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Abstract

The inbred strains of mice: C57BL/6J (C57) and DBA/2J (DBA) show different ethanol-drinking behaviors.  Namely, C57 mice are less sensitive to, but will voluntary consume more than DBA mice.  Affymetrix microarray data suggest that peptidylglycine (-amidating monooxygenase (PAM) is more highly expressed in DBA mice than in C57 mice.  Natural language processing literature searching programs, and quantitative trait locus analysis have also suggested possible roles for PAM in ethanol drinking behavior.  However, while the microarray results have been confirmed with PCR, the genomic DNA for the three-prime untranslated region (UTR) of PAM is approximately 50 nucleotides longer in C57 mice.  Investigation into the performance of individual Affymetrix probes for PAM suggests that probes are being affected by this short difference of sequence between the strains of mice.

Introduction

The addiction to alcohol is a devastating disorder that is increasingly thought to have a genetic component.  An individual who has a genetic predilection towards becoming an alcoholic will behave differently, even on his or her first exposure to alcohol than one without a predisposition.  Namely, someone who has a genetic tendency towards alcoholism will be less sensitive to the physiological and behavioral effects of alcohol.  An inbred strain of mice, C57BL/6J, is a genetic model for an alcoholic – it shows less effect from ethanol consumption and chooses to consume more ethanol than other mice.  By contrast, DBA/2J mice show a high sensitivity to ethanol and do not voluntarily consume ethanol (1).  To explain why these mice have different behaviors when given ethanol, we can look to the genes being expressed by the different mice, both with and without ethanol treatment.  Using Affymetrix microarrays to compare the basal level of gene expression between these two mice, we find a high basal difference in peptidylglycine (-amidating monooxygenase (Michael Miles, unpublished data).  Therefore, PAM is a candidate gene in causing the different ethanol-preference behaviors in these different mice, and potentially is a target gene for preventing alcoholism in humans.  For this microarray data to be viewed as meaningful, however, it must be verified by a method with higher reliability, and relevancy of PAM to alcoholism must be established.  


Microarray data can be highly unreliable, as Affymetrix’s 20mer probes are sensitive to single nucleotide polymorphisms between experimental DNA and the source DNA used to fabricate the probe (Michael Miles, unpublished data).  Also, PAM has been shown in rats to have a total number of seven splice variants, of which two do not contain the complementary sequence to that used in the microarray (2-4).  Another cause for concern in the veracity of the microarray results is that PAM-2, although it contains the 3’ UTR exon from which the Affymetrix probes were made, was reported to have a version of this exon that was 20 nucleotides shorter than PAM-1, even though no splicing has been reported in this region (4).  


Simply because PAM has a basal difference in expression level between C57 and DBA mice does not mean that PAM is connected to ethanol drinking behavior.  In order for the differential expression of PAM to be relevant, there should be other indications that PAM is connected to Ethanol behavior.  

Methods

Bioinformatics Methods – determining a method for PAM’s effects

In examining possible connections to ethanol, a plethora of bioinformatics tools were used.  WebQTL’s correlation tool was used to find the top 500 genes whose expression correlated with PAM’s using both the Pearson’s and Spearman’s methods (5).  This correlation was repeated for each of the three principal components WebQTL generated for PAM.  WebQTL’s cluster tree function was also used on all of the Perfect Match (PM) probes of PAM, to show QTLs mapped against the mouse chromosomes.’


Affymetrix microarray data was analyzed using the provided MAS 4 software.  Significance of differences was analyzed using the S-score and position dependent nearest neighbor methods (6,7).  Genes that did not have an average difference of at least 50 in one of the 18 experiments were filtered out (three biological replicates were used for each treatment – ethanol or saline.  For each mouse a separate microarray experiment was run with mRNA from the prefrontal cortex, nucleus accumbens and ventral tegmental area) were filtered out.  A SAM multiclassed response analysis using 300 permutations and k-nearest neighbor inputer was conducted, and the number of significant genes were chosen so that the false significance prediction approximated 10%.  S-scores were then averaged across biological replicates and correlated across all brain regions and treatments with PAM using both Spearman and Pearson methods.  Genes with a correlation coefficient below .9 were filtered out.  This analysis was done with Affymetrix MU74Av2, MU74Bv2 and MU74Cv2 chips.


Bibliosphere, a literature searching tool that uses natural language processing to find literature connections was used to create a putative list of related genes to peptidylglycine (-amidating monooxygenase.   


The correlation lists of genes generated from WebQTL and microarray analysis and the gene list generated by Bibliosphere were submitted as Affymetrix probe IDs to EASEonline (9).  LocusLink Mouse was used as the background gene list.


The lists generated by WebQTL, microarray analysis and bibliosphere were submitted in sequential sets of 50 to Chilibot, another literature searching tool, along with the term “alcohol” and synonyms “alcoholic,” “alcoholism,” and “ethanol.”  In addition to Chilibot’s provided synonyms, the synonyms “(-amidation,” “(-amidate,” “(-amidating,” “PAL,” and “PHM” were used for PAM.

Exploring PAM splicing in mice

To investigate the possibilities of splice variants in mice, the rat sequence (as provided by NCBI) and mouse sequence (as provided by the UCSC genome browser) for each exon of PAM were aligned using NCBI BLAST two sequence alignment.  

MotifFinder was also used to search the 3’ UTR for the consensus sequence for polyadenylation, which we would expect to find if there were a splice variant of PAM that terminated in the middle of the 3’ UTR.

Biological confirmation of PAM expression differences


Nothern blotting was done from a 1.5% agarose gel, made with 722 mL DEPC-treated water, 17.8 mL of formaldehyde at 65º and 10 mL of 10x MOPS buffer at 65º.  Total RNA was loaded from DBA and C57, saline and ethanol-treated mice from the prefrontal cortex, and ventral tegmental area, at 5.0 (g, speedvacuumed to be under 3.0 (ls.  Total RNA from the nucleus accumbens at 4.0 (g.  Riboprobes were created from PCR products ligated to T7 promotors, using the Lig’n scribe kit.  Riboprobe creation was done with the E-Z strip kit.  The blot was first probed with a sequence from PAM exons 3 and 4, then stripped using the E-Z strip kit, and probed with a sequence from the Affymetrix target sequence.  Primer pairs were ATGCCTTGGTACCACCAGAC (5’) and GCAGCATATGGTGGACAGTG (3’); and TCAGCCTGTGCCAGTAAAGA (5’) and AAGACATCCCGGAAACACAC(3’), respectively.  


PCR was done in the three prime untranslated region of PAM in the final 195 nucleotides of the target sequence (primers above); the full Affy target sequence (using the same 3’ primer and 5’ primer: GTTTCCTACCAGTTCACT); and the first 303 nucelotides of the target sequence, with the previous 5’ primer and the 3’ primer complementary to the 5’ primer of the PCR for the distal end of the Affymetrix sequence.  PCR was run on genomic DNA from C57 and DBA mice from the prefrontal cortex and cleaned cDNA from saline treated C57 and DBA mice from the prefrontal cortex.  cDNA was created  from total RNA cleaned twice, using DNAse I.  cDNA synthesis was then done with the iScript reaction kit.

Results

Splicing and Genomic Variants of PAM
Comparison of the DBA and C57 genome sequences revealed no SNPs or variations in the Affymetrix probe areas, ruling out SNPs as a cause for the perceived difference.

Northern blotting with probes from the Affymetrix region and the coding region revealed that there was at least one other splice variant in PAM, that did not contain the Affymetric region.  
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	Northern Blot, probed with Affymetrix sequence
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	Northern blot probed with sequence from PAM Exons two and three


BLAST analysis between mouse and rat PAM also suggests a high homology between them, ranging between 73 and 100% for the 22 exons of PAM (data not shown).  

Although MotifFinder did not find multiple consensus sequences for polyadneylation in the 3’ UTR, suggesting that there is not a splice variant that ends in the middle of the 3’ UTR, size differences in PAM do appear important:  PCR in the Affymetrix region appears to confirm the different basal levels of expression, however it also reveals a small size difference between the two strains, present in both cDNA and genomic DNA.(data not shown)  (below: C57 cDNA; DBA cDNA against a 1000 nt ladder, probed for the full Affy sequence.)  
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Further investigation localizes this size difference to the distal 303 nucleotides of the Affymetrix sequence.  (Picture not available due to technological difficulties, but will be furnished upon request.)

Connecting PAM to Ethanol

WebQTL cluster tree analysis shows a linkage to mouse chromosome one, where PAM sits, and also where Aldehyde Dehydrogenase 1 and other genes that have been connected with alcohol drinking behaviors are situated (Miles, data unpublished).  
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(the large blue peak represents a QTL).
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However, further investigation reveals that this linkage is only occurring with probes 1, 4, 5, 6, 7, 8, 9, 10, 11 and 12, out of 13, as shown by the cluster diagram below.

(the dark orange area represents the QTL – probes on the far left and right do not show linkage).

The probes that do not show the linkage, have a higher binding affinity, but do not show a difference between C57 and DBA mice.  


[image: image3.wmf]
(the black line represents C57 mice, and the cyan line DBA mice.  The PDNN value represents the affinity with which DNA bound to the probe.)  However, there was no significant difference between non-intentional mouse mRNA products that might bind to one set of probes over another. 

Although there were no statistical significant gene ontology categories provided by EASE, literature searching revealed a number of possible pathways in which PAM could affect ethanol-drinking behavior (as discussed below.)

Discussion


We set out to discover whether the Affymetrix microarray result suggesting that there were higher levels of expression in PAM in non-ethanol preferring mice.  Further, if PAM was more highly expressed in mice that drank less alcohol, we were looking to discover a method by which PAM’s expression connected to ethanol drinking. 

PCR using cDNA appears to confirm the difference in PAM expression levels between C57 and DBA.  In addition, nature language processors, such as Chilibot and Bibliosphere suggest a mechanism for PAM to alter ethanol-drinking behavior.  PAM is responsible for amidation of Neuropeptide Y (NPY) and this amidation is necessary for NPY biological activity (9).  NPY has been linked to decreased ethanol intake – providing a mechanism for high levels of PAM to cause the DBA phenotype (10).  Other possible mechanisms for PAM’s influence with ethanol preference exist but are too putative to be within the scope of this paper.  


However, equally interesting is the size difference between the genomic PAM in C57 and DBA.  In addition to the size difference being present in genomic DNA.  Because of the varied performance of probes in the distal end of PAM, it is possible that a short insertion or deletion is affecting the stability of PAM mRNA.  Most likely, an insertion into the C57 genomic sequence between probes 12 and 13, increases the mRNA stability.  This would explain why the probes at the distal end of PAM do not show significantly more DBA than C57, and addresses that the difference in expression is made up from increased C57 expression, rather than decreased levels of DBA mRNA.  This would also explain why the distal probes do not show a QTL, as intact mRNA of the distal end would not correlate very well to parent strain.   


Further, new data suggests that Affymetrix MU74Av2 chips show a very bimodal expression level across all inbred strains of mice (unpublished data).  For any given strain of mouse, the average difference value either approximates 300 or 2000 (average difference values are never above 104, making this difference quite significant.)  A possible interpretation of our data is that the insert in C57, in addition to preserving stability, is also responsible, in some manner, for the decreased expression level of PAM.  Combined with the data across all strains, it appears to suggest that PAM expression is controlled by this genomic variation; an idea which demands further exploration before it can be considered a serious conclusion.  If this were to be the case, however, it also suggests that providing the shorter version to PAM to certain neuronal areas, thereby increasing PAM activity would be a possible treatment for alcohol abuse.
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		AJ090501C57S1pfc		100496_at		2.01436		5.398343		5.68358		4.727388				AJ090501C57S2pfc		100496_at		2.01436		5.333868		5.899898		4.836282				AJ090501C57S3pfc		100496_at		2.01436		5.37641		5.869297		4.795791

		cel:		aj091101DBA4S1PFC		gene:		100496_at								cel:		aj091101DBA4S2PFC		gene:		100496_at								cel:		aj091101DBA4S3PFC		gene:		100496_at

		Sample		gene		BaseLine		Fitted		Observed		MM				Sample		gene		BaseLine		Fitted		Observed		MM				Sample		gene		BaseLine		Fitted		Observed		MM

		aj091101DBA4S1PFC		100496_at		6.27462		8.228555		8.2943		7.214504				aj091101DBA4S2PFC		100496_at		6.27462		8.18474		8.22791		7.201171				aj091101DBA4S3PFC		100496_at		6.27462		8.041544		8.151622		7.019297

		aj091101DBA4S1PFC		100496_at		2.295345		6.174112		4.905275		4.762174				aj091101DBA4S2PFC		100496_at		2.295345		6.12396		4.969813		4.828314				aj091101DBA4S3PFC		100496_at		2.295345		5.957672		4.762174		4.955827

		aj091101DBA4S1PFC		100496_at		1.441253		5.550037		4.663439		4.61512				aj091101DBA4S2PFC		100496_at		1.441253		5.499662		4.75359		4.564348				aj091101DBA4S3PFC		100496_at		1.441253		5.332548		4.812184		4.663439

		aj091101DBA4S1PFC		100496_at		5.77364		7.999564		7.110696		6.912743				aj091101DBA4S2PFC		100496_at		5.77364		7.953986		7.123673		7.081708				aj091101DBA4S3PFC		100496_at		5.77364		7.804434		6.966024		6.89467

		aj091101DBA4S1PFC		100496_at		5.429732		7.812127		6.473891		6.173786				aj091101DBA4S2PFC		100496_at		5.429732		7.765731		6.568078		6.386879				aj091101DBA4S3PFC		100496_at		5.429732		7.613212		6.626718		6.350886

		aj091101DBA4S1PFC		100496_at		3.845727		6.521065		6.444131		5.370638				aj091101DBA4S2PFC		100496_at		3.845727		6.473442		6.74876		5.463832				aj091101DBA4S3PFC		100496_at		3.845727		6.31645		6.385194		5.389072

		aj091101DBA4S1PFC		100496_at		2.725959		6.345335		6.809039		5.480639				aj091101DBA4S2PFC		100496_at		2.725959		6.295506		6.937314		5.613128				aj091101DBA4S3PFC		100496_at		2.725959		6.130405		6.49224		5.501258

		aj091101DBA4S1PFC		100496_at		1.79501		5.977667		5.411646		4.663439				aj091101DBA4S2PFC		100496_at		1.79501		5.927231		5.587249		4.795791				aj091101DBA4S3PFC		100496_at		1.79501		5.759889		5.278115		4.644391

		aj091101DBA4S1PFC		100496_at		1.404843		5.776967		5.840641		4.890349				aj091101DBA4S2PFC		100496_at		1.404843		5.726392		5.686975		4.75359				aj091101DBA4S3PFC		100496_at		1.404843		5.558538		5.327876		4.770685

		aj091101DBA4S1PFC		100496_at		2.468345		6.533126		6.665684		5.459586				aj091101DBA4S2PFC		100496_at		2.468345		6.48279		6.549651		5.505332				aj091101DBA4S3PFC		100496_at		2.468345		6.315819		6.361302		5.541264

		aj091101DBA4S1PFC		100496_at		5.519395		7.63133		8.601534		7.001245				aj091101DBA4S2PFC		100496_at		5.519395		7.586433		8.552561		6.944087				aj091101DBA4S3PFC		100496_at		5.519395		7.439344		8.546169		6.829794

		aj091101DBA4S1PFC		100496_at		5.949975		7.905827		8.33327		7.501635				aj091101DBA4S2PFC		100496_at		5.949975		7.861997		8.288283		7.451241				aj091101DBA4S3PFC		100496_at		5.949975		7.71875		8.217978		7.267525

		aj091101DBA4S1PFC		100496_at		-0.093676		4.487089		4.532599		4.510859				aj091101DBA4S2PFC		100496_at		-0.093676		4.436389		4.477337		4.488636				aj091101DBA4S3PFC		100496_at		-0.093676		4.268072		4.61512		4.584968

		aj091101DBA4S1PFC		100496_at		4.752837		7.50934		8.024207		6.618739				aj091101DBA4S2PFC		100496_at		4.752837		7.461436		7.683403		6.410175				aj091101DBA4S3PFC		100496_at		4.752837		7.303415		7.661057		6.282267

		aj091101DBA4S1PFC		100496_at		4.930709		7.810913		8.528133		6.706862				aj091101DBA4S2PFC		100496_at		4.930709		7.762621		8.229511		6.532334				aj091101DBA4S3PFC		100496_at		4.930709		7.603181		8.299783		6.35437

		aj091101DBA4S1PFC		100496_at		2.01436		6.093213		6.663133		4.905275				aj091101DBA4S2PFC		100496_at		2.01436		6.042864		6.352629		5.003946				aj091101DBA4S3PFC		100496_at		2.01436		5.875847		5.733341		4.672829

								B6 1		B6 2		B6 3		D2 1		D2 2		D2 3

								6.905753		6.952729		6.870053		7.214504		7.201171		7.019297

								5.075174		5.02388		4.969813		4.762174		4.828314		4.955827

								4.60517		4.488636		4.510859		4.61512		4.564348		4.663439

								7.182352		7.124478		7.197435		6.912743		7.081708		6.89467

								6.436151		6.421622		6.20859		6.173786		6.386879		6.350886

								5.365976		5.26269		5.247024		5.370638		5.463832		5.389072

								4.976734		4.94876		5.049856		5.480639		5.613128		5.501258

								4.762174		4.65396		4.663439		4.663439		4.795791		4.644391

								4.691348		4.672829		4.624973		4.890349		4.75359		4.770685

								5.407172		5.288267		5.159055		5.459586		5.505332		5.541264

								6.562444		6.593045		6.597146		7.001245		6.944087		6.829794

								7.301822		7.277938		7.356918		7.501635		7.451241		7.267525

								4.477337		4.454347		4.532599		4.510859		4.488636		4.584968

								6.259582		6.242223		6.226537		6.618739		6.410175		6.282267

								6.261492		6.148468		6.269096		6.706862		6.532334		6.35437

								4.727388		4.836282		4.795791		4.905275		5.003946		4.672829

								B6 1		B6 2		B6 3		D2 1		D2 2		D2 3

								6.74876		6.873164		6.828712		8.2943		8.22791		8.151622

								4.820282		4.955827		4.919981		4.905275		4.969813		4.762174

								4.60517		4.682131		4.663439		4.663439		4.75359		4.812184

								6.793466		6.80017		6.767343		7.110696		7.123673		6.966024

								5.863631		5.958425		5.726848		6.473891		6.568078		6.626718

								5.147494		5.081404		5.099866		6.444131		6.74876		6.385194

								4.882802		4.804021		4.934474		6.809039		6.937314		6.49224

								4.718499		4.820282		4.795791		5.411646		5.587249		5.278115

								4.718499		4.624973		4.644391		5.840641		5.686975		5.327876

								5.241747		5.111988		5.081404		6.665684		6.549651		6.361302

								8.20822		7.999343		8.131236		8.601534		8.552561		8.546169

								7.892078		7.670895		7.878155		8.33327		8.288283		8.217978

								4.624973		4.553877		4.454347		4.532599		4.477337		4.61512

								7.528332		7.285507		7.392648		8.024207		7.683403		7.661057

								7.962067		7.816417		7.834392		8.528133		8.229511		8.299783

								5.68358		5.899898		5.869297		6.663133		6.352629		5.733341

								B6 1		B6 2		B6 3		D2 1		D2 2		D2 3

								7.653577		7.604013		7.636633		8.228555		8.18474		8.041544

								5.483061		5.419094		5.461297		6.174112		6.12396		5.957672

								4.854657		4.790115		4.832702		5.550037		5.499662		5.332548

								7.393554		7.340321		7.375378		7.999564		7.953986		7.804434

								7.191403		7.136386		7.172629		7.812127		7.765731		7.613212

								5.87787		5.82007		5.858164		6.521065		6.473442		6.31645

								5.660492		5.597343		5.639001		6.345335		6.295506		6.130405

								5.281092		5.21639		5.259083		5.977667		5.927231		5.759889

								5.077695		5.012634		5.055567		5.776967		5.726392		5.558538

								5.8385		5.774058		5.816578		6.533126		6.48279		6.315819

								7.037422		6.985635		7.019731		7.63133		7.586433		7.439344

								7.330603		7.281011		7.31365		7.905827		7.861997		7.71875

								3.785377		3.719989		3.76314		4.487089		4.436389		4.268072

								6.860926		6.802469		6.841001		7.50934		7.461436		7.303415

								7.155272		7.0959		7.135041		7.810913		7.762621		7.603181

								5.398343		5.333868		5.37641		6.093213		6.042864		5.875847
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