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Investigation of Polymorphisms in Causal Genes of HME : EXT1 and EXT2

FANG Wei, PEI Yuan-yuan, HUANG Wei-jun, HU Bin, WANG Yi-ming*
(1.Department of Medical Genetics, Zhongshan School of Medicine, Sun Yat-Sen University, Guangzhou 510080, China)

Abstract: [Objective ] To investigate the polymorphisms of the EXTI and EXT2 genes in Southern Han Chinese people and in 13
hereditary multiple exostoses (HME) patients whose causal mutations had already been identified. [ Methods ]Genomic DNA was
extracted from 50 healthy unrelated southern Chinese Han individuals and 13 HME patients with known casual mutations in these two
genes. PCR products spanning the coding regions, intron-exon boundaries, 5’and 3’ UTR of the genes were sequenced. Variations
identified in the sequences were compared with those retrieved from the databases. [Results] Fifteen genetic variations of EXTI were
identified, of which 3 are synonymous coding variations, 11 in intronic region and 1 in 3’ UTR. 3 of the 15 variations were novel
SNPs. Twenty-two variations of EXT2 were detected, 3 are synonymous coding variations, 16 in intronic region and 3 in 3’ UTR. 7 of
the 22 genetic variations in EXT2 were novel. [ Conclusions] Ten novel variations in EXTI and EXT2 gene have been identified in our
study. Twenty-seven variations already in the databases were confirmed. Our results provide useful information for the genetic
variations of the two genes among Southern Han Chinese. The results also provide important information for differentiation of causal
mutations of EXT1 and EXT2 genes from innocuous polymorphisms.
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Table 1 The characteristics of 13 HME patients

Group" Patients? Age Sex
Family
1 1 12 male
2 2 15 male
3 3 16 female
4 4 31 male
5 5 14 male
6 6 13 male
7 7 12 male
8 8 11 male
9 9 20 male
Sporadic cases
12 10 14 male
13 11 6 male
14 12 15 male
15 13 28 male

1) Group numbers please refer to reference 6. 2) Patients 1-9
were from nine HME families. Patients 10—13 were sporadic cases. No
common ancestry was traced among the families or sporadic cases.

Pathogenic mutations identified in these patients please see reference 6

¥, PCR WK 30 wl, & 1xPCR Buffer 3 pL .
2 mmol/L dNTP 2.5 pL.2.5 mmol/L MgCl, 3 pL,
3.2 mmol/L EREFI#45 1 wL.1 U/pL Taq DNA
AW (Fermentas)1 L, S W FE Biometra PCR
{¥ (Biometra German) 5, § B FEF 4 . 95 CHiil
APk 3 min; 95 CAEME 30 s, TR R PR AR
(W3R 2)45 s 72 CHEfH 45 s F 38 MIEIR; Hefm 72
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WR B8 P % PR B (Fermentas) 24k J5 LA BigDye
Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems) IAMEREFIEA TN, F=¥I7E ABI3730
AL (Applied Biosystems) 434, W HSequence
Scannerv10(Applied Biosystems )X MPZE R0 75041,
14 BEEERHGE
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Genome Variation Society , HGVS) Fr il %2 1Y Fy 51
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www.hgvs.org/mutnomen/recs-DNA.html ) ,
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Table 2 Sequencing regions and primers of EXTI and EXT2 genes

Gene Region"

Forward primer sequence 5'-3’

Reverse primer sequence 5'-3'

Temperature of annealing(°C)

EXTI
E1-1 TCTTTCTTTTCCTCCGTCT GATTCCTACCATTGTTCCA 50
E1-2 ATCGCCGAAAGTTACCAAA CAGTTCCAGGCTCAAAGGG 56
E2 GCAACCCAACCTCCTTCCT TAAATCCTCCCTCCACCCC 58
E3 GATTTTGTTGGTGCGAGC GGTTATTGAAAGGGGTGG 55
E4 TAGACTAACCTAAGCAAC ACTGGACCAATCACACAT 51
ES CACTCTTTTTCATTGCTCC ATGCTCTGCTCTGTTTTTG 52
E6 TTTTCATCTTGTTTCTGTC GTGCTTGTATCTTCTTTAG 48
E7 AATGTTCTGAGGTTGTGTGG TTTGAAAGCCTATTGTGGTC 52
E8 GCAGGTGAGGATGGGAGAA AACAAAAAAGGAGGGCAGG 54
E9 TTTTTTCTTCCTTTCATTTC TTTTCACACTTCAGACCAACT 48
E10 GTTCTTCTTTCTAACTCACC ACCAATCATACACTCTTTTC 51
El1l AATCTTTGTTTTTGTGTTT ATTTCTTGATAATGGGTAG 52
EXT2
E2 TTGTTATTTCACCACACCAC GCAGACTACTCTTCACGGGC 59
E3 GTGCGTTCATTTTTCCCTG GTGCCCCCATTACCCTCTA 57
E4 CTGGGAAGTAAGGAAAGGG AGCATAAAGCAGAGGAGCC 52
ES GTGGAGGTGAAGACTGGT CTGGACTGCCTTATGAAT 57
E6 ACAAGGTAGGCTGAGGTAA AATGGAAAATAGAGAAAAA 50
E7 AGTGAAGAAGGGAGGGGAA GCAGGAAAATGGCAAATGT 53
E8 TAAACTCTGCCATAACAC ATTTCCAACAAGACCCAT 50
E9 TTTTGAGGAGGGGAAGACT GGAAGAACCAATGGGAACT 50
E10 TTTTGCTTCTCTGCCTCTCA CTTACGCACACCTTTTGGAC 55
El1 CAGCATCTGTCTTTGAGTTT GTCACACAATATGGCTTTTC 50
E12 ATGCCTCCTTTTACCCTTC CATCATAGCCTTTATTCTG 53
E13 CAGTTACAGAAGGCAAAAG TACCCTGAAAAATAATCCA 50
E14 TTCACCGCTTTTTTCCACAC CAGGTCCCAAGGCATTTATC 56
1)E:exon
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1536+7 A>G Fl ¢.1431 C>T(rs17439693 ) J AR AEHG
N2 % B SNPs,4 > 2 25 7 55 (rs10098992,
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DO EER
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HAY BB EHF R ZE (single nucleotide
polymorphisms,SNPs) , EXT2 ] 2 1~ SNPs 3J 4%
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Table 3 Characters of EXT genetic variations in healthy people

No. Genelic variation" Genotype freq” Allele freq Identity in dbSNP
EXTI
¢SNP-1 c.1431 C>T CC/CT 0.933/0.067 C/T 0.967/0.033 rs17439693
c¢SNP-2 c.1761 G>A GG/GA/AA 0.236/0.654/0.109 G/A 0.564/0.436 rs7837891
Intron-1 ¢.963-105 C>T CT/TT 0.036/0.964 C/T 0.018/0.982 rs76603199
Intron-2 ¢.1536+59 G>T GG/GT 0.933/0.067 G/T 0.967/0.033 rs10098992
Intron-3 ¢.1536+85_93del CTCCCCAGG WW/W-0.933/0.067 W/-0.967/0.033 1s36225999
Intron-4 c.1536+7 A>G AA/AG 0.917/0.083 A/G 0.958/0.042 novel
Intron-5 ¢.1723-103 C>G CC/CG 0.704/0.296 C/G 0.852/0.148 rs17479145
EXT2
¢SNP-1 ¢.805 C>T CC/CT 0.984/0.016 C/T 0.992/0.008 novel
Intron-1 ¢.919+316 C>G CC/CG/GG 0.667/0.217/0.116 C/G 0.775/0.225 rs11037875

dbSNP . database of single nucleotide polymorphisms.1)Standard nomenclature ~ (www.hgvs.org/mutnomen/)  was used for describing sequence
variations, with +1 corresponding to the A of the ATG translation initiation codon of GeneBank NM_000127 .2 for EXT1 and NM_207122.1 for EXT2.
2) W.wild type; —: deletion. Amino acid substitution;In EXT1, p.Pro477Pro for cSNP-1, p.Glu587Glu for ¢cSNP-2; In EXT2, Leu269Leu for cSNP-1
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A~ SNPs  (c.805 C >T #l ¢.939 +316 C >G
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Table 4 Characters of EXT genetic variations in HME patients"

No.? Genetic variation® Genotype freq® Allele freq* Identity in dbSNP

EXTI
c¢SNP-1 c.1065 C>T CC/CT 0.667/0.333 C/T 0.833/0.167 rs11546829
c¢SNP-2 c.1761 G>A GG/GA/AA 0.385/0.231/0.385 G/A 0.500/0.500 rs7837891
Intron-1 c.1164+98 A>T AA/AT 0.923/0.077 A/T0.961/0.039 novel
Intron-2 c.1165-156 G>T GG/GT 0.769/0.231 G/T 0.884/0.116 rs9642837
Intron-3 ¢.1284+66 G>A GG/GA 0.615/0.385 G/A 0.807/0.193 rs17439812
Intron-4 ¢.1536+59 G>T GG/GT 0.615/0.385 G/T 0.807/0.193 rs10098992
Intron-5 ¢.1536+85_93del CTCCCCAGG WW/W-0.583/0.417 W/-0.792/0.209 rs36225999
Intron-6 c.1537-51 A>G AA/AG/GG 0.461/0.385/0.154 A/G 0.653/0.347 rs10955837
Intron-7 c.1537-125 G>A GG/GA/AA 0.833/0.083/0.083 G/A 0.875/0.125 rs4876757
Intron-8 ¢.1633-26 C>A CC/CA 0.846/0.154 C/A 0.923/0.077 novel
Intron-9 ¢.1723-103 C>G CC/CG 0.769/0.231 C/G 0.885/0.115 rs17479145
3'UTR-1 c. % 144del A WW/W-0/1.000 W/-0.500/0.500 rs71739430

EXT2
c¢SNP-1 c.28 C>A CC/CA 0.583/0.417 C/A 0.792/0.208 rs4755228
cSNP-2 c.1641C>T CC/CT 0.923/0.077 C/T 0.961/0.039 rs75987184
Intron-1 c.—110 A>C AA/AC 0.833/0.167 A/C 0.917/0.083 rs75844681
Intron-2 c.—177 A>T AA/AT/TT 0.667/0.250/0.083 A/T 0.792/0.208 rs11037864
Intron-3 c.744-82 A>G AG/GG 0.333/0.667 A/G 0.167/0.833 rs10769018
Intron-4 ¢.1080-18 T>A TT/TA/AA 0.385/0.385/0.230 T/A 0.576/0.424 rs11037882
Intron-5 ¢.1080-115 G>T GG/TT 0.400/0.600 G/T 0.400/0.600 rs11037881
Intron-6 c.1173+103 C>T CC/CT 0.846/0.154 C/T0.923/0.077 novel
Intron-7 c.1173+302 C>T CC/CT 0.923/0.077 C/T 0.961/0.039 novel
Intron-8 ¢.1306-93 C>T CC/CT/TT 0.230/0.385/0.385 C/T 0.424/0.576 rs4755233
Intron-9 ¢.1496-195 C>T CC/CT 0.231/0.769 C/T 0.615/0.385 rs1027377
Intron-10 ¢.1496-166 A>C AA/AC 0.923/0.077 A/C 0.961/0.039 novel
Intron-11 ¢.1807-51 T>C TT/TC/CC 0.333/0.416/0.251 T/C 0.541/0.459 rs11037909
Intron-12 ¢.1936-132_133delGT WW/W-0.923/0.077 W/-0.961/0.039 rs3832748
Intron-13 ¢.1936-66 G>C GG/GC 0.923/0.077 G/C 0.039/0.961 novel
Intron-14 ¢.1936-41 T>C TT/TC/CC 0.385/0.385/0.230 T/C 0.578/0.422 rs3740878
Intron-15 ¢.2019-84 T>G TT/TG 0.923/0.077 T/G 0.961/0.039 rs75740761
3'UTR-1 c. ® 56 G>A GG/GA 0.923/0.077 G/A 0.961/0.039 rs77554103
3'UTR-2 c. * 129 C>G CC/CG 0.923/0.077 C/G 0.961/0.039 novel
3'UTR-3 c. # 139 C>G CC/CG 0.923/0.077 C/G 0.961/0.039 novel

1)HME patients: HME patients with known casual mutations; 2)UTR : Untranslated region. 3 )Standard nomenclature (www.hgvs.org/mutnomen/ )

was used for describing sequence variations,

with +1 corresponding to the A of the ATG translation initiation codon of GeneBank NM_000127.2 for

EXTI and NM_207122.1 for EXT2. 4) W wild type; —: deletion. Amino acid substitution; In EXTI,Cys355Cys for HME patients ¢SNP-1 ,
p-Glu587Glu for ¢SNP-2; In EXT2, p.ArglOArg for ¢SNP-1, p.Asp547Asp for cSNP-2

6.1kb I XSy, HE I 22 AN [F] s 1%
3AFEmMAGIX 16 DN EFTIX,3 4
76 3’ UTR X ;7 >N dbSNP ¥ 5 R HR 38 SNPs,,
EXTI % B Fr & B Y cSNPs:1s17439693 (p.
Pro477Pro) 157837891 (p.GluS87 Glu) .rs11546829

A5 503 4

AN

(p.Cys355 Cys) LA M EXT2 FEH 1Y ¢SNPs: ¢.805C>
T (p.Leu2691Leu,novel) rsd4755228 (p.ArglOArg) .
1375987184 (p.Asp547Asp) #RABES | 2 HE R B
AR PRI JH i 2 A 2 1 5T ) 5 A8 A REAS 7 A
SN H T BT B0 RN TE AN BT A B
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