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The methylenetetrahydrofolate  reductase 
(Mthfr) gene maps  to distal mouse  
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Species: Mouse 
Locus name: 5,10-Methylenetetrahydrofolate reductase 
Locus symbol: Mthfr 
Map position: Distal Chromosome (Chr) 4, Cen t romere -  
D4Mit13-1.06 cM _+ 0.75-Mthfr-l.06 +_ 1.06-D4Mit42 
Method of  mapping: Mthfr was localized by RFLP analysis of 94 
animals from an interspecific backcross panel ((C57BL/6JEi x 
SPRET/Ei)F 1 x SPRET/Ei) provided by The Jackson Laboratory, 
Bar Harbor, Me. (BSS panel) [1]. To verify the localization, RFLP 
analysis was performed on 94 animals from the reciprocal cross 
((C57BL/6J x Mus spretus)F 1 x C57BL/6J) (BSB panel) (Fig. 1) 
[1]. 
Database deposit information: The data are available from the 
Mouse Genome Database, accession number MGD-CREX-672. 
Molecular reagents: A 727-bp mouse cDNA was obtained by 
reverse transcription/PCR of mouse brain RNA, with primer se- 
quences based on sequence data of a mouse genomic clone (Pai et 
al. unpublished). The 5'  primer (5 ' -ATGGTGAACGAGGC-  
CAGAGGAA-3' )  began at the ATG translation initiation start site, 
and the 3' primer (5 ' -GCAGGCCTTCACAAAGCTGAAGA-3' )  
ended at bp 727 of the mouse cDNA. Sequence analysis verified 
the identity of the PCR product (Frosst, results not shown). The 
mouse cDNA was labeled by random priming and hybridized to 
Southern blots of TaqI-digested mouse genomic DNA. 
Allele detection: Allele detection was performed by RFLP analysis 
of a TaqI polymorphism. The C57BL/6J strain has an allele of 
approximately 6.5 kb, while the Mus spretus strain has an allele of 
approximately 4.2 kb. A constant band of approximately 3.3 kb 
was seen in both strains. 
Previously identified homologs: Human MTHFR has been mapped 
to the p36.3-p36.2 region of Chr 1 by in situ hybridization [2]. 
Discussion: M T H F R  cata lyzes  the conve r s ion  of  5,10- 
methylenetetrahydrofolate to 5-methyltetrahydrofolate, the primary 
circulatory form of folate. 5-Methyltetrahydrofolate serves as the car- 
bon donor for homocysteine remethylation to methionine. Recently, a 
common mutation in MTHFR (a C ~ T substitution at bp 677 re- 
sulting in an alanine to valine missense mutation) was proposed as a 
genetic risk factor for neural tube defects in man [3,4,5]. This muta- 
tion requires low folate status in plasma for the development of mild 
hyperhomocysteinemia [6]. This genetic-nutrient interactive effect is 
consistent with the multifactorial model for neural tube defects and 
with the established role of folic acid in reducing the recurrence and 
occurrence of this developmental anomaly. 

The curly-tail (cO mouse is a mouse model for neural tube 
defects; it is thought to closely mimic the human disorder with 
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Fig. 1. The localization of Mthfr to distal Chr 4. The markers on the left 
are from the BSS backcross panel, while the markers on the fight are from 
the BSB panel. These panel data and references for mapping the other loci 
are publicly available from The Jackson Laboratory Mapping Resource at 
the World Wide Web address: http://www.jax.org/resources/documents/ 
cmdata. 

respect to the location of defects, pathology, and the effects of 
various teratogens [7]. A recent study of ct mice has shown that a 
diet low in folate or methionine can affect the incidence of tail 
defects [8]. A major gene that predisposes to neural tube defects in 
the ct strain has been localized to distal Chr 4, to a region approxi- 
mately 3 cM proximal to the D4Mitl3 marker [7,9]. In this study, 
Mthfr was mapped to a region approximately 1 cM distal to the 
D4Mit13 marker with one backcross panel; no crossovers were 
observed between Mthfr and D4Mit13 with the second panel. The 
metabolic relevance of Mthfr to folate-dependent methionine syn- 
thesis and the localization of Mthfr to distal Chr 4 suggest that 
Mthfr, or a closely linked gene in this pathway, should be evalu- 
ated as a candidate for the major gene that predisposes to neural 
tube defects in the ct strain. 
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Species: Rattus norvegicus 
Locus name: S a gene 
Locus symbol: S a 

Chromosomal location: Chromosome (Chr) 1 [1] 
Molecular reagents: Primers (forward: 5' TGGCTTTCTCTC- 
CCATTAA 3' position 7-26 in the cDNA sequence [2]; reverse: 
5' TCCTGGTGTCCACCTCCTTGTGTGAGAAG 3' position 
157-129), located in the first second exons of the SA gene respec- 
tively, were designed with the help of OLIGO [3] and used to 
amplify the first intron of the rat S A gene by Long and Accurate 
Polymerase Chain Reaction (LA-PCR) [4]. The PCR products 
were cloned directly into pGEM-T (Promega, Southampton, UK), 
and the region of the DNA containing the polymorphism was 
subcloned into pBluescript (Stratagene, Cambridge, UK). These 
subclones were sequenced by the dideoxy chain termination 
method with the T7 Sequencing kit (Pharmacia, Milton Keynes, 
UK), with primers (designed as before) "walking" along the 
DNA. A 695-bp XhoI/BamHI fragment located within the ob- 
served insertion was used as a probe for Southern blots. 
Previously identified sequence: S A cDNA sequence [2] and Rattus 
norvegicus (SA) gene microsatellite SA3CA sequence [5]. 
Discussion: The SA gene, of unknown function, was identified 
owing to its higher expression in the Spontaneously Hypertensive 
Rat (SHR) compared with the normotensive Wistar Kyoto (WKY) 
rat strain [2], and this gene locus was shown to cosegregate with 
blood pressure in F 2 populations of various crosses of hypertensive 
and norrnotensive inbred rat strains [1,6-8]. Restriction Fragment 
Length Polymorphism analysis of SHR and WKY genomic DNA 
showed that there was a significant degree of polymorphism be- 
tween these two SA alleles [2]. To identify any structural differ- 
ences in the genomic DNA that could explain this, PCR primers 
flanking the first intron were used to amplify this area of the gene 
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from SHR and WKY rats; this resulted in products of approxi- 
mately 6.5 kb and 5.1 kb from SHR and WKY rat DNA respec- 
tively. 

In order to determine the nature of this size heterogeneity, 
these PCR products were cloned and characterized by restriction 
digest to localize the polymorphic region. A polymorphic SstI 
fragment (3317 bp for SHR DNA and 1991 bp for WKY DNA) 
was subcloned into pBluescript SK and sequenced. The sequence 
data showed that the SHR sequence has greater than 95% homol- 
ogy with the Rattus norvegicus (SA) gene microsatellite SA3CA 
sequence [5] over a 1669 bp overlap (at which point the published 
sequence ends) and contains an extra 1326 bp of DNA compared 
with the WKY PCR product. This additional 1326 bp shows over 
91% homology to the 3' end of a rat long interspersed repetitive 
element (LINE) [9] in an antisense orientation relative to the S A 
gene; however, no homology to this LINE sequence was found in 
the corresponding WKY subclone. Moreover, the fact that the 
LINE element is flanked by a duplicated 16-bp target site for 
insertion, a property common with class II reterotransposons [10], 
implies that the nature of the size difference in the SHR SA first 
intron is most likely to be the reterotranscriptional insertion of a 
LINE sequence. 

To determine the distribution of the LINE insertion in the first 
intron of the S a gene in other inbred rat strains, we prepared 
Southern blots from the PCR products of other strains and hybrid- 
ized them to a 33p-labeled LINE-specific DNA probe. This showed 
that several rat strains gave the larger PCR product (L in Table 1), 
all of which hybridized to the LINE-specific probe (+). However, 
those rat strains that gave the smaller PCR product (S) did not 
hybridize to the LINE-specific probe (-). 

These results therefore demonstrate the presence of a novel 
insertional polymorphism in the SA gene which is present in sev- 
eral inbred rat strains; the functional importance of this remains to 
be elucidated. 
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Table 1. Summary of occurrence of LINE insertion in different rat strains. 

Inbred Rat Strains 

SHR WKY MHS MNS LH LN SS SR LEW CDF BN 

PCR L S S L L L L L S L L 
Line + - - + + + + + - + + 

Abbreviations: SHR, Spontaneously hypertensive rat; WKY, Wistar Kyoto rat; MHS, Milan hypertensive strain; MNS, 
Milan normotensive strain; LH, Lyon hypertensive rat; LN, Lyon normotensive rat; SS, Dahl salt-sensitive rat; SR, Dahl 
salt-resistant rat; LEW, Lewis rat strain; CDF, CDF rat sla'ain; BN, Brown Norway rat; PCR, PCR product size from 
amplification described in text; LINE, hybridization of LINE-specific sequence to the PCR products. 


