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The Sicl4a(solute carrier family 4, anion exchanger) family, also Ae2reverse 5AGTCACTGCCTGCAAGCTCT-3;
known as the band 3-related anion exchand@) gene family, = Ae3forward 5-CCAATCCATTCCATACTTCC-3,
comprises at least three distinct members (Alper 1994; KopitcAe3reverse 5GATCTTCTACGATGAGGTG-3.
;a%o)éggr?egfestﬁée:;(g;%sesgdggl;gtg&l!)és;/egerg?génsah;n d?ﬁrl:w These PCR primers were used to evaluate the microsatellit
independent, electroneutral exchange of chloride for bicarbonatgeqyenceS for length polymorphisms among various inbred re
across the plasma membrane (Alper 1994). The hufe Ae2 trains and to refine the chromosomal locationg\el, Ae2and
andAe3genes (more recently identified as s.olute carrier famiI’y 4 Ae3.Genotyping was performed as dgscribed previ(.)usl.y (Jappb €
anion exchanger, member 1-St C4al—3 have been localized to "al. 1995). Analysis of DNA from 21 inbred rat strains identified
Chromosomes (Chrs) 17, 7, and 2 respectvely (Palumbo et alyidl SR RS P8 Tn SRR 1o 20 9 B
1986; Showe et al. 1987; Yannoukakos 1994). Ned, Ae2and - . .
Ae3genes of the mouse have been localized to Chrs 11 (Love et ag; EEEQ?:Z?Z?;?QSQ%g%@ dlriSCOhtggglg‘;bp (Table 1; for a review
1990), 5, and 1 (White et al. 1994) respectively. TheAal gene ’ )
has been mapped to Chr 10 (Jacob et al. 1995; Serikawa et atable 1. Rat genomic DNA from 21 inbred strains was amplified by PCR primers
1992) by genetic mapping, and the A&3gene has been localized directed to the microsatellite repeat near Ael, Ae2or Ae3genes. PCR products
: ’ : : were analyzed by gel electrophoresis as described in the text. Abbreviations are

g_oggrr 9 with a rat/mouse somatic cell hybrld_panel (D_eng et a!‘Spontaneously Hypertensive/NIH (SHR/Nih), Stroke Prone Spontaneously Hyperten

). Here we report. the development of mmrosate”'t.e genetiGjve/Heidelberg (SHRSP/H), Wistar Kyoto/Heidelberg (WKY/H), Salt-Sensitive/
markers for the rat anion exchanger genes and the refined chr@ehn Rapp (SS/Jr), Salt-Resistant/John Rapp (SR/Jr), Lewis/Harlan Sprague-Dawl

mosomal localizations of the thréegenes by the dual techniques (LEW/Hsd) Bf‘(’W”/'No)fway’Har'Z” Sprague Dawley ('?N”/"S‘;)v Blo-Breedind/
L g i Jioati Diabetes prone (BB/Dp), Bio-Breeding/Diabetes resistant (BB/Dr), Fischer 344/Kozo
of genetic “nkage and fluorescent in situ hyb”dlzatlon (F|SH)' We Matsumoto (F344/Tj), AxC 9935 Irish/Harlan Sprague-Dawley (ACI/Hsd), Buffalo/

also report that théelandAe2genes lie within quantitative trait  Harlan Sprague-Dawley (BUF/Hsd), Spontaneously Hypertensive/Harrap (SHR/Har)
loci for systolic blood pressure in models of rat genetic hyperten-Donryu/Harrap (DNY/Har), Wistar to King to Aptekman to Hog Rat/Kozo Matsu-
sion. moto. (WKAH/T]), Castle’s Black Rat x Wild Rat/Kozo Matsumoto (LEC/Tj),

; ; - Otsuka Long-Evans Takamua Fatty/Kozo Matsumoto (OLETF/Tj), Genetically Hy-
Rat cosmid genomic DNA clones enCOdmg the tm«aegenes pertensive/Stephen Harrap (GH/Nz), Fawn Hooded hypertensive rat/Erasmus Unive

were gifts of Dr. Gary Shull (University of Cincinnati; Kudrycki  sjty (FHH/Eur), Copenhagen (COP/Uwm), Wistar Furth/University of Wisconsin,
and Shull 1993; Linn et al. 1992; and unpublished observations, Gvadison (WF/Uwm).
Shull et al.). To determine if microsatellite repeat sequences were

present within theAe genes, Southern blots d&coRI-digested

Allele size (bp)

cosmid DNA were hybridized with &2P-labeled (CA), oligo-  Strain Ael Ae2 Ae3
nucleotide probe with standard protocols (Couch et al. 1994; Mag v 199 150 150
niatis et al. 1989). This initial screen indicated the presence 0tnrsp/H 199 150 172
microsatellite CA repeat sequences within each ofAbeosmid ~ WKY/H 199 150 172
clones. Cosmid DNA was subsequently digested \BighBA and ~ SSHr 199 114 172
ligated into pBluescript KS (+) (Stratagene, La Jolla, Calif.). SUb'EE\/AJ/;Hsd 1133 11112 llgg
clones were transformed inEscherichia colDH5q, plated, lifted  gn/Hsd 201 114 160
onto nylon filters (DuPont/NEN), and screened with the (SA) BB/Dp 201 114 160
oligonucleotide probe according to manufacturer’s directions BB/Dr 201 114 172
Positive colonies were picked, and the plasmid DNA was Se'AcL}/Arng ;gf ﬁj igg
quenced. PCR primers flanking the (GAEpeats were designed: gup/Hsd 203 114 150
SHR/Har 199 150 214
Aelforward 5-AGAGGAGGAGCCATGAGAGT-3, DNY/Har 199 150 172
Aelreverse 5GGACAGGATGACAATGACAC-3; WKAH/T] 201 126 172
Ae2forward 5-TTGGAGGAGTTTGAGGACCC-3, LEC/T] 197 134 172
OLETF/Tj 199 134 172
I GHINz 199 134 172
Correspondence toF.C. Brosius Ill, University of Michigan, 1560 Egg’,%um 1_99 gz’ ;Zi
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ers was carried out on 46,progeny of a Spontaneously Hyper- A
tensive rat (SHR) x Brown-Norway rat (BN) intercross (Jacob et
al. 1995). Genotype data were analyzed with the MAPMAKER
computer program (Lander et al. 1987) and the Kosambi may
function. The (CA), microsatellite from theAelclone mapped to
Chr 10 (Fig. 1A). No recombination was observed betwéen
and theBand3a(TTCA)g microsatellite identified by Serikawa and
colleagues (Serikawa et al. 1992), or wRpy and D10Mit7. Ae2
mapped to Chr 4 (Fig. 1B), displayed no recombination with IL6
or with D4Mgh22,and was situated 5.7 cM fro@4Mghl. Ae3
mapped to Chr 9 (Fig. 1C), displayed no recombination with
D9Mit5, and was situated witb9Mgh26.8 cM to one side and
D9Mit2 (Crygg andD9Mgh4 (Crygf) 6.8 cM to the other side.
Regional chromosome localization of te genes was per-
formed by FISH, as described previously (Pinkel et al. 1988;
Szpirer et al. 1994). ThAelprobe generated bright double chro-
matid signals on Chr 10 only. The signals were subtelomeric anc
unambiguously mapped to the last band, that is, 10932 (Fig. 2A).

After determination of allele sizes, genotyping of these mark-
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In the linkage mapAeLlis close to one end, thereby allowing us to Fig. 2. Regional Ioca!ization o_f the rae/Slc4agenes by FISH: portions
orient the linkage map with respect to the chromosome: centro®f metaphases showing the signals generated by the probes (left) and t

mere-D10Mghl13-. . .-AetD10Mghl-telomere (these data imply
that the map shown in Jacob et al. (1995) is upside down; the ma|
is correctly oriented in Fig. 1). Our conclusion is in agreement withg,
that of Kuramoto and associates (1993), who assiggolR to

10924, i.e. in a more proximal position thae1(see Fig. 1), and

cosmids).

Gh, which is closely linked toAce and Ael,to 10g32. We also
agree with the results of Yeung and colleagues (1993), who asat one end of the linkage group, and thus it was easy to orient th

signedTsc2to 10g12 andKidl, itself closely linked toD10Mit9/

RR94(Hino et al. 1994), to 10g21. These results can be combined4Mgh13-telomere.

as follows: centromerd>10Mgh13-Tsc4q12)-D10Mit9-
Kid1(q21)-SybZq24)-Ael/Ace/Gh/D10Mgh#i32—telomere.

signals on the two copies of Chr 4 (Fig. 2B). The2gene mapped

DAPI staining (right). (A) Detection of thAel/Slc4algene at 10q32 (the
robe used was the pL2Aplasmid, containing the mous&el/Sic4al
NA sequence from position +362 to +4385). (B) Detection ofAle@/

cda2gene at 4gl1l. (C) Detection of tHe3/Sic4daxgene at 9934 (the

probes used in the two latter cases were pWE15-derived genomic DN/

Chr 4 linkage map: centromerde2, 116, D4Mgh22. . .—

TheAe3cosmid generated double chromatid signals on the twc
Chr 9 homologs of several metaphases, and these signals we

The Ae2 probe generated double chromatid signals on Chr 4dmapped at 70-75% of the chromosome length, that is, 9934 (Fic
close to the centromere, that is, 4q11. Several metaphases show2@). The Chr 9 linkage group is relatively short (about 40 cM), and

the Ae3gene is located in the middle of this map. Thus, it was not
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Fig. 1. Genetic linkage maps of rat chromosomes 4, 9, and 10. Formal locus names include the prefix RNO (omitted here) Righgatihprvegicus

to avoid confusion with loci in other organisms. Gene names (shown in parentheses) refer to loci taken from the literature or GenBank. Markers |
on the same horizontal line did not recombine in the 92 meioses studied. Markers Aegtirees generated in this study are shown in bold. Markers whos:
order is supported by a lod score of at least 2.0 are shown in plain type, the remainder in italics. CentiMorgan distances between markers, calculat
the Kosambi map function, are indicated for distances over 3.3 cM. The precise mapping function for the rat is not known, but the Kosambi map fu
should be adequate except perhaps in large intervals.
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possible to orient the linkage map, although this mapping estab- somal mapping of two genetic loci associated with blood-pressure regu
lished the first link between the genetic and the chromosome maps. lation in hereditary hypertensive rats. Nature 353, 521-525.
Under physiologic conditiongie polypeptides mediate trans- Hino, O., Kobayashi, T., Tsuchiya, H., Kikuchi, Y., Kobayashi, E., Mitani,
port of bicarbonate out of the cell, hence acidifying the cell interior - Hiramaya, Y. (1994). The predisposing gene of the Eker rat inheritec
and increasing intracellular chloride concentration (Alper 1994; Sancer syndrome is tightly linked to the tuberosous sclerosis (Tsc2
G t al. 1989). Ab lities i lati f int lul H gene. B|och_em. Blophys. Res_. Commun. 203, 13Q2—1308.
anz e a." )- no.rmal lesin regu_a |0_n o 'n.race ular p Jacob, H.J., Lindpaintner, K., Lincoln, S.E., Kusumi, K., Bunker, R.K.,
and chloride concentrations have been implicated in the develop- \a0, v.-p., Ganten, D., Dzau, V.J., Lander, E.S. (1991). Genetic map
ment of genetic hypertension in rats and in humans (Aalkjaer ping of a gene causing hypertension in the stroke-prone spontaneous
1990). Therefore, we examined the segregatioel—3genes hypertensive rat. Cell 67, 213-224.
with the hypertensive phenotype in several large, inbred crossedacob, H.J., Brown, D.M., Bunker, R.K., Daly, M.J., Dzau, V.J., Goodman,
rat models of hypertension developed by us and others. Interest- A., Koike, G., Kren, V., Kurtz, T., Lernmark, A., Levan, G., Mao Y-P.,
ingly, the Ael gene segregated within a quantitative trait locus, Pettersson, A., Pravenec, M., Simon, J.S., Szpirer, C., Szpirer, J., Tro
Bp1,shown to have a major effect on systolic and diastolic blood it M.R., Winer, E.S., Lander, E.S. (1995). A genetic linkage map of
pressure after sodium load in Brogeny of a stroke-prone SHR/H the laboratory ratRattus norvegicusNature Genet. 9:63-69.
. : . . opito, R.R. (1990). Molecular biology of the anion exchanger (AE) gene
(SHRSP) x Wlstar-_K_yoto/H intercross (Hilbert et al. 1991; Jacob family. Int. Rev. Cytol. 123, 177-199.
etal. 1991). In addition, thée2gene has been mapped to an areayqrycki, K.E., Shull G.E. (1993). Rat kidney band 3 CI-/HCO3-
on Chr 4 that has been demonstrated to segregate with blood exchanger mRNA is transcribed from an alternative promoter. Am. J.
pressure in recombinant inbred rats derived from crossing SHR/ Physiol. 264, F540-F547.
NIH and Brown-Norway (BN) rats (Pravenec et al. 1994). How- Kuramato, T., Serikawa, T., Hayasaka, N., Mori, M., Yamada, J. (1993).
ever, neitheAel, Ae2nor Ae3genes cosegregated with any blood  Regional mapping of the Rowett nude gene (RONU) to rat chromosome
pressure phenotype in,Forogeny from intercrosses of Salt-  10024-q32 by localizing linked Syb2 and Gh loci. Cytogenet. Cell
Sensitive/John Rapp x BN/Hsd (Harlan Sprague-Dawley) and Ge- Genet. 63, 107-110 (1993).

netically Hypertensive/Nz x BN/Nz (Jacob et al. unpublished ob-L-ander, E.S., Green, P., Abrahmson, J., Barlow, A., Daly, M., Lincoln, S.,
servatign) yp ( P Newburg, L. (1987). MAPMAKER: an interactive computer package for

- S L constructing genetic linkage maps of experimental and natural popula
The combination of genetic linkage and fluorescent in situ o< conomics 1, 174-181.

hybrldl;atlon data confirm and refine the_locallzatlon of the Linn, S.C., Kudrycki, K.E., Shull, G.E. (1992). The predicted translation
genes in the rat. Moreover, linkage analysis suggestsithaand product of a cardiac AE3 mRNA contains an N terminus distinct from
Ae2 are candidate genes that may contribute to the development that of the brain AE3 CI-/HCO3-exchanger. J. Biol. Chem. 267, 7927—
and/or maintenance of hypertension in both the SHRSP and SHR 7936.

models of genetic hypertension. The development of polymorphid-ove, J.M., Knight, A.M., McAleer, M.A., Todd, J.A. (1990). Towards
PCR markers for the raie genes should facilitate further exami-  construction of a high resolution map of the mouse genome using PCR

nation of these genes and their potential roles in rat models of high analyzed microsatellites. Nucleic Acids Res. 18, 4123-4130.
blood pressure. Maniatis, T., Fritsch, E.F., Sambrook, J. (198®)olecular Cloning: A

Laboratory Manual(Cold Spring Harbor, NY: Cold Spring Harbor
Laboratory Press).
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