe Crebbp and Mapk8ip3 
may be promising candidates with regard to alcohol drinking. Both genes show differential 

expression between the HAD1 and LAD1 rats in brain regions that are believed to be 

important for alcohol-related behavior and have been recognized as targets for the effects of 

ethanol exposure in the brain and/or other organ systems (Aroor and Shukla, 2004; Pandey 

et al., 2001). Future studies will examine each of the six genes to determine if there is 

sequence variation between the HAD and LAD rats.
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Fig. I. 
Results of genetic analysis in the HAD1xLAD1 (solid line) and HAD2xLAD2 (dashed line) 

on chromosome 10. The Y-axis gives the LOD scores under an additive model. The X-axis 

gives the chromosomal position of the analyzed SNPs. Two markers (D10Rat184 and 

D10Rat50) on the X-axis show the location of the narrowed 2 cM region.
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Fig. II. 
The figures show relative expression levels of six individual genes (Crebbp, Trap1, Gnptg, 
Clcn7, Fahd1, and Mapk8ip3) in the HAD1 and LAD1 in five brain regions. The graph 

depicts the mean + S.E.M. of mRNA level. Y-axis represents the relative expression levels 

normalized to Gapdh. * Indicates a significant difference at p < 0.01; ** indicates a 

significant difference at p < 0.001 between the HAD1 and LAD1 as analyzed by Student’s t-
test. For all genes, except for Crebbp, significance levels account for observed technical 

variance of repeated qRT-PCR measurements on pooled biological samples (see Results for 

a full explanation).
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Table I

List of Oligos

Quantitative Real-Time PCR

Trap1-F–5′-AGTTGCTACAGCCCACACTGGAGATC

Trap1-R–5′-TCTCATAGATCTGATCCACTAGCAGCTG

Gnptg-F–5′-GACATTTGCAGAAAGGCACACGC

Gnptg-R–5′-GCTGAGAGTGGGTGGTTTCTGTGG

Crebbp-F–5′-GAGTGAGACTCCTGAGGGCAGTCAG

Crebbp-R–5′-TGGGCATGCTGGGCTTCTTC

Clcn7-F–5′-CTCCTGAAGCACAAGGTGTTTGTGG

Clcn7-R–5′-GGATACGTGGATGGACTGGATTGG

Fahd1-F–5′-TTGGAAGAAGGAGATCTTATCTTGACCG

Fahd1-R–5′-TGACCTTTCCACCTTGAACCTCATAC

Mapk8ip3-F–5′-TCTTTGTCTCTGTACCAGGAAATGTGC

Mapk8ip3-R–5′-TTCAACTTCTGGCCCTCAGCATC

Gapdh-F–5′-TCCTGGTATGACAATGAATACGGC

Gapdh-R–5′-TCTTGCTCAGTGTCCTTGCTGG

Alcohol. Author manuscript; available in PMC 2017 July 18.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bice et al. Page 16

Ta
b

le
 II

M
ic

ro
ar

ra
y 

da
ta

 f
or

 iH
A

D
1 

an
d 

iL
A

D
1 

ra
ts

. T
he

se
 g

en
es

 a
re

 lo
ca

te
d 

in
 th

e 
na

rr
ow

ed
 2

 c
M

 Q
T

L
 r

eg
io

n,
 f

ro
m

 1
1.

5 
to

 1
5.

6 
M

b 
T

he
 s

ig
ni

fi
ca

nc
e 

va
lu

e 
fo

r 

th
e 

fa
ls

e 
di

sc
ov

er
 r

at
e 

(F
D

R
) 

is
 p

 <
 0

.1
0.

A
ir

y 
P

ro
be

se
t

G
en

e 
Sy

m
bo

l
G

en
e 

D
es

cr
ip

ti
on

C
hr

. (
q1

2)
St

ar
t

F
ol

d 
C

ha
ng

e
F

D
R

 p
-v

al
ue

M
ea

n 
iH

A
D

M
ea

n 
iL

A
D

13
74

46
7_

at
T

ra
p1

T
N

F 
re

ce
pt

or
-a

ss
oc

ia
te

d 
pr

ot
ei

n 
1

10
11

,7
57

,0
49

−
1.

06
0.

02
9

20
92

22
25

13
86

62
2_

at
G

np
tg

N
-a

ce
ty

lg
lu

co
sa

m
in

e-
1-

ph
os

ph
ot

ra
ns

fe
ra

se
. γ

 s
ub

un
it

10
14

,4
82

,2
12

1.
13

0.
09

8
15

8
14

0

13
69

70
0_

at
C

lc
n7

ch
lo

ri
de

 c
ha

nn
el

 7
10

14
,3

79
,8

02
1.

10
0.

01
5

45
5

41
4

13
72

67
6_

at
Fa

hd
1

fu
m

ar
yl

ac
et

oa
ce

ta
te

 h
yd

ro
la

se
 d

om
ai

n 
co

nt
ai

ni
ng

 1
10

14
,1

01
,6

20
1.

06
0.

08
1

31
1

76
7

13
98

21
4_

at
M

ap
K

8i
p3

m
ito

ge
n-

ac
tiv

at
ed

 p
ro

te
in

 k
in

as
e 

8 
in

te
ra

ct
in

g 
pr

ot
ei

n 
3

10
14

,1
63

,4
70

1.
11

0.
07

9
13

8
12

4

* Fo
ld

 c
ha

ng
e 

is
 th

e 
ra

tio
 o

f 
iH

A
D

/iL
A

D
.

Alcohol. Author manuscript; available in PMC 2017 July 18.


	Abstract
	Introduction
	Materials and Methods
	Subjects used for genotyping
	Phenotyping of HAD × LAD F2 Rats
	DNA Isolation and Genotyping
	Genetic analysis
	Animals and Dissection of Brain Regions
	Isolation of RNA
	Microarray
	Quantitative real-time PCR

	Results
	Genetic Analyses of the HAD1 × LAD1 and HAD2 × LAD2 F2
	mRNA expression in the HAD1 and LAD1 rats

	Discussion
	References
	Fig. I
	Fig. II
	Table I
	Table II

