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SEQID NO:3

ATCAGAGTCACTTTGATATGATGAGAGCAGAGATAAACAGATTTGTTGCATCTTTTTAAT
CTTTGGTATGGEACATACTAGAATTCACTGCARATACATTTTTATGTAACTCTTGAATGC
TCATACGACCATGGAATTCTTCCCTTTARAGAGCTTGCTAAGCATITGAGTCTAGTTGTT
AGACGCAGACGATCACGTCATAGTTTATAGAGTGCATARAGACGTAAGTTACCATTTART
ACCTTTCATTCAGGAARAATGTACTTAGACCCTACAATGTACTAGTAGGCCTCTGLGCTG
GCAATACAGATAAGATAATGTAGECCCTE SGCCTCARAGGRACTCTCCTCCTTAGGTTGCA
TTTGTATAATCTTTCATTTTTAGATTGTTCTTTGAGCCOTGCATTCCACGAGGATAGGETC
AGTGGCTATTAACGAGGT2ARASGEGAGTAGTACGAAAGGGCATTCAAGCGTCCCATCTT
CECTTCRACCRAAGCAGCCCTGCGTTTICCTAGT T T TATTAATAGETTTGATGTAAGGTC
GTCTTTGAARAGGGEGTTTGCC T T TTTTTACAGYGTGACTGAGETATARTTTATARARS
CuCAAnTGTATGCCRMGwTCAG“”TTLT”DCAmACnlCCTTFTGAAIACC”PGCMCAACA
TCCARAACATTTCCATAATTTCAGARAGTTCCAAACCCCTGCCTCTT ITCAGTCTTAGCT
CTCTTCCCCTGAAGTAACCACTGTTCCGACTTCARTCACTACTT Y TATCCCACAGETTAA
TTTTTTECCTTTITYCCACTARAT T TTCARATTCTTTCGATATGSTACTOTACTATTGACS
AAGTACTTTCACACTAGGTTATTTAATATTCTTTGAT TCACCCAATAT Y TAGGGAACACC
TGTAGSGGACARAZAATGARTGAGAGCCCCTGCCTTCCATTGCTGCTAATCTCGTGGGAR
CGAGACATGTATTTAATTAAGCATGTARARAATACAGTEGGTGATCGRAAATAATCTATATA
CTAAATCCCCATGACACACAGTTTACCTATGTAACRAACCTGCATGTGTACCCCCGAACT
TAAAATATAAGTTCGAAATTARAARAAAACGACAGGGACAATAGAGCATCACARCCAGAG
TGCTCAGATGAATTAC ATTACCAAAGAAGGAGGAGGAC”CACCGAGGTGCCGACGTT
TAARCCCAGTCACTGRAAGGGTGTGC!? GGCAAGATACCCTGCCACAAGGT
TTGTACTTTT TTTTCATTGTGATAGTTCCTGAAATGA
CTTAGGGCAGTCTCTAATTGAT T T TAT TTTGTTCTAT
ATATTAAAATATATGCACATARAT

AATTTAGTATCTGCATATATTTAAGAGCTATT
VPCCATTAAARRAACTTTTGTTAGGCCTTTCTCAC
TCTRAGAT“ATAAAAAA”TC”CCCA TATTTACCTAGCTAGTTTTCTAGTTGTTCCARAR
CCATTTATTGAACAATCCATCTTTTTGACACTGGT TTGGCATGCCTTAATTATATATTCT
2GTCTGCTGTTAGEATCTCCTTTTGGACTTTCCATTCTGTTCATTGAGTCTTATCAGCTCT
TCTTACATTGGTACCATGATGTTTTARTCTATGGGGC TTTGTAGTTTARATGTAGGGCTA
GTTCCAGCGCATTGTTCTCTATCAGCTGTTAGGAACTTAGRAAATCAGCTTGCTCTGTTTT
AARGRAARACCTGGTATTTTTTTATCAGTATAACATTCTATTTATATTAACTTGAAGAAT
TGAAAACATCTATGATTTTTCCTATTCAGTARACGTATCACTTAGAATAGGTTAGGTTGTA
CTACTATAARATCTCAGCTGCATARAACAATTTTTTTTTGCTTGTGCTACACATCCATTA
GGTCATCAAGGGACTCACCTTGTCAAGT TACTCAGAGATTCAGGCTGATATARAGCTTTG
ATCTTGACATACGCTTTCATGATGACAGAARGCAGGGRAGAGAAGGTCGTGAGCCATGTG
CTRTCTCCCCCTTCTATCCAGRARTGACACATACTCACATTTCATTCGCCAGAGAAATTA
ACATGGCCCCTCCTAAGTTCAAATGSATAGAGARATGCCTTCCTACCAGGTGCCCAGAAT
TAGAAGAGCAAACATTTGRGAACAGTTCTGAGTACCACAAATACCETTATCTTTCCACTT
AAGTCTTCTGTTTCACTCAGTAGTGCTTTAAACTTITCTTCATATGTTTTTCAGTGTTC
TTGCTTGAATTTCTTGATATTTTATCATGTTTGTTCGTACTGGCAGTAGCCTTTITTTCCA

goobgoo
SEQID NO:5

ATCAGAGTCACTTTGATATGATGAGAGCAGAGATAAACAGATTTGTTGCATGTTTTTAAT
CTTTGGTATGGCGACATACTAGAATTCACTGCAAATACATTTT TATGTAACTGTTGAATGC
TCATACGACCATGGAATTCTTCCCTTTAAAGAGCTTGGTAAGCATTTGAGTGTAGTTGTT
AGACGGAGACGATCACGTCATAGTTTATAGAGTGCATARAGACGTAAGTTACCATTTAAT
ACCTTTCATTCAGGAAAAATGTACTTAGACCCTACAATGTACTAGTAGGCCTCTGCGCTG

GCAATACAGATAAGATAATGTAGCCCCTCGECCTCAAAGGAACTCTCCTCCTTAGGTTGCA

TTTGTATAATGTTTGATTTTTACATTGTITCTT TGAGCCCTGCATTCCACGAGEATAGGTC
AGTGGETATTAACGAGGTAARAGGGGAGTAGTACGARAGGCCATTCAAGCGTCCCATCTT
CGCTTCAACCAAAGCAGCCCTECGTTTTCCTAGTTTTATTAATAGETTTGATGTAAGGTS
GTCTTTGAAARGGGGGTTTGGCTTTTTTTTACAGTGTGACTGAGGTATAATTTATAARAR
GGGAAATGTATEGCATCGTGAGTTTTTTCACATACATCCTTGTGARTACCCAGCTCRAAGA
TCCAAAACAT?TCCATAATTTCAGAAAGTTCCARACCCCTGTCTCTTTICAGTCTTAGCT
CTCTTCCCCTGAAGTAACCACTGTTCCSACTTCAATCACTACTTTTATCCCACAGGTTAR
TTTTTTGGCTTTTTTCCACTAAATTTTCAARTTCTOTGATATGGTACTTTACTATTGACS
AAGTACTTICACACTAGETTATTTAATATTCTTTGATTCACCCAATATTTAGGGAACACT
TGTAGGGGACAARAAATGARTCGAGAGCCCCTGCCTTCCATTGC TGO TAATCTGCTGGGAR
CGAGACATGTATTTAAT " ARGCATGTAANAAATAGACTGGETGATGARATAATCTATATA
CTARATCCCCATGACACACAGTTTACCTATCTAACREACCTGCATGTGTACCCCCGARACT
TARAATATAACTTCCAARTTARLAAAAAACGAGAGCGAGAATAGAGCATCACAACCAGAG
TGCTGAGATGARTTACTTTATTACCAAAGAAGGAGGAGGACTCAGGGAGETGCCGACGTT
TAARCCCAGTCACTGAACGETGTCCAGALT TTGGATAGGCARGATACCCTGGCACAAGGT
CATTCTARAACCATGCTAACAT T OGTACTT T T T TTTTCATTG TGATAGTTCCTGAAATGA
GTTGCATAARACTGGTACATGTCTTAGGGCAGTCTCTAATTGATTTTTAT I IGTTCTAT
TOTTARARATTAGTCTTCARATAGCAGATTCACATCATATTARAATATATGCACATAAAY
TATATACRCABATATATTTTCTEAATGAAATTTAGTATCTGCATATAT TTARGAGCTATT
TCTETCTCATATGTTCATAATCTTCATCCATTAAMARAACTTTTGTTASGCCTTTCTCAC
TCTAARGATTATAAARAATTCTCCCATTATTTACCTAGCTASTOTTCTASTTGTTCCARAR
CCATTTATTGAACAATCCATCTTTTTGACACT! TTGGCATGCCTTAATTATATATTCT
TETGTCTETTAGGATCTCCTTTTGGACTTTCCATTCTGTTCATTGAGT CTTATCAGCTCC
TCTTACATTGGTACCATGATCT T TTAATCTATGGGGC TTTGTAGTTTARATGTAGGGCTA
GTTCCAGCGCATTGTTCTCTATCAGCTGTTAGGAACTTAGARATCAGCTTIGCTCTGTTTT
ARAGARARACCTGGTATTITTTTATCACTATARCATTCTATTTATATTAACTTGAAGRAT
TGARAAACATCTATGATTTTTCCTATTCAGTA. TATCACTTAGAATAGGTTAGGTTGTA
CTACTATARAATCTCAGCTGCATAARACAATT T TTTTTGCTTGTGCTACACATCCATTA
GGTCATCAAGGGACTCACCTTGTCAAGTTACTCAGAGATTCAGGCTGAT?
ATCTTGACATACGCTTTCATGATGACAGARAGCAGGGAACAGARGGTGGTGACGCCATGTG
CT2TCTCCCCCTTCTATCCAGARATGACACATACTCACATTTCATTCGCCAGAGAAATTA
ACATGGCCCCTCCTAAGTTCARATGGATAGAGAAATGCCTTCCTACCAGGTCCCCAGRAT
TAGARGAGCAAACATTTCTCARCAGTTCTGAGTACCACAAATACCGTTATCTTTCCACTT
AAGTCTTCTGTTTCACTCAGTAGTGCTTTAAACTTTTCTTCATATGTTI TTCAGTGTTTC
TTGTTGAATTTCTTGATATTTTATCATGTTIGTTCETACTGGGAGTAGCCTTTTTTTCCA

TTTCATTTTCTGGCTGGTTTCATTGCTGETICTTTTTTRGTITTGTTTTGTT T T TGAGAT
GGACTCTCACTCTGTCCGCCCAGGCTGCAGTGCAGTGTCACAATCTCGGCTCACTGCARCT
TCTGCCTCCCACGTT”AA”CGATTC”TCTTTCTCAGCCTCC”GAGTACCTGGGATTPCRC
ATGTGCCACCATGCCCAGCTAATTTT I TATATTTTTAGTAGAGATGGGGTTTCTCCAT
GTTGGTCAGGCTGGThTCAAACTCCCAATCTCAGCT”ATCCCCCTGLCTCT CCTTCCAA
AGTGCTGEGATTATAGACATGAGCCACCETGCCTGGCCTAGTTCTTATGGCATGTATATG
TCTTTGGATTCATATGATATGTATATATGTTTATATTTC TACAAGTACATACCTAGGAGT
GGAATTGTTGEETCATAGGTTAATGCATGT TTTTCTGCCARARCAGTTCTGTCAATTTCTG
CTTTCACCGCTCTGAATCAGACTTGTTCTACCTTCTITGACAACACTTCGATATTGTCAGTC
ATTTTAGCCATTCTGGTGAATTTATAGTGCTATTTCTGTGTGTGTAAGAGAGACAATGAL
AGAGGGTETTTGTGAGARAACCARAGCAACACTGTGAGAGTCTGTGTGTTTGTGAGARAR
CCAARATACATACTACTGTGATTTCATTGGGAGAAAATC TGTTTGGTATATCARARAAAG
TAGCTTEATTACTTCATCATTATIGGTTTAGET

= 6
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SEQ ID NO:4

TAAGAACATTTTACACTCTTCAGTATAAAGARGTCAGAATECCCCTACCCTATCAGTAAA
GGCCTATARGTTACCATTARAARGATGTCCTTARRARCACCATTCTCAGCTGGGCaCGGT
GGTTCACACCTTTSTCCCAGTACTTTGGGAAGCCGAGGTGGGTGGATCACCTGAGGTCAG
GAGTTCGAGACCAGCCTGGCCAACATGCCGAARAACCCATTTTCTCTACTAARAATACARA
AATTAGCCCGCCATGETGEECEEGTCCTTGTGETCCCAGCTACTCAAGAGGECTGAGGTGGSE
AGGATCACTGAGCCCAGGAGGTGGAGGCTGCATTGAGCCAAGATTGTGCCACTECACTCT
AGCCTGGGTGACAGAGCGAGACTCTGTCTCARAAABACCARARCAAABRAAAACCCAGCAT
TCTTTAGTAAATAATTCATAGTTTTCTTCATCTAGRATTTARAATTCTGATAGTTGATCA
GCATGTCCIGAGCACGTGTGTTTGCTGT”ACTAGLTTAGATCGGTAGATGTGTATATAnu
TTATAGGTATAARRTCAATCCTGAGTTGACACAAGGT TTTGATGTTGAGTACAAGTACAG
TAAGTGTATATTTTTAGTTATGCTCTTAGTTTTAAGTCAATTGTGTCGETTCTTTCTAGCT
TTAGGATCTGTTGAATTATCTTCCTTAGAAAAGGGAGTTAAGRATCTTCACTTACCTATC
TTCTACTTGTTTGCAGAATAGAAGAGTCCCTGTGGTAGCAGACTTTCTGAGTTTACTTGT
AATTTTCCATCTGAAAGACTGTTCTTETTTTTCGTGATGAAGTCTTGCTCTGTCCCCCAG
GCTGEAGTGCACTCCTGCAACCTTGGCTCACTGCAACCTCTGCCTCCCGGGTTCAAGCAA
TTCTCCTGCCTCAGCCTCCCEACTATCTCGCEATTACAGGTGCACACCACCACACCTGGCT
AATTTTTGTATTTTCACTAGACACGEGGTTTCACCATGTTGGCCAGEGCTGGTCTCGAACT
CTTGACCTCATGATCAGCCCACCTCAGCCTTCCAAAGTGCTCECATTACAGETGTGAGCC
CCCACACTCGECCGTTGTTCTTTTTTAAGAGACAGGGTCTCACTCTGTCACC TAACCTGG
AGTACAGTGGCAATCATGGCTCACTGTAACCTCEAAATGCCCGGCCTTAGTGAAGCGTTCT
TCCTGCCTTGECCTCCCRARGTGCTGGEATTACRAGTGTEAGCCATGCATCCAGCTTGAN
GACAGCTTCTTAGGCTTGATTTGTTTGGTTACAGG

=7
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TTTCATTTTCTGCCTEGTTTCATTGCTGGTTGTTTTTTTGTTTTGTTTTGTTT T TGAGAT
GGAGTCTCACTCTGTCGCCCAGGCTGGAGTGCAGTGTCACAATCTCGGCTCACTGCAACC
TCTGCCTCCCAGGTTCAAGCGATTCTTCTTTCTCAGCCTCCTGAGTAGCTGGSATTACAG
GCATGTGCCACCATGCCCAGCTAATTTTTTATATT TTTACTAGAGATGGGGTTTCTCCAT
GTTGGTCAGGCTGGTCTCARACTCCCARTC TCAGGTGATCCGCCTGCCTCTGCCTTCCAA
AGTGCTGGGATTATAGACATGAGCCACCGTGCCTGGCCTAGTTCTTATGGGATGTATATG
TCTTTGGATTCATATGATATGTATATATGTTTATATT TCTACAAGTACATACCTAGGAGT
GGARATTGTTGGGTCATAGGTTAATGCATGTTTTTCTGCCARACAGTTGTETCAATTTICTG
TTTTCACCGCTGTGAATCAGAGTTETICTACCTTCTTCACRACACTTGATATTIGTCAGTC
ATTTTAGCCATTCTGGTGAATTTATAGTGCTAT .CTGTGTGTG”P&GnuAGACAA”GA”
AGAGGETGTTTCTGAGARAANCCARRGCAACACTCTGAGRAGTGTGTGTGTTTGTGAGARAR
CCAARATACATACTACTCTGATTTCATTGGGACRAAATCTCTTTGGTATATCAARAARAG
TAGCTTAATTACTTCATCATTATTCGTTTAGGT

gooad

SEQID NO:6

TAAGAACATTTTACACTCTTCAGTATAAAGAAGTCAGAATACCCCTACCCTATCAGTAAA
GGCCTATRAGTTACCATTAARRAGATGTCCTTAAAAACAGCATTCTCAGUTGGGCgCGET
GGCTCACACCTTTGTCCCAGTACTTTGGGAAGCCGAGGTGGGTGGATCACCTGAGGTCAG
GAGTTCGAGACCAGCCTGGCCAACATGGCGARAACCCATTTTCTC TACTARAAATACARA
AATTAGCCGGGCATGCTGGCGEETCCTTETGGTCCCAGCTACTCAAGAGGCTCGAGGTGGE
AGGATCACTGAGCCCACGAGGTGGAGECTGCATTGAGCCARGATTGTGCCACTGCACTCC
AGCCTGGETGACAGAGCCAGACTCTGTCTCARARRAACCAAAACARAARARRCCCAGCAT
TCTTTAGTARATAATTCATAGTY TTCTTCATCTAGAATTTARAATTGTCATAGTTGATCA
GCATGTCCTGAGCACCTCTGTTTGCTGT TACTAG T TAGATCGGTAGATGTGTATATAAG
TTATAGGTATARRATCAATCCTGAGTTGACACRAGEGTTITGATGTTGAGTACAAGTACAG
TAAGTGTATATTTTTACTTATGCTCTTAGT TTTAAGTCAATTGTGTGCTTCTTTCTACCT
TTAGGATCTGTTGAATTATCITCCTTAGAAARAGGGAGTTAAGAATCTTCACTTACCTATS
TCTACTTGTTTCGAGARTAGAAGAGTCCCTGTGETAGCAGACTTTCTGAGT TTACTTGT
AATTOTCCATCTG AGACTETTCTTETTTTTCGTGATGAAGTCTIGCTCTGTCGOCCAG
GCTGGAGTGCAGTGufuCAACCTTGGLTCACTGCAACCTCTGCCTCCCGGGTTCAhGCAA
TTCTCCTGCCTCAGCCTCCCCAGTATCTGEGATTACAGGTGCACACCACCACACCTGGCT
AATTITIGTATTTTCAGTAGAGRCGCEGTTTCACCATGTTGGCCAGGCTGGTCTCGAACT
CTTGACCTCATGATCAGCCCACCTCAGCCTTCCARAGTGCTGEGATTACAGGTGTGAGCC
CCCACACTCGGCCGT TS TIGTTTTTTAAGAGACAGGETCTCACTCTETCACCTAACCTCS
AGTACAGTG GCAATCA”GCCT’ACTGTAACCTCAAnTgC”CCGCCTT’GTFAA”CGTTCT
TCCTGCCTTGGCCTCCCAAAGTGCTCGEGGATTACAASTGTGAGCCATGCATCCAGCTTGAA
AGACAGCTTCTTAGGCTTGATTTCTTTGGTTACAGS
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wherein said polynucleotide/nucleic acid molecule has at a position corresponding to position -22018 5” from the I.PH gene a guanine

in the sequence as depicied in the Fig. 9; (¢) a nucle
hybridizes under stringent conditions o the nucleic

8 (b) a nucleic acid molecule having
s depicted in 1g.5 and comprised

residue. The present invention further relates to methods for testing for the presence of or predisposition Lo adult-type
that arc based on (he analysis of an SNP contained in the above recited nucleic acid molecule. Additionally, the present invention
relates to diagnostic composition and kit useful in the detection of the presence of or i ition o adult-type hy
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Identification of a DNA variant associated with adult type hypolactasia

The present invention relates 1o a nucleic acid molecule comprising a 5' portion of an
intestinal lactase-phlorizine hydrolase (LPH) gene contributing to or indicative of the
adult-type hypolactasia wherein said nucleic acid molecule is selected from the group
consisting of (a) a nucleic acid molecule having or comprising the nucleic acid
sequence of SEQ ID NO: 1, the sequence of SEQ ID NO:1 is also depicted in Fig. 4
and comprised in the sequence as depicted in Fig. 8; (b) a nucleic acid molecule
having or comprising the nucleic acid sequence of SEQ ID NO: 2, the sequence of
SEQ ID NO:2 is also depicted in Fig. 5 and comprised in the sequence as depicted in
Fig. 9; (c) a nucleic acid molecule of at least 20 nucleotides the complementary
strand of which hybridizes under sttingent conditions to the nucleic acid molecule of
(a) or (b), wherein said polynuclectide/nucleic acid molecule has at a position
corresponding to position -13910 5" from the LPH gene a cytosine residue; and (d) a
nucleic acid molecute of at least 20 nucleotides the complementary strand of which
hybridizes under stringent conditions to the nucleic acid molecule of (a) or (b),
wherein said polynucleotide/nucleic acid molecule has at a position corresponding to
position -22018 &' from the LPH gene a guanine residue. The present invention
further relates to methods for testing for the presence of or predisposition to aduit-
type hypolactasia that are based on the analysis of an SNP contained in the above
recited nucleic acid molecule. Additionally, the present invention relates to diagnostic
composition and kit useful in the detection of the presence of or predisposition to
adult-type hypolactasia.

A variety of documents is cited throughout this specification. The disclosure content.
of these documents, including manufacturer's manuals and catalogues, is herewith’

incorporated by reference.

Lactase-phlorizin hydrolase enzyme (LPH), which is exclusively expressed by
intestinal epithelial cells, hydrolyses lactose, sugar of milk, into glucose and
galactose’. The expression of the LPH enzyme dramatically declines to very low

JP 2005-502336 A 2005.1.27



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

15

20

25

30

(42)

WO 03/014342 PCT/EP02/08963
2

levels at the weaning period in mammals when lactose is no longer an essential part
of the diet. In humans, the condition known as adult-type hypolactasia or lactase non-
persistence, affects most popuiations and severely limits the use of fresh milk among
adults due to lactose intolerance. The age of onset of lactase non-persistence status
varies between populations, ranging from 1-2 years of age among the Thais to 10-20
years of age among the Finns®®. However, in Northem European and a few other
ethnic groups, LPH activity persists throughout life in the majority of adults, a
condition known as lactase persistence. The phenotype lactase persistence/non-
persistence has been shown to be genetically determined, the persistent status being
dominant over the non-persistent status**.

The state of the art diagnosis of adult-type hypolactasia is based on the lactose
tolerance test (LTT). After overnight fasting (10 hours), 1g/kg of lactose is given as a
12.5% solution, the maximum dose being 50g. Capillary blocd samples are taken
before and 20 and 30 min after lactose ingestion. The glucose concentration is
determined by the glucose oxidase method (Hjelm and de Verdier 1963). Abdominal
symptoms on the day of LTT are noted. A maximum rise in blood glucose
concentration of 1.1 mmol/l or more was taken as a sign of lactose malabsorption
(Gudman-Hoyer and Harnum 1968, Jussila 1970, Sahi 1972). LTT contains a 10%
risk for false positive and negative diagnoses, i.e. the sensitivity and specificity of
LTT is about 90% (Isokoski et al. 1972, Newcomer et al. 1975, Sahi 1983).

The accuracy of LTT can be improved by giving 0.3 g/kg ethanol that inhibits the
metabolism of galactose in the liver (Tygstrup and Lundqvist 1962) and 15 min later
1g/kg lactose as 12.5% solution.

Children with maximum rises of less than 0.2mg/100m! in the first or repeated LTT
have been sent for small-intestinal biopsy that is taken through gastroscopy. This is
an invasive procedure that needs expertise and is usually performed at university
hospitals by specialists in gastroenterology only. Biopsy samples are examined with
a dissection microscope and histologically, and the mucosal maitase, sucrase and
lactase activities are determined (Launiala et al. 1964). The diagnosis of hypolactasia
in children is justified if the histology of the intestinal biopsy is normal and lactase
activity is less than 20U/g protein and lactase/sucrase ratio less than 0.30, or in the
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LTT with ethano! administration a maximum rise in blood glucose concentration of
less than 20mg/100ml and in galactose concentration of 5mg/100 ml or less (Sahi et
al, 1972) is demonstrated. As described above, the current methods to diagnose
adult-type hypolactasia are laborious. LTT is inexact and therefore, an invasive
procedure, gastroscopy is needed before the diagnosis can be ascertained. Since
adult-type hypolactasia is very common and the major cause of nonspecific
abdominal symptoms (in one third of patients complaining stomach pain), there is a
clear need to improve the diagnostics of this common health problem.

Yet, so far no biochemical test that is easy to handle and, at the same time, provides
quick and accurate results has been developed. Elucidation of the cause of the
disease on the genomic DNA/ expression level has equally been unsuccesstul. Thus,
the sequencing of the coding and promoter regions of the LPH gene in adults has
revealed no DNA-variations which correlate with lactase persistence/ non-
persistence, nor has evidence emerged of splice variants or mRNA editing variants
associated with this trait”s. Previous studies have shown that the lactase
persistence/non-persistence trait is possibly controlled by cis-acting element(s)
residing within or adjacent to the lactase gene, and strong linkage disequilibriurn (LD)
has been observed across the 70 kb haplotype spanning the lactase gene®'°.
Several studies report evidence that the main control of the LPH gene expression
operates at the level of transcription regulation'""'%. However, it has been suggested
that variation influencing both transcriptional and posttranscriptional control of
expression’ of the LPH gene may be involved in the etiology of adult-type
hypolactasia*®.

In view of the above, the technical problem underlying the present invention was to
provide means and methods that allow for an accurate and convenient diagnosis of

adult-type hypolactasia or of a predisposition to this disease.

The solution to said technical problem is achieved by the embodiments characterized
in the claims.

Thus, the present invention relates to a nucleic acid molecule comprising a 5' portion
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of an intestinal lactase-phlorizine hydrolase (LPH) gene contributing to or indicative
of adult-type hypolactasia wherein said nucleic acid molecule is selected from the
group consisting of (a) a nucleic acid molecule having or comprising the nucleic acid
sequence of SEQ ID NO: 1, the sequence of SEQ 1D NO:1 is also depicted in Fig. 4
and comprised in the sequence as depicted in Fig. 8; (b) a nucleic acid molecule
having or comprising the nucleic acid sequence of SEQ ID NO: 2, the sequence of
SEQ ID NO:2 is also as depicted in Fig. 5 and comptised in the sequence as
depicted in Fig. 9; (c) @ nucleic acid molecule of at least 20 nucleotides the
complementary strand of which hybridizes under stringent conditions to the nucleic
acid molecule of (a) or (b}, wherein said polynucleotide/nucleic acid molecule has at
a position corresponding to position -13910 &' from the LPH gene a cytosine residue;
and (d) a nucleic acid molecule of at least 20 nuclectides the complementary strand
of which hybridizes under stringent conditions to the nucleic acid molecule of (a) or
(b), wherein said polynucleotide/nucleic acid molecule has at a position
corresponding to position -22018 5' from the LPH gene a guanine residue.

In accordance with the invention, the term "intestinal lactase-phiorizine hydrolase
(LPH) gene" denotes a gene that encodes an enzyme having the activity of
hydrolyzing lactose into its components glucose and galactose. The enzyme is
characterized by E.C. 3.2.1.23.62.

The term "adult-type hypolactasia” refers to a condition also known as lactose
intolerance, which is an autosomal recessive condition resulting from the
“physiological” decline of the lactase-phlorizin hydrolase (LPH) enzyme activity in
intestinal cells in a significant proportion of the global population.

The term “contributing to or indicative of adult-type hypolactasia®, refers to the fact
that the SNPs and thus the corresponding nucleic acid molecules found are
indicative of the condition and possibly also causative therefore. Accordingly, this
term necessarily requires that the recited 5' position is indicative of the condition.
Said term, on the other hand, does not necessarily requite that the 5' portion is
causative or contributes to the condition. Yet, said term does not exclude a causative
or contributory role of either or both SNPs.

JP 2005-502336 A 2005.1.27
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The term "which hybridizes under stringent conditions" refers to hybridization
conditions that are well known to or can be established by the person skilled in the
art according to conventional protocols. The term most advantageously refers to
highly stringent conditions. Appropriate stringent conditions for each sequence may
be established on the basis of well-known parameters such as temperature,
composition of the nucleic acid molecules, salt conditions etc.: see, for example,
Sambrook et al., "Molecular Cloning, A Laboratory Manual'; CSH Press, Cold Spring
Harbor, 1989 or Higgins and Hames (eds.), “Nucleic acid hybridization, a practical
approach”, IRL Press, Oxford 1985 (reference 54), see in particular the chapter
"Hybridization Strategy” by Britten & Davidson, 3 to 15. Typical (highly stringent)
conditions comprise hybridization at 65°C in 0.5xSSC and 0.1% SDS or hybridization
at 42°C in 50% formamide, 4xSSC and 0.1% SDS. Hybridization is usually followed
by washing to remove unspecific signal. Washing conditions include conditions such
as 65°C, 0.2xSSC and 0.1% SDS or 2xSSC and 0,1% SDS or 0,3XSSC and 0,1%
SDS at 25°C — 65°C.

As disclosed herein above, the present invention also relates to a hybridizing nucleic
acid molecules of at least 20 nucleotides; see (¢) and (d) herein above. Yet, the
present invention also relates to a nucleic acid molecule of at least 50, at least 100,
at least 150, or at least 200 nucleotides. Preferably, said hybridizing fragments
comprise at least 25, at least 50, or at least 75 nucleotides, at least 100 nucleotides,
& and 3 of the position —13910 as defined in (c) or of position —22018 ad defined in
(d) herein above.

The term "nucleic acid molecule” refers both to naturally and non-naturally occurring
nucleic acid molecules. Non-naturally occurring nucleic acid molecules include cDNA
as well as derivatives such as PNA.

The term "nucleic acid molecule [...] comprising the nucleic acid sequence of SEQ ID
NO:" throughout this specification refers to nucleic acid molecules that are at least 1
nucleotide longer than the nucleic acid molecule specified by the SEQ ID NO. At the
same time, these nucleic acid molecules extend, at a maximum, 30000 nucleotides

JP 2005-502336 A 2005.1.27
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over the 5' and/or 3' end of the nucleic acid molecule of the invention specified e.g.
by the SEQID NO: 2 or 1, 3 or 4.

Surprisingly, it was found in accordance with the present invention that the two
hypolactasia-associated variants locate at a considerable distance from the LPH
gene, positioned in different introns of the MCM6 gene. MCM6 is a member of a
gene family (MCM 2-7), required for the initiation of DNA replication ensuring that it
takes place only once during the cell cycle®. MCMS6, unlike LPH, is not restricted in
its tissue distribution and there is no correlation in the levels of MCM6 and LPH
transcripts’™. These findings would suggest that these two genes do not share any
functionally significant cis-acting elements providing tissue specificity or
developmental regulation'®. Most probably the identified variants have different
functional significance for the expression of the LPH and MCM6 genes. Further
surprisingly, based on complete association to hypolactasia they (or one of them) are
associated o age-dependent down regulation of the transcript level of the LPH gene
in the intestinal epithelium but have little or no effect on the transcription of the
MCMS.

Experimentally, using linkage, allelic association and extended haplotype analysis
carried out in nine extended Finnish families the adult-type hypolactasia locus was
restricted to a 47 kb interval on 2q21. The sequence analysis of the region revealed a
single nucleotide polymorphism (SNP), C/T-13910 that completely cosegregated with
aduli-type hypolactasia in all Finnish families and in a sample set of 236 individuals
from four different populations. Another SNP G/A-22018 residing 8 kb telomeric from
C/T ~13910 was associated with the trait in all but 7 cases. The prevalence of C/T —
13910 SNP in 1047 DNA samples reflected the reported prevalence of adult-type
hypolactasia in three different populations providing additional evidence for its
importance for the trait.

The surprising finding referred to above for the first time allows the establishment of
test systems that are based on the molecular analysis of the recited single nucleotide
polymorphisms upstream of the LPH gene. Whereas both SNPs provide for a solid
basis for the diagnosis of or the diagnosis of a predisposition to aduli-type

JP 2005-502336 A 2005.1.27
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hypolactasia, it is preferred that the nucleotide position —13910 is analyzed, sither
alone or in combination with nucleotide position -22018. This is because the SNP at
position —13910 was associated in 100% of the analysed cases with the disease
whereas the SNP at position -22018 was associated in only 98% of all cases with
adult-type hypolactasia. Nevertheless, analyses of nucleotide position -22018 alone
will usually also provide a sound basis for a diagnosis of a predisposition to aduit-
type hypolactasia.

Due to the abundance of established methods for assessing for the presence of
SNPs, it is now possible to conveniently, in a short amount of time, at low cost, with
high accuracy and without significant trouble for the person under investigation,
diagnose a genetic predisposition to adult-type hypolactasia.

The invention further relates to a nucleic acid molecule comprising a 5' portion of an
intestinal lactase-phiorizine hydroiase (LPH) gene wherein said nucleic acid molecuie
is selected from the group consisting of (a) a nucleic acid molecule having or
comprising the nucleic acid sequence of SEQ ID NO:3, the sequence of SEQ ID
NO:3 is also depicted in Fig. 6; (b) a nucleic acid molecule having or comprising the
nucleic acid sequence of SEQ ID NO:4, the sequence of SEQ ID NO:4 is also
depicted in Fig. 7; (c) a nucleic acid molecule the complementary strand of which
hybridizes under stringent conditions to the nucleic acid molecule of (a) or (b),
wherein said polynucleotide/nucleic acid molecule has at a position corresponding to
position -13910 of the LPH gene a thymidine residue; and (d) a nucleic acid molecule
the complementary strand of which hybridizes under stringent conditions to the
nucleic acid molecule of (a) or (b), wherein said polynucleotide/nucleic acid molecule
has at a position corresponding to position -22018 of the LPH gene a adenosine
residue.

This embodiment of the present invention may conveniently be used to demonstrate
that a person does not suffer from adult-type hypolactasia and has no predisposition
therefor. Further, this nucleic acid molecule reflecting the "wild-type® situation of the
position ~13910 or —22018 upstream of the LPH gene may be used as a control
means in experiments where a predisposition to adult-type hypolactasia is tested for.

JP 2005-502336 A 2005.1.27
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For testing, methods as described throughout this specification may be used.

In a preferred embodiment of the invention the nucleic acid molecule is genomic
DNA.

This preferred embodiment of the invention reflects the fact that usually the analysis
would be carried out on the basis of genomic DNA from body fluid, cells or tissue
isolated from the person under investigation.

In a further preferred embodiment of the nucleic acid molecule of the invention said
genomic DNA is part of a gene.

In accordance with the invention, it is preferred that at least one of the introns of the
MCM6 gene harboring position ~13910 or position —22018 relative to the LPH gene
is analyzed.

In addition, the invention relates to a fragment of the nucleic acid molecule as
described herein above having at least 14 nucleotides wherein said fragment
comprises nucleotide position -13910 or nucleotide position -22018 (upstream) of the
LPH gene.

The fragment of the invention may be of natural as well as of (semi)synthetic origin.
Thus, the fragment may, for example, be a nucleic acid molecule that has been
synthesized according to conventional protocois of organic chemistry. Importantly,
the nucleic acid fragment of the invention comprises nucleotide position 13910 or
nucleotide position —22018 upstream of the LPH gene. In these positions, the
fragment may have either the wild-type nucleotide or the nucleotide contributing to or
indicative of adult-type hypolactasia (also referred to as the "mutant” sequence).
Consequently, the fragment of the invention may be used, for example, in assays
differentiating between the wild-type and the mutant sequence.

It is further preferred that the fragment of the invention consists of at least 17
nucleotides, more preferred at least 21 nucleotides, and most preferred at least 25
nucleotides such as 30 nucleotides.

Furthermore, the invention relates to a nucleic acid molecule which is complementary
to the nucleic acid molecule as described herein above.

JP 2005-502336 A 2005.1.27
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This embediment of the invention comprising at least 14 nucleotides and coveting at
least position —13910 or position ~22018 of the sequence upstream of the LPH gene
is particularly useful in the analysis of the genetic setup in the recited positions in
hybridization assays. Thus, for example, a 15mer exactly complementary either to
the wild-type sequence (i.e. a T in position —13910 or an A in position —22018) or to
the variants contributing to or indicative of adult-type hypolactasia (i.e. a C in position
—13910 or a G in position —22018) may be used to differentiate between the
polymorphic variants. This is because a nucleic acid molecule labeled with a
detectable label not exactly complementary to the DNA in the analyzed sample will
not give rise to a detectable signal, if appropriate hybridization and washing
conditions are chosen.

In this regard, it is important to note that the nucleic acid molecule of the invention,
the fragment thereof as well as the complementary nucleic acid molecule may be
detectably labeled. Detectable labels include radioactive labels such as °H, or P or
fluorescent labels. Labeling of nucleic acids is well understood in the art and
described, for example, in Sambrook et al., loc. cit..

In addition, the invention relates to a vector comprising the nucleic acid molecule as
described herein above. The vector of the invention may either contain a nucleic acid
molecule comprising the wild-type sequence(s) or it may contain a nucleic acid
molecule comprising the mutant sequence(s).

The vectors may particularly be plasmids, cosmids, viruses or bacteriophages used
conventionally in genetic engineering that comprise the nucleic acid molecule of the
invention. Preferably, said vector is an expression vector and/or a gene transfer or
targeting vector. Expression vectors derived from viruses such as retroviruses,
vaccinia virus, adeno-associated virus, herpes viruses, or bovine papilloma virus,
may be used for delivery of the nucleic acid molecule of the invention into targeted
cell population. Methods which are well known to those skilled in the art can be used
to construct recombinant viral vectors; see, for example, the techniques described in
Sambrook et al., loc. cit. and Ausubel et al., Current Protocols in Molecular Biology,
Green Publishing Associates and Wiley Interscience, N.Y. (1989). Alternatively, the
nucleic acid molecules and vectors of the invention can be reconstituted Into
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liposomes for delivery to target cells. The vectors containing the nucleic acid
molecules of the invention can be transferred into the host cell by well-known
methods, which vary depending on the type of cellular host. For example, calcium
chloride transfection is commonly uiilized for prokaryotic cells, whereas, e.g., calcium
phosphate or DEAE-Dexiran mediated transfection or electroporation may be used
for other cellular hosts; see Sambrook, supra.

Such vectors may comprise further genes such as marker genes which allow for the
selection of said vector in a suitable host cell and under suitable conditions.
Preferably, the nucleic acid molecule of the invention is operatively linked to
expression control sequences allowing expression in prokaryotic or eukaryotic cells.
Expression of said polynucleotide comprises transcription of the polynucieotide into a
translatable mRNA. Regulatory elements ensuring expression in eukaryotic cells,
preferably mammalian cells, are well known to those skilled in the art. They usually
comprise regulatory sequences ensuring initiation of transcription and, optionally, a
poly-A signal ensuring termination of transcription and stabilization of the transcript,
and/or an intron further enhancing expression of said polynucieotide. Additional
regulatory elements may include transcriptional as well as translational enhancers,
and/or naturally-associated or heterologous promoter regions. Possible regulatory
elements permitting expression in prokaryotic host cells comprise, e.g., the PL, lac,
irp or tac promoter in E. coli, and examples for regulatory elements permitting
expression in eukaryotic host cells are the AOX1 or GAL1 promoter in yeast or the
CMV-, 8V40- , RSV-promoter (Rous sarcoma virus), CMV-enhancer, SV40-enhancer
or a globin intron in mammalian and other animai cells. Beside elements which are
responsible for the initiation of transcription such regulatory elements may also
comprise transcription termination signals, such as the SV40-poly-A site or the tk-
poly-A site, downstream of the polynucleotide. Optionally, the heterologous sequence
can encode a fusion protein including an C- or N-terminal identification peptide
imparting desired characteristics, e.g., stabilization or simplified purification of
expressed recombinant product. In this context, suitable expression vectors are
known in the art such as Okayama-Berg ¢DNA expression vector pcDV1
(Pharmacia), pCDM8, pRc/CMV, pcDNA1, peDNA3, the Echo™ Cloning System
(Invitrogen), pSPORT1 (GIBCO BRL) or pRevTet-On/pRevTet-Off or pCl (Promega).
Preferably, the expression control sequences will be eukaryotic promoter systems in
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—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

10

15

20

25

30

(51)

WO 03/014342 PCT/EP02/08963
11

vectors capable of transforming or transfecting eukaryotic host cells, but control
sequencess for prokaryotic hosts may also be used.

As mentioned above, the vector of the present invention may also be a gene transfer
or targeting vector. Gene therapy, which is based on introducing therapeutic genes
into cells by ex-vivo or In-vivo techniques Is one of the most important applications of
gene transfer. Suitable vectors and methods for in-vitro or in-vivo gene therapy are
described in the literature and are known to the person skilled in the art; see, e.g.,
Giordano, Nature Medicine 2 (1996), 534-539; Schaper, Girc. Res. 79 (1996), 911-
919; Anderson, Science 256 (1992), 808-813; Isner, Lancet 348 (1996), 370-374;
Muhlhauser, Circ. Res. 77 (1995), 1077-1086; Wang, Nature Medicine 2 (1996), 714-
716; WO94/29469; WO 97/00957, Schaper, Current Opinion in Biotechnology 7
(19986}, 635-640, or Kay et al. (2001) Nature Medicine, 7, 33-40) and references cited
therein. The polynucleotides and vectors of the invention may be designed for direct
introduction or for introduction via lippsomes, or viral vectors (e.g. adenoviral,
retroviral) into the cell. Preferably, said cell is a germ line cell, embryonic cell, or egg
cell or derived therefrom, most preferably said cell is a stem cell. Gene therapy is
envisaged with the wild-type nucleic acid molecule only.

The invention as well relates to a primer or primer pair, wherein the primer or primer
pair hybridizes under (highly) stringent conditions to the nucleic acid as described
herein above comprising nucleotide position -13910 or -22018 of the LPH gene or to
the complementary strand thereof.

Preferably, the primers of the invention have a length of at least 14 nucleotides such
as 17 or 21 nucleotides. It is further preferred that the primers have a maximum
length of 24 nucleotides. Hybridization or lack of hybridization of a primer under
appropriate conditions to a genome sequence comprising either position -13910 or
position 22018 coupled with an appropriate detection method such as an elongation
reaction or an amplification reaction may be used to differentiate between the
polymorphic variants and then draw conclusions with regard to, e.g., the
predisposition of the person under investigation for adult-type hypolactasia. The
present invention envisages two types of primers/primer pairs. One type hybridizes to
a sequence comprising the mutant sequence. In other words, the primer is exactly
complementary to a sequence that contains the G in position —=13910 or the G in
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position ~22018 or to the complementary strand thereof, The other type of primer is
exactly complementary to a sequence having a T in position —=13910 or an A in
position -22018 or to the complementary strand thereof. Since hybridization
conditions would preferably be chosen to be stringent enough, contacting of e.g. a
primer exactly complementary to the mutant sequence with a wild-type allele would
not result in efficient hybridization due to the mismatch formation. After washing, no
signal would be detected due to the removal of the primer.

Additionally, the invention relates to a non-human host transformed with the vector of
the invention as described herein above. The host may either carry the mutant or the
wild-type sequence. Upon breeding etc. the host may be heterozygous or
homozygous for one or both SNPs. )

The host of the invention may carry the vector of the invention sither transiently or
stably integrated into the genome. Methods for generating the non-human host of the
invention are well known in the art. For example, conventional transfection protocols
described in Sambrook et al., loc. cit., may be employed to generate transformed
bacteria (such as E. coli) or transformed yeasts. The non-human host of the invention
may be used, for example, to elucidate the onset of adult-type hypolactasia.

In a preferred embodiment of the invention the non-human host is a bacterilum, a
yeast cell, an insect cell, a fungal cell, a mammalian cell, a plant cell, a transgenic
animal or a transgenic plant.

Whereas E. coli is a preferred bacterium, preferred yeast cells are S. cerevisiae or
Pichia pastoris cells. Preferred fungal cells are Aspergillus cells and preferred insect
cells include Spodoptera frugiperda cells. Preferred mammalian cells are colon
carcinoma cell lines showing expression of the LPH enzyme and include CaCo2-
cells.

A method for the production of a transgenic non-human animal, for example
transgenic mouse, comprises introduction of the aforementioned polynucleotide or
targeting vector into a germ cell, an embryonic cell, stem cell or an egg or a cell
derived therefrom. The non-human animal can be used in accordance with a
screening method of the invention described herein. Production of iransgenic
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embryos and screening of those can be performed, e.g., as described by A. L. Joyner
Ed., Gene Targeting, A Practical Approach (1993), Oxford University Press. The DNA
of the embryonal membranes of embryos can be analyzed using, e.g., Southern blots
with an appropriate complementary nucleic acid molecule; see supra. A general
method for making transgenic non-human animals is described in the art, see for
example WO 94/24274. For making transgenic non-human organisms (which include
homologously targeted non-human animals), embryonal stem cells (ES cells) are
preferred. Murine ES cells, such as AB-1 line grown on mitotically inactive SNL76/7
cell feeder layers (McMahon and Bradley, Cell 62:1073-1085 (1990)) essentially as
described (Robertson, E. J. (1987) in Teratocarcinomas and Embryonic Stem Cells:
A Practical Approach. E. J. Robertson, ed. (Oxford: IRL Press), p. 71-112) may be
used for homologous gene targeting. Other suitable ES lines include, but are not
limited to, the E14 line (Hooper et al., Nature 326:292-295 (1987)), the D3 line
(Doetschman et al., J. Embryol. Exp. Morph. 87:27-45 (1985)), the CCE line
(Robertson et al., Nature 323:445-448 (1986)), the AK-7 line (Zhuang et al., Cell
77:875-884 (1994)). The success of generating a mouse line from ES cells bearing a
specific targeted mutation depends on the pluripotence of the ES cells (i. e., their
ability, once injected into a host developing embryo, such as a blastocyst or morula,
to participate in embryogenesis and contribute to the germ cells of the resulting
animal). The blastocysts containing the injected ES cells are allowed to develop in
the uteri of pseudopregnant nonhuman females and are born as chimeric mice. The
resultant transgenic mice are chimeric for cells having the desired nucleic acid
molecule are backcrossed and screened for the presence of the correctly targeted
transgene (s) by PCR or Southern blot analysis on tail biopsy DNA of offspring so as
fo identify transgenic mice heterozygous for the nucleic acid molecule of the
invention.

The transgenic non-human animals may, for example, be transgenic mice, rats,
hamsters, dogs, monkeys (apes), rabbits, pigs, or cows. Preferably, said transgenic
non-human animal is a mouse. The transgenic animals of the invention are, inter alia,
useful to study the phenotypic expression/ouicome of the nucleic acids and vectors
of the present invention. Furthermore, the transgenic animals of the present invention
are useful to study the developmental expression of the LPH enzyme, for example in
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the rodent intestine. It is furthermore envisaged, that the non-human transgenic
animals of the invention can be employed to test for therapeutic agents/compositions
or other possible therapies which are useful to ameliorate aduli-type hypolactasia.

In addition, the invention relates to an antibody or aptamer or phage that specifically
binds to the mutant nucleic acid molecule of the invention but not to the
corresponding wild type nucleic acid molecule.

The antibody may be tested for binding and used in any serologic technigue welt
known In the art, such as agglutination techniques in tubes, gels, solid phase and
captute techniques with or without secondary antibodies, or in flow cytometry with or
without immunofluorescence enhancement (see, for example, techniques described
in Harlow and Lane ,Antibodies, A Laboratory Manual*, CSH Press, Cold Spring
Harbor, USA, 1988 (see reference 53).

In line with the invention, the antibody specifically recognizes an epitope comptising
position —13910 (wherein the nucleotide is C) or position ~22018 (wherein the
nucleotide is G). it does not or essentially does not cross-react with an epitope

comprising position ~13910 with a T in this position nor with the epitope comprising )

position ~22018 with a G in this position. Specificity of an antibody which may be
generated according to standard protocols, may be tested by contacting with DNA
molecules carrying the wild-type and the mutant sequence such as in an ELISA
assay. Only those antibodies will be selected that produce a signal over background
with the mutant sequence but not with the wild-type sequence.

The antibody of the invention may be a monocional antibody or an antibody derived
from or comprised in a polyclonal antiserum. The term “antibody”, as used in
accordance with the present invention, further comprises fragments of said antibody
such as Fab, F(ab'), Fv or scFv fragments; see, for example, Harlow and Lane®,
loc. cit. The antibody or the fragment thereof may be of natural origin or may be
(semi)synthetically produced. Such synthetic products also comprise non-
proteinaceous as semi-proteinaceous material that has the same or essentially the
same binding specificity as the antibody of the invention. Such products may, for
example, be obtained by peptidomimetics.
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The term "aptamer” is well known in the art and defined, e.g., in Osborme et al., Curr.
Opin. Chem. Biol. | (1997), 5-9 (see reference 51) or in Stall and Szoka, Pharm. Res.
12 (1995), 465-483 (see reference 52).

Moreover, the Invention relates to an antibody or aptamer or phage that specifically
binds to the wild-type nucleic acid molecule as described herein above but not to the
corresponding mutant sequence contributing to or indicative of adult-type
hypolactasia. The statements with respect to specificity etc. made for the antibody
which is specific for the mutant sequence apply mutatis mutandis here.

Furthermore, the invention relates to a pharmaceutical composition comprising the
wild-type nucleic acid molecule as described herein above.

The pharmaceutical composition of the invention may be used in gene therapy
approaches, particularly in somatic gene therapy.

The wild-type nucleic acid molecule referred to above and contained in the
pharmaceutical composition of the invention may be combined with a
pharmaceutically acceptable carrier and/or diluent.

Examples of suitable pharmaceutical carriers are well known in the art and include
phosphate buffered saline solutions, water, emulsions, such as oil/water emulsions,
various types of wetting agents, sterile solutions etc. Compositions comprising such
carriers can be formulated by well known conventional methods. These
pharmacedutical compositions can be administered to the subject at a suitable dose.
Administration of the suitable compositions may be effected by different ways, e.g.,
by intravenous, intraperitoneal, subcutaneous, intramuscular, topical, intradermal,
intranasal or intrabronchial administration. The dosage regimen will be determined by
the attending physician and clinical factors. As is well known in the medical arts,
dosages for any one patient depends upon many factors, including the patient's size,
body surface area, age, the particular compound to be administered, sex, time and
route of administration, general health, and other drugs being administered
concurrently. A typical dose can be, for example, in the range of 0.001 to 1000 ug of
nucleic acid for expression or for inhibition of expression; however, doses below or
above this exemplary range are envisioned, especially considering the
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aforementioned factors. Dosages will vary but a preferred dosage for intravenous
administration of DNA is from approximately 10° to 102 copies of the DNA molecule.
Progress can be monitored by periodic assessment. The compositions of the
invention may be administered locally or systemically. Administration will generally be
parenterally, e.g., Intravenously; DNA may also be administered directly to the target
site, e.g., by biolistic delivery to an intemnal or external target site or by catheter to a
site in an artery. Preparations for parenteral administration include sterile aqueous or
non-aqueous solutions, suspensions, and emulsions. Examples of non-aqueous
solvents are propylene glycol, polyethylene glycol, vegetable oils such as olive oil,
and injectable organic esters such as ethyl oleate. Aqueous carriers include water,
alcoholic/aqueous solutions, emulsions or suspensions, including saline and buffered
media. Parenteral vehicles include sodium chioride solution, Ringer's dextrose,
dextrose and sodium chloride, lactated Ringer's, or fixed oils. Intravenous vehicles
include fiuid and nutrient replenishers, electrolyte replenishers (such as those based
on Ringer's dextrose), and the like. Preservatives and other additives may also be
present such as, for example, antimicrobials, anti-oxidants, chelating agents, and
inert gases and the like.

Additionally, the invention relates to a diagnostic composition comprising the nuclelc
acid molecule as described herein above, the vector as described herein above, the
primer or primer pair as described herein above, and/or the antibody aptamer and/or
phage as described herein above.

The diagnostic composition is useful for assessing the genetic status of a person with
respect to his or her predisposition to develop adult-type hypolactasia or with regard
to the diagnosis of the acute condition. The vatious possible components of the
diagnostic composition may be packaged in one or more vials, in a solvent or
otherwise such as in lyophilized form. If dissolved in a solvent, the diagnostic
composition is preferably cooled to at least +8°C to +4°C. Freezing may be preferred
in other instances.

The invention also relates to a method for testing for the presence or predisposition
of adult-type hypolactasia or associated trait comprising testing a sample obtained
from a prospective patient or from a person suspected of carrying such a
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predisposition o the presence of the nucleic acid molecule as described herein
above in a homozygous or heterozygous state. In varying embodiments, it may be
tested either for the presence of the wild-type sequence(s) or of the mutant
sequence(s).

The method of the invention is useful for detecting the genetic set-up of said
person/patient and drawing appropriate conclusions whether a condition from which
said patient suffers is adult-type hypolactasia. Alternatively, it may be assessed
whether a person not suffering from a condition carries a predisposition to adult-type
hypolactasia. With regard to position -13910 upstream of the LPH gene, only if
cytosine is found in a homozygous state, a condition would be diagnosed as aduit-
type hypolactasia or a corresponding predisposition would be manifest. On the other
hand, if thymidine is found in a homozygous state or if the individual is heterozygous
(C/T), then it may be concluded that a condition from which a patient suffers is not
related to adult-type hypolactasia and further, that the patient does not carry a
predisposition to develop this condition. It may, however, be concluded that children
of persons carrying the heterozygous genotype may develop the condition if
chromosome carrying the C residue is matched with a corresponding chromosome
from the other parent.

The situation is similar and essentially the same conclusions apply for the analysis of
the SNP in position —22018. A homozygously occurring G residue marks a
predisposition to or the occurrence of acute adult-type hypolactasia. A heterzygous
G/A state correlates with a high likelihood to not develop the condition. Individuals
carrying A in a homozygous state would not be expected to develop the condition.
Similarly, patients suffering from a condition would be diagnosed not to suffer from
adult-type hypolactasia.

in a preferred embodiment of the method of the invention said testing comprises
hybridizing the complementary nucleic acid molecule as described herein above
which is complementary to the nucleic acid molecule contributing to or indicative of
aduit-type hypolactasia or the nucleic acid molecule as described herein above which
is complementary to the wild-type sequence as a probe under (highly) stringent
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conditions to nucleic acid molecules comprised in said sample and detecting said
hybridization.

Again, depending on the nucleic acid probe used, either wild-type or mutant
sequences (i.e. sequences contributing to or indicative of adult-type hypolactasia)
would be detected. It is understood that hybridization conditions would be chosen
such that a nucleic acid molecule complementary to wild-type sequences would not
or essentially not hybridize to the mutant sequence. Similarly, a nucleic acid molecule
complimentary to the mutant sequence would not or would not essentially not
hybridize to the wild-type sequence. In order to differentiate between results obtained
from homozygous and heterozygous genotypes in the hybridization methods of the
invention, one can for example monitor/detect the strength/intensity of the respective
detection signal after the hybridization. To differentiate between wild-type
homozygous, heterozygous and/or mutant homozygous allels in the hybridization
methods of the invention, internal control samples of the corresponding genotypes
will be included in the analysis.

In a further preferred embodiment, the method of the invention further comprises
digesting the product of said hybridization with a restriction endonuclease or
subjecting the product of said hybridization to digestion with a restriction
endonuclease and analyzing the product of said digestion.

This preferred embodiment of the invention allows by convenient means, the
differentiation between an effective hybridization and a non-effective hybridization.
For example, if the DNA sequence adjacent to position —13910 or position —22018
comprises an endonuclease restriction site, the hybridized product will be cleavable
by an appropriate restriction enzyme upon an effective hybridization whereas a lack
of hybridization will yield no double-stranded product or will not comprise the
recognizable restriction site and, accordingly, will not be cleaved. In particular, the
restriction enzymes specific for the sequence of the DNA-variant C/T-iss10 is CviJ I,
for the DNA-variant G/A.zz015 are Hhal and Aci |. Said restriction enzymes which cut
rg/cy where found by the use of the program Webcutter. The analysis of the digestion
product can be effected by conventional means, such as by gel electrophoresis
which may be optionally combined by the staining of the nucleic acid with, for
example, ethidium bromide. Combinations with furiher techniques such as Southern
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biotting are also envisaged.

Detection of said hybridization may be effected, for example, by an anti-DNA double-
strand antibody or by employing a labeled oligonucleotide. Conveniently, the method
of the invention is employed together with blotting techniques such as Southern or
Northern blotting and related techniques. Labeling may be effected, for example, by
standard protocols and includes labeling with radioactive markers, fluorescent,
phosphorescent, chemiluminescent, enzymatic labels, etc. (see also above).

In accordance with the above, in another preferred embodiment of the method of the
invention said probe is detectably labeled, e.g. by the methods and with the labels
described herein above.

In yet another preferred embodiment of the method of the invention said testing
comprises determining the nucleic acid sequence of at least a portion of the nucleic
acid molecule as described herein above, said portion comprising nucleotide position
-13910 and/or nucleotide position -22018 of the LPH gene.

Determination of the nucleic acid molecule may be effected in accordance with one
of the conventional protocols such as the Sanger or Maxam/Gilbert protocols (see
Sambrook et al., loc. cit., for further guidance).

In a further preferred embodiment of the method of the invention the determination of
the nucleic acid sequence is effected by solid-phase minisequencing. Solid-phase
minisequencing is based on quantitative analysis of the wild type and mutant
nucleotide in a solution. First, the genomic region containing the mutation is amplified
by PCR with one biotinylated and non-biotinylated primer where the biotinylated
primer is attached to a streptavidin (SA) coated plate. The PCR-product is denatured
1o a single stranded form to allow a minisequencing primer to bind to this strand just
before the site of the mutation. The trittum (H3) or fluorescence labeled mutated and
wild type nucleotides fogether with nonlabeled dNTPs are added to the
minisequencing reaction and sequenced using Tag-polymerase. The resuit is based
on the amount of wild type and mutant nucleotides in the reaction measured by beta
counter or fluorometer and expressed as an R-ratio. See also Syvénen AC, Sajantila
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A, Lukka M. Am J Hum Genet 1993: 52,46-59 and Suomalainen A and Syvanen
AC. Methods Mol Biol 1996;65:73-79.

A preferred embodiment of the method of the invention further comprises, prior to
determining said nucleic acid sequence, amplification of at least said portion of said
nucleic acid molecule.

Preferably, amplification is effected by polymerase chain reaction (PCR). Other
amplification methods such as ligase chain reaction may aiso be employed.

In a preferred embodiment of the method of the invention said testing comprises
carrying out an amplification reaction wherein at least one of the primers employed in
sald amplification reaction is the primer as described herein above or belongs to the
primer pair as described herein above, comprising assaying for an amplification
product. In this embodiment and depending on the information the
investigator/physician wishes to obtain, primers hybridizing either to the wild-type or
mutant sequences may be employed.

The method of the invention will result in an amplification of only the target sequence,
if said target sequence carries a sequence exactly complementary to the primer used
for hybridization. This is because the oligonucleotide primer will under preferably
(highly) stringent hybridization conditions not hybridize to the wild-type/mutant
sequence — depending which type of primer is used —~ (with the consequence that no
amplification product is obtained) but only to the exactly matching sequence.
Naturally, combinations of primer pairs hybridizing to both SNPs may be used. In this
case, the analysis of the amplification products expected (which may be no, one, two,
three or four amplification product(s) if the second, non-differentiating primer is the
same for each locus) will provide information on the genetic status of both positions —
13910 and —22018.

In a preferred embodiment of the method of the invention said amplification is
effected by or said amplification is the polymerase chain reaction (PCR).

The PCR is well established in the art. Typical conditions to be used in accordance
with the present invention include for example a total of 35 cycles in a total of 50ul
volume exemplified with a denaturation step at 93° C for 3 minutes; an annealing
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step at 55° C for 30 seconds; an extension step at 72° C for 75 seconds and a final
extension step at 72° C for 10 minutes.

The invention furthermore relates to a method for testing for the presence or
predisposition of adult-type hypolactasia comprising assaying a sample obtained
from & human for specific binding to the antibody or aptamer or phage as described
herein above. In this context a weaker staining for the presence of the antigen of the
invention compared o homozygous wild type control samples (comprising two
persistent allels) is indicative for the heterozygous wild type {(one persistent allele and
one hypolactasic allele, whereas for the homozygous hypolactasic individual no
staining is expected if the appropriate antibody is used. Preferably, the method of the
invention is performed in the presence of control samples corresponding to all three
possible allelic combinations as internal controls. Testing may be carried out with an
antibody etc. specific for the wild-type or specific for the mutant sequence.

Testing for binding may, again, involve the employment of standard techniques such
as ELISAs; see, for example, Harlow and Lane®, loc. cit.

In a preferred embodiment of the method of the invention said antibody or aptamer or
phage is detectably labeled.

Whereas the aptamers are preferably radioactively labeled with °H or ®P or with a
fluorescent marker as described above, the phage or antibody may either be labeled
in a corresponding manner (with 1%l as the preferred radioactive label) or be labeled
with a tag such as His-tag, FLAG-tag or myc-tag.

In a further preferred embodiment of the method of the invention the test is an
immuno-assay.

In another preferred embodiment of the method of the invention said sample is blood,
serum, plasma, fetal tissue, saliva, urine, mucosal tissue, mucus, vaginal tissue, fetal
tissuie obtained from the vagina, skin, hair, hair follicle or another human tissue.

In an additional preferred embodiment of the method of the invention said nucleic
acid molecule from said sample is fixed to a solid support.
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Fixation of the nucleic acid molecule to a solid support will allow an easy handling of
the test assay and furthermore, at least some solid supports such as chips, silica
wafers or microtiter plates allow for the simultaneous analysis of larger numbers of
samples. Ideally, the solid support allows for an automated testing employing, for

example, roboting devices.

In a particularly preferred embodiment of the method of the invention said solid
support is a chip, a silica wafer, a bead or a microtiter plate.

Furthermore, the invention relates to the use of the nucleic acid molecule as
described herein above for the analysis of the presence or predisposition of adult-
type hypolactasia.

The nucleic acid molecule simultaneously allows for the analysis of the absence of
the condition or the predisposition to the condition, as has been described in detail
herein above.

In addition, the invention relates to a kit comprising the nucleic acid molecule as
described herein above, the primer or primer pair as described herein above, the
vector as described herein above, and/or the antibody aptamer and/or phage as
described herein above in one or more containers.

The invention as well relates to the use of the nucleic acid molecule as described
herein above or the vector as described herein above in gene therapy.

Gene therapy approaches have been discussed herein above in connection with the
vector of the invention and equally apply here. It is of note that in accordance with
this invention, also fragmenis of the nucleic acid molecules as defined herein above
and as, in particular, depicted in SEQ ID NOs: 3 to 4 may be employed in gene
therapy approaches. Said fragments comprise the nucleotide at position —13910 as
defined in (c) herein above (and also shown in SEQ ID NO: 3) or position —22018 as
defined in (d) herein above (and as shown in SEQ ID NO: 4). Preferably, said
fragments comprise at least 200, at least 250, at least 300, at least 400 and most
preferably at least 500 nuclectides.
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In a preferred embodiment of the use of the invention said gene therapy treats or
prevents adult-type hypolactasia.

The figures show:

Fig. 1:

Fig 2:

Fig. 3:

Fig. 4

The Finnish adult-type hypolactasia families studied. Blackened symbols
indicate hypolactasic individuals, asterisk (*) indicate that no sample was
available, question mark (?) indicates unknown affection status. 1 indicates
the individuals used for sequencing for SNP identification (Table 2).

Physical map of adult-type hypolactasia locus. BAC clones are shown above
the horizontal line. The three genes LPH, MCM6 and DARS are shown by
thick black arrows with the tip pointed toward the 3 “end of the gene above
the black boxes. The position of ten polymorphic microsatellite markers used
for fine mapping of the locus are shown. The backslash in the horizontal line
denotes a gap In the sequence of the contig sequence. The position of
marker D252169 was confirmed by bridging the gap with PAC 106020
isolated from the PAC library as described before®’. The organisation of the
MCM6 gene is shown including the position of the lactase persistent
phenotype-associated variants in introns 9 and 13 located 13.9 kb and 22 kb
& of the first ATG of LPH.

Extended haplotype analysis of the persistent chromosomes derived from
Finnish adult-type hypotactasia families using seven closely liked
microsatellite markers.The haplotypes representing the ancestral founder
persistent chromosome are shaded. Only the haplotypes of non-persistent
chromosomes that were also present in the persistent chromosomes are
shown. On the basis of ancestral recombinations, the adult-type hypolactasia
locus could be restricted to 47 kb interval between markers LPH1 and AC3.

The sequence comprised in the sequence of intron 13 of the MCM6 gene
(3220bp) comprising the SNP at position —13910 in which the T, which Is
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Fig. 6:

Fig. 7:

Fig. 8:

Fig. 9:
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specific for the lactase persistence, Is substituted by a C. Said position is
indicated by the use of a small letter. This sequence refers to SEQ ID NO:1.

The sequence comprised in the sequence of intron 9 of the MCM6
gene(1295bp) comprising the SNP at position —-22018 in which the A, which
is specific for the lactase persisting-type sequence is substituted by a G. Said
position is indicated by the use of a small letter. This sequence refers to SEQ
1D NO:2.

The sequence of the lactase persisting-type intron 13 of the MCM6 gene
(3220bp) comptising at position ~13910 a T. Said position is indicated by the
use of a small letter. This sequence refers to SEQ ID NO:3.

The sequence of the lactase persisting-type intron ¢ of the MCM6
gene(1295bp) comprising at position- —22018 an A. Said position is indicated
by the use of a small letter. This sequence refers to SEQ ID NO:4.

The sequence of intron 13 of the MCM6 gene (3220bp) comprising the SNP
at position —13910 in which the T, which is specific for the lactase persisting-
type sequence is substituted by a C. Said position is indicated by the use of a
small [etter. This sequence refers to SEQ ID NO:5.

The sequence of intron 9 of the MCM6 gene(1295bp) comprising the SNP at
position ~22018 in which the A, which is specific for the lactase persisting-
type sequence is substituted by a G. Said position is indicated by the use of a
small letter. This sequence refers to SEQ ID NO:6.
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The examples illustrate the invention.
Example 1: Linkage and linkage disequilibrium analysis

Seven polymorphic microsatellite markers between D2S114 and D2S2385 flanking
the LPH gene on 2g21 were analyzed in nine extended Finnish hypolactasia families
(Fig. 1). Significant evidence for linkage was found with markers D2S314, D2S442,
D252196 and D2S1334, with a maximum lod score of 7.67 at =0 obtained with
marker D2S2196 (Table 1). Obligatory recombination events were detected with
marker D28114 (family B, 1V3), which defines the centromeric boundary for the
lactase persistence/non-persistence locus, and with marker D252385 (family B, IV17)
(Fig. 1, Table 1), which defines the telomeric boundary of the locus. To fine map the
critical region, nine additional polymorphic markers were analyzed (Table 1). Linkage
disequilibrium (LD) over the region was monitored conditional on the detected linkage
treating the allele frequencies and the- recombination fraction as nuisance
parameters'® 7. Six out of nine markers (LPH13, LPH2, LPH1, AC3, AC4, and
AC10), spanning over ~200kb interval showed highly significant evidence of LD (p <
10™) whereas markers 3’ from the LPH gene showed no evidence of LD (Table 1).
Two markers, LPH2 and AC3, dispiayed the most significant linkage disequilibrium in
the lactase persistence alleles (p<107).

The family material consisted of nine extended Finnish pedigrees originally studied
by Sahi®. All family material was tested for adult-type hypolactasia in the 1970s. The
family material for this study was enlarged by collecting the DNA of the family
members in the younger generations. The family material in this study consisted of
194 individuals in total (Fig. 1). The phenotypic status of all family members was
confirmed by lactose tolerance tests with ethanal (LTTE)*® in all but 49 individuals.
Gluten enteropathy has been excluded in all affected patients by measurement of the
serum IgA anti-tissue transglutaminase®™. DNA was extracted from blood samples
taken from all participating family members in accordance with standard protocols™,
after obtaining informed consent. As a case-control study 196 random DNA samples
isolated from jejunal biopsy specimens from which disaccharidase activities had been
measured® at the Helsinki University Hospital were sequenced. DNA was isolated
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from intestinal biopsies according to the standard protocol®. These series comprised
137 lactase persistent and 59 non-persistent samples. In addition DNA from nine
Italian, kindly provided by M. Rossi, University of Naples, nine German DNA
samples, kindly provided by M. Lentze, University of Bonn and twenty two South
Korean, kindly provided by J.K. Seo, Seoul National University, intestinal biopsy
sample specimens were analyzed (In the table: 23 Korean, 9 ltalian and 7 Germans
(One of the cases from Germany originated from South Korea). The diagnosis was
based on the measurement of disaccharidase activities. Finally, to determine the
frequency of the C/T.jie10 variant in the Finnish population, the DNA of 938
anonymous Finnish blood donors from small parishes from Eastern and Western
Finland and the DNA of 109 parents belonging to the CEPH families'® were
analyzed. In addition, genomic DNA from a bahoon (Papic hemedryas ussinus)
isolated from liver biopsy using standard protocols*® was analyzed. The study was
approved by the Ethical Committees of the Helsinki University Hospital and the
Finnish Red Cross Blood Transfusion Service.

Example 2: Extended haplotype analysis

In the first stage ten highly polymorphic microsateliite markers flanking the LPH gene
on 2g21 were analyzed as desctibed elsewhere®®Ss,
polymorphic microsatellite markers on 2q in the vicinity of the lactase gene from The
Généthon Resource Center®® were analyzed with genetic distances as follows: cen -
D2S114 - 1cM - D281334 - 0cM - D252196 - OcM - D28442 - 2¢M - D28314 - 2¢cM -
D252385 - 1cM - D252288 - 1cM - D28397 - 1cM - D2S8150- 1cM - D28132. The

order of the markers has been mostly obtained from the physical YAC contig map of

Briefly, the ten highiy

chromosome 2 (Chumakov et al. 1995%) supplemented with the Généthon map.
PCR was performed in a total volume of 15 ui containing 12ng of template DNA,
5pmol of primers, 0.2mM of each nucleotide, 20mMTrisHCI (pH 8.8), 15 mM
(NH2)280s, 1.5 mM MgClz, 0.1% Tween 20, 0.01% gelatin and 0.25U Taq
polymerase (Dynazyme, Finnzymes). One of the primers was radiolabeled at the 5’
end with ¥P-yATP. The reactions were performed in a multiwell microtitre plate for 35
cycles with denaturation at 84 °C for 30s, annealing at various temperatures

JP 2005-502336 A 2005.1.27



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

10

15

20

25

30

(67)

WO 03/014342 PCT/EP02/08963
27

depending on the primers for 30s and extension at 72 °C for 30s; denaturation was
set at 3min and final extension at 5min. The amplified fragments were separated on
6% polyacrylamide gel, and autoradiography was performed.

In the second stage, nine additional microsatellite markers within the contig
constructed over the LPH gene were identified from the published genomic sequence
of the BACs (NH034L23, NH0318L13, NH0218L22, and RP11-329i1) using the
Repeat Masker program (htip:/ftp.genome.washington.edu/cgi-bin/RepeaiMasker).
Primers flanking the repeats were synthesized. PCR conditions were as described
elsewhere®. The amplified fragments were separated on 6% polyacrylamide gel, and
autoradiography was performed.

Pairwise lod scores were calculated by use of the MLINK option of the LINKAGE
program package“g. Autosomal recessive inheritance for aduli-type hypolactasia with
complete penetrance, no sex difference in recombination fractions, and a disease
allele frequency of 0.4 was assumed. Only individuals above 20 years of age were
included in the study as the condition is manifested by that age in the Finnish
popuiation®®. The affection status for individuals not confirmed by LTTE was
regarded as unknown. Allele frequencies and heterozygosities for the markers were
estimated from family material using the Downfreq program for purposes of the
parametric linkage analysis®®, Additionally, pseudomarker linkage and linkage
disequilibrium analyses were performed, assuming autosomal recessive mode of
inheritance™. A test of LD was performed conditional on the detected linkage treating
the allele frequencies and the recombination fraction as nuisance parameters'™®4?, p-
values from these analyses are shown in Table 1. Haplotypes were constructed
manually for the microsatellite markers in this order: LPH1-LPH2-LPH13-AC7-AC3-
AC4-AC5 (Fig. 8). A total of 54 non-persistent chromosomes and 33 persistent
chromosomes in our family material were available for haplotype analysis.

The order of the closely linked markers was confirmed by assembling four BAC-
clones NH0034L.23, NH0218L22, NH0318L13 and 329110 in the critical region into
one uninterrupted sequence segment. This contig extended from marker ACS to the
exon 10 of the aspartyl-tRNA synthetase (DARS) gene and covered a total of 222,5
kb (Fig. 2). Based on this physical map of the linked region, extended haplotypes
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with seven markers covering a 150 kb interval (cen-LPH13-LPH2-LPH1-AC7-AC3-
AC4-AC5-tel) (Fig. 8) were constructed. One major haplotype was present in 20
persistence alleles (60%) versus 3 of the non-persistence alleles (5%), whereas a
wide diversity of haplotypes was observed in non-persistence alleles. The remaining
40 % of the haplotypes in the persistence alleles differed from the ancestral
haplotype in a manner consistent with a breakdown of the haplotype by historical
recombination events. Based on the conserved haplotype analysis, the locus for
lactase persistence could be restricted to a 47 kb interval between markers LPH1
and AC3 (Fig.3)

Example 3: Sequence analysis of the adult-type hypolactasia locus

The 47 kb region between the markers LPH1 and AC3 was amplified in overlapping
PCR fragments from genomic DNA of several members of the nine hypolactase
families and sequenced. The region contains the minichromosome maintenance
(MCM8) gene'®, which covers 36 kb of the critical 47 kb region (Fig. 2). No variations
were detected in the coding region of the MCM6 gene but total of 52 variants; 43
SNPs and 9 deletion/ insertion polymorphisms, were identified in the critical 47 kb
region (Table 2). Only two of the variants (C/T.1as10, G/A.22018) Were associated with
the lactase persistence/ non-persistence trait in the Finnish families (Tables 2 and 3).
The first associated variant, C/T _ige10, resides in intron 13 of the MCM6 gene at
position -13910 bp from the first ATG-codon of the LPH gene. The second
associated variant, G/A 208,18 located in intron 9 of the MCM6 gene at position -
22018 from the first ATG-codon of the LPH gene (Fig.2). These two variants, 8 kb
apart from each other, completely cosegregated with adult-type hypolactasia in nine
extended Finnish families. All hypolactasic (non-persistent) family members were
homozygous for both C.1se10 and G.zzo1s {Table 3). Interestingly, both these variants
reside in repeat elements, C/T.iagig in an L2-derived element and G/A.xs015 in an Alu

element.

Experimentally, three non-persistence, 2 homozygous persistence and 2
heterozygous persistence individuals sharing a similar haplotype across the critical
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region from our family material were used for sequencing in the first stage (Fig. 1).
Using the published draft genomic sequence of the BACs: NH0034L23, NH0218L22
NH0318L23, and RP-320110 that covered the critical region of aduli-type
hypolactasia were assembled to one contig using Sequencher 4 software (Gene
Codes Corporation). Oligonucleotide primers spanning the critical region between
markers LPH1 and AC3 were designed (a list of oligonucleotide primers described
herein below). PCR amplifications were carried out in a 50 pl volume with genomic
DNA (100 ng), primers (20 ng each), dNTPs (200 uM), 0.5 U of Tag polymerase
(Dynazyme, Finnzymes) in a standard buffer. Most PCR were amplified using the
following PCR cycle conditions: an initial round of denaturation at 94 °C for 3 min,
then 35 cycle at 94°C at 30 s, 55 °C for 30 s, and 72 °C for 1.25 min and a final
extension of 72 °C for 10 min, except that in cases where the size of the PCR
products were more than 1kb we used the Dynazyme extend kit (conditions are
described herein below). Purified PCR products (15-40 ng) were cycle sequenced
using BigDye terminator chemistry (PE Biosystems). Data were analyzed using ABI
Sequencing Analysis 3.3 (PE Biosystems) and Sequencher 4.1 (Gene Codes).
Detection of the Lactase variants by Sequencing:

PCR amplifications were carried out in a 50 ul volume with genomic DNA (100 ng),
primers (20 ng each), dNTPs (200 uM), 0.5 U of Taq polymerase (Dynazyme,
Finnzymes) in a standard buffer. Both PCRs were amplified using the following PCR
cycle conditions: an initial round of denaturation at 94°C for 3 min, then 35 cycles at
94°C at 30 s, 55°C for 30 s, and 72°C for 1.25 min and a final extension of 72°C for
10 min. PCR were purified by enzymatic reaction. Purified PCR products (15-40 ng)
were cycle sequenced using BigDye terminator chemistry (PE Biosystems). Data
were analyzed using ABI Sequencing Analysis 3.3 (PE Biosystems) and Sequencher
4.1 (Gene Codes).

Screening of the lactase variants by solid-phase minisequencing:

The DNA fragment spanning the C/T.aere variant was amplified using one
biotinylated (5™-Bio-CCTCGTTAATACCCACTGACCTA-Y) primer and unbiotinylated (5-
GTCACTTTGATATGATGAGAGCA-3)) primer. For G/Aggig biotinylated (5-Bio-
TGCTCAGGACATGCTGATCAA-3') and one unbiotinylated (5-
CTACCCTATCAGTAAAGGCCTA-3) primer were used under conditions described
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above. 10 ¢l of the PCR product was captured in a streptavidin coated microtiter well
(Lab systems, Finland). The wells were washed, and bound DNA was denaturated as
described by Syvanen et al. (Am J Hum Genet. (1993), 52, 46-59) and Syvénen and
Landegren (Hum Mutat. (1994), 3, 172-9). 50 ul of the minisequencing reaction
mixture contained 10 pmoles of the minisequencing primers for C/T.seis (5'-
GGCAATACAGATAAGATAATGTAG-3'), G/Azzms (5-AAAAACAGCATTCTCAGCTGGGC-3),
and 0.1 4l of either H-dCTP, H-dGTP corresponding to the lactase non-persistence
allele (115 Ci/mmol; Ammersham, UK) or H-dTTP, H-sATP corresponding to the
lactase persistence allele and 0.05 units of DNA polymerase (Dynazyme |,
Finnzymes) in its buffer was added to each well. The microtiter plates were incubated
for 20 min at 50°C, and the wells ere washed. The detection was eluted, and the
eluted radiocactivity was measured in a liquid scintiliation counter (Rackbeta 1209,
Wallac, Finland). Two parallel minisequencing reactions were carried out for each

PCR product.

PCR primers and detection primer for the C/T.13g10 variant:

Forward PCR primer: GTCACTTTGATATGATGAGAGCA Tm 58 SEQID NO: 8
Detection primer: GGCAATACAGATAAGATAATGTAG Tm 58 SEQID NO: 10
Bio-Reverse primer: Bi0-CCTCGTTAATACCCACTGACCTA Tm 62 SEQIDNC: ¢
or Bio-TAGGTCAGTGGGTATTAACGAGGT SEQIDNO: 7
PCR primers and detection primer for the G/A.22015 variant:

Forward PCR primer: CTACCCTATCAGTAAAGGCCTA Tm 58 SEQID NO: 12
Detection primer: AAABACAGCATTCTCAGCTGGGC Tm 62 SEQID NO: 14
Bio-Reverse primer: Bio-TGCTCAGGACATGCTGATCAR Tm 62 SEQIDNO: 13
or B1o-TTGATCAGCATGTCCTGAGCA SEQ ID NO: 11

Example 4: Monitoring the DNA-variants in a case/ control study sample

The frequency of the C/T-1ag10 and G/A 22018 variants was analyzed in DNA samples
isolated from a total of 196 intestinal biopsy samples specimens which had been
analyzed for disaccharidase activity as a diagnostic test for hypolactasia. A total of 59
samples showed primary lactase deficiency. Six out of 59 cases (Table 3) were
heterozygous GA for the G/A 2015 variant, the remaining 53 being homozygous for
the G allele. All 59 samples were homozygous for the C allele of the variant C/T.y3g10.
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Among the 137 cases showing lactase persistence, 74 were found to be
homozygous for alleles T and A, 63 being heterozygous CT and GA and none being
homozygous for alleles C and G at C/T.1ag10 and G/A _a2015, respectively (Table 3).

To analyze these variants in other populations, DNA samples isolated from intestinal
biopsy specimens from 40 non-Finnish cases with established disaccharidase
deficiency were sequenced: 23 cases originated from South Korea, 9 from ltaly and 8
from Germany. One [talian case was heterozygous GA for G/A .2x01s Whereas all
remaining 39 cases were homozygous CC and GG for C/T .13910 and G/A 2018
respectively (Table 3). An extended study gave rise to the data provided in Table 7
representing data of the complete association of C/T.jagi0 variant with the
biochimeally verified hypolactasia (lactase non-persistence) in 400 individuals for 6
different populations. The G/Asps variant was associated with the lactase non-
persistence in 400 out of 401 cases.

Example 5: Molecular epidemiology of the lactase persistence variant C/T.1ss10

To monitor for the prevalence of the hypolactasia-associated variant in the Finnish
population a solid-phase minisequencing method'>® was used to screen DNA
samples of 938 anonymous Finnish blood donars originating either from the Western
early settlement region or the Eastern late settlement region of Finland (Table 4).
Experimentally, the DNA fragment spanning the C/T.1ae10 variant was amplified using
one biotinylated (5"-CCTCGTTAATACCCCTGACCTA-3') primer and unbiotinylated
(6'- GTCACTTTGATATGATGAGAGCA-8') primer. For G/Azsms we used one
biotinylated (5'-AGTCTGTGGCATGTGTCTTCATG-3) and one unbiotinylated ("5-
TGCTCAGGACATGCTGATCAACT-3') primer under conditions described above. 10
w of the PCR product was captured in a streptavidin coated microtitre well (Lab
system, Finland). The wells were washed, and the bound DNA was denatured as
described previously'®®, 50 ul of the minisequencing reaction mixture contain 10
pmoles of the minisequencing primers for G/A22005 (5~
GACAAAGGTGTGAGCCACCG-3Y), G/A 13015 (5-
GGCAATACAGATAAGATAATGTAG-3) and 0,1 pl of either H-dCTP corresponding
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to the lactase non-persistence allele (115 Ci/mmol; Amersham, UK) or H-dTTP
corresponding to the lactase persistence allele and 0.05 units of DNA polymerase
(Dynazyme I, Finnzymes) in its buffer was added to each well. The microtiter plates
were incubated for 20 min at 50 °C, and the wells were washed. The detection primer
was eluted, and the eluted radioactivity was measured in a liquid scintillation counter
(Rackbeta 1209, Wallac, Finland). Two parailel minisequencing reactions were
carried out for each PCR product. The overall prevalence of the putative hypolactasia
genotype CGC-13910 (170 cases) was 18.1%, with higher prevalence (16.8% versus
18.9%) in the western than in the eastern sample (Table 4). These values are in good
agreement with the epidemiological study reporting the prevalence of 17% among
Finnish speaking Finns with an increasing gradient from West to East?. The same set of
samples for the G/A x01e polymorphism was also genotyped, and the LD between these
two SNPs monitored using the D' statistic®'. They were found to be in almost complete
LD (D' =0.98, p=7.62 x 107", Table 5).

The prevalence of hypolactasia in different populations is known to vary greatly from
less than 5% to almost 100%%°. To determine whether these changes in hypolactasia
prevalence would correlate with the distribution of the genotype CC.1s910, the DNA of
the parents of CEPH families® was analyzed. CEPH families have been mainly
collected from France, with reported prevalence of hypolactasia around 37% 2 and
Utah, the Utah populations originating from Northern Europe with prevalence of
hypolactasia less than 5%2*. Genotyping of the parents in CEPH families revealed
that 41,2% (7 out of 17 samples) of French families have the genotype CC whereas
only 7,6% (7 out of 92 samples) of Utah families have the genotype CC (Table 4).
Again, despite the small number of analyzed samples these figures agree with the
values obtained in the epidemiological studies of hypolactasia in these

populations 224,

Table 8 demonstrates that the observed prevalence of the variants well agrees with the
described population frequencies of the lactose intolerance.
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Example 6: The genealogy of the lactase persistence variant C/T.1as10

Haplotype analysis in the Finnish families suggested that most if not ali, lactase
persistence alleles in Finland have descended from one common ancestor. Linkage
disequilibrium was used to estimate the time of the introduction of the persistence
allele into the Finnish population%\ Assuming 20 years generation time, this estimate
would indicate that the founder mutation was introduced into the Finnish population
some 9000-11400 years ago (Table 6). This is in good agreement with earliest signs
of settlement in the Finnish mainland some 8000-9000 years ago® and would
reasonably well coincide with the beginning of the dairy farming in 8000-10.000 BC?,
More importantly, the presence of the same DNA-variant in persistence alleles in
different populations would suggest that this variant is even more ancient and the
mutation has occurred before differentiation of the analyzed populations.

To get some insight into the phylogenetic origin of the lactase allele, intron @ and part
of intron 13 of the MCM6 gene of a Baboon (Papio Hamadryas) were sequenced.
Genotype GG and CC was present in Baboons DNA at both G/A 22018 and C/T_1ag10-
This could suggest that alleles G and C, respectively reflect the appearance of the
ancestral allele, presenting the non-persistence type and a mutation has transformed
this allele to create the persistence allele. This assumption is supported by the
identification of the LD and shared haplotype in the persistence alleles versus a high
diversity of alleles found in non-persistence alleles.

Example 7: Pairwise LD of C/T and G/A variants.

Pairwise LD between C/T.i3010 and G/Az0is Was estimated using the D° statistic?'.
Haplotype frequencies were estimated by maximum likelihood using the EH program®.
D’ is calculated as max(D/ Duax, D/Duin) : Where disequilibrium measure D = hpe— p g,
where hyq is the frequency of the haplot‘ype with rare aflele at each locus, p and g are
frequency of the rare alleles at loci 1 and 2, and Dyax = min p(7-p),q(7-g) if D>0, and

Dmin = -min pg, (7-p)(1-q) if D<0. The significance of devitationf of D* from 0 was

determined using the statistic D? f——iv—— which is distributed as 2 with 1 df?’
r(-p)g(l-9)
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Gene accessions numbers. For BACs NH0218L22, N0034L34, NH0318L13, and
RP11-329110 are AC012551, AC011893, AC011999 and AC016516 respectively.
The accession numbers for human polymorphisms are GenBank AF395607-
AF395615.
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Table 1. Linkage and Linkage Disequilibrium Analyses in adult-type

hypolactasia families (fine mapping markers shown in bold)

Marker

D28114
P6112
D281334
AC8

LPHI3

LPH2
LPH1

ACT
AC3
AC4
ACS
AC10
D252196
D28442
D25314

D2S2385

0.0

-co

2.76

3.15

3.67
4.09
591
3.63
6.63
3.07
533
6.60
7.67
381
422

<o

01

2.44
220

1.99

2.94
3.07
4.52
2.60
4.88
222
410
4.99

- 5.62

3.08
3.61

279

Lod score(Z) at ©

02
192
145
161
136
1.96

2.00
296

1.66
3.16
142
2.72
3.25
3.62

2.08
2.50

192

0.3

13 -

1.
0.75

0.84

1.01

021

031
026
046
023
0.4
0.19
039
0.46
0.54
027
045

0.28

p- value®

0.87195
0.66207

0.91039
0.53670

4x10°
5.7x107

5x10°

0.03471
3.2x10°

45107

0.02166
1x10°
0.00010

0.22805
0.27535

0.46457

a: p-values produced using linkage disequilibrinm test given linkage

1047
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Table 2. The variations identified within adult-type hypolactasia locus in the

Finnish Families i

Position®  Variant Lactase Lactase Lactase
persistence ‘ petsistence non-persistence
(Homozygous )  (Heterozygous) .
BIV4 AIV3  BIVS CIV3 BIVO DIV4 EIR°
-6%4 A-G AA AA AG AA GG N AA
-1640/50 Te—=Te  Top Toms Tos Tas Tan Tom Ty
-2131 C—T cC cc [oiy cC T CT* T

305472 TesT T Tisws Tisas Tisis  Tws T Tisn

3075 G>T GG GG GG GG GG GG TT
-4480 T>A  TT T TA T AA T T
5440 csT ¢ CC cr c T CC cc
5926 A-T  AA AA AA A AA TA TT
8540 GosA GG GG GA GA AA AG AA
-8630 c»G  cC  cC cG G GG GC GG
-13495 T»C TT TT T TT  CC  CT cc
-13910 T=»C  TT  TT TC T© CC CC cc

-15239 G—A GG GG GA GG AA AG AA
-15862 T-C cc cc CcT CcC TT TC T
-16568/79 Tu=Tiz Twu Tum  Twn Tum Twe Tun Tom
-16888 A—G AA AA GA AA GG GA GG

-17300 C-T cC cc cc cC cC CT 1T

JP 2005-502336 A 2005.1.27
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~19044
-19519
20077
20486
2172128
21731
21736/43
22018
22741
22788
23069
23442
23771
25093/23
27310
27480
27807
-30183
31268
31342
33645
35176

-36254

T—=C
T-C
C—G
G—=A
Ar—As
A—C
Ag—Ag
G—A
C=T
A-G
A—-G
A—=G
T-=C
A30bp
A=/G
G—=A
A=C
ATG
A-G
T-C
C—T
T—C

C=T

T

cC

GG
Asn
AA
A
AA

cC

z

=

z

1T

AA

GG

z
3

gk
5 E

=

cc

CcC

41

TT

cc

GG

Ao

cC

AA

TT

AA

GG

cc
T

cc

TC
TC
CcG
GA

A

Ag/Aq
AG
cC
AG

AG

AA
AG

GA

AG

AG

CT
TC

CT

TT
1T
cC
GG

Agn

Agp
AG

CcC

2

S

g

T

AA

L G <
z

5

cC

TT

cC

(81)
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cC

cC

Az

Asgsg

GG

CcC

GG

T

AA

&

GG

GG

T

TT

cC

T

CcT
TT
GC
GG
AqlAg

cc

AC

AA

CT
cC
CT

TC

cc
TT

GG
GG

Agn

Ass

TT

GG
GG
GG
CcC
I

GG

z

z

CcC

Ccc

(69

TT
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-36296 G—T T T TG TT GG TG N
-36501 AT AA AA AT AA  TT AT N
-36506/14 A9bp  AA  AA Al AA T Al N

-36671/77 T7-T6  Tan T Tous T Teis Ton Ton

-37565 T—G T T TG TT GG GG TG

-38276 G—=C GG GG GC GG cC GG GG
-39036 G—=C GG N GC N cC N N

-40608 G-=C GG GG GG GG GG GC cc
41590 T-C TT T TC TT cc CT cc
-42081/82  AAG AG AG AG/A  AG AA AG AG
-42618 T-C TT T TC TT cC 1T TT

-42893 G—=A GG GG GA GG AA GG GG

a: The Number is from initiation translation codon (ATG) of the LPH gene using the
compiled genomic sequence of the BACs NHO034L23, NH02181.22, NH0318L13 and
RP11-329110, b: the individuals sequenced from the Finnish families studied and

showed by arrow in fig.1, ¢: not determined
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Table 4. Prevalence of the C/T-13910 variant in population samples

DNA samples Genotype Total Allele % (CC)
analysed frequency(%) genotype
cc cr 1T c T

L Finnish population:

1. Eastern regions 108 287 176 571 0440 0560 18.9%

2. Western regions 62 159 146 367 0385 ‘0.615 16.8%

Total 170 446 322 938 0418 0582 181%
11. CEPH parents:
1. Uiah families 7 33 52 92 0255 0.745 7.6%

2. French families 7 9 1 17 0.676 0324 412%

A total of 938 DNA samples of anonymous Finnish blood donors from small parishes
from Bastern and Western parts within Finland, and 109 DNA samples from CEPH
parents. The prevalence of hypolactasia in the populations is reflected by the genotype

frequencies of CC alleles.
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Table 6. Estimation of the introduction of the C/T-13910 variant into Finnish

population using DISLAMB program.

Marker AC3 LPH2
Allele Lactase Lactase non- Lactase Lactase non-
persistence persistence persistence persistence
1 0 1 0 1
2 31 10 0 20
3 0 1 0 14
4 2 9 32 15
5 0 31 0 2
A 0.838 0.999
b 0.00031 (0,000038-0.00099) 0.0000(0.00000-0.00052)
n ) 570 450

a: ) i3 the proportion of increase of a certain allele in disease chromosomes (lactase
persistence allele) relative to its population frequency( 0.60). b: © is the
recombination fraction , reflected by the distance of the mutation from the closest
marker, assuming 1cM= 1. C: n is the number of generation since the introduction
of the founder mutation éntn a population Applying A=< (1 -0y formula. d: v

Hypothetical allele used in the calculations as © is zero and o< is one.




JP 2005-502336 A 2005.1.27

(87)

PCT/EP02/08963

WO 03/014342

28 601 502 8 204 [4%4 1014 {eloL
o] 0 £Z 0 0 £C €2 20ug)sisiad-uou ssejoe
i} 0 0 0 0 0 0 aousjsisiad esejoeT
SUBI0Y YINOS ‘9

0 ¢} v 0 0 (44 [44 oougsistad-uou asepeT
0 0 o] 0 0 0 0 souesisiad asejoe

UBIBWOS
0 0 8 0 Q 8 8 oous]sisiad-uou asejoe]
0 4} 0 0 0 0 0 aoug)sisied esejoe]

ueunag g

5
0 i [44 0 0 €T jord oous)sisiad-uou asejoen
0 L 0 0 L 0 A sous)sisiod esejoet
uetjey 'z

0 9 0kt 0 0 9Ll 9Ll aoug)sisiad-uou esejoe
18 G6 0 48 g6 0 <8l sous)sisiad esejoe

ysiuuig -,
v Vo [313) 1L 10 20 uopendod

JoquInN
m—owwx\\w R E..mm—x_\\o

"52[dWs PoL oA A[[Bonua [OOIq UI SRIBLIEA 9OUBID|OIUL ISOIOB] JO AOUS[EARI] £ 9JqBL

L L L L L L L L L L L L L L L L L L L L L L L L L L L L



JP 2005-502336 A 2005.1.27

(88)

PCT/EP02/08963

48

WO 03/014342

0 0 ¢ 8 0 0 0g 0g usefey
soqu} UBILE)SD{Ed
- 09 14 Gl Lt a 9L ¢l 0ge Howpn
N 19 0 gL i §] L €L [ esion
o 4 6 61 e oL Zi 0 vzIg
0e 0 € L 0 € L o] oy
6 0 < U 0 4 Ge GG isueiy
g 0 L 6} 0 LBt 02 wy
o 0 3 6l o] 8 6L 02 uey
soqLy ueLbn-uul]
- €8 8yl 191 89 9L 651 29 19¢ Usliuul4 uIe1sop
B I8 9/1 882 L0L 9L /8¢ 801 (Vs ysiuul{ uieyses
0 0 0 &g 0 0 € £2 ©qlL
v £ 0 6 ¥4 0 0o+ oe 0g weeg
P14 € 92 82 ¢ 92 6¢ 15 (ueoyyy) ymesres
* Le 4 g G99 & g 8 06 sueoouen
PR Y4 s zZL 8L S G 9L 96 SUBOLBWIYUBOLYY
x 4] §¢ 0t VA ¢S €€ A 26 yein
9 0 3 8L 1] S v 6. SUBI[ELIOS
- L 0 al 88 0 kL 68 ook suefiey| uisyinog
B 26 /& S€ ¢l ¥e v L g8 sanbseg
«  6G L oL 9 L 6 L Ll aouely
B 0 0 0 €2 0 0 €e €2 SUBSIOY UINog
) YV VO HH 1L 19 30
8]a|[e 90ueIsISIad

osejoRT Jo 81022Y/9) 016€11/9 faquiny

BoUB[BABId %, adfiousn uopemndog
sojdwes uopnendod snolea Ul SJUBLIEA 9DUBIS[OIUI-ISOL0E] JO DOUS[BABI] % elqel

L L L L L L L L L L L L L L L L L L L L L L L L L L L L



JP 2005-502336 A 2005.1.27

(89)

PCT/EP02/08963

WO 03/014342

(08-£96:(1 1) €2 8261 sta B r wy

uonchosqejew asoioe; pue siseyiodAy olydeifoeb ey ‘T4 suoowis) eie|e soudsisied osejoe| el 10}
saouelersld papodes eyl UuMm [|em Alen pae[s1ioo si sfe|le eous)sisiod esejoe| Jo eoueeraid ey,

e.
o
(]

2 9 29 ¢ e
a P z vl
= Gy € 0l

o4 e 1l
ve L8
52 0 9
L 0 €
e 0 €

L L L L L L L L L L L L L L L L L L L L L L L L L L L L

QoMM — W

cenT

el

ueipy
ueyied

(pioiBan) uesen
nyeig

yonjeq iuenjey|
HIwysesy

rIRZEH

oysning



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

10

15

20

25

30

(90)

WO 03/014342 PCT/EP02/08963

50

Claims

A nucleic acid molecule comprising a &' portion of an intestinal lactase-

phlorizine hydrolase (LPH) gene contributing to or indicative of adult-type

hypolactasia wherein said nucleic acid molecule is selected from the group

consisting of

(@

(b)

©

(d)

a nucleic acid molecule having or comprising the nucleic acid sequence .

of SEQ ID NO: 1, the sequence of SEQ ID NO:1 is also depicted in Fig.
4 and comprised in the sequencs as depicted in Fig. 8;

a nucleic acid molecule having or comprising the nucleic acid sequence
of SEQ ID NO: 2, the sequence of SEQ ID NO:2 is also depicted in Fig.
5 and comprised in the sequence as depicted in Fig. 9;

a nucleic acid molecule of at least 20 nucleotides the complementary
strand of which hybridizes under stringent conditions to the nucleic acid
molecule of (&) or (b), wherein said polynucleotide/nucleic acid
molecule has at a position corresponding to position -13910 5' from the
LPH gene a cytosine residue; and

a nucleic acid molecule of at least 20 nucleotides the complementary
strand of which hybridizes under siringent conditions to the nucleic acid
molecule of (a) or (b), wherein said polynucleotide/nucleic acid
molecule has at a position corresponding to position -22018 5' from the
LPH gene a guanine residue.

A nucleic acid molecule comprising a 5' portion of an intestinal lactase-

phlorizine hydrolase (LPH) gene wherein said nucleic acid molecule is

selected from the group consisting of

(@)

G

©

" a nucleic acid molecule having or comprising the nucleic acid sequence
‘of SEQ ID NO:3, the sequence of SEQ ID NO:3 is also depicted in Fig.

6;
a nucleic acid molecule having or comprising the nucleic acid sequence
of SEQ ID NO:4, the sequence of SEQ ID NO:4 is also depicted in Fig.
7
a nucleic acid molecule the complementary strand of which hybridizes

JP 2005-502336 A 2005.1.27
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under stringent conditions to the nucleic acid molecule of (a) or (b),
wherein said polynucleotide/nucleic acid moiecule has at a position
corresponding to position -13910 of the LPH gene a thymidine residue;
and

(d)  a nucleic acid molecule the complementary strand of which hybridizes

under stringent conditions to the nucleic acid molecule of (a) or (b),

wherein said polynucleotide/nucleic acid molecule has at a position .
corresponding to position -22018 of the LPH gene a adenosine residue. N

The nucleic acid molecule of claim 1 or 2 which is genomic DNA.

The nucleic acid molecule of claim 3 wherein said genomic DNA is part of a

gene.

A fragment of the nucleic acid molecule of any one of claims 1 to 4 having at
least 14 nucleotides wherein said fragment comprises nucleotide position -
13910 or nucleotide position -22018 of the LPH gene.

A nucleic acid molecule which is complementary to the nucleic acid molecule
of any one of ctaims 1 and 3 to 5.

A nucleic acid molecule which is complementary to the nucleic acid molecule

of any one of claims 2 torﬁx

A vector comprising the nucleic acid molecule of any one of claim 1 and 3 to 5.
A vector comprising the nucleic acid molecule of any one of claims 2 to 4.

A primer or primer pair, wherein the primer or primer pair hybridizes under
stringent conditions to the nucleic acid molecule of any one of claims 1 and 3

to 5 comprising nucleotide position -13910 or -22018 of the LPH gene or to the
complementary strand thereof.

JP 2005-502336
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A primer or primer pair, wherein the primer or primer pair hybridizes under
stringent conditions to the nucleic acid molecule of any one of claims 2 to 5
comprising nucleotide position -13910 or -22018 of the LPH gene or to the
complementary strand thereof.

A non-human host transformed with the vector of claim 6.
A non-human host transformed with the vector of claim 7.

The non-human host of claim 12 or 13 which is a bacterium, a yeast cell, an
insect cell, a’fungal cell, a mammalian cell, a plant cell, a transgenic animal or
a transgenic plant.

An antibody or aptamer or phage that specifically binds to the wild-type nucleic
acid molecule of any one of claims 1 and 3 to & but not to the corresponding
wild-type nucleic acid molecule

An antibody or aptamer or phage that specifically binds to the wild-type nucleic
acid molecule of any one of claims 2 to 5 and 7 but not to the corresponding

mutant sequence contributing to or indicative of adult-type hypolactasia.

A pharmaceutical composition comprising the wild-type nucleic acid molecule
of claim 2, 3, 4 or the vector of claim 9. B
A diaghostic composition comprising the nucleic acid molecule of any one of
claims 1 to 7, the vector of claim 8 or 9, the primer or primer pair of claim 11 or
12, and/or the antibody aptamer and/or phage of claim 15 or 16.

A method for testing for the presence or predisposition of adult-type
hypolactasia or associated trait comprising testing a sample obtained from a
prospective patient or from a person suspected of carrying such a
predisposition for the presence of the nucleic acid molecule of any one of
claims 1 and 3 to 6 in @ homozygous or heterozygous state.
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A method for testing for the presence or predisposition of adult-type
hypolactasia or associated trait comprising testing a sample obtained from a
prospective patient or from a person suspected of carrying such a
predisposition for the presence of the nucleic acid molecule of any one of
claims 2 to 5 and 7 in a homozygous or heterozygous state.

The method of claim 19 or 20, wherein said testing comprises hybridizing the
complementary nucleic acid molecule of claim 6 which is complementary to
the nucleic acid molecule contributing to or indicative of adult-type
hypolactasia or the nucleic acid molecule of claim 7 which is complementary to
the wild-type sequence as a probe under stringent conditions to nucleic acid
molecules comprised in said sample and detecting said hybridization.

The method of any one of claims 19 or 21 further comprising digesting the
product of said hybridization with a restriction endonuclease or subjecting the
product of said hybridization to digestion with a restriction endonuclease and
analyzing the product of said digestion.

The method of claim 21, wherein said probe is detectably labeled.

The method of claim 19 or 20, wherein said testing comprises determining the
nucleic acid sequence of at least a portion of the nucleic acid molecule of any
one of claims 1 to 7, said portion comprising nucleotide position -13910 and/or
nucleotide position -22018 of the LPH gene.

The method of claim 24, wherein the determination of the nucleic acid
sequence is effected by solid-phase minisequencing.

The method of claim 24 further comprising, prior to determining said nucleic
acid sequence, amplification of at least said portion of said nucleic acid
molecule.
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The methad of claim 19 or 20, wherein said testing comprises carrying out an
ampilification reaction wherein at least one of the primers employed in said
amplification reaction is the primer of claim 10 or belongs to the primer pair of

claim 10, comprising assaying for an amplification product.

The method of claim 19 or 20, wherein said testing comprises carrying out an
amplification reaction wherein at least one of the primers employed in said
amplification reaction is the primer of claim 11 or belongs to the primer pair of
claim 11, comprising assaying for an amplification product.

The method of any one of claims 26 to 28 wherein said amplification is
effected by or said amplification is the polymerase chain reaction (PCR).

A method for testing for the presence or predisposition of adult-type
hypolactasia comprising assaying a sample obtained from a human for

specific binding to the antibody or aptamer or phage of claim 15

A method for testing for the presence or predisposition of adult-type

hypolactasia comprising assaying a sample. obtained from a human for

specific binding to the antibody or aptamer or phage of claim 16.

The method of claim 30 or 31, wherein said antibody or aptamer or phage is

detectably labeled.

The method of any one of claims 30 to 32, wherein the test is an immuno-
assay.

The miethod of any one of claims 19 to 33, wherein said sample is blood,
serum, plasma, fetal tissue, saliva, urine, mucosal tissue, mucus, vaginal
tissue, fetal tissue obtained from the vagina, skin, hair, hair follicle or another
human tissue. ) )
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The method of any one of claims 19 to 34, wherein said nucleic acid molecule
from said sample is fixed to a solid support.

The method of claim 35, wherein said solid support is a chip, a silica wafer, a

bead or a microtiter plate.

Use of the nucleic acid molecule of any one of claims 1 to 7 for the analysis 6f

the presence or predisposition of adult-type hypolactasia.

Kit comprising the nucleic acid molecule of any one of claims 1 to 7, the primer
or primer pair of claim 11 or 12, the vector of claim 8 or 9, and/or the antibody
aptamer and/or phage of claim 15 or 16 in one or more containers.

Use of the nucleic acid molecule of any one of claims 2 to 4 or the vector of
claim 7 in gene therapy.

The use of claim 39, wherein said gene therapy treats or prevenis adult-type

hypolactasia.
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SEQ ID NQC:1
ACCTTTCATTCAGEARRAATGTACT TAGACCCTACAATGTACTAGTACECOTCTECCATE

GCAATAC‘AGATAAGATAATGTAGCCCC’I‘GGCCTCAAAGGAAC’I‘CTCCTCCTTAGGTTGCA
’I‘TTGTATAATG’I‘TTGATTTTTAGATTGTTCTTTGAGCCCTGCATTCCACGAGGATAGGTC

Figure 4

SEQ ID NO:2
TAAGAACATTTTACACTCTTCAGTATAAACAAGTCAGAATACCCCTACCOTATCAGTARR

GGCC’I‘A’I‘AAGTTACCAT'I‘AAAAAGATGTCCTTAA_AAACAGCATTCTCAGCTGGGC gCGGT
GGCTCACACCTTTGTCCCAGTACTTTGGGARAGCC GAGGTCGGTGGATCACCTGAGGTCAG

Figure. 5
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SEQ D NO:3

ATCAGAGTCACTTTGATATGATGAGAGCAGAGATAAACAGATTTG T TGCATGTTTTTAAT
CTTTGGTATGGGACATACTAGAATTCACTGCAAATACATTTTTATGTAACTGTTGAATGC
TCATACGACCATGGAATTCTTCCCTTTARAGAGCTTGETAAGCATTTGAGTETAGTTGTT
AGACGGAGACGATCACGTCATAGTTTATAGAGTGCATAAACACGTAAGTTACCATTTAAT
ACCTTTCATTCAGGARAAATGTACTTAGACCCTACAATETACTAGTAGGCCTCTGCGCTG .
GCARTACAGATAAGATAATGTAGLCCCTEGCCTCARAGGAACTCTCCTCCTTAGGTTGCA
TTTGTATAATGTTTGATTTTTAGATTGTTCTTTGAGCCCTGCATTCCACGAGGATAGGTC
AGTGGGTATTAACGAGGTAARAGGCGAGTAGTACCGARAGGECATTCARGCGTCCCATCTT
CGCTTCAACCARAGCAGCCCTGCGTTTTCCTAGTT T TATTAATAGGTTTCGATGTAAGGETC
GICTTTCARAAGGGGGTITGGCTTTTTTTTACAGTGTCACTGAGGTATAATTTATAAARA
GGGAAATGTATGGCATGGTGAGTTTTTTCACATACATCCTTGTGAATACCGAGCT?AAGA
TCCAAAACATTTCCATAATTTCAGAAAGTTCCAAACCCCTGCCTCTTTTCAGTCTTAGCC
CTCTTCCCCTGAAGTAACCACTGTTCCGACTTCAATCACTACTTTTATCCCACAGGTTAA
TTTTTTGECTTTTTTCCACTARATTTTCARATTCTTTGATATGETACTTTACTATTGACG
AAGTACTTTCACACTAGGTTATTTAATATTCTTTGATTCACCCAATATTTAGCGAACACC
TGTAGGGGACARAAAATGAATGAGACGCCCCTGCCTTCCATTGCTGCTAATCTCETGEGAR
CGAGACATGTATTTAATTAAGCATCTAAAARATAGAGTGGGTCATGAAATAATCTATATA
CTARATCCCCATGACACACAGTTTACCTATGT2ACAAACCTGCATCTGTACCCCCGAACT
TAAAATATAAGTTGGAAATTAAAAAAAAACGAGAGGGAGAATAGAGCATCACAACCAGAG
TGCTGAGATGAATTACTTTATTACCAAAGAAGGAGGAGGACTCAGGEAGETGCCCACGTT
TARACCCAGTCACTGAAGGGTGTGCAGAATTTGGATAGGCAAGATACCCTGGGACAAGGT
CATTCTAARACCATGCTAACATTTGTACTTTT T TTTTCATTGTGATAGTTCCTGAAATGA
GTTGCATAAAACTGGTACATCTCTTAGGGCAGTCTCTAATTGAT T TTATTI TGTTCTAT
TTTTAAAAATTAGTCTTCARATAGCAGATTCACATGATATTAARATATATGCACATARAT
TATATACACAARTATATTTTCTGAATGAAATTTAGTATCTGCATATATTTAAGAGCTATT
TCTGTCTCATATGTTCATAATCTTCATCCATTAAAAAAACTTTTGTTAGGCCTTTCTCAC
TCTAAGATTATAAAAAATTCTCCCATTATTTACCTAGCTAGTTTTCTAGTTGTTCCAAAR
CCATTTATTGAACAATCCATCTTTTTGACACTGCTTTGGCATGCCTTAATTATATATTCT
TETGTGTGTTAGEATCTCCTTTTGGACT TTCCATTCTGTTCATTGAGTCTTATCAGCTCT
TCTTACATTGGTACCATGATGTTTTAATCTATGERGCTTTETACTTTAAATGTAGGGCTA
GTTCCAGCGCATTGITCTCTATCAGCTGTTAGGAACTTAGAAATCAGCTTGCTCTETTTT
RARGAAAARCCTGGTATT TTTTTATCAGTATAACATTCTATTTATATTAACTTGAAGAAT
TGARAACATCTATGATTTTTCCTATTCAGTAACGTATCACTTAGAATAGETTAGETTGTA
CTACTATARAATCTCAGCTCCATARAAACAATTTTT LTI TGCTTGTGCTACACATCCATTA
GGTCATCARGGGACTCACCTTGTCAAGTTACTCAGAGATTCAGCCTGATATAAAGCETTTG
ATCTTGACATACGCTTTCATGATGACAGAAAGCAGGGAAGAGAAGGTGATCAGCCATETG
CTTTCTCCCCCTTCTATCCAGAAATGACACATACTCACATTTCATTCGCCAGAGAAATTA
ACATGGCCCCTCCTAAGTTCAAATGGATAGAGARATGCCTTCCTACCAGETCCCCAGAAT
TAGARGACCAAACATTTGTGAACAGTTCTGAGTACCACARATACCGTTATCTTTCCACTT
AAGTCTTCTGTTTCACTCAGTAGTCCTTTAAACTITTCTTCATATGTTTTTCAGTCTTTC
TTGTTGAATTTCTTGATATTTTATCATGTTTGTTCGTACTGEGAGTAGCCTT TTTTTCCA

Figure. 6
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TTTCATTTTCTGGCTGETTTCATTCCTCGTTGTTTTTTTGTTTTGTTTTCTTTTTGAGAT
GGAGTCTCACTCTGTCCCCCAGGCTGGAGTGCAGTGTCACRAATCTCEGGCTCACTGCAACC
TCTGCCTCCCAGETTCAAGCGATTCTTCTTTCTCAGCCTCCTGACTAGCTGGGATTACAG
GCATGTGCCACCATGCCCAGCTAATTTTTTATATTTTTAGTAGAGATGGGGTTTCTCCAT
GTTGETCAGGCTEGTCTCAAACTCCCARTCTCAGETGATCCCCCTGCCTCTGCCTTCCAA
AQTGCTGGGATTATAGACATCACCCACCGTGCCTGGCCTAGTTCTTATGGGATGTATATG
TCTTTGGATTCATATGATATGTATATATGTTTATATTTCTACAAGTACATACCTAGGAGT
GGAATTCTTGACTCATAGGTTAATGCATGTTTTTCTGCCAAACAGTTGTGTCAATTTCTG
TP TTCACCGCTETEGAATGAGAGTTGTTCTACCTTCTTGACAARCACTTGATATTGTCAGTC
ATTTTAGCCATTCTGATGAATTTATAGTGCTATTTICTETGTCTGTARGAGAGAGARTGAG
AGAGGGTGTTTGTGAGAAARACCAAAGCAACACTGTGAGAGTGTCTCTCTITECTGAGAAAA
CCAAAATACATACTACTGTGATTTCATTGGGAGAAAATCTGTTTGGTAT@TCAAAAAAAG
TAGCTTAATTACTTCATCATTATTGCTTTAGGT

Figure. 6 .cont
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SEQ ID NO:4

TAAGAACATTTTACACTCTTCAGTATAAAGAAGTCAGAATACCCCTACCCTATCAGTAAR
GGCCTATAAGTTACCATTAAAAAGATETCCTTAARAACAGCATTCTCAGCTGEGCaCGGET
GGCTCACACCTTTGTCCCAGTACTTTGGGARGCCCAGGTGEETGCATCACCTGAGGTCAG
GAGTTCCAGACCAGCCTGGCCAACATGCCGAARACCCATTTTCTCTACTAAAAATACAAA
AATTAGCCEGECATGETEGCGEETGCTTGTGETCCCAGCTACTCARGAGGCTGAGGTGGE
AGGATCACTGAGCCCAGGAGGTGGAGGCTGCATTCGAGCCAAGATTGTGCCACTGCACTCC
AGCCTGGGTGACAGAGCGAGACTCTGTCTCAAAAAARCCAAAACAAAARAAACCCAGCAT
TCTTTAGTAAATAATTCATAGTTTTCTTCATCTAGAATTTAAAATTGTGATAGTTGATCA
GCATGTCCTGAGCACGTGTGTTTGCTETTACTAGTTTAGATCGATAGATCTGTATATAAG
TTATAGGTATAAAATCAATCCTGAGTTGACACAAGGTTTTGATGTTGAGTACAAGTACAG
TAAGTGTATATTTTTAGTTATGCTCTTAGTTTTAAGTCAATTGTGTGGTTCTTTCTAGCT
TTAGCATCTGTTGAATTATCTTCCTTAGAARAGGCCGAGTTAAGAATCTTCACTTACCTATC
TTCTACTTGTTTGGAGRATAGARGAGTCCCTGTGGTAGCAGACTTTGTGAGTTTACTTGT
AATTTTCCATCTGARACACTGTTCTTIGTTTTTCGTGATGAAGTCTTGCTCTGTCGCCCAG
GCTGGAGTGCAGTGETGCAACCTTGECTCACTGCAACCTCTGCCTCCCGGETTCAAGCAA
TPCTCCTGCCTCAGCCTCCCEAGTATCTGEGATTACAGGTGCACACCACCACACCTGECT
AATTTTTGTATTTTCAGTAGAGACGGEGTTTCACCATGTTGGCCAGGCTGEGTCTCGAALT
CTTGACCTCATCGATCAGCCCACCTCAGCCTTCCARAAGTGUTEGECATTACAGGTCGTGAGCC
CCCACACTCGGCCETTGTTCTTTTTTAAGAGACAGGCETCTCACTCTETCACCTARCCTGG
AGTACAGTGGCAATCATGGCTCACTGTARCCTCARATGCCCGGCCTTAGTGRAGCGTTCT
TCCTGCCTTGECCTCCCAAAGTECTGGGATTACAAGTGTGAGCCATGCATCCAGCTTGRAA
AGACAGCTTCTTAGCCTTGATTTGTTTIGGTTACAGG

Figure. 7
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SEQID NO:5

ATCAGAGTCACTTTGATATCGATGAGAGCAGAGATAAACAGAT T IETTGCATGTTT T TAAT
CTTTGGTATGGEGACATACTAGAATTCACTGCAAATACAT I TTTATGTAACTGTTGAATGC
TCATACGACCATGGAATTCTTCCCTTTAAAGAGCTTGGTAAGCATTTGAGTGTAGTTGTT
AGACGGAGACGATCACGTCATAGTTTATAGAGTGCATAAAGACGTAAGTTACCATTTAAT
ACCTTTCATTCAGGAAAAATGTACTTAGACCCTACAATGTACTAGTAGECCTCTGCECTG
GCAATACAGATARGATAATCTAGCCCCTEGCCTCAAAGCAACTCTCCTCCTTAGGTTGCA -
TTTGTATAATGTTTGATTTTTAGATTCTTCTTTGAGCCCTGCATTCCACGAGEGATAGGTC
AGTGGETATTAACGAGGTARRAGCGGAGTAGTACCRAARGEGCATTCAAGCGTCCCATCTT
CGCTTCAACCAAAGCAGCCCTGCGTTTTCCTAGTTT TATTAATAGGTTTGATGTAAGGTC
GICTTTGAAAAGGEGGTTTGGCTITTTTTTACAGTGTGACTCAGGTATAATTTATAARAA
GGCEAAATGTATCGCATGCTGAGTTTTTTCACATACATCCTTCTGAATACCCACCTC
TCCAAAACATTTCCATAATTTCAGAAAGTTCCAAACCCCTGCCTCTTTTCAGTCTTAGCC
CTCTTCCCCTGAAGTAACCACTGTTCCGACTTCAATCACTACT T TTATCCCACAGGTTAA
TTTTTTGGCTTTTTTCCACTARATT I TCAAAT TCTTTGATATGGTACTTTACTATTGACG
AAGTACTTTCACACTAGGTTATTTAATATTCTTTGATTCACCCAATATTTAGGGAACACC
TGTAGGGGACAAAAAATGAATCGAGAGCCCCTECCTTCCATTGC TGO TAATCTGCTGGCAR
CGAGACATGTATTTAATTAAGCATGCTAAAAAATAGAGTGEETGATGAAATAATCTATATA
CTAAATCCCCATGACACACAGTTTACCTATGTAACARACCTGCATGTGTACCCCCGAACT
TARAATATAAGTTGGAAATTARAAAAAAACCAGAGCCGAGAATAGAGCATCACAACCAGAG
TGCTGAGATGAATTACTTTATTACCAAAGAAGGAGGAGCACTCAGGGAGGTGCCGACGTT
TAAACCCAGTCACTGAAGGGETGTGCAGAATTTGGATAGGCAAGATACCCTGGGACAAGGT
CATTCTAAAACCATGCTAACATTTGTACTTTT T TTTTCATTGTGATAGTTCCTGAARATGA
GTTGCATAAAACTGGTACATGTCTTAGGGCAGTCTCTAATTGAT T TTTAT T TG TTCTAT
TTTTAAARATTAGTCTTCAAATAGCAGATTCACATGATATTARAATATATGCACATAAAT
TATATACACARATATATTTTCTGRAATGAAATTTAGTATCTGCATATATTTAAGAGCTATT
TCTGTCTCATATGTTCATAATCTTCATCCATTAAAAAAACTTTTGTTAGGCCTTTCTCAC
TCTAAGATTATAAAAAATTCTCCCATTATTTACCTAGCTAGTTTTCTAGTTGTTCCARRA
CCATTTATTGAACAATCCATCTTTTTGACACTGETTTGGCATGCCTTAATTATATATTCT
TGTGTGTCTTAGCATCTCCTTTTGGACTTTCCATTCTG T TCATTGAGTCTTATCAGCTCC
TCTTACATTGETACCATGATATTTTAATCTATGGAGC TT T TAGTTTAAATGTAGGGCTA
GTTCCAGCCCATTGTTCTCTATCAGCTGTTAGGAACTTAGAAATCAGCTTGC TCTGTTTT
AMGAAAARCCTGGTATTTTTITTATCAGTATAACATTCTATTTATATTAACTTGAAGAAT
TCARAACATCTATGATTTTTCCTATTCAGTARCGTATCACTTAGAATAGGTTAGGTTGTA
CTACTATAAAATCTCAGCTGCATAAAACAATTTTTITTTGCTTGTGCTACACATCCATTA,
GGTCATCAACGGACTCACCTTGTCAAGTTACTCAGAGATTCAGGCTGATATARAGGTTTG
ATCTTCGACATACGCTTTCATGATCACAGAAAGCACGGAAGAGAAGGTCGTCAGCCATETE
CTTTCTCCCCCTTCTATCCAGAAATGACACATACTCACATITCATTCGCCAGAGAAATTA
ACATGGCCCCTCCTAAGTTCARATGGATAGAGAAATGCCTTCCTACCAGETGCCCAGAAT
TAGAAGAGCAAACATTTGTGAACAGTTCTGAGTACCACARATACCGTTATCTITCCACTT
AAGTCTTCTGTTTCACTCAGTAGTGCTTTAAACTTTTCTTCATATGTTTTTCAGTGTTTC
TTGTTGAATTTCTTGATATTTTATCATGTTTGTTCGTACTGGCACTAGCCTTTTITTCCA

Figure. 8
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TTTCATTTTCTGGCTGETTTCATTCGCTGGTTCTTTTTTTIGTTTTCTTTTGTTTTTGAGAT
GGAGTCTCACTCTGTCGCCCAGGCTGGAGTGCAGTGTCACRATCTCGGCTCACTGCAACC
TCTGCCTCCCAGGTTCAAGCCATTCTTCTTTCTCAGCCTCCTGAGTAGCTGGGATTACAG,
GCATGTGCCACCATGCCCAGCTAATTTTTTATATTTTTAGTAGAGATGCGCTTTCTCCAT
GTTGETCAGGCTGGTCTCAARCTCCCAATCTCAGGTGATCCGCCTECCTCTGCCTTCCAA
AQTGCTCGCATTATAGACATGAGCCACCGTGCCTGGCCTAGTTCTTATGGGATGTATATG
TCTTTCGGATTCATATGATATGTATATATGTTTATATTTCTACAAGTACATACCTAGGAGT
GGAATTGTTGGGTCATAGETTAATGCATGTTTTTCTCCCAAACAGTTGTGTCAATTTCTG
TTTTCACCGCTETGAATGACAGTTGTTCTACCTTCTTGACAACACTTGATATTCGTCAGTC
ATTTTAGCCATTCTGGTGAATTTATAGTGCTATTTCTGTGTGTGTAAGAGA@AGAATGAG
AGAGCGETGTTTCTGAGAAAACCARRGCAACACTGTGAGAGTGTCTGTGTTTGTGAGARRA
CCAARATACATACTACTGTGATTTCATTGGGAGARAATCTGTTTGGTATATCAAAAARAG
TAGCTTAATTACTTCATCATTATTGGTTTAGGT

Figure. 8 cont.
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SEQID NO:6

TAAGRACATTTTACACTCTTCAGTATAAAGAAGTCAGAATACCCCTACCCTATCAGTAAA
GGCCTATAAGTTACCATTARARAGATGTCCTTAAAAACAGCATTCTCAGCTGGGCGCEGT
GGCTCACACCTTTGTCCCAGTACTTTGGGAAGCCGAGGTGEETGGATCACCTGAGGTCAG
GAGTTCGAGACCAGCCTGECCAACATGGCGAARACCCATTTTCTCTACTAAAAATACAAA
AATTAGCCGGGCATGETGECEEETGCTTGTGGTCCCAGCTACTCAAGAGGCTCGAGGTGGEE
AGGATCACTGAGCCCAGGAGGTGGAGGTUTGCATTEGAGCCAAGATTGTGCCACTGCACTCC
AGCCTGGGTCACAGAGCGAGACTCTGTCTCARARARACCAARACARAAARARACCCAGCAT
TCTTTAGTARATAATTCATAGTTTTCTTCATCTAGAATTTARAATTGTGATAGTTGATCA

GCATGTCCTGAGCACGTETETTTCCTGTTACTAGTTTAGATCGETAGATGTGTATATAAG'

TTATAGGTATAAAATCAATCCTGAGTIGACACAAGCTTTTGATGTTGAGTACAAGTACAG
TAAGTGTATATTTTTAGTTATGCTCTTAGTTTTAAGTCARATTGTGTGGTTCTTTCTAGCT
TTAGGATCTCTTGARTTATCTTCCTTACARAAGGCAGTTAACARATCTTCACTTACCTATC
TTCTACTTGTTTGGAGRATACAAGAGTCCCTGTGGTAGCAGACTTTGTGAGTTTACTTGT
AATTTTCCATCTGAAAGACTCITCITCITTTTCGTGATGAAGTCTTECTCTGTCGCCCAG
GCTGGAGTECAGTGGTGCAARCCTTGECTCACTGCAACCTCTGCCTCCCGRGTTCAAGCAR
TTCTCCTECCTCAGCCTCCCGAGTATCTGEGATTACAGGTGCACACCACCACACCTGGCT
AATTTTTGTATTTTCAGTAGAGACCCEGTTTCACCATGTTGGCCAGGCTGGTCTCGAACT
CTTGACCTCATGATCAGCCCACCTCAGCCTTCCARAGTGCTGEGATTACAGETGTGAGCC
CCCACACTCGGCCEGTTGTTGTTTTTTAAGAGACAGGETCTCACTCTGTCACCTAACCTGE
AGTACAGTGGCAATCATGGCTCACTGTAACCTCAAATGCCCGECCTTAGTGAAGCGTTCT
TCCTECCTTGECCTCCCAAAGTGCTGGGATTACAAGTGTGAGCCATGCATCCAGCTTGAR
AGACAGCTTCTTAGGCTTGATTTGTTTGGTTACAGG

Figure. S
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SEQUENCE LISTING

National Public Health Institute
PELTONEN, Leena

ENATTAH, Nabil

JARVELA, Irma

SAHI, Timo

SAVILAHTI, Erkki

TERWILLIGER, Joseph

<120> [Identification of a DNA variant assoclated with adult type hypolactasia
<130> F 2034 PCT

<150> EP 01 11 9377.8

<151> 2001-08-10

<150> EP 01 11 9528.6

<151> 2001-08-14

<150> US 60/315,955

<151> 2001-08-31

<160> 14

<170> PatentIn version 3.1

<210> 1

<211> 180

<212> DNA

<213> Homo sapiens

<400> 1

acctttcatt caggaaaaat gtacttagac cctacaatgt actagtagge ctctgegetg 60
gcaatacaga taagataatg tagcccctgg cctcaaagga actctectec ttaggttgea 120

tttgtataat gtttgatttt tagattgttc tttgageccct geattccacg aggataggte 180

<210> 2

<211> 180

<212> DNA

<213> Homo sapiens

<400>

taagaacatt ttacactctt cagtataaag aagtcagaat acccctaccce tatcagtaaa 60

ggcctataag ttaccattaa aaagatgtcec ttaaaaacag cattctcage tgggegeggt 120

ggcteoacace tttgtoccag tactttggga agccgaggtg ggtggatcac ctgaggtcag 180

<210>
<211>
<212>
<213>

<400>

3

3213

DNA

Homo sapiens

3
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atcagagtca
ctttggtatg
tcatacgacc
agacggagac
accttteatt
gcaatacaga
tttgtataat
agtgggtatt
cgettoaace
gtctttgaaa
gggaaatgta
tccaaaacat
ctcttecect
tttttigget
aagtactttc
tgtaggggac
cgagacatgt
ctaaatccce
taaaatataa
tgctgagatg
taaacccagt
cattctaaaa
gttgcataaa
ttttaaaaat
tatatacaca
tetgteteat
tctaagatta
ccatttattg
togtgtgtgtt

tcttacattg

ctttgatatg
ggacatacta
atggaattct
gatcacgtca
caggaaaaat
taagataaty
gtttgatttt
aacgaggtaa
aaagcagcce
agggggtttyg
tggeatggtg
ttcecataatt
gaagtaacca
tttttecact
acactaggtt
aaaaaatgaa
atttaattaa
atgacacaca
gttggaaatt
aattacttta
cactgaaggg
ceatgetaac
actggtacat
tagtcttcaa
aatatatttt
atgttcataa
taaaazatte
aacaatccat
aggatctoct

gtaccatgat

atgagagcag
gaattcactg
teectttaaa
tagtttatag
gtacttagac
tagtcectgyg
tagattgttce
aaggggagta
tgcgttttee
getttttttt
agttttttca
tcagazagtt
ctgttecgac
aaattttcaa
atttaatatt
tgagagccec
gcatgtaaaa
gtttacctat
aaaaaaaaac
ttaccaaaga
tgtgcagaat
atttgtactt
gtettaggge
atagcagatt
ctgaatgaaa
tectteateca
tcccattatt
ctttttgaca
tttggacttt

gttttaatct

agataaacag
caaatacatt
gagettggta
agtgcataaa
cctacaatgt
ccteaaagga
tttgageect
gtacgaaagg
tagttttatt
acagtgtgac
catacatecct
ccaaacccet
tteaatcact
attctttgat
ctttgattca
tgecttecat
aatagagtgg
gtaacaaacc
gagagggaga
aggaggagga
ttggatagge
ttttttteat
agtctctaat
cacatgatat
tttagtatct
ttzaaaaaac
tacctagcta
ctggtttgge
ccattctgtt

atggggettt

atttgttgea
tttatgtaac
agcatttgag
gacgtaagtt
actagtagge
actctoctee
gcattccacyg
gecattcaage
aataggtttyg
tgaggtataa
tgtgaatacc
goctotttic
acttttatce
atggtacttt
ccecaatattt
tgctgctaat
gtgatgaaat
tgcatgtgta
atagagcatc
ctcagggagyg
aagataccct
tgtgatagtt
tgatttttat
taaaatatat
gcatatattt
ttttgttagg
gttttctagt
atgcettaat
cattgagtct

gtagtttaaa

(107)

tgtttttaat
tgttgaatgce
tgtagttgtt
accatttaat
ctetgegetyg
ttaggttgca
aggataggtc
gtececatett
atgtaaggtc
tttataaaaa
cagctcaaga
agtcttagee
cacaggttaa
actattgacg
agggaacacc
ctggtgggaa
aatctatata
cccccgaace
acaaccagag
tgccegacgtt
gggacaaggt
cctgaaatga
tttgttctat
gcacataaat
aagagctatt
ccttteteac
tgttccaaaa
tatatattct
tatcagcteoce

tgtagggcta

PCT/EP02/08963

60

120

180

240

300

360

420

480

540

600

660

780

840

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1740

1800
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gttececagege
aaagaaaaac
tgaaaacate
ctactataaa
ggtcatcaag
atcttgacat
ctttetecee
acatggeccece
tagaagagca
aagtcttctg
ttgttgaatt
ttteatttte
ggagtctcac
tctgectece
gcatgtgeea
gttggtcagy
agtgctggga
tetttggatt
ggaattgttg
ttttecaccge
attttageca
agagggtgtt
ccaaaataca

tagcttaatt

<210> 4

attgttctet
ctggtatttt
tatgattttt
atctcagetg
ggactecacct
acgetttecat
cttetatcea
tectaagtte
aacatttgtyg
tttecactecag
tettgatatt
tggetggttt
tetgtegeee
aggttcaage
ccatgeceag
ctggtctcaa
ttatagacat
catatgatat
ggtcataggt
tgtgaatgag
tfctggtgaa
tgtgagaaaa
tactactgtg

acttcatcat

<211> 1296

<212> DNA

<213> Homo sapiens

<400> 4
taagaacatt

ggcctataag

ttacactctt

ttaccattaa

atcagctgtt
tttatcagta
cctattcagt
cataaaacaa
tgteaagtta
gatgacagaa
gaaatgacac
aaatggatag
aacagttctg
tagtgettta
ttatcatgtt
cattgctggt
aggctggagt
gattcttett
ctaatttttt
actcccaatce
gagccacegt
gtatatatgt
taatgeatgt
agttgttcta
tttatagtge
ccaaagcaac
atttcattgg

tattggttta

cagtataaag

aaagatgtcc

aggaacttag
taacattcta
aacgtatcac
ttttttttty
ctcagagatt
agcagggaag
atactcacat
agaaatgect
agtaccacaa
aacttttett
tgttegtact
tgtttttttg
gcagtgtcac
tctcagccgc
atatttttag
tecaggtgate
gcoctggecta
ttatatttet
ttttctgeca
cctteottgac
tatttetgty
actgtgagag
gagaaaatct

ggt

aaatcagett
tttatattaa
ttagaatagg
cttgtgetac
caggctgata
agaaggtggt
tteattegee
tcctaccagg
ataccgttat
catatgtttt
gggagtagce
ttttgttttg
aatctcgget
ctgagtaget
tagagatggg
cgectgecte
gttecttatgg
acaagtacat
aacagttgtyg
aacacttgat
tgtgtaagag
tgtgtgtgtt

gtttggtata

(108)

getetgtttt
cttgaagaat
ttaggttgta
acatccatta
taaaggttty
gagccatgty
agagaaatta
tgcccagaat
cttteccactt
tcagtgttte
ttttttteca
tttttgagat
cactgecaacc
gggattacag
gtttctccat
tgeettecaa
gatgtatatg
acctaggagt
tecaatttctyg
attgtecagtec
agagaatgag
tgtgagaaaa

tcaaaaaaag

aagtcagaat acccctacce tatcagtaaa

ttaaaaacag cattctcage tgggcacggt

PCT/EP02/08963
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ggctcacace
gagttcgaga
aattagecegg
aggatcactg
agectgggty
tctttagtaa
gcatgtectg
ttataggtat
taagtgtata
ttaggatctyg
ttctacttgt
aattttccat
getggagtge
ttctcctgee
aatttttgta
cttgacctea
cccacactcg
agtacagtgg
tcetgecttyg

agacagcttc

<210> 5

tttgtcocccag
ccagceetgge
gcatggtgge
agcccaggayg
acagagcgag
ataattcata
agcacgtgtg
aaaatcaatce
tttttagtta
ttgaattatc
ttggagaata
ctgaaagact
agtggtgcaa
tcagectceee
ttttcagtag
tgatcagecc
geegttgtty
caatcatgge
gceteccaaa

ttaggcttga

<211> 3213

<212> DNA

<213> Homo sapiens

<400> 5
atcagagtca

ctttggtatyg
tcatacgace
agacggagac
accttteatt

gcaatacaga

ctttgatatg
ggacatacta
atggaattct
gatcacgtca
caggaaaaat

taagataatg

tactttggga
caacatggeg
gggtgcttgt
gtggaggety
actctgtctc
gttttcttea
tttgctgtta
ctgagttgac
tgctettagt
ttccttagaa
gaagagtcce
gttettgttt
ccttggetcea
gagtatctgg
agacggggtt
acctcagect
ttttttaaga
tcactgtaac
gtgctgggat

tttotttggt

atgagagcayg
gaattcactyg
tcectttaaa
tagtttatag
gtacttagac

tagececctgg

agccgagatyg
aaaacccatt
ggtececaget
cattgageca
aaaaaaacca
tctagaattt
ctagtttaga
acaaggtttt
tttaagtcaa
aagggagtta
tgtggtagea
ttegtgatga
ctgcaaccte
gattacagét
toaccatgtt
tccaaagtyge
gacagggtct
ctcaaatgac
tacaagtgtyg

tacagg

agataaacag
caaatacatt
gagcttggta
agtgcataaa
cctacaatgt

cctcaaagga

ggtggatcac
ttctctacta
actcaagagg
agattgtgee
aaacaaaaaa
aaaattgtga
teggtagaty
gatgttgagt
ttgtgtggtt
agaatcttca
gactttgtga
agtcttgete
tgcctecegyg
gcacaccacc
ggccaggety
tgggattaca
cactctgtca
cggcecttagt

agccatgeat

atttgttgca
tttatgtaac
agcatttgag
gacgtaagtt
actagtaggc

actctectee

(109)

ctgaggtcag
aaaatacaaa
ctgaggtygy
actgcactcc
aacccagecat
tagttgatca
tgtatataag
acaagtacag
ctttectaget
cttacctate
gtttacttgt
tgtcgeccag
gttcaagcaa
acacctgget
gtctcgaact
ggtgtgagee
cctaacctgg
gaagcgttet

ccagcttgaa

tgtttttaat
tgttgaatge
tgtagttgtt
accatttaat
ctctgegetg

ttaggttgea

PCT/EP02/08963
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tttgtataat
agtgggtatt
agettcaace
gtctttgaaa
gggaaatgta
tccaaaacat
ctettecect
ttttttgget
aagtacttte
tgtaggggac
cgagacatgt
ctaaatcece
taaaatataa
tgctgagatg
taaacccagh
cattctaaaa
gttgcataaa
ttttaaaaat
tatatacaca
tcetgteteat
tctaagatta
ccatttattg
tgtgtgtgtt
tottacatty
gttecagege
aaagaaaaac
tgaaaacatc
ctactataaa

ggtcatcaag

gtttgatttt
aacgaggtaa
aaagcagccc
agggggttty
tggeatggty
ttecataatt
gaagtaacca
tttttecact
acactaggtt
aaaaaatgaa
atttaattaa
atgacacaca
gttggaaatt
aattacttta
cactgaaggy
ccatgectaac
actggtacat
tagtcttcaa
aatatatttt
atgttcataa
éaaaaaattc
aacaatccat
aggatctect
gtaccatgat
attgttetet
ctggtatttt
tatgattttt
atctcagetyg

ggactcaccet

tagattgttc
aaggggagta
tgcgttttee
getttttttt
agttttttea
tcagaaagtt
ctgttecgac
aaattttcaa
atttaatatt
tgagagecce
gcatgtaaaa
gtttacctat
aaaaaaaaac
ttaccaaaga
tgtgcagaat
atttgtactt
gtettaggge
atagcagatt
ctgaatgaaa
tcttcateca
tcccattatt
ctttttgaca
tttggacttt
gttttaatct
atcagetgtt
tttatcagta
cctattcagt
cataaaacaa

tgtcaagtta

tttgageect
gtacgaaagg
tagttttatt
acagtgtgac
catacatect
ccaaaccect
ttecaatcact
attetttgat
ctttgattca
tgccttecat
aatagagtgy
gtaacaaacc
gagagggaga
aggaggagga
ttggatagge
tttttttcat
agtctctaat
cacatgatat
tttagtatet
ttaaaaaaac
tacctageta
ctggtttgge
ccattctgtt
atggggettt
aggaacttag
taacattcta
aacgtatcac
tttttttttg

ctcagagatt

gcattccacyg
goattcaage
aataggtttyg
tgaggtataa
tgtgaatace
geetetttte
acttttatce
atggtacttt
cccaatatth
tgctgetaat
gtyatgaaat
tgcatgtgta
atagagecate
ctcagggagy
aagataccect
tgtgatagtt
tgatttttat
taaaatatat
geatatattt
ttttgttagg
gttttctagt
atgecttaat
cattgagtct
gtagtttaaa
aaatcagett
tttatattaa
ttagaatagg
cttgtgetac

caggctgata

(110)

PCT/EP02/08963

aggataggtce 420
gteceatett 480
atgtaaggte 540
tttataaaaa 600
cagctcaaga 660
agtcttagec 720
cacaggttaa 780
actattgacg 840
agggaacacc 900
ctggtgggaa 960
aatctatata 1020
cceecegaace 1080
acaaccagag 1140
tgccgacgtt 1200
gggacaaggt 1260
cctgaaatga 1320
tttgttctat 1380
gcacataaat 1440
aagagctatt 1500
cectttetcac 1560
tgttccaaaa 1620
tatatattct 1680
tatcagctcc 1740
tgtagggcta 1800
gotctgtttt 1860
cttgaagaat 13820
ttaggttgta 1980
acatccatta 2040
taaaggtttg 2100
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atcttgacat
ctttetecee
acatggecco
tagaagagea
aagtcttctg
ttgttgaatt
tttcatttte
ggagtctcac
tetgoctece
gcatgtgeca
gttggtcagy
agtgctggga
tectttggatt
ggaattgttg
ttttcacege
attttagececa
agagggtgtt
ccaaaataca

tagcttaatt

<210> 6

acgettteat
cttectatccea
teetaagtte
aacatttgtg
tttcactcag
tcttgatatt
tggctggttt
tctgtegeee
aggttcaage
ccatgeccag
ctggtcteaa
ttatagacat
catatgatat
ggtcataggt
tgtgaatgag
ttctggtgaa
tgtgagaaaa
tactactgtg

acttcatcat

<211> 1296 .

<212> DNA

<213> Homo sapiens

<400> 6
taagaacatt

ggcctataag
ggcteacacc
gagttcgaga
aattageecgg
aggatcactyg

agcotgggtyg

ttacactett
ttaccattaa
tttgteececag
ccagectgge
geatggtgge
agcccaggag

acagagcgag

gatgacagaa
gaaatgacac
aaatggatag
aacagttctyg
tagtgettta
ttatcatgtt
cattgetggt
aggctggagt
gattettett
ctaattttit
actcccaate
gagceaccgt
gtatatatgt
taatgcatgt
agttgttcta
tttatagtge
ccaaagcaac
atttcattgy

tattggttta

cagtataaag
aaagatgtec
tactttggga
caacatggcy
gggtgettgt
gtggaggety

actctgtcte

agcagggaag
atactcacat
agaaatgect
agtaccacaa
aacttttctt
tgttegtact
tgtttttttg
gcagtgtecac
tctecagecte
atatttttag
teocaggtgate
gcectggecta
ttatatttet
ttttctgeeca
ccttettgac
tatttetgtg
actgtgagag
gagaaaatct

ggt

aagtcagaat
ttaaaaacag
agecgaggtyg
aaaacccatt
ggtcccaget
cattgagcca

aaaaaaacca

agaaggtggt
tteattegec
tectaccagg
ataccgttat
catatgtttt
gggagtagee
ttttgttttg
aatctegget
ctgagtaget
tagagatggy
cgeetgecte
gttcttatgg
acaagtacat
aacagttgtyg
aacacttgat
tgtgtaagag
tgtgtgtgtt

gtttggtata

accectacce
cattctcage
ggtggatcac
ttctctacta
actcaagagg
agattgtgce

asacaaaaaa

(111)

PCT/EP02/08963

gagceatgtg 2160
agagaaatta 2220
tgcccagaat 2280
ctttecactt 2340
teagtgttte 2400
tttttttcea 2460
tttttgagat 2520
cactgcaacc 2580
gggattacag 2640
gtttctecat 2700
tgccttecaa 2760
gatgtatatg 2820
acctaggagt 2880
tcaatttetyg 2940
attgtcagte 3000
agagaatgag 3060
tgtgagaaaa 3120
tcaaaaaaag 3180

3213
tatcagtaaa 60
tgggegeggt 120
ctgaggtcag 180
aaaatacaaa 240
ctgaggtggy 300
actgecactece 360
aacccagcat 420
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tctttagtaa
geatgtecty
ttataggtat
taagtgtata
ttaggatctg
ttctacttgt
aatttteccat
getggagtge
ttetectgee
aatttttgta
cttgacctca
cccacacteg
agtacagtgg
teetgecttyg
agacagctte
<210> 7

<211> 24
<212> DNA

ataattcata
agcacgtgty
aaaatcaate
tttttagtta
titgaattatc
ttggagaata
ctgaaagact
agtggtgcaa
tecagecteece
ttticagtag
tgatcagcee
geegttgttg
caatcatgge
gcctcccaaa

ttaggcttga

gttttettca
tttgetgtta
ctgagttgac
tgctettagt
tteettagaa
gaagagtcce
gttettgttt
ccttggcetea
gagtatctgg
agacggggtt
acctcagect
ttttttaaga
tcactgtaac
gtgctgggat

tttgtttggt

<213> Artificial sequence

<220>

<223> Primer

<400>

7
taggtcagtg gygtattaacy aggt

<210> 8
<211> 23
<212> DNA

<213> artificial sequence

<220>

<223> Primer

<400> 8

gtcactttga tatgatgaga gca

<210> 9
<211> 23
<212> DNA

<213> artificial sequence

tctagaattt
ctagtttaga
acaaggtttt
tttaagtcaa
aagggagtta
tgtggtagea
ttegtgatga
ctgcaaccte
gattacaggt
tcaccatgtt
tccaaagitge
gacagggtct
ctcaaatgee
tacaagtgty

tacagy

aaaattgtga
tcggtagatyg
gatgttgagt
ttgtgtggtt
agaatcttea
gactttgtga
agtcttgete
tgectecegg
gcacaccace
ggccaggety
tyggattaca
cactcigtea
cggcottagt

agccatgcat

(112)

tagttgatca
tgtatataag
acaagtacag
ctttctaget
cttacctate
gtttacttgt
tgtegeceag
gttcaagcaa
acacctgget
gtcetegaact
ggtgtgagoe
cctaacctgg
gaagegttet

ccagettgaa

PCT/EP02/08963
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<220>
<223> Primer

<400> 9
cctcgttaat acccactgac cta

<210> 10
<211> 24
<212> DNA

<213> artificial sequence

<220>
<223> Primer

<400> 10
ggcaatacag ataagataat gtag

<210> 11
<211> 21
<212> DNA

<213> artificial sequence

<220>
<223> Primer

<400> 11
ttgatcagea tgtcctgage a

<210> 12
<211> 22
<212> DNA

<213> artificial seguence

<220>
<223> Primer

<400> 12 .
ctacectate agtaaaggec ta

<210> 13
<211> 21
<212> DNA

<213> artificial sequence

<220>
<223> Primer

<400> 13
tgetcaggac atgctgatca a

<210> 14
<211> 23
<212> DNA

(113)

PCT/EP02/08963
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(114)

WO 03/014342 PCT/EP02/08963

<213> artificial sequence

<220>
<223> Primer

<400> 14
aaaaacagca ttctcagcetg gge 23
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{54) Title: IDEN CATION OT A DNA VARTANT ASSOCIATED WITH ADULT TYPT HYPOLACTASIA

(57) Abstract: The present invention relates 10 a nucleic acid molecule comprising a 5 portion of an intestinal lac
hydrolase (LPIT) gene contributing to or indicative of the adult-lype hypolactasia wherein said nuclei
e the group censisting of (a) a nucleic acid molecule having er comprising the nucleic acid sequence of SEQ LD NO: 1, the sequence of
= SLQIDNO:I is also depicted in the I'ig. 4 and comprised in the sequence as depicted in the I
€N or comprising he nucleic acid sequence of S15Q 11D NO: 2, the sequence ol $1KQ 11> NO:2 is
id molecule ol at least 20 nucleotides the complementary strand of which
d molecule of (a) or (b), wherein said polynucleotide/mucleic acid molecule
<X has ata position corresponding to position -13910 5" from the LPLI gene a cytosine residue; and (d) a nucleic acid molecule of at least
- 20 nucleotides the complementary strand of which hybridizes under stringent conditions to the nucleic acid molecule of (a) or (b),

in the sequence as depicied in the Fig. 9; (¢) a nucle
hybridizes under stringent conditions o the nucleic

8 (b) a nucleic acid molecule having
s depicted in 1g.5 and comprised

wherein said polynucleotide/nucleic acid molecule has at a position corresponding to position -22018 5” from the I.PH gene a guanine

residue. The present invention further relates to methods for testing for the presence of or predisposition Lo adult-type
that arc based on (he analysis of an SNP contained in the above recited nucleic acid molecule. Additionally, the present invention
relates to diagnostic composition and kit useful in the detection of the presence of or i ition o adult-type hy
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