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    G讨ective To investigate the distribution of single nucleotide polymurphisms (SNPs)
in CAPN10 gene in Chinese population and their relation with type 2 diabetes mellitus in
Han people of Northern China. Methods  CAPNID gene was sequenced to detect SNPs in
different nationalities of China. Five SNPs were chosen to perform case-control study and
haplotype analysis in 156 normal Han people of Northern China and 173 type 2 diabetes. One
SNP was also analyzed with transmission-disequilibrium test (TDT) and sib transmission-
disequilibrium test (STDT) in 68 type 2 diabetes pedigrees (377 people). Results  A total
of 40 SNPs were identified in length of 8 936bp, with an average of t in every 2236p. The
SNP% in CAPN 10 gene did not distribute evenly and the SNPs in Chinese were different from
those reported in Mexican American. There was no significantly statistical difference in the
allele frequency of the 5 SNPs between case and control, and the haplotype frequencies in
the two groups were not significantly different. No positive results was found in TDT and
STDT analysis. Conclusions  The SNP distribution of CAPN10 gene differs in different
nationalities. The studied SNPx in CAPNIO gene may not be the major susceptibility ones

of type 2 diabetes mellitus in Han people of Northern China
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INTRODUCTION

Single nucleotide polymorphism (SNP) is DNA
single nucleotide diversity ht
diversity in human. In recent

sequence polymorphism caused by
genome level. which is the most common kind of inheritable
nears

SNP has begun to show greater
with the study process of human genome and genetics,

individual
importance to Investigating the genome diversity of

group and disease studies

Recently. Horikaw-a et al."' made a new breakthrough in mapping type 2 diabetes
susceptibility genes. Based on the former gene mapping work'2', they had successfully
/bond a susceptibility gene of type 2 diabetes, CAPN10, in Mexican American. In this
gene, three SNPs, named UCSNP-43. UCSNP-19 and UCSNP-63 respectively, were
reported to be associated with the disease and their different haplotypes made a very
different risk to the population. The high risk haplotype also showed association with the
high incidence of type 2 diabetes in Finnish and German. As SNPs differ in population and
nationalities, it is very important to identify SNPs in CAPN10 in Chinese, investigate
their distribution and their relation with type 2 diabetes in mapping and cloning
susceptibility genes of type 2 diabetes mellitus in China

MATERIALS AND METHODS

Sample Collection and Genomic DNA Extraction

  27 unrelated individual samples from different nationalities in China were collected.
including 10 Han, 2 Chuang, 2 Tibetan, 2 Bulang. 1 Korean, 2 Dai, 2 Mongolian, 2 Miao,
2 Yi and 2 Uygur. DNA was extracted from peripheral blood by the standard phenol/
chloroform method, its concentration was measured and adjusted to 1.5 ng/pL
  173 sporadic type 2 diabetes affected from Beijing area versus 152 both sex and age-

matched control were enrolled to take a case-control study. TDT and STDT were
performed for 377 members in 68 type 2 diabetes pedigrees collected from Northern
China, including 192 affected. 20 IGT and 165 unaffected. DNA was extracted as above

and adjusted to 20 ng/pL

SNP Identification in CAPNID

  According to the CAPN 10 gene sequence rcportedl", PCR primers were designed to
amplify regions up to about 2k6 upstream from transcription-initiation sites and all the
coding regions by the Primer 3 computer program, Multiple nested PCR was used to amplify
the extracted DNA

  After electrophoresis and resin purification of the PCR product, bi-directional sequencing
was performed. Products were analyzed with ABI 377 autosequencer. The polyphred computer
program'" was used to detect the presence of heterozygous SNPs by fluorescence-based
sequencing of PCR products

Selection and Primer Design可SNPs in Case-control Studt

  5 SNP., were selected to perform case-control study, including I in regulatory region
(一1410), 1 in exon which could change the amino acid code (+9803), the other 3 were
corresponded with the reported UCSNP-43 (+4852), UCSNP-19 (+7920) and UCSNP-

万方数据



CAPNIO GENLAND ]W E ] DIABETES D1EL1 11 US

63(+16378)一According to the references-', 3 primers were designed ti「each loco,. 2 1,
YCR and 1 for SBE

SNP.Y Genvrvye and Data Ana力劝

  According to the literature"), the procedures were as follows: amplifvme the SNP
containing tocr won ttanlcmg primers and digesting the PCR product with Exonuclease I
and calf intestine alkaline phosphatasc to rule out the redundant primers and unincorporated
deoxynucleotide. SBE reaction was performed by using a primer adjacent to the SNP to
incorporate a fluorescence labeled dideoxynucleotide. The SNP alleles were indicated
according to the SBE product position and the fluorescence after electrophoresis on
AB1377 sequencer. Thus, 5 SNPs in CAPN10 gene were genotyped in case and control
groups and UCSNP-43 was also done in pedigrees
  Hardy-Weinberg equilibrium (HWE) was used to test the respectability of the samples.

The difference of allele frequency of each SNP between control and case groups was
analyzed with SPSS 10. 0 software. Logistic regression was used to analyze the association
between disease and SNP genotypes. PMI. I was used to analyze the haplotype frequencies
of UCSNP-43 (+4852), UCSNP-19(+7920) and UCSNP-63(+16378) in the two
groups1'I and TDT-STDT program!1 was used to perform TDT and STDT lot UCSNP-43

RESULTS

Identified加CAPNIO Region胡Chinese

  8 936bp of CAPN 10 gene was sequenced, including 2 OOObp in regulation region
2 451 by in coding region. 177bp in 5' flanking region and 3526p in 3' flanking region
A total of 40 SNPs were identified, with an average of l in each 223bp. The SNPs
distribution was unequal in the gene. 7 in regulation region, with an average of I in each
285bp: 6 in coding region, including 5 synonymous and 1 nonsynonymous, with an
average of 1 in each 405bp: 26 in intron. I in each 120bp: and there was 1 SNP in the 3'
flanking region. Among these SNPs, 28 were base transition. accounting for 70 per cent
of all the identified; and I1 were transversion, accounting for 27. 5 per cent. The ratio of
the two was about 2. 6 to 1. Another SNP was formed by the different repeats of a 326p
fragment (Table 1!

The Character了CAPNIO SNPa in Chinese

The SNPs identified in Chinese were much different from those reported by Horikawa

et al. in Mexican American. Among the 40 SNPs, 16 were found in
reported in

SNPswere
协Jere

Mexican American, which accounted for 40% of the total

reported in Mexican American. accounting for 41Y} of the

Chinese but not

  In addition, 16

total. the others

common in the two populations (Table 2)

The Case-control Studv q(5 SNPs in CAPN10 Gene Region

    SNPs used in these comparisons were in HWE. There were no obvious difference in
SNP allele frequency between the two groups, logistic regression analysis showed no
association between SNP genotypes and type 2 diabetes (Table 3)
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TABLE

圣妞坠Position, Type and Allele Frequency in CAPN10 Gene Region in Chinese
N。 Position

  -1410

一1307

-10】3

  -690

  -638

  -489

  -471

+2606

+2647

+4213

+4238

+4258

+4262

+4294

+4428

+4471

+4795

+4841

+4852

+5091

+5155

+5157

+5253

+5262

+7189

+7236

+7522

+7611

+7769

+7840

+7865

+7920

+9730

  +9803

+11098

+11246

+11738

+11906

+16378

+16398

SNP Name Allele I Allele 2 AA AAZ

UCSNP45

UCSNP44

IJCSNP43

Location

Pmmotor

Pmmotor

Promoror

Prom以。

乃刀”0护。r

Pmmotor

Pronrotor

  m tpon

  mt叭n

  Inn劝n

  rvtmn

  inl-

  生nton

  ,..on

  mvun

  rv tm n

  Int印 n

::::::

UCSNP79

UCSNP79

UCSNP77

ProlThr   Pro/Thr

UCSNP60

coding

coding

codmg

m tro n

rv tm n

m tron

In扮on

intron

on. n

,.ding

intron

m trc n

intron

tntron

coding

coding

  umtro n

  tm ron

TUTR

  mtro n

  m rro n

At%r

167

  3.7

14.8

  93

  9.3

  56

  93

19.2

16.0

  4.2

  4.2

  4.2

  4.2

20.8

  4.2

10.4

  37

  9.6

13.0

  1.9

  1.9

14.8

  1.9

11.1

  9.3

  7.7

  1.9

  5.6

  38

16.0

  56

37.0

22.9

】35

20O

  4.5

14.8

16.7

50 R

Thr      Thr

PM       Tlv

V.] Val

Thr      Ala

Ala      At.

A

G

T

A

G

C

C

G

6

丁

A

A

C

A

A

A

A

T

G

C

C

A

A

G

T

C

C

T

C

G

A

3

C

A

A

T

T

G

C

C

G

A

C

C

A

T

G

A

C

A

G

T

T

T

G

G

C

C

A

T

A

G

G

A

A

丁

T

C

T

A

T

，
‘
T

G

G

C

C

A

T

G

UCSNP19

UCSNPI09

UCSNP110

UCSNP48

UCSNP63

2
3

4
5

6

?

8

9

]0

H
12

曰
14

巧

16

曰

18

19

加
加

22

23
24

25

26
27

洲

29
刃

引

卫
33

抖

巧
36

37
38

39
40
    Note. SNP position was marked +1 in the transcription-imuation site, these upstream from this site were marked一and

downstream marked +. SNP Name indicated he reported name- Al% was allele) frequency. AA I was amino acid 1 and AA2

was amino acid 2. +7920 213 was 2 and 3 times repeat of a 32bp fragment respectively
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TABIFZ

The Similarloes and Differences of SNP,,. CAPN 10 Gene Geaion in Ch-se and Mexican American

Special SNP

  之刀Chjn已、e

    Specia)SNF，

二。Me“之亡anA1-门can

C- - n SNP,

m the 2 Pupulanon*

I

  13076/A

-638G/A

一471C/G

+4238A/G

+4262c f

+4795A/C

+S091Cfr

+7865Afr

  690A/(几

  一489C'T

+4L 3T/A

+4258Alf

.4294A/f

+4841T/C

+7840G/A

+11906G/A

一]1916/A

+3828C/G

+4577T/(一

+4794G/C

+5162G/A

+8143(/f

+110766/A

+1175tGIA

+2619G/A

十382性尺/G

+4780C/G

+4841C/G

+7022C门

.9878Glf

+11512G1A

*11877GIC

一1410PC

十2647G汇

.4852G/A

+5253AIG

+7236〔汀

+7769C汀

+9803A/G

+1173snc-

  1门137/C

+4429A/G

+5155C/A

+526261A

.7522C汀

.7920 20

+11098A/G

+16178Cf1

.2606G/八

+447IA/G

.5157AIG

.7189T/A

+761 ]TIC

+9731义汀

+I1246TIC

+16398CIG

TABLE 3

fhe Cass-control Study of 5 SNP Loci in CAPN10

CAPN 10-1410

Allelc介pes

Group

Control

Cau

Total

CAPN 10+4852

G

279

313

592

To口1

308

346

654

YVa!口e AA

Genotype Frequency

  AG          GG Y vawe

0 95R 82.47 (127)

91.50(141)

16,.23 (25)

1792 (31)

1.30 (2)

0,58 (1) n748

29

邓

62

Allele Types

Gmup

Cnnvol

仁讹己

To,n了

G

274

305

579

Total

312

〕J6

658

P s lue 6G

Genotype Frequency
AG          AA 尸V幻Ue

0.897 76.28 (119)

78仍 (135)

23.08 (36)

20.23 ( 35 ) :::{:{ 0.583

招

引

为
CAPN10+7920

Allele Types Genotype Frequency

Group

Cuntrnl

Case

Tntal

209

246

455

Total312
尸value 22 23 33 P value

0 49R

:::
2.18 (19)

7.91(14)

41.67 (65)

45加 (80)

46.15 (72)

46.89 (83) 11769

CAPN 10+9X03

Allele Types

Group

Control

Case

Ta乙al

Total

312

346

658

尸value AA

Genotype Frequency
AG         GG P value

0 931 8526 (133)

8497 (147)

14.10 (22)

巧 113 (261

0.64 (1)

  0 (0) 0905

N

26

翎

258
训
喇

CAPN 10+16378 ____
                      Allele Tvlres                                     Genotype Frequency

下 一、-干一一To.不一下value f.(了 CT 下「 P value

240

232

472

312

3Oll

611

0904 5962(93)

6133 1921

35.26 (55)

32,00 (48)

5.12 (8)

6,67 (10) 0747
祖
韶
网
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Haplotype Frequencies可UCSNP-43 (+4852), UCSNP-19 (+7920) and UCSNP
63+16378) in Case and Control Groups

  There were 8 haplotypes formed by the 3 SNPs, and no
frequencies between the two groups was found during PM I

.significant difference in their
1 software analysis(Table 4)

TABLE 4

Haplotype Fregaennes UCSNP-43.-19 and -63
Allele

石1 一一下I9—          61 Casr Group ControlGruuP

0.21

0.06

0.47

0.14

0.03

0.01

0.06

Qn2

022

0.07

0.45

0.14

0.03

not

0.06

0门2

Note. UCSNP-43, allele 1, G. allele 2, A; UCSNP-19, allele I. 2 rep-, o f32 by sequence, allele 2, 3 repeats: UCSNP
63. allele】C allele 2. T

TDT and STDT Ana加is of UCSNP-43

  Of the 68 type 2 diabetes pedigrees, those in which parents genotypes were known and
at least one was heterozygous were analyzed with traditional TDT to estimate whether the
allele frequency transmitted from parents to offspring departed from 50% or not. Those
pedigrees with at least one affected and one unaffected whose genotypes were not the
same were analyzed with STDT to compare the genotype distribution of marked locus
between affected and unaffected offspring and to test whether the marker allele
Ifrequeneywas significantly different between different stale offspring or not, The results
showed that the allele frequency transmitted from heterozygous parents to affected
offspring did not significantly depart from 50% ( P>0.05 ) and there was no statistical
difference in the allele distribution between affected and unaffected offspring, suggesting
no linkage between marker and disease loci (Table 5)

TABIF 5

TDT and STDT Analysis of UCSNP-43

TDT S-TDT Comhined Scores

Allele b Chi-Sy

0.691

0690

Y    Mean(Al Va八V)

0.188

0.188

w    MeanIA)

44

33:::: :::: :::::

Van v)

17938

I79飞8 0.6490 649

DISCUSSION

  Now, there are two most used strategies in the study of complex genetic diseases, such
as diabetes mellitus, hypertension, and so on. One is mapping and cloning method, which
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maps the disease susceptibility genes with whole-genuine scan and then clones the genes
This method is much affected by the collected disease pedigrees. The other strategy is
candidate genes method, which directly studies the relationship of the variation of disease
candidate genes with disease phenotypes. This method is based on case-control association
study of pedigrees or population, It is much direct and fast, and is widely used in complex
genetic disease study.
  On October 2000, Horikawa et al. reported the first NIDDM susceptibility gene cloned

in Mexican American. CAPN10, which is mapped to the chromosome of 2837. 3 and
consists of 15 cxons. CAPN10 is ubiquitously expressed and its different transcripts can
be expressed in different tissues. The CAPN10 protein is a member of the cystcine
protease family, which suggests a new biochemical pathway involved in the regulation of
blood glucose levels
  According to the CAPN10 sequence reported by Horikawa et al、its SNPs were

measured in different nationalities of China for the first time by using resequencing
method. A total of 40 SNPs were identified. The SNP.S in CAPN 10 are characterized by:
( l) The distribution of SNPs is unequal, 1 in each 120bp al the dense position and 1 in each
4056p at the sparse position, with an average of I in 2236p. There are more SNPs in non-
transcription region than in the transcription region. because the SNPs in non-transcription
region do not influence the protein transcription, and the natural selection pressure they
suffered is more little"'". (2) In the SNPs the authors identified, transition is much more
than transversion, the radio of the two is about 2.6:}，which is consistent with that

formerly reported and may be related to the structure of the bases, because cytosine can
spontaneously deaminate to yield a thymidine residue". (3) There is an obvious difference
of the SNPs detected in Chinese with those reported in Mexican American, which
suggests the ethnic difference of the SNP distribution of CAPNIO and supports the
authors' related study
    In the 5 SNPs used in case-control association study. none was found to be related with

type 2 diabetes and there was。。statistical difference in the haplotype frequencies of
UCSNP-43 (+4852), UCSNP-l9 (+7920) and UCSNP-63 (+16378) between the two

groups. TDT and STDT analysis showed no linkage between the reported positive
UCSNP-43 and type 2 diabetes in Han people of Northern China. These weren't accordant
with those of Horikawa et al. and may be interpreted as ethnic difference. From above, it
is concluded that these SNPs in CAPN10 gene may not be the major susceptibility loci of
type 2 diabetes mellitus in Han people of Northern China, which is consistent with the
authors' former work of gene mapping'9'.
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