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ABSTRACT

AIM: To investigate if vitamin D receptor (VDR) gene Apa I polymorphism and estrogen receptor-α (ER-α) gene
Pvu II, Xba I polymorphisms are related to bone mineral density (BMD), bone mineral content (BMC) and bone size
in premenopausal Chinese women.  METHODS: The VDR Apa I genotype and ER-α Pvu II, Xba I genotype were
determined by PCR-restriction fragment length polymorphism (RFLP) in 493 unrelated healthy women aged 20-40
years of Han nationality in Shanghai city.  BMD (g/cm2), BMC (g), and bone areal size (BAS, cm2) at lumbar spine
1-4 (L1-4) and proximal femur (femoral neck, trochanter and Ward’s triangle) were measured by duel-energy X-ray
absorptionmetry.  RESULTS: All allele frequencies did not deviate from Hardy-Weinberg equilibrium.  After pheno-
types were adjusted for age, height, and weight, a significant association was found between VDR Apa I genotype
and BMC variation at L1-4 and Ward’s triangle (P<0.05), but not in BMD or BAS at lumbar spine and proximal femur.
ER-α Pvu II, Xba I genotype was not related to BMC, BMD, and BAS at all sites.  CONCLUSION: The study
suggested that Apa I polymorphism in VDR gene may influence on attainment and maintenance of peak bone mass
in premenopausal Chinese women.

INTRODUCTION

Osteoporosis is characterized by low bone min-
eral density (BMD) and microarchitectural deteriora-
tion of bone tissue leading to increased bone fragility
and susceptibility to fracture.  The risk of osteoporotic
fracture in later life is determined by the peak bone mass
(PBM) achieved in early adulthood as well as the rate of

bone loss with aging.  PBM is a quantitative trait deter-
mined by interaction of genetic and environmental
factors.  Previous studies have shown that genetic fac-
tors make a strong contribution to PBM variation[1,2],
the heritability of PBM at spine and hip is 0.70 and 0.80,
respectively[1].

Up to now, about sixty candidate genes polymor-
phism were investigated, among which the most stud-
ies were related to vitamin D receptor (VDR) gene and
estrogen receptor-α (ER-α) gene.  Vitamin D, by inter-
acting with its receptor, plays an important role in cal-
cium homeostasis by regulating bone cell growth and
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differentiation, intestinal calcium absorption.  Estrogen
as the key regulator of skeletal growth and maturation
is required for the attainment of PBM, its deficiency is
the major cause of age-related bone loss in women.
Generous studies have been performed to test the VDR
and ER-α gene polymorphism underlying BMD varia-
tion[3,4].  While BMD is determined by bone mass and
bone size, bone size is an independent determinant of
bone strength, deficit in bone size may partly account
for the increased bone fragility[5,6].  However, few stud-
ies were performed to identify the relationship of can-
didate gene polymorphism underlying peak bone mass
and bone size variation.  This study investigated the
association about Apa I polymorphism within VDR gene
and Pvu II, Xba I polymorphisms within ER-α with
peak bone mineral content and bone size in 493 pre-
menopausal Chinese women.

MATERIALS  AND  METHODS

Subjects  From 1997 to 2002, total 493 aged 20-
40 unrelated female volunteers of Han nationality lived
in Shanghai more than ten years were recruited.  After
a health examination for each subject, we collected the
information including age, sex, medical history, family
history, marital status, menses history, obstetrical
history, physical activity, alcohol use, diet habits, smok-
ing history, etc.  We excluded peri- or postmenopausal
women and those subjects who took any medicine which
will influence bone mass and turnover.

Measurement  The BMD (g/cm2), bone mineral
content (BMC, g), and bone area size (BAS, cm2) at the
lumber spine 1-4 (L1-4) and proximal femur (femoral
neck, trochanter and Ward’s triangle ) were measured
by dual-energy X-ray aborptionmetry (DEXA, Hologic
QDR-2000, Hologic Corporation, Waltham, MA) in each
subject.  The machine is calibrated daily, and the coef-
ficient of variability values at L1-4, femoral neck,
trochanter, and Ward’s triangle are 0.97 %, 1.93 %, 1.48 %,
and 3.85 %, respectively.

Genotyping  Genomic DNA was isolated using
the phenol-chloroform extraction method.  A 740 bp
fragment containing the Apa I polymorphism in the 3'-
end region of the VDR gene was amplified by poly-
merase chain reaction (PCR) using the upstream primer:
5'-CAGAGCATGGACAGGGAGCAA-3' and the down-
stream primer: 5'-GCAACTCCTCATGGCTGAG-
GTCTC-3'.  PCR was amplified as Morrison et al de-
scribed[7].  The Apa I genotypes were identified by elec-
trophoresis of the DNA samples in 1.5 % agarose gels.

The Apa I genotype was named as follows: AA (absence
of the restriction site); aa (presence of the restriction
site); Aa (heterozygous for the restriction site).

The ER-α gene polymorphism identification was
conducted based on the method of Kobayashi et al[8].
Products of 1.3 kb long were obtained with a pair of
forward primer: 5'-CTGCCACCCTATCTGTATCTT-
TTCCTATTCTCC-3', and reverse primer: 5'-TCTT-
TCTCTGCCACCCTGGCGTCGATTATCTGA-3'.  PCR
products were digested with restriction endonuclease
(Xba I, Pvu II).  The ER-α genotype was identified by
electrophoresis of the DNA samples in 2.0 % agarose
gels.  XX or PP (absence of the restriction site Xba I or
Pvu II, respectively); xx or pp (presence of the restric-
tion site); Xx or Pp (heterozygous for the restriction
site).

Statistical analysis  Statistical analyses were per-
formed with the SPSS 8.0 software package.  In order
to test the population homogeneity of the study subjects,
the allele frequencies of Apa I, Pvu II, and Xba I were
tested against Hardy-Weinberg equilibrium by the χ2 test.
After the raw BMD, BMC and BAS values were ad-
justed for age, weight, and height as covariates, the
association between VDR Apa I genotype and ER-α
Pvu II, Xba I genotype and BMD, BMC and BAS were
tested using analysis of covariance (ANOVA).  Differ-
ences were considered to be significant if P<0.05.

RESULTS

Allele and genotype frequencies  The VDR Apa
I genotype and ER Pvu II, Xba I genotype were deter-
mined by the PCR-RFLP (Fig 1-3). The distribution of
alleles and genotypes frequencies for Apa I, Pvu II,
and Xba I in this population are shown in Tab 1.  All
allele frequencies did not deviate from Hardy-Weinberg
equilibrium.

Association between genotypes and BMD, BMC
and BAS  Neither Apa I polymorphism within VDR
gene, nor Pvu II , Xba I polymorphism within ER gene
was related to BMD and BAS variation at all sites.  As to
BMC, a significant association was found between Apa I
genotype and L1-4 and Ward’s BMC variation (P<0.05).
The subjects with AA genotype had lower trend in BMC
at all sites as compared with those with Aa and aa
genotypes, although it was significant at the L1-4 and
Ward’s triangle only.  No significant association was
detected between the Pvu II or Xba I genotype and
BMC variation at lumbar spine and any site of proximal
femur (Tab 2-4).
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DISCUSSION

In the study, we found that Chinese have higher
frequencies of “a”, “p”, and “x” allele (73.7 %, 62.5 %,
and 75.4 %, respectively), similar to Korean and sig-
nificant difference compared with Caucasians[3,9-11].  The
difference of genotype frequencies may contributed to
various ethnics.

In 493 premenopausal Shanghai women, no sig-
nificant association was found in BMD variation with
Apa I, Pvu II, and Xba I genotypes at all sites.  Our
results about Pvu II and Xba I genotypes underlying
BMD variation were supported by recent findings in
104 premenopausal Korean women[9].  However, a sig-
nificant association was found between Pvu II geno-
type and femoral neck BMD variation in 216 premeno-
pausal British women, but not in Xba I genotype[12].
Willing et al [10] reported a marked relationship between
Pvu II and Xba I polymorphisms and lumbar spine BMD
in 253 premenopausal Caucasians women, and pp and
xx genotypes showed lower BMD than other genotypes.
So these contradictory findings suggested that genetic
and environment may influence the attainment and main-
tenance of peak bone mass in different population.

Our study did not observe a significant relation-
ship between BMD and Apa I polymorphism.  These
findings are in agreement with the recent studies in pre-
menopausal Caucasian, Israeli Jewish, and Southern
Chinese women[11,13,14].  In contrast, the reports from
Australia, USA supported a relationship between the AA
genotype and low BMD in postmenopausal women [7,15].
However, none of these previous studies had investi-
gated the association between VDR, ER-α genotypes,
BMC, or bone size in women.

 In fact, BMD is determined by two factors, BMC

Tab 1.  Frequencies distribution of genotypes and alleles for ER-ααααα and VDR in 493 Shanghai women.

       Gene                                            Genotype                                                                       Allele

ER (Pvu II)     PP      Pp       pp        P       p
64 (0.130) 242 (0.491) 187 (0.379) 370 (0.375) 616 (0.625)

ER (Xba I)     XX      Xx       xx        X       x
21 (0.042) 200 (0.406) 272 (0.552) 242 (0.245) 744 (0.754)

VDR (Apa I)     AA       Aa       aa        A        a
28 (0.06) 203 (0.41) 262 (0.53)  259 (0.26) 727  (0.74)

The number in parentheses is the frequency

Fig 1.  VDR Apa I genotype was determined by PCR-RFLP.
M: marker; Lane 1: AA genotype; Lane 2, 4: Aa genotype;
Lane 3, 5, 6: aa genotype.

Fig 2.  ER-ααααα Pvu II genotype was determined by PCR-RFLP.
M: marker; Lane 2: PP genotype; Lane 1, 3, 6: Pp genotype;
Lane 4, 5: pp gennotype.

Fig 3.  ER-ααααα Xab I genotype was determined by PCR-RFLP.
M: marker; Lane 1: XX genotype; Lane 5: Xx genotype;
Lane 2, 3, 4, 6: xx gennotype.
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and BAS.  An increase in bone size would protect against
fracture[16,17], whereas a deficit increase in BMC led to
low PBM and increased the risk of osteoporosis in the

later life.  Our results showed a significant association
between the Apa I genotype and BMC at lumbar spine
and Ward’s triangle.  Spine or Ward’s triangle is com-

Tab 3.  Clinical features of the 493 women in relation to Pvu II genotype.  Age, height and weight were expressed as
Mean±SD.  BMD, BMC and BAS were expressed as Mean±SEM adjusted for age, height and weight.  The differences of BMD,
BMC, and BAS in genotypes were analyzed by ANCOVA, the differences of age, height and weight were analyzed by ANOVA.

                                                                AA                              Aa                              aa                            P value
             n                                                64                             242                             187

 Age/a      31±5      31±5      31±5 0.770
Height/cm    159±6    160±5    160±5 0.425
Weight/kg      55±8      55±8      55±8 0.937
L1-4 BMD 0.966±0.012 0.963±0.006 0.963±0.007 0.975
L1-4 BMC   55.8±0.9 55.76±0.48 55.53±0.55 0.947
L1-4 BAS   57.5±0.5 57.71±0.24 57.41±0.27 0.705
Neck BMD   0.78±0.12 0.782±0.006 0.777±0.007 0.826
Neck BMC     3.7±0.06 3.708±0.028 3.666±0.032 0.569
Neck BAS     4.7±0.04 4.748±0.020 4.727±0.023 0.800
Troch BMD 0.639±0.010 0.635±0.005 0.635±0.006 0.913
Troch BMC 6.069±0.135   6.16±0.07 6.095±0.078 0.723
Troch BAS 9.442±0.131   9.69±0.07 9.593±0.076 0.209
Ward’s BMD 0.720±0.015 0.714±0.008 0.707±0.009 0.733
Ward’s BMC 0.876±0.020 0.870±0.010 0.858±0.012 0.628
Ward’s BAS 1.126±0.009 1.218±0.005 1.211±0.005 0.636

Tab 2.  Clinical features of the 493 women in relation to Apa I genotype.  Age, height and weight were expressed as Mean±SD.
BMD, BMC and BAS were expressed as Mean±SEM adjusted for age, height and weight.  The differences of BMD, BMC and
BAS in genotypes were analyzed by ANCOVA, the differences of age, height and weight were analyzed by ANOVA.  bP<0.05,
AA genotype vs Aa or aa genotype at L1-4 BMC.  e P<0.05, AA genotype vs Aa or aa genotype at Ward’s BMC.

                                                                AA                              Aa                              aa                            P value
             n                                                28                             203                             262

Age/a      31±5      31±6      31±5 0.775
Height/cm    160±4    160±5    160±5 0.938
Weight/kg      55±7      55±8      55±8 0.808
L1-4 BMD 0.924±0.018 0.966±0.007 0.965±0.006 0.072
L1-4 BMC   52.2±1.4   56.1±0.5b   55.6±0.5b 0.033
L1-4 BAS   56.2±0.7 57.86±0.26 57.46±0.23 0.083
Neck BMD 0.746±0.018 0.786±0.007 0.780±0.006 0.109
Neck BMC   3.57±0.08 3.726±0.031   6.80±0.027 0.173
Neck BAS   4.81±0.06 4.751±0.022 4.720±0.019 0.294
Troch BMD 0.607±0.015 0.639±0.006 0.636±0.005 0.141
Troch BMC   5.87±0.20   6.14±0.08   6.15±0.07 0.413
Troch BAS   9.70±0.20   9.58±0.07   9.64±0.06 0.746
Ward’s BMD 0.666±0.023 0.721±0.008 0.711±0.007 0.072
Ward’s BMC   0.80±0.03 0.881±0.011e 0.864±0.010e 0.035
Ward’s BAS 1.197±0.014 1.221±0.005 1.214±0.005 0.234
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prised predominantly with trabecular bone, and femo-
ral neck and trochanter comprised predominantly cor-
tical bone.  However, no significant relationship was
found in BMC with three tested genotypes at femoral
neck and trochanter in our study.  Indeed, the surface
ratio of cancellous bone is eight- or to ten- fold greater
than that of cortical bone, since the turnover of bone is
a surface-based event, this activity is greater on can-
cellous than on cortical surfaces.  Puberty is terminated
by epiphyseal plate closure, when volumetric BMC has
reached about 90 %−95 % of PBM.  The mineralization
process brings the skeleton to its maximal values by
continued periosteal apposition and possibly by trabe-
cular thickening.  Vitamin D is required for normal bone
mineralization.  It affected the absorption of calcium
from the gut and controlled calcium and phosphate
homeostasis.  Although Apa I marker loci located in
intron VIII of the VDR gene and represented silent
mutation that do not alter the protein sequence of the
VDR[18], we supposed that Apa I polymorphism was in
linkage disequilibrium with other functional sequence
variation.  Therefore, the Apa I genotype may exert an
influence on attainment and maintenance of PBM, es-
pecially for cancallous bone.  We did not found that
ER-α Pvu II, Xba I genotypes influenced on BMC at
trabecular bone or cortical bone in premenopausal Chi-

nese women, although some evidence suggested that
estrogen increased osteoblast formation, differentiation,
and proliferation.

However, BMD or BMC is not the only determi-
nant of skeletal fragility, polymorphism of gene may
influence other factors such as bone size to increase
fracture risk[19].  The bone size and geometry also de-
termine its mechanical strength, which is independent
of BMD and can predict the risk of fracture[20].  About
60 %−80 % of the variation in measures of proximal
femur geometry (such as femoral neck area size and
hip axis length) in population may be caused by genetic [21].
Our data did not support that VDR Apa I genotype or
ER-α Pvu II, Xba I genotypes potentially influenced
bone size.  The results indicated that Apa I genotype
may contribute to the genetic regulation of BMC at lum-
bar spine and Ward’s triangle, but not BMD and BAS.
These observations are consistent with the hypothesis
that the bone size and BMC may be controlled by dif-
ferent genes[22].

There is a statistics limitation in present study,
because we used population association approach to
test the association between the gene polymorphism and
phenotypes.  Association approach is also most em-
ployed to disentangle genetic bases underlying complex
trait (such as BMD).  But the association study approach

Tab 4.  Clinical features of the 493 women in relation to Xba I genotype.  Age, height and weight were expressed as Mean±SD.
BMD, BMC and BAS were expressed as Mean±SEM adjusted for age, height and weight.  The differences of BMD, BMC, and
BAS among genotypes were analyzed by ANCOVA, the differences of age, height and weight were analyzed by ANOVA.

                                                                XX                             Xx                              xx                            P value
             n                                               21                             200                             272

 Age/a      33±6      31±5      31±5 0.403
Height/cm    159±4    160±5    160±5 0.624
Weight/kg      54±5      54±8      55±8 0.299
L1-4 BMD 0.960±0.021 0.968±0.007 0.961±0.006 0.735
L1-4 BMC   55.5±1.6 56.07±0.53   55.4±0.5 0.623
L1-4 BAS   57.8±0.8 57.72±0.26   57.5±0.23 0.712
Neck BMD 0.777±0.021 0.789±0.001 0.775±0.006 0.287
Neck BMC   3.64±0.10 3.715±0.031 3.680±0.027 0.594
Neck BAS     4.7±0.07 4.716±0.022 4.759±0.019 0.287
Troch BMD 0.650±0.018 0.638±0.006 0.632±0.005 0.492
Troch BMC   6.11±0.24   6.16±0.08   6.10±0.06 0.849
Troch BAS   9.39±0.23   9.62±0.07   9.64±0.06 0.576
Ward’s BMD 0.714±0.027 0.717±0.009 0.708±0.007 0.758
Ward’s BMC   0.87±0.04 0.873±0.012 0.861±0.010 0.721
Ward’s BAS 1.214±0.017 1.217±0.005 1.214±0.005 0.930
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may yield false positive/negative results between a com-
plex trait and candidate gene polymorphism, when there
is a population admixture[23,24].  It is a valuable approach
but limited in the results from this approach alone[25].
While the transmission disequilibrium test (TDT) is a
powerful family-based test and robust to population
admixture and/or stratification[26].  The TDT has been
widely employed in practice, with great success in re-
solving controversies regarding the results obtained from
association and traditional linkage studies of candidate
genes with quantitative trait locus (QTL)[27].  Nuclear
families are being recruited in our study group, we will
employ the TDT approach to test whether the VDR and
ER-α genes as a putative QTL underlying the variation
of peak bone mass in Chinese women.

In conclusion, Apa I polymorphism within VDR
gene have a significant association with peak BMC in
premenopausal Chinese women, but no relation to bone
size and BMD.  No significant association was found
between ER-α gene Pvu II, Xba I polymorphisms and
BMD, BMC, and BSA variation.  The study suggests
that Apa I polymorphism may influence attainment and
maintenance of peak bone mass in premenopausal Chi-
nese women.

REFERENCES

1 Pocock NA, Eisman JA, Hopper JL, Yeates MG, Sambrook
PN, Ebert S.  Genetic determinants of bone mass in adults.  A
twin study.  J Clin Invest 1991; 80: 706-10.

2 Tylavsky FA, Bortz AD, Hancock RL, Anderson JJB.  Fami-
lies resemblance of radial bone mass between premenopausal
mothers and their college-age daughters.  Calcif Tissue Int
1989; 45: 265-72.

3 Cooper GS, Umbach DM.   Are vitamin D receptor polymor-
phisms associated with bone mineral density?  A meta-
analysis.  J Bone Miner Res 1996; 11: 1841-9.

4 Ioannidis JP, Stavrou I, Trikalinos TA, Zois C, Brandi ML,
Gennari L, et al.  Association of polymorphisms of the estro-
gen receptor α gene with bone mineral density and fracture
risk in women: a meta-analysis.  J Bone Miner Res 2002; 17:
2048-60.

5 Gilsanz V, Loro ML, Roe TF, Sayre J Gilsanz R, Schulz EE.
Vertebral size in elderly women with osteoporosis.  J Clin
Invest 1995; 95: 2332-7.

6 Vega E, Ghiringhelli G, Mautalen C, Valzacchi GR.  Scaglia
H, Zylberstein C.  Bone mineral density and bone size in men
with primary osteoporosis and vertebral fracture.  Calcif Tis-
sue Int 1998; 62: 465-9.

7 Morrison NA, Qi JC, Tokita A, Kelly PJ, Crofts L, Nguyen
TV, et al.  Prediction of bone density from vitamin D recep-
tor alleles.  Nature 1994; 367: 284-7.

8 Kobayashi S, Inoue S, Hosoi T, Ouchi Y, Shiraki M, Orimo

H.  Association of bone mineral density with polymorphism
of he estrogen receptor gene.  J Bone Miner Res 1996; 3: 306-11.

9 Han K, Choi J, Moon I, Yoon H, Han I, Min H, et al.  Non-
association of estrogen receptor genotypes with bone min-
eral density and bone turnover in Korean Pre-, Peri-, and
postmenopausal women.  Osteoporosis Int 1999; 9: 290-5.

10 Willing M, Sowers M, Aron D, Clark MK, Burns T, Bunten
C, et al.  Bone mineral density and its change in white women:
estrogen and vitamin D receptor genotypes and their
interaction.  J Bone Miner Res 1998; 13: 695-705.

11 Alahari KD, Lobaugh B, Econs MJ.  Vitamin D receptor
alleles do not correlate with bone mineral density in pre-
menopausal Caucasian women from the southeastern United
States.  Metabolism 1997; 46: 224-6.

12 Mcguigan FE, Murray L, Gallagher A, Davey-Smith D, Neville
CE, Van’t Hof R, et al.  Genetic and environmental determi-
nants of peak bone mass in young men and women.  J Bone
Miner Res 2002; 17: 1273-9.

13 Eckstein M, Vered I, Ish-Shalom S, Shlomo AB, Shtriker A,
Koren-Morag N, et al.  Vitamin D and calcium-sensing recep-
tor genotypes in men and premenopausal women with low
bone mineral density.  Isr Med Assoc J 2002; 4: 340-4.

14. Kung AW, Yeung SS, Lau KS.  Vitamin D receptor gene poly-
morphisms and peak bone mass in southern Chinese women.
Bone 1998; 22: 389-93.

15 Deng HW, Shen H, Xu FH, Deng HY, Conway T, Zhang HT,
et al.  Tests of linkage and/or association of genes for vitamin
D receptor, osteocalcin, and parathyroid hormone with bone
mineral density.  J Bone Miner Res 2002; 17: 678-86.

16 Uitterlinden AG, Weel AE, Burger H, Fang Y, Van Duijn CM,
Hofman A, et al.  Interaction between the vitamin D receptor
gene and collagen type I α gene in susceptibility for fracture.
J Bone Miner Res 2001; 16: 379-85.

17 Gilsanz V, Loro ML, Roe TF, Sayre J ,Gilsanz R, Schulz EE.
Vertebral size in elderly women with osteoporosis.  J Clin
Invest 1995; 95: 2332-7.

18 Audi L, Garcia-Ramirez M, Carrascosa A.  Genetic determi-
nants of bone mass.  Horm Res 1999; 51: 105-23.

19 Fox KM, Cummings SR, Powell-Threets K, Stone K.  Fam-
ily history and risk of osteoporosis facture.  Osteoporosis
Int 1998; 8: 557-62.

20 Peacock M, Turner CH, Liu G, Manatunga AK, Timmerman
L, Johnston CC.  Better discrimination of hip fracture using
bone density, geometry and architecture.  Osteoporosis Int
1995; 5: 167-73.

21 Arden NK, Baker J, Hogg C, Baan K, Spector TD.  The
heritability of bone mineral density, ultrasound of the calca-
neus and hip axis length: a study of postmenopausal twins.  J
Bone Miner Res 1996; 11: 530-4.

22 MacGregor AJ, Snieder H, Keen RW, Spector TD.  Do differ-
ent genes determine bone size and bone mineral content?  Br
J Rheum 1998; 37 (Suppl): 139.

23 Lander ES, Schork NJ.  Genetic dissection of complex traits.
Science 1994; 265: 2037-48.

24 Deng HW.  Population admixture may appear to mask, change
or reverse genetic effects of genes underlying complex com-
plex traits.  Genetics 2001; 159: 1319-23.



Qin YJ  et al / Acta Pharmacol Sin  2004 Apr; 25 (4): 462-468· 468 ·

25 Risch N, Teng J.  The relative power of family-based and
case-control designs for linkage disequilibrium studies of com-
plex human diseases.  I.  DNA polling.  Genome Res 1998; 8:
1273-88.

26 Spielman RS, McGinnis RE, Ewens WJ.  Transmission test

for linkage disequilibrium: the insulin gene region and insulin-
dependent diabetes mellitus (IDDM).  Am J Hum Genet
1993; 52: 506-16.

27 Schaid DJ.  Transmission disequilibrium, family control, and
great expectations.  Am J Hum Genet 1998; 63: 935-41.


