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Abstract
Verification of the Happlotype II BAC5 transgene sequence through chain-termination sequencing to 

determine if undetected modifications have been made during BAC construction, determine the which IL4 allele 

was obtained from the heterozygous donor, and to determine if there are any rare variant polymorphisms that 

have also gone undetected. BAC DNA  was isolated with alkaline lysis and subsequently sequenced using 

primers designed with the software PerlPrimer with the Genbank reference sequence NT_034772.6 (40200690-

40358662) as a template. Data from the sequencing reactions were compiled and analyzed with the CodonCode 

Aligner software.  The analyzed sequences were assembled into a contig using the sequence NT_034772.6 

(40200690-40358662) as a primary reference. No extra modifications were found from the BAC construction, 

however 2 minor allele polymorphisms and 1 rare variant polymorphism were identified located ~1 kb upstream 

of the IL4 start codon, ~3.5 kb downstream of RAD50, and within IL4 Intron 2 respectively. Of the identified 

polymorphisms, the two in or near the IL4 gene will possibly undergo further analysis for possible influences on 

the observed Haplotype II phenotype. 
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Introduction
Asthma and allergy have been long known to be a strongly associated with the dysregulation of the T helper 2 

(Th2) pathway, and an increase in the Th2 cytokines interleukin 5 (IL5), interleukin 13 (IL13), and interleukin 4 

(IL4).1  The IL13 cytokine gene is clustered with IL4 and IL5 to form the Th2 locus2 that includes an identified 

locus control region (LCR) in the 3' end of RAD50 necessary for faithful regulation of the IL13 cytokine gene 

cluster used in a BAC transgenic mouse model.3  IL13 in particular has also been shown to be both necessary 

and sufficient for the expression of allergic asthma as well as being a key effector in allergic response and 

inflammation resulting in airway hyper reactivity, goblet cell hyperplasia with mucus hyperproduction, and 

increased inflammation.4 The effects of IL13 are mediated by IL4 receptor/STAT6, and yet remain IL4 

independent.5 IL4 has previously shown to be responsible for B cell class switching to promote IgE production.6 

Single nucleotide polymorphisms (SNPs) within both IL13 and IL4 have strong association with both asthma 

susceptibility and total IgE levels.7 

Due to the strength of IL13 as a key effector and mediator for asthma and allergy, the gene was among 

the first to be sequenced by the NHLBI Program for Genomic Applications (PGA), subsequently our lab 

undertook more extensive sequencing for the region using genomic DNA from the Coriell Repository also used 

by the PGA and included an extra 1.5 kb further upstream of where the PGA ended. This led to the discovery of 

novel SNPs with a minor allele frequency(MAF) ≥10% within the non-Hispanic, White population. There are two 

blocks of SNPs in high linkage disequilibrium (LD) that were in weak LD with each other. The first block covered 

the 5' untranslated region (UTR) (SNPs -2889 through -1112) while the second ranged from the third intron to the 

3' UTR (+1923 through +2749). Two extra SNPs (+4493 and +4956) were also shown to be in weak LD with the 

second SNP LD block. Four major haplotypes (Haps I-IV) that were identified from the LD data, with frequencies 

of 52%, 6.5%, 4.4%, and 4.4% respectively, were chosen to be modeled with bacterial artificial chromosome 

(BAC) transgenic (TG) mice (Fig.1)

 

The Hap I BAC containing human IL13, IL4, and RAD50 Th2 locus control region was cloned using 

IL13 SNP GENOTYPE FORMS

-2889 -2836 -2265 -2040 -1512 -1112 1923 2044 2525 2580 2749 4493 4956

I G T C C A C C G G C C G G E004

II A C T T C T T A A A T A G E005

III A C T T C T C G G C C G G

IV G T C C A C T A A A T G A
Figure 1. SNPs of the four identified haplotypes with positions relative to the IL13 start ATG.
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genomic DNA from the Coriell Repository whose donor, subject E004 from the SeattleSNPs database, was a 

completely wild-type genotype for the IL13 gene as well as a mostly wild-type genotype for IL4 (Fig. 2). The Hap 

II transgene was constructed using in vivo recombineering in bacteria adapted from a protocol proposed to 

generate pseduo-knockin TG mice.8 This process involved electroporating a modification cassette containing the 

desired SNP flanked by 1 kb homology arms into Hap I BAC containing E.coli hosts  that then underwent RecA-

mediated homologous recombination. The modification cassette must be constructed by PCR and for our 

purposes we used subject E005 – an individual homozygous for the rare allele SNPs covering both IL13 LD 

blocks entirely – as a genomic template. Transgenic mice were made and verified using PCR and Southern blot 

analysis with species specific probes to ensure transgene presence and integrity. The mice were analyzed using 

in vitro differentiated Th2 cells from Hap I and Hap II mice.  

Our preliminary results shows a three-fold increase in 

IL4 production in Hap II transgenic mice compared to Hap 

I transgenic mice.  Such a dramatic increase in IL4 

production between genetically identical BAC transgenic 

mice, save the Haplotype variants, suggests that the 

expressed phenotypes arise from the SNP modifications. 

To ensure that an unidentified mutation that may have an 

effect on the observed phenotype has not been 

introduced through the modification process, verification 

of the Hap II sequence is necessary.  Verification of the 

sequence will also shows which IL4 allele the Hap II BAC 

currently has due to subject E004's heterozygosity in 9 

SNPs within the IL4 region. The possibility of a rare 

variant's influence, while having little impact on the results 

displayed relative between Hap I and Hap II comparison 

data, could have significantly deeper ramifications in 

terms of significance of the observed data to the greater 

population, such as the possibility that the observed 

phenotypic increase of IgE is simply due to a rare 

variant's interaction with the Hap II SNP genotype. In 

such a case, this model may prove to be less effective in 

modeling populations without the rare variant as well as 

the Hap II genotype. Therefore, verification of the Hap II 

BAC transgene is imperative to ensure that the observed 

data in the transgenic mice is due genotypically to the 

differences in SNPs between Hap I and Hap II.  
Figure 2. SNP genotypes for individuals  
sequenced during the PGA investigation.
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The Hap II BAC transgene sequence was verified using the Dideoxy Chain-Termination method for DNA 

sequencing with fluorescent dideoxynuleotides. Sequencing design relied on examination of multiple overlapping 

sequences used to accurately compile a larger contig sequence.  Use of the older sequencing technique in light 

of the variety of newer generation sequencing techniques, such as pyrosequencing9, was found to be 

significantly more efficient in terms of cost-benefit as utilizing a new generation technique designed for whole 

genome sequencing with a ~160KB transgene would be ineffective as next generation sequencing is generally 

used for quantitative assessment versus qualitative. The use of overlapping sequence method provides for a 

margin of error and troubleshooting in more difficult regions of the BAC sequence. 

Figure 3. IL4 SNP genotypes for individuals sequenced during the PGA investigation.
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Methods and Materials
Materials:

+BAC5 with Chloramphenicol resistance in the DH5α E.coli strain.

+LB media (Miller)

+Chloramphenicol (25ug/mL)

+DNAse-free Pancreatic RNAse A (10mg/mL) (Roche)

+Solution I ( 50mM Glucose; 25mM Tris-Cl pH8.0; 10mM EDTA pH 8.0)

+Solution II (1% SDS; 0.2N NaOH)

+Solution III (3M Potassium Acetate; 11.5% Glacial Acetic Acid)

+Isopropanol

+T.E. Buffer pH 8.0

+Riboshredder (1U/μL) (EPICENTRE)

+5M Ammonium Acetate

+Ethanol

+70% Ethanol

Methods:

DNA Extraction 

DH5α E.coli containing the Haplotype II BAC transgene was plated from a frozen stock on a Petri dish. 

Overnight cultures were grown from a single selected colony, in 2 mL LB media (Miller) with 25 ug/mL 

chloramphenicol at 37°C, overnight, at 225 rpm. Megapreps were grown overnight in 4 flasks each containing 

200 mL of LB media (Miller) with 25 ug/mL chloramphenicol at 37°C for 12-16 hours at 225rpm. The BAC was 

then isolated using a modified method of alkaline lysis DNA extraction10 followed by a 30 minute digestion with 

Riboshredder (EPICENTER) at 37°C. The digested mix was then precipitated using 1 volume of ammonium 

acetate followed by 1 volume of ethanol. The final pellet was either resuspended in MilliQ H2O at a 

concentration no lower than 3.25 μg/μL or stored in 70% ethanol at 4°C. Extractions continued until 

approximately 2.6 mg of DNA were acquired.

Primer Design

Primers were selected using a Genbank reference sequence NT_034772.6 (40200690-40358662) as a 

template.The open-source program PerlPrimer11 was used extensively for the selection of primers from the 5' 

end of RAD50 through to the 5' end of KIF3A including the entirety of IL13 and IL4. The primers were then 

checked for specificity using the BLAST program on the NCBI website against the reference sequence 

NT_034772.6 (40200690-40358662). Primers were between 20-24 bases in length, had Tm values in the 

59-61°C range, and amplified regions of 200-500 bp.
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Sequencing

Sequencing was performed at the University of Arizona Genetics Core Sequencing facility on an ABI3730xl 

automated sequencer with a 96-well plate format. 

Sequence Analysis and Contig Assembly

Data from the sequencing reactions were compiled and analyzed with the CodonCode Aligner software 

(CodonCode Corporation, Dedham, MA, USA). Sequences were trimmed of excessively noisy data inherent in 

all sequencing data from the 5' and 3' ends. The average usable sequence length per reaction ranged between 

400-500 bases in length. The trimmed sequences were assembled into a contig using the sequence 

NT_034772.6 (40200690-40358662) as a primary reference with CodonCode Aligners contig assembler 

function. Gaps in sequence, as well as any other deviations  from the reference sequence, were tagged using 

CodonCode Aligner's custom tagging feature and the position relative to the reference sequence was recorded. 

Major known SNPs were also tagged and recorded for verification purposes.

Results
DNA Alkaline Extraction Troubleshooting

• The original extraction process was hampered by low yields due to 

either under or over growth of bacterial culture. Optimal yield was 

achieved by growing E.coli to an OD600 between 1.5 and 2.0.

• Isolated DNA had large amounts of RNA contamination. This 

problem was revealed by unsuccessful sequencing attempts and 

verified through gel electrophoresis (Fig. 4) and NanoDrop 

spectroscopy. 

• RNA contamination was removed by adding to the BAC isolation 

protocol a digestion with the Riboshredder RNAse blend 

(EPICENTER) followed by ethanol precipitation with ammonium 

acetate. 

• Successful removal of RNA contamination from BAC DNA was 

demonstrated by gel electrophoresis (Fig. 4) and NanoDrop 

Spectroscopy. 

• BAC DNA concentrations were subsequently optimized for 

sequencing by serial dilution. Optimal BAC DNA concentration for 

sequencing was found to be in the range of 3 – 4 μg/μL (24 – 32 

μg/sequencing reaction).

Figure 4. Gel  
electrophoresis 
comparison between 
BAC DNA with and 
without RNAse blend 
Riboshredder treatment.
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Primer Design

The open-source software program PerlPrimer was used to design primers for sequencing. Two hundred and 

seventy primers were selected initially, between a 500 – 700 bp read out. However, the number of primers 

increased considerably as primers that failed to generate sequencing reads were replaced with multiple primers 

with a shorter sequencing product length that gave better product overlap for later contig assembly. Primer 

specificity was analyzed with the web based NCBI BLAST program using the general formula [n ≤ (x/2) + 1] 

wherein x is the length of the primer and n is the largest number of consecutive identities (Eq. 1). Using the 

formula, if the BLAST results from a primer consisted of a single false entry (the desired specific BLAST result) 

with the rest of the possible BLAST results remaining true, then the primer was considered specific. Ultimately, 

this analysis led to designing and using 362 primers. 

The reference sequence was analyzed for high 

levels of CG content using the open-source Java 

based web application Artemis: Genome Browser 

and Annotation Tool. The average percentage of CG 

content measured by the Artemis program was 

41.14%. Regions of sequence with a CG content 

≥ 2.5 times the calculated standard deviation of 

6.41% from the average, i.e. regions ≥ 57.18%, 

were recorded using the 2.5 standard deviation CG 

content plot function in the Artemis program. 

Primers covering regions with a CG content 

≥ 57.18% were marked and had 5% DMSO added 

to the sequencing reaction, recommended by the 

University of Arizona sequencing facility for high CG 

content templates, in order to preemptively 

counteract the effects of strong CG binding that 

might interfere with the sequencing reaction by 

failure to denature.

Sequencing

The nucleotide sequence of the Hap II BAC5 

transgene was determined by the University of 

Arizona Genetics Core sequencing facility using  an 

ABI3730xl Chain Termination Sequencing in a 96-well plate format. Throughout the sequencing process the 

results obtained for each plate were analyzed and parameters regarding primer selection and BAC DNA 

concentration were modified accordingly (discussed above) for optimal data yield. Specifically for plate 1, 

Figure 5. In this example, the first BLAST 
result has parameters n=20 and x=20. The 
results of the equation are that 20≤11 which is  
false. In the second BLAST result, the  
parameters are n=10 and x=20. The results of  
the equation then are 10≤ 11 which is true. If a  
BLASTed primer has only a single false result,  
then it is considered specific.
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sequencing reads per primer typically ranged between 500 and 700 bases, whereas in subsequent plates 

spacing was reduced to 300-500 bases. Individual reads of 500-600 bases were trimmed and aligned to the 

reference sequence into a single contig with the program CodonCode Aligner using the reference sequence 

NT_034772.6 (40200690-40358662). DNA sequences provide coverage from Intron 11 of RAD50 to the start of 

the KIF3A  gene with minor gaps in (gap locations). The sequences were manually analyzed using quality scores 

from the sequences. All nine inserted SNPs for the Hap II BAC were identified with an additional eleven 

discrepancies between the reference sequence and the contig sequence discovered (Table 1). Of the eleven 

discrepancies identified, 8 were found to be within HapMap – CEU population data as being common, 2 are the 

minor allele (with the minor allele frequency (MAF) being defined as lower than the common allele but generally 

between 5% and 10% in frequency), and 1 is a rare variant minor allele – being found in the population at a 

frequency below 5% (Table 2). None of the eleven SNPs identified falls within a coding region. The rare allele 

SNP is located +4510 bases downstream of the IL4 start codon within IL4 Intron 2.  There are three major allele 

SNPs and one minor allele SNP within the RAD50 Intron 21 sequence, one major allele SNP in the RAD50/IL13 

intergenic region, one major allele SNP within the IL13 Intron 1 sequence, 3 major allele SNPs and 1 minor allele 

SNP in the IL13/IL4 intergenic region. 

Base Change Relative BAC position Population Data Frequency

rs2406541 C>>T 131968966 82142 HapMap – CEU
rs2406540 C>>T 131968973 82149 HapMap – CEU
rs10055096 C>>T 131970465 83641 pilot_1_CEU_low_coverage_panel
rs2237060 T>>G 131970885 84061 HapMap – CEU
rs7737801 G>>A 131983219 96395 HapMap – CEU
rs1295687 C>>G 131994462 107638 HapMap – CEU
rs1295684 C>>G 131997561 110737 CEPH
rs1295682 T>>C 132003745 116921 pilot_1_CEU_low_coverage_panel
rs1298035 G>>C 132006844 120020 pilot_1_CEU_low_coverage_panel
rs2243248 T>>G 132008644 121820 HapMap – CEU
rs2243308 C>>T 132014253 127429 PGA-EUROPEAN-PANEL

Reference 
SNP Number

Chromosome 
Position

(T: 1.0/C: 0.0)
(T: 1.0/C: 0.0)
(T: 0.992/C: 0.008)
(T: 0.625/G: 0.375)
(A: 1.0/G: 0.0)
(C: 0.933/G: 0.067)
(C: 0.64/G: 0.36)
(C: 0.983/T: 0.017
(G: 0.986/C: 0.014)
(T: 0.908/G: 0.092)
(C: 0.978/T: 0.022)

Table 1. List of discrepancies found to be previously identified polymorphic sites. The allele  
contained within the BAC is bolded under the frequency column indicative of only 3 present  
olymorphic site on the BAC.

Gene Location Sequence (+/- 40bp)

rs2406541 RAD50 Intron 21-22 (-3841 from RAD50 Exon 22)
rs2406540 RAD50 Intron 21-22 (-3834 from RAD50 Exon 22)
rs10055096 RAD50 Intron 21-22 (-2342 from RAD50 Exon 22)
rs2237060 RAD50 Intron 21-22 (-1922 from RAD50 Exon 22)
rs7737801 Downstream RAD50 by 5162bp
rs1295687 IL13 Intron 1-2 (+541 from IL13 Start Codon)
rs1295684 Downstream IL13 (+3650 from IL13 Start Codon)
rs1295682 Downstream IL13 (+9824 from IL13 Start Codon)
rs1298035 Upstream IL4 (-2899 from IL4 Start Codon)
rs2243248 Upstream IL4 (-1099 from IL4 Start Codon)
rs2243308 IL4 Intron 2-3 (+4510 from IL14 Start Codon)

Reference 
SNP Number

AGCTGGGACTACAGGCATGTACCACCACGCCTGGCTAATT (T) TTGTATTTTTAGTAGAGACAGGGTTACACCATGTTGGTCA
ACTACAGGCATGTACCACCACGCCTGGCTAATTTTTGTAT (T) TTTAGTAGAGACAGGGTTACACCATGTTGGTCAGGCTGGT
TGATTTTTCACTTAAGATATTTTATCAAAATTCAGTGTTA (T) AGTGTATCAAATGTTTTTATGACATCTATTGAAAAATTAT
TCCTAGCCACTTTTCTCTGATCTTGAACAAGTCACTGATT (G) CATTGAATCTTAGTTTTGTTAATGGTAAATAGAGATAACA
AACAGCCCTCTTAGTATCTGTGAAAATCAGCAACCTAGTA (A) CCACTGGAGGAGACAGAATAGATTTGGAGGTCCCCCAGAT
TCCCCAGCACCATCATAGGCCCGCCCTTACAGGAGGATTC (G) TTAGTAGAGTCCGCTCCTTGCCCCACTAGTAACAGCTCAC
AACAGGGCTCTGGCTAGGCCACTCCTCAGCAGCTCTTGTT (G) CTTCCCCATGGCCCTGGTCAGCAGCTGGAGTGCAGAGACC
CTTCAGTGACCTCGGGGCCTTCCACCTGCTGTCCCTTGCC (C) GCACTCACCCCACCCTGCAGCCCCTGCTCCTGGCTAAAGC
AGAACTTGAGGCACTGCGATAAGATCCAAAACTATATATA (C) ACAGTGGAATACTATACAGCCTTAAAAAAGAAGGAAACGC
GGGCACTGACTAGGAGGGCTGATTTGTAAGTTGGTAAGAC (G) GTAGCTCTTTTTCCTAATTAGCTGAGGATGTGTTTAGGTT
AAGAACTTGAAAGCTGCTTGGACAGCGCTGCTGATAGAAA (T) CCCTGAGCATCTTGTCACTGTTCTTCTGATTCAGAGGGTC Table 2.  

List of discrepancies with their corresponding reference SNP numbers, relative BAC locations, and  
flanking sequences. In parenthesis is discrepancy base currently within the BAC.
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Discussion
Optimization of the sequencing process was necessary in order to achieve robust results for the Hap II BAC 

sequence. Removal of RNA contamination from BAC DNA facilitated sequencing and provided improved results. 

In this respect, it is possible that RNA contaminants acted as pseudoprimers that started micro reactions during 

the sequencing process. We decided to use BAC at a concentration of 3 μg/μL (24 μg/reaction). Further increase 

of DNA concentration does no result in significant increase of the quality of the sequencing data while requiring 

more time spent isolating BAC DNA. The equation used in the selection of primers was created by the 

conducting researcher in order to provide a more stringent filter to decrease possibility of non-specific priming. 

While use of the expected value or E-value is common, it became difficult to find an appropriate cut off point that 

would still give a reasonable amount of confidence for specificity. The use of the program Artemis in order to 

preemptively combat the effects of strong CG binding was employed in an attempt to reduce the number of 

repeat reactions necessary to get usable data to assemble the contig. The expected read lengths of the primers 

were reduced in order to facilitate greater coverage as well as reduce the impact of failed reactions on the 

contig.

Analysis of the contig revealed 11 SNPs thus far as well as confirmed the existence and integrity of the 9 

inserted SNPs and their surrounding regions. Thus there is a high level of confidence that no undetected 

modification were introduced during the creation of the Hap II BAC5. There are no identified SNPs that reside 

within exon regions of RAD50, IL13, or IL4. However, there are 5 SNPs located in intergenic regions between 

genes and 6 SNPs within intron sequences. Four of the six SNPs within intron sequences are contained within 

the RAD50 intron 21 sequence and offer little probability of significant interaction with theRAD50 hypersensitive 

site 7 region, an element necessary for proper Th2 locus regulation.12 The SNP located within the IL13 intron 1 

sequence – rs1295687 – is the major allele with a frequency of 93.3% and is considered the common allele. The 

SNP rs2243308 is the only identified SNP with a low frequency and that lies within an intronic sequence, located 

in the IL4 intron 2 sequence. The BAC contains the minor allele for rs2243308 which is a rare variant having a 

frequency of only 2.2%, it's position within IL4 suggests the possibility of interaction with other SNPs that may 

influence the data seen in some manner. The minor allele SNP rs2243248 has a possibility of interaction with IL4 

due to it's close proximity to the IL4 start codon (1100 bases upstream). The remaining three identified SNPs are 

all located a minimum of 3.5kb downstream of their closest genes (1 for RAD50 and 2 for IL13) and as such offer 

are unlikely to significantly influence  though they should still be considered in future endeavors.
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