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A novel sodium bicarbonate cotransporter-like gene in an ancient
duplicated region: SLC4A9 at 5q31
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Abstract

Background: Sodium bicarbonate cotransporter (NBC) genes encode proteins that execute
coupled Na+ and HCO3

- transport across epithelial cell membranes. We report the discovery,
characterization, and genomic context of a novel human NBC-like gene, SLC4A9, on chromosome
5q31.

Results: SLC4A9 was initially discovered by genomic sequence annotation and further
characterized by sequencing of long-insert cDNA library clones. The predicted protein of 990
amino acids has 12 transmembrane domains and high sequence similarity to other NBCs. The 23-
exon gene has 14 known mRNA isoforms. In three regions, mRNA sequence variation is
generated by the inclusion or exclusion of portions of an exon. Noncoding SLC4A9 cDNAs were
recovered multiple times from different libraries. The 3’ untranslated region is fragmented into six
alternatively spliced exons and contains expressed Alu, LINE and MER repeats. SLC4A9 has two
alternative stop codons and six polyadenylation sites. Its expression is largely restricted to the
kidney. In silico approaches were used to characterize two additional novel SLC4A genes and to
place SLC4A9 within the context of multiple paralogous gene clusters containing members of the
epidermal growth factor (EGF), ankyrin (ANK) and fibroblast growth factor (FGF) families. Seven
human EGF-SLC4A-ANK-FGF clusters were found.

Conclusion: The novel sodium bicarbonate cotransporter-like gene SLC4A9 demonstrates abundant
alternative mRNA processing. It belongs to a growing class of functionally diverse genes characterized
by inefficient highly variable splicing. The evolutionary history of the EGF-SLC4A-ANK-FGF gene
clusters involves multiple rounds of duplication, apparently followed by large insertions and deletions
at paralogous loci and genome-wide gene shuffling.
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Isolation and genomic structure of SLC4A9
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Figure 1
Genomic organization and alternative splicing of SLC4A9. Sequence coordinates refer to nucleotide positions on two different
draft-phase contigs of BAC CTC-329D1, GenBank AC008438.1 [gi: 5686628]. The first six rows after the heading row
present all the putative coding isoforms, in order of decreasing known length. The bottom eight rows present the noncoding
isoforms (including clones whose coding potential could not be determined because of insufficient available sequence). The
sixth coding isoform is an IMAGE clone from the NCI CGAP kid11 kidney cDNA library (IMAGE: 2696136). For the
noncoding isoforms, the first and second clones from the bottom are IMAGE clones from the NCI CGAP kid11 kidney
cDNA library (IMAGE: 2384256 and 2379164, respectively). The fourth clone from the bottom was isolated from the
Clontech long-insert fetal brain cDNA library. All other clones were isolated from the Clontech long-insert adult kidney
cDNA library.
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Table 1

Selected primers used for the amplification, cloning and
sequencing of SLC4A9

Primer name Sequence (5’ to 3’)

oi-A CGGGGCTCAGGACCTTTTAATG

oi-B ACTCCTACTCCAGCTAATTC

oi-C CTCTGAATCTTCACTGTCAC

oi-D TGAAGAGGTGGACCCTGGTC

oi-E AGATGGAGGCTCCTGTAAGG

oi-F ACTCATTCAGTGGAAGTGAC

6797up CCAGGACTGAGGAGAAGTCG

5219up TTGGCAGAGGCACCCGTAGG

345F GGTCCTCTGCCTACGGGTGCC

345R GGATGACTGCTGTGATCTGTTG

5-LDA CTCGGGAAGCGCGCCATTGTGTTGGT

3-LDA ATACGACTCACTATAGGGCGAATTGGCC

Unigene F CTGCAAGGCGATTAAGTTGGGTAAC

Unigene R GTGAGCGGATAACAATTTCACACAGGAAACAGC

c67F CATTTCTGTGAATTAGCTGGAGTAG

c67R CGACTGAGCATCTGGAAGTTAAG

Figure 2
Multiple-tissue northern (MTN) blot analysis of SLC4A9
expression. (a,b) Hybridization with the SLC4A9 345F/R
fragment as a probe. (c,d) Hybridization with the control �-
actin cDNA as a probe. (a,c) MTN1; h, heart; br, brain; pl,
placenta; lu, lung; lv, liver; sm, skeletal muscle; kid, kidney;
pa, pancreas. (b,d) MTN2; sp, spleen; th, thymus; pr,
prostate; te, testis; ov, ovary; int, small intestine; col, colon
without mucosa; PBL, peripheral blood leukocytes. Not
shown are the experiments with MTN3 (stomach, thyroid,
spinal cord, lymph nodes, trachea, adrenal glands and bone
marrow). No SLC4A9 expression was detected and no
control hybridization was conducted on MTN3 (data not
shown). (b) The entire blot is shown (reduced scale). (a,c,d)
Signal areas only are shown. All MTN blots were obtained
from Clontech.
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Table 2

Human Na+/HCO3
- cotransporter and cotransporter-like genes

Gene name Longest coding Genomic Chromosomal Number Tissues/organs/cell mRNA isoforms Reference†

(and common mRNA sequence sequence location of types where expression due to alternative 
aliases) (in nucleotides) (GenBank known is shown by ESTs splicing and/or 

(with GenBank accession ESTs* and/or northern blots alternative 
accession number) (order: normal tissues; polyadenylation
number) tumors; fetal tissues)

SLC4A4 7586 nt AC019089.3 4q21 109 Kidney, pancreas (northern, ESTs); 6 [6]
(SLC4A5, NM_003759.1 brain, liver, prostate, colon, stomach, 
HNBC1) thyroid, spinal cord; fetal lung, 

fetal testis (ESTs); no tumor ESTs

SLC4A6 7785 nt AC025392.2, 3p22 34 Adult heart (northern), skeletal 4 [2]
(SLC4A7, AF047033.1 AC024936.3 muscle (northern, ESTs); retina, 
HNBC2) neuronal precursors, neurons, 

stomach, colon, uterus, testis, brain, 
trabecular bone; Gessler-Wilms tumor, 
liposarcoma, HeLa cells; various fetal 
tissues (ESTs)

SLC4A8 4079 nt AC025097.9, 12q13 13 Brain (northern, ESTs), skeletal 4 [9]
(HNBC3, AB018282.1 AC027750.3, muscle, kidney, thyroid, spinal cord, 
KIAA0739) AC021343.1 trachea, adrenal gland (northern), 

testis (ESTs); germ-cell tumors (ESTs); 
weak expression in many other organs 
and various fetal tissues (ESTs)

SLC4A9 > 3258 nt AC008438.1 5q31 11 Kidney (northern, ESTs); testis 14 This paper
(submission (single EST), fetal brain (long-insert 
in progress) cDNA); no tumor ESTs

NBC4 6082 nt AC005041, 2p11.2 16 Brain, heart, liver, lung, placenta, � 2 [10]
AF207661 AC006030.2, spleen, stomach (northern); colon, (not enough 

AC073263 kidney, testis (northern, ESTs); pancreas, data)
uterus, germinal center B cells (ESTs); 
germ-cell tumors, mantle cell lymphoma, 
adenocarcinoma; weak expression in 
other organs (northern) and various 
fetal tissues (ESTs)

HNBC7 > 1383 nt AC064816.1, 1p32-31 10 Kidney, prostate, multiple sclerosis � 3 This paper
(no acc. #) AC018411.3, lesions, frontal cortex (ESTs); (not enough (partial 

AL139426.2 no tumor or fetal ESTs data) sequence:
Unigene 

Hs.211115)

Tissues are adult unless denoted as fetal. SLC4A-designated genes and NBC4 have been experimentally documented. Except for SLC4A9, northern blot
data are from published results referenced in the text for each gene under consideration. SLC4A10 was omitted because of the lack of a full-length public
mRNA sequence. *Human ESTs matching (100%) experimentally documented exons and NBC-homologous predicted exons, as of 31 May 2000.
†Independent investigators often describe the same SLC4A gene. The reference listed for each gene reflects the first time that gene was published.
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Figure 3 (see legend following page)

         | 1
   SLC4A9     (1)                                                                                                                LRFCASLMEMKLPGQEGFE
 SLC4A4/5     (1) -----------------------------------------------------------------------------------------MEDEAVLDRGASFLKHVCDEEEVEGHHTIYIGVHVPKSYRR
 SLC4A6/7     (1) VLPREELQATATSRERRQEGPAWPSPFILLSGVVRRKRKRRRLAEEEDNYIESVVKFRSMFNKNNSNKLRSTPRYRRGDPGYLNFTELGPLKPEQKDQWSQHRPDEEAVVDQGGTSTILNIHYEKEELEG
     NBC4     (1) -----------------------------------------------------------------------------------MKVKEEKAGVGKLDHTNHRRRFPDQKECPPIHIGLPVPTYPQRKTDQ
   SLC4A8     (1) -------------------------------------------------------------------------------------------MERFRLEKKLPGPDEEAVVDLGKTSSTVNTKFEKEELES
    HNBC7     (1)  

         | 2
   SLC4A9    (20) ASSAPRNIPSGELDSNPDPGTGPSPDGPSDTESKELGVPKDPLLFIQLNE------LLGWPQALEWRETGSSSASLLLDMGEMPSITLSTHLHHR-WVLFEEKLEVAAGRWSAPHVPTLALPSLQKLRSL
 SLC4A4/5    (42) RRRHKRKTGHKEKKEKERISENYSDKSDIENADESSSSILKPLISPAAER------IRFILGEEDDSPAPPQLFTELDELLAVDGQEMEWKETAR-WIKFEEKVEQGGERWSKPHVATLSLHSLFELRTC
 SLC4A6/7   (131) HRTLYVGVRMPLGRQSHRHHRTHGQKHRRRGRGKGASQGEEGLEALAHDTPSQ-RVQFILGTEEDEEHVPHELFTELDEICMKEGEDAEWKETAR-WLKFEEDVEDGGERWSKPYVATLSLHSLFELRSC
     NBC4    (48) KGHLSGLQKVHWGLRPDQPQQELTGPGSGASSQDSSMDLISRTRSPAAEQ--------LQDILGEEDEAPNPTLFTEMDTLQHDGDQMEWKESAR-WIKFEEKVEEGGERWSKPHVSTLSLHSLFELRTC
   SLC4A8    (40) HRAVYIGVHVPFSKESRRRHRHRGHKHHHRRRKDKESDKEDGRESPSYDTPSQRVQFILGTEDDDEEHIPHDLFTEMDELCYRDGEEYEWKETAR-WLKFEEDVEDGGDRWSKPYVATLSLHSLFELRSC
    HNBC7     (1)         QRNDEEAVVDRGGTRSILKTHFEKEDLEGMFMVIHVSDFLDTPSQRVQFILGTEDDDEEHIPHDLFTELDEICWREGEDAEWRETARRWLKFEEDVEDGGERWSKPYVATLSLHSLFELRSC

         | 3  | 4
   SLC4A9   (143) LAEGLVLLDCPAQSLLELV--EQVT----RVESLSPELRGQLQALLLQRPQHYNQTTGTRPCWGSTHPRKASDN--------------------------------------------------------
 SLC4A4/5   (165) MEKGSIMLDREASSLPQLV--EMIVDHQIETGLLKPELKDKVTYTLLRKHRHQTKKSNLRSLADIGKTVSSASR------MF------------------------------------------------
 SLC4A6/7   (259) LINGTVLLDMHANSIEEIS--DLILDQQELSSDLNDSMRVKVREALLKKHHHQNEKKRNNLIPIVRSFAEVGKKQSDPHLMD------------------------------------------------
     NBC4   (169) LQTGTVLLDLDSGSLPQII--DDVIEKQIEDGLLRPELRERVSYVLLRRHRHQTKKPIHRSLADIGKSVSTTNRSPARSPGA---------------------------------G--------------
   SLC4A8   (169) ILNGTVMLDMRASTLDEIA--DMVLDNMIASGQLDESIRENVREALLKRHHHQNEKRFTSRIPLVRSFADIGKKHSDPHLLERNGEGLSASRHSLRTGLSASNLSLRGESPLSLLLGHLLPSSRAGTPAG
    HNBC7   (123) ILNGTVLLDMHANTLEEIAGIDMVLDQQVSSGQLNEDVRHRVHEALMKQHHHQSQKKLTNRIPIVRSFADIGKK--------------------------------------------------------

     | 5
   SLC4A9   (211) -----------------------------------------------------------------------------------------------------------EE--APLREQCQNPLRQKLPPGA
 SLC4A4/5   (239) -------TNPDNGSP--AMTHRNLTSF-----------------------------------------------------------------------------SLNDISDKPEKDQLKNKFMKKLPRDA
 SLC4A6/7   (339) -------KHGQTVSPQSVPTTNLEVKN-----------------------------------------------------------------------------GVNCEHSPVDLSKVDLHFMKKIPTGA
     NBC4   (250) -------PSLHHSTEDLRMRQSANYGRLC-----------------------------------------------------------------HA-----QSRSMNDISLTPNTDQRKNKFMKKIPKDS
   SLC4A8   (297) SRCTTPVPTPQNSPPSSPSISRLTSRSSQKSQRQAPELLVSPASDDIPTVVIHPPEEDLEAALKGEEQKNEENVDLTPGILASPQSAPGNLDNSKSGEIKGNGSGGSRENSTVDFSKVDMNFMRKIPTGA
    HNBC7   (197) --------------------------------------------------------------------------------------------------------------------QSEPNSMDKNGKCL

        | 6        | 7          | 8A
   SLC4A9   (232) EAGTVLAGELGFLAQPLGAFVRLRNPVVLGSLTEVSLPSRFFCLLLGPCMLGKGYHEMGRAAAVLLSDPQFQWSVRRASNLHDLLAALDAFLEEVTVLPPGRWDPTARIPPPKCLPSQHKRLP-------
 SLC4A4/5   (283) EASNVLVGEVDFLDTPFIAFVRLQQAVMLGALTEVPVPTRFLFILLGPKGKAKSYHEIGRAIATLMSDEVFHDIAYKAKDRHDLIAGIDEFLDEVIVLPPGEWDPAIRIEPPKSLPSSDKRK--------
 SLC4A6/7   (385) EASNVLVGEVDILDRPIVAFVRLSPAVLLSGLTEVPIPTRFLFILLGPVGKGQQYHEIGRSMATIMTDEIFHDVAYKAKERDDLLAGIDEFLDQVTVLPPGEWDPSIRIEPPKNVPSQEKR---------
     NBC4   (303) EASNVLVGEVDFLDQPFIAFVRLIQSAMLGGVTEVPVPTRFLFILLGPSGRAKSYNEIGRAIATLMVDDLFSDVAYKARNREDLIAGIDEFLDEVIVLPPGEWDPNIRIEPPKKVPSADKRKSVFSLAEL
   SLC4A8   (427) EASNVLVGEVDFLERPIIAFVRLAPAVLLTGLTEVPVPTRFLFLLLGPAGKAPQYHEIGRSIATLMTDEIFHDVAYKAKDRNDLLSGIDEFLDQVTVLPPGEWDPSIRIEPPKSVPSQEKRK--------
    HNBC7   (211) PATGVLMGEEDFLEDPVIAFVRLAPAVLLSKLSEVSVRFLF--ILLGPLGKGQQYHEIGRSIATLMTDEVFIQV-------------L--------------------W---------------------

         | 8D        | 8F
   SLC4A9   (355) ------------------------SQQREIRGPAVPRLTSAEDRHRHGPHAHSPELQRTGRLFGGLIQDVRRKVPWYPSDFLDALHLQCFSAVLYIYLATVTNAITFGGLLGDATDGAQGVLESFLGTAV
 SLC4A4/5   (405) ------------------------NMYSGGENVQMNGDTPHDGGHGGGGHGDCEELQRTGRFCGGLIKDIKRKAPFFASDFYDALNIQALSAILFIYLATVTNAITFGGLLGDATDNMQGVLESFLGTAV
 SLC4A6/7   (506) -------------------------KMPGVPNGNVCHIEQEPHGGHSG-----PELQRTGRLFGGLVLDIKRKAPWYWSDYRDALSLQCLASFLFLYCACMSPVITFGGLLGEATEGRISAIESLFGASM
     NBC4   (433) GQMNGSVGGGGGAPGGGNGGGGGGGSGGGAGSGGAGGTSSGDDGEMPAMHEIGEELIWTGRFFGGLCLDIKRKLPWFPSDFYDGFHIQSISAILFIYLGCITNAITFGGLLGDATDNYQGVMESFLGTAM
   SLC4A8   (549) ------------------------IPVFHNGSTPTLGETPKEAAHHAG-----PELQRTGRLFGGLILDIKRKAPFFLSDFKDALSLQCLASILFLYCACMSPVITFGGLLGEATEGRISAIESLFGASL
    HNBC7   (285) --------------------------------------------------------------------------------------------------------------------------EQEKRKIP

  | 9
   SLC4A9   (461) AGAAFCLMAGQPLTILSSTGPVLVFERLLFSFSRDYSLDYLPFRLWVGIWVATFCLVLVATEASVLVRYFTRFTEEGFCALISLIFIYDAVGKMLNLTHTYPIQKPGS----SAYGCLCQYPGPGG----
 SLC4A4/5   (511) SGAIFCLFAGQPLTILSSTGPVLVFERLLFNFSKDNNFDYLEFRLWIGLWSAFLCLILVATDASFLVQYFTRFTEEGFSSLISFIFIYDAFKKMIKLADYYPINSNFKVGYNTLFSCTCVPPDPANISIS
 SLC4A6/7   (606) TGIAYSLFAGQALTILGSTGPVLVFEKILFKFCKDYALSYLSLRACIGLWTAFLCIVLVATDASSLVCYITRFTEEAFASLICIIFIYEAIEKLIHLAETYPIHMHSQLDHLSLYYCRCTLPENP-----
     NBC4   (563) AGSLFCLFSGQPLIILSSTGPILIFEKLLFDFSKGNGLDYMEFRLWIGLHSAVQCLILVATDASFIIKYITRFTEEGFSTLISFIFIYDAIKKMIGAFKYYPINMDFKPNFITTYKCECVAPDTVNTTV-
   SLC4A8   (650) TGIAYSLFAGQPLTILGSTGPVLVFEKILYKFCRDYQLSYLSLRTSIGLWTSFLCIVLVATDASSLVCYITRFTEEAFAALICIIFIYEALEKLFDLGETYAFNMHNNLDKLTSYSCVCTEPPNP-----
    HNBC7   (293) AVPNGTAAHGEAEPHGGHSGPELQRTGRLASFLDQ---------------------------------NFTRSQKQGFSSMISFILYYDACKKMIKLADYYPINSNFKVGYNTLLSCTCVPPDXG-----

        | 10A     |.B| 10D | 10E  | 11B         | 12
   SLC4A9   (583) NESQWIRTRPKDRDDIVSMDLGLINASLLPPPECTRQGGHPRGPGCHTVPDIAFFSLLLFLTSFFFAMALKCVKTSRFFPSVVRKGLSDFSSVLAILLGCGLDAFLGLATPKLMVPREFKPTLPGRGWLV
 SLC4A4/5   (641) NDTTLAPEYLPTMSSTDMYHNTTFDWAFLSKKECSKYGGNLVGNNCNFVPDITLMSFILFLGTYTSSMALKKFKTSPYFPTTARKLISDFAIILSILIFCVIDALVGVDTPKLIVPSEFKPTSPNRGWFV
 SLC4A6/7   (731) -NN-HTLQYWKDHNIVTAEVHWANLTVSECQEMHGEFMGSACGHHGPYTPDVLFWSCILFFTTFILSSTLKTFKTSRYFPTRVRSMVSDFAVFLTIFTMVIIDFLIGVPSPKLQVPSVFKPTRDDRGWII
     NBC4   (692) FNASAPLAPDTNASLYNLLNLTALDWSLLSKKECLSYGGRLLGNSCKFIPDLALMSFILFFGTYSMTLTLKKFKFSRYFPTKVRALVADFSIVFSILMFCGIDACFGLETPKLHVPSVIKPTRPDRGWFV
   SLC4A8   (775) --SNETLAQWKKDNITAHNISWRNLTVSECKKLRGVFLGSACGHHGPYIPDVLFWCVILFFTTFFLSSFLKQFKTKRYFPTKVRSTISDFAVFLTIVIMVTIDYLVGVPSPKLHVPEKFEPTHPERGWII
    HNBC7   (385) --E----------GITLCVYARFVFGGRECKSLHGEYVGRAC----PYVPDVLFWSVILFFSTVTLSATLKQFKTSRYFPTKVLRLFLDLNV

  | 13    | 14        |
   SLC4A9   (713) SPFGANPWWWSVAAALPALLLSILIFMDQQITAVILNRMEYRLQKGAGFHLDLFCVAVLMLLTSALGLPWYVSATVISLAHMDSLRRESRACAPGERPNFLGIREQRLTGLVVFILTGASIFLAPVLKFI
 SLC4A4/5   (771) PPFGENPWWVCLAAAIPALLVTILIFMDQQITAVIVNRKEHKLKKGAGYHLDLFWVAILMVICSLMALPWYVAATVISIAHIDSLKMETETSAPGEQPKFLGVREQRVTGTLVFILTGLSVFMAPILKFI
 SLC4A6/7   (859) NPIGPNPWWTVIAAIIPALLCTILIFMDQQITAVIINRKEHKLKKGCGYHLDLLMVAIMLGVCSIMGLPWFVAATVLSITHVNSLKLESECSAPGEQPKFLGIREQRVTGLMIFVLMGCSVFMTAILKFI
     NBC4   (822) APFGKNPWWVYPASILPALLVTILIFMDQQITAVIVNRKENKLKKAAGYHLDLFWVGILMALCSFMGLPWYVAATVISIAHIDSLKMETETSAPGEQPQFLGVREQRVTGIIVFILTGISVFLAPILKCI
   SLC4A8   (903) SPLGDNPWWTLLIAAIPALLCTILIFMDQQITAVIINRKEHKLKKGAGYHLDLLMVGVMLGVCSVMGLPWFVAATVLSISHVNSLKVESECSAPGEQPKFLGIREQRVTGLMIFILMGLSVFMTSVLKFI
    HNBC7   (461)  

        15       | 16     | 17
   SLC4A9   (843) PMPVLYGIFLYMGVAALSSIQ----------------FTNRVKLLLMPAKHQPDLLLLRHVPLTRVHLFTAIQLACLGLLWIIKSTPAAIIFPLMLLGLVGVRKALERVFSPQELLWLDELMPEEERSIP
 SLC4A4/5   (901) PMPVLYGVFLYMGVASLNGVQ----------------FMDRLKLLLMPLKHQPDFIYLRHVPLRRVHLFTFLQVLCLALLWILKSTVAAIIFPVMILALVAVRKGMDYLFSQHDLSFLDDVIPEKDKKKK
 SLC4A6/7   (989) PMPVLYGVFLYMGVSSLQGIQ----------------FFDRLKLFGMPAKHQPDFIYLRHVPLRKVHLFTLIQLTCLVLLWVIKASPAAIVFPMMVLALVFVRKVMDLCFSKRELSWLDDLMPESKKKKL
     NBC4   (952) PLPVLYGVFLYMGVASLNGIQMGTGGSEFKIQKKLTPFWERCKLFLMPAKHQPDHAFLRHVPLRRIHLFTLVQILCLAVLWILKSTVAAIIFPVM---SLSTTDPGPHHRSKASGFHLFPARPGLD----
   SLC4A8  (1033) PMPVLYGVFLYMGVSSLKGIQ----------------LFDRIKLFGMPAKHQPDLIYLRYVPLWKVHIFTVIQLTCLVLLWVIKVSAAAVVFPMMVLALVFVRKLMDLCFTKRELSWLDDLMPESKKKKE
    HNBC7   (461)

         | 18
   SLC4A9   (957) EK---GLEPEHSFSGSDSEDSELMYQPKAPEINISVN-------------------------------
 SLC4A4/5  (1015) ED-EKKKKKKKGSLDSDNDDSDCPYSEKVPSIKIPMDIMEQQPFLSDSKPSDRERSPTFLERHTSC--
 SLC4A6/7  (1103) DD-AKKKAKEEEVIVLAPTVYLGASNYRT---------------------------------------
     NBC4  (1075) --------------------------------------------------------------------
   SLC4A8  (1147) DDKKKKEKEEAERMLQDDDDTVHLPFEGGSLLQIPVKALKYSPDKPVSVKISFEDEPRKKYVDAETSL
    HNBC7   (461)
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Figure 3 (see figure previous page)
ClustalW protein sequence alignment of SLC4A9 with paralogous proteins described in the literature or discovered in silico in
this report, in order of decreasing similarity. Proteins shown: SLC4A9 (isoform I); SLC4A8/HNBC3 (BAA34459.1);
SLC4A4/SLC4A5/HNBC1 (AAD42020.1); SLC4A6/SLC4A7/HNBC2 (AAD38322.1); NBC4 (AAG18492) and HNBC7
(translated Unigene cluster Hs.211115 and translations of SeqHelp-identified NBC-homologous exons from AC018411.3,
AL139426.1, and AC064816.1). The known 990 amino acid carboxy-terminal portion of SLC4A9 isoform I is shown,
preceded by spaces. The longest publicly available protein sequence was selected for SLC4A4/A5, SLC4A6/A7 and SLC4A8.
Spaces indicate undetermined amino-terminal portions of SLC4A9 and undetermined amino-terminal and carboxy-terminal
portions in the currently available HNBC7 sequence. Dashes indicate known gaps or known absence of sequences at
indicated positions. White on black background, identity across most or all of the proteins shown. Black on dark gray
background, strong similarity in the type of amino acid at position shown. Black on light gray background, weak similarity in
the type of amino acid at position shown. Vertical bars indicate exon boundaries on the SLC4A9 sequence. Exon numbers
and exon fragment designations are immediately to the right of each bar. Each bar is directly over the first amino acid of the
exon or fragment. For phase 1 introns, the amino acid whose codon is broken by the intron or breakpoint is considered to
follow the intron or breakpoint; for phase 2, it is considered to precede it. On the SLC4A9 sequence, the 12 transmembrane
segments are in red. Intracellular serine, threonine and tyrosine residues predicted by NetPhos v.2.0 [16] as putative
phosphorylation sites with a score of 0.5 or above are in blue. 

Figure 4
Mapping of conserved paralogous gene clusters containing selected members of the EGF, SLC4A, ANK and FGF families. Numbers
refer to GB4 RH map positions of genes or their closest mapped markers, if such positions are known or can be inferred from
HTGS and STS data. On 5q31-3, RH-inferred gene order was superseded by sequence data, and is not shown. On 8p21-12, the
break in the line indicates a possible intracluster rearrangement. For clusters that do not contain genes representing each of the
four families, additional genes belonging to the unrepresented families are predicted. EGF family members shown: TGFA, TDGF1,
BTC (betacellulin), EGF, HEGFL, NRG1, NRG3; EGF genes not shown: AREG and EREG (4q13-21), NRG2 (5q31). SLC4A genes not
shown: SLC4A8 (12q13), SLC4A10 (2q31), HNBC7 (1p32-31). KIAA0697 (a long-insert cDNA from RIKEN large-scale gene
discovery projects) is highly homologous to the unique middle domain of ANKfc and is therefore included as a candidate novel
ankyrin-family gene despite the absence of ankyrin repeats from its cDNA. FGF gene not shown: FGF20 (8p13-22).
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Figure 5
Genomic and cDNA database matches for NBC4 [10]. Arrows indicate the direction of transcription. Solid black rectangles
show the location of ORFs. (a) The AF207661 NBC4 cDNA with selected exon locations and sequence coordinates marked.
(b) Fully sequenced (AC005041, AC006030), BAC-end (AQ389587), and HTGS draft (AC073263) genomic GenBank
accessions matching portions of the cDNA are shown. (c) cDNA sequence matches, with sequence coordinates shown along
each match. The DCTN1 match is contiguous, whereas the MTHFD2 match is not. In both cases, an untranslated region of
AF207661 matches a portion of the other cDNA’s ORF and some of its 3’ UTR.
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Figure 6
Results of a phylogenetic analysis of seven human EGF-SLC4A-FGF gene clusters. (a) EGF family; (b) FGF family; (c) SLC4A
family; (d) inferred history of chromosomal duplications. Phylogenetic trees were constructed for each of the three gene
families using four methods per family: neighbor-joining with uncorrected p, neighbor-joining with gamma correction,
neighbor-joining with Poisson correction, and maximum parsimony. Non-bootstrap and 100-bootstrap inputs were used for
each of the four methods. Therefore, 24 phylogenetic trees were constructed altogether. All phylogenetically informative
orthologs known for each of the human genes were used. Human genes in the three families that did not map to any of the
seven cluster loci are not shown. Alignments in MSF (text) format and the trees produced by PHYLIP from them can be
found as additional data files available with the online version of this article. An intuitive interpretation of the unrooted trees
is presented in a simplified cladogram format. Unlabeled nodes were supported by all four methods used. In (d), I, II, and III
refer to three consecutive rounds of local duplication at the locus ancestral to 4q13. Nodes indicated by an asterisk (*) are
supported solely by the three neighbor-joining trees. Nodes indicated by a hash mark (#) are supported by neighbor-joining
with either gamma or Poisson correction only.
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Dispersed paralogous gene clusters containing SLC4A
genes
<� �� ����%��3����������������	��� ����	�������������

������� �����/<	� �� 31*�6��)@7(����	
�� 	����������.��,���

������ �����	�������� ���� ���� /<	� �� 31*� -�� � �	��

��������� ��� ����� ���� ���� ���� 	�� ������ 
��2	�	��� ��

�� ��� ���������� ('�� � �����	��� ���� ��� ������� ����

���	.��� �� ��� �������� ��� ��	
�� ���� .�� �������� 	�� ��

����� ���	��*� -	�� 
 ���	��� �� ��� �������� ��� ��	
���


������ �����	���� 	�� ��� !��� ������ D"��!��L(B7CA(

/"��!��8���>ABAB=1�����'A�&=G��	�	���	��� ������ ���

����������('&B�� �����	���*�������������2���.� ����	������

���������� .��,���� ��� ���	��� 
���	���� ��� ����� ��� ����

������	
�� 	�������E*�5�,�������2���3���� ������	
��

����������

����	���� ��*

0�����  ���� ��	
�� 
�������� ���� .�� 
���	����� ��� ��

.��	�������������	�������	�����������"<�<"<��� �����*�-�

�� ������	��<	� �� 3����������	��������.�����������������,�

������������������������	�	�����������������	������ �����

�����	;���%��3�������*�6���������
�����@ ����������������

 �����%-��	.���	������������������	����@ ������,	�����


������	��� 	�� �	�� �
����	�� 	�� �������*� ���	���� ���������


������� �� �� ������ 	�����	��� � ��	
��� � ���	�������  ����

������ ������ ���� .���� 
���	� ���� � �������� ��� �2	��� 	�� ��

 ���� ������� 9A'�7>:*� 5�,������ ��� �2	������� ��� ����

%��3��������� ��	��������������� ������� �����������	�����

�� ����� ��������������� ���� ���� ���� ��� ��� �2
 ��	��� ��

����� ������ ����� ��� ���������� �� �����*� K��� ����� %��3�

10 Genome Biology Vol 2 No 4 �	
��	��������



� 
�	���	��������	������������ ���
���������.��� ��

�� ������ 
�	���	����������� .��@ ������������������*

Genomic implications of SLC4A9 splicing and structure
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Materials and methods
PCR-based screening of cDNA libraries
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Hybridization screening of cDNA libraries
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PCR on phage clones
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DNA sequencing
���� ��@ ���	��� �2��
�� %0C� ������	���� ,	�� 	�� ����	���

.���,��,��������,	�����!	���������	��������@ ���	���8	�

/C�� !	���������� <������ �	���� ��1�  �	��� ����D������ 
���

�	2��� ����� /<��J!	�$	���8��1� ��� ����

�	���!	��������

7BB�O�&=��0����@ �����*

SNP discovery
�(7�A(<������(7�A'D��������
�	�����,�������	����� ����

	�����	�� ��@ ����� ��� ��
�	��� ������ ������� �� �2��� ��

%��3�&� 
� �� ��� ������ )>� .
� ��� ��� ����8	��� 	������*� �����

%�
������5D�)>>� 
 �	�	���	���� ��
�	�����,���� ��@ �����

 �	��� ��� !	����� 
�	���� ��@ ���	��� 8	�� /C�� !	��������1*

%0C��,�����
����	����������	�������� ���������
��8��������

�	���������� ��� ��	���
��8�����
��� �	.����,	���	��.��

��@ ���	����	����	���*
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Sequence analysis
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