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ity to alcoholism. Here we report the cloning and se-
Gamma-amminobutyric acid (GABA) is a major in- quencing of the two introns flanking the 8-amino-acid

hibitory neurotransmitter. Two alternatively spliced exon and the presence of NciI restriction fragment
forms of the g2 subunit of GABAA receptor (g2L and length polymorphisms (RFLP) in the downstream in-
g2S), which differ by an exon of eight amino acids, tron.show different sensitivities to modulatory effects of
ethanol on receptor activities. A 2.7 kb DNA fragment

MATERIALS AND METHODSand an 1.7 kb DNA fragment covering respectively the
introns upstream and downstream from the 8-amino-

Subcloning and sequencing of PCR fragments. PCR fragmentsacid exon were obtained through PCR-amplification of
were cloned into the pCR2.1 vector (TA cloning kit, Invitrogen)human genomic DNA using primers derived from according to manufacturer’s instructions. Plasmid DNA con-

cDNA sequences. Total sequencing of these fragments taining the inserts were then purified and used for automatic DNA
showed a composite 4.2 kb segment containing the 8- sequencing.
amino-acid exon and consensus sequences for RNA Determination of NciI RFLP. The condition for PCR are as fol-
splice junctions. Restriction fragment length polymor- lows: The primer G-CVijI sequence is 5*-AAT TTA CCA ACT GGT
phisms (RFLP) based on NciI restriction digestion CTA GCC GG, and the primer RI-GR sequence is 5*-GAA TGT

CAA CAA TGT TTA CCT ACA TGT G (see Fig. 1). The reactionwere found among Chinese in Taiwan. This RFLP pro-
mixture contained 15 pmoles of each of the primers, dNTP (0.25vides a useful DNA marker for allelic association or
mM of each of the four nucleotides), MgCl2 (2.0 mM), Tris-HCl (pHlinkage analyses of the role of GABAA receptors in pre-
8.3, 10 mM), KCl (50 mM) and Taq polymerase (1 unit, Boerhinger-disposition to alcoholism or other neuropsychiatric Maniheim). The thermal cycles were 20 s at 94 7C, 30 s at 62 7C

disorders. q 1997 Academic Press and 35 s at 70 7C for 40 cycles. The PCR fragments (in 6 ml of
reaction mixture) were then digested with 5 units of restriction
endonuclease NciI (New England Biolab) in a final volume of 20
ml at 37 7C overnight. The digestion products were then run on

Gamma-aminobutyric acid (GABA) is a major inhibi- 6% polyacrylamide gels and stained with ethidium bromide for
viewing under UV light.tory neurotransmitter in the brain. The GABAA recep-

tor is a ligand-gated chloride ion channel modulated by
barbiturates, benzodiazepines, and ethanol (1). Many RESULT AND DISCUSSION
behavioral actions of ethanol may be explained by en-
hancement of GABAA receptor-mediated ion flux and Based on human cDNA sequences (2, 8), we first

designed a pair of primers to amplify sequences be-chronic effects of alcohol on the receptors (1). An alter-
native form of the g2 subunit, g2L, which contains an tween the 8-amino-acid exon and the 3 * untrans-

lated region. The primers sequences were: G-F (5*-additionally spliced 8-amino-acid exon with a phos-
phorylation site, may mediate the action of ethanol (2- CCT CTT CGG ATG TTT TCC TTC AAG-3 *) from

the 8-amino-acid exon (24 bp) and G-R (5*-GAT TCA6). A point mutation in a cerebellum-specific GABAA
receptor subunit (a6), may underlie the motor-im- GAT ACT TAT CAA CCA C-3 *) from the 3 * untrans-

lated region. The PCR reaction mixture containedpairing effect of ethanol (7). These results implicate
possible roles of GABAA receptor genes in susceptibil- 200-500 ng of human genomic DNA, 100 pmoles of
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FIG. 1. NciI RFLP and intron sequences flanking the 8-amino-acid exon of g2 subunit gene for human GABAa receptors. PCR primer
sequences are underlined, with the arrows (r) and () indicating the sense strands, and the antisense strands respectively. The recognition
sequence for restriction endonuclease NciI and the polymorphic base (g or a at nucleotide position 3145) are indicated by boldface types.
Nucleotides in exons and introns are shown in capitalized letters and lower case letters, respectively.

each primer (1 mM), MgCl2 (4 mM), dNTPs (0.25 mM exon in the 1.7 kb fragment (Fig. 1) were used to
amplify genomic DNA by PCR and generated a 2.7for each nucleotide), 4 units of Taq polymerase

(Gibco) in manufacturer-supplied buffer in a total kb product. Total sequencing of this fragment con-
firmed the presence of 0.25 kb of sequences fromvolume of 100 ul. Thermal cycles were repeated for

35 times at 95 7C for 25 s, 53 7C for 50 s and 65 7C the 1.7 kb fragment including the 8-amino-acid exon
(Fig. 1). Combination of sequences from the 2.7 kbfor 120 s. Agarose gel electrophoresis revealed an 1.7

kb PCR product. The PCR fragment was subjected to and the 1.7 kb fragments gives a 4.2 kb fragment
(Fig. 1). An RFLP revealed by NciI was found (seeautomatic DNA sequencing using a Applied Biosys-

tem Prism 380 machine. Sequences (Fig. 1, nucleo- Material and Methods) among Chinese in Taiwan.
This NciI RFLP is about 0.7 kb downstream fromtides 3803-4186) matching the 3 * region of published

cDNA sequence of human GABAa g2 subunit (8) the 8-amino-acid exon and therefore is more tightly
linked than previously reported dinucleotide repeatwere found in this 1.7 kb fragment. For intron se-

quences upstream of the 8-amino-acid exon, a polymorphisms (9). The newly found RFLP marker
and the intron sequences can therefore lead to fur-primer, LE3GF (5*-AAA GAT AAA AAG AAG AAA

AAC CCT), from the cDNA sequence 5* to the splice ther molecular genetic analysis of the role of
GABAergic systems in the behavioral and cellularsite, and a primer, LE2GR (5*-CAG GGA TTA TAG

CTT TTG GGC) downstream from the 8-amino-acid actions of alcohol (10).
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FIG. 1—Continued
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