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Comorbidity of
5,10-methylenetetrahydrofolate
reductase and methionine synthase
gene polymorphisms and risk for
neural tube defects

EDITOR—Neural tube defects (NTDs) are among the most
common and devastating birth defects. NTDs result from
an incomplete closure of the neural tube, and include mal-
formations of the skull, brain, meninges, spinal cord, and
vertebral column. Recent evidence suggests that closure of
the neural tube occurs in five separate sites which then fuse
during the fourth week of gestation; NTDs occur when one
site fails to close or two sites fail to fuse.1

During the last decade, periconceptional folic acid sup-
plementation has been shown to reduce the risk of occur-
rence2 and recurrence3 of NTDs. Women with an NTD
aVected pregnancy do not usually have overt signs of folate
deficiency, although decreased erythrocyte folate concen-
tration, the index known to reflect whole body folate stores,
has been reported.4 5 In addition, it has been reported that
women with NTD pregnancies have raised homocysteine
concentrations in plasma and amniotic fluid,6 7 suggesting
that folate metabolism may be altered in these women.

5,10-methylenetetrahydrofolate reductase (MTHFR) ca-
talyses the reaction from 5,10-methylenetetrahydrofolate to
5-methyltetrahydrofolate, which serves as methyl donor for
the remethylation of homocysteine to methionine.8 A substi-
tution (C to T) at the highly conserved nucleotide 677 of the
MTHFR gene has been described, which results in the con-
version of an alanine (Ala) to a valine (Val) residue and
increased in vitro thermolability of the enzyme.9 In vivo, the
thermolabile MTHFR mutant is known to result in raised
plasma homocysteine concentrations when folate nutriture
is inadequate.10 The frequency of homozygosity for this
mutation is approximately 9% for various populations, but is
higher in French Canadian, Italian, and Hispanic popula-
tions, and lower in African-American populations.9 11–13

The C677T mutation has been reported to be a genetic
risk factor for NTDs.11 14–17 However, the significance of this
mutation as an NTD risk factor in diVerent populations has
recently been questioned. Speer et al20 found no evidence of
MTHFR C677T polymorphism as a risk factor for
lumbosacral spina bifida in American white patients.
Weitkamp et al21 also reported that the C677T polymor-
phism in MTHFR was not associated with NTD risk in a
population of mixed ethnic origins. Papapetrou et al18 found
no evidence for an association between the 677T allele and
the incidence of NTDs in a British population. Similarly, in
French, German, and American populations, the distribu-
tion of the C677T mutation was the same in fetuses with
NTDs and controls.12 19 22 Ubbink et al23 reported that
homozygosity for the C677T mutation does not constitute a
genetic risk factor for NTDs in rural South African blacks.
The low frequency of MTHFR C677T polymorphism in
African-Americans,13 coupled with the lower incidence of
NTDs in blacks,24 suggests that analysis of the association
between MTHFR polymorphisms and NTD risk in a large
cohort of African-Americans would provide new infor-
mation relative to the importance of this association in this
population group. These investigations suggest that the fre-
quency of this mutation and its associated risk for NTD may
be population dependent or dependent on folate nutriture. It
is possible that the MTHFR mutation predisposes the fetus

to the development of NTDs, but they only occur if the
maternal and/or fetal folate status are suboptimal; hence,
periconceptional folic acid supplementation may overcome
this genetic defect. Therefore, a careful evaluation of the
eVect of polymorphism in association with folate nutriture is
warranted.

We recently reported that C677T MTHFR polymor-
phisms and raised homocysteine levels in amniotic fluid
appeared to be disproportionately associated with NTDs
spanning the cervical-lumbar spine, lumbosacral spine,
and occipital encephalocele.25 26 These results suggest that
periconceptional folic acid supplementation may prevent
defects at these sites, but not at other sites of neural tube
closure.

The gene for human methionine synthase (MS), which
catalyses the reaction to form methionine from homo-
cysteine, has recently been cloned, and a common
polymorphism has also been identified.27–29 The polymor-
phism is an A to G substitution at base pair (bp) 2756,
converting an aspartic acid (Asp) residue into a glycine
(Gly). Although MS plays an important role in homo-
cysteine metabolism, this polymorphism has not been
reported to be a risk factor for NTD formation,30–33 and, to
our knowledge, comorbidity of MTHFR and MS polymor-
phisms for NTDs has never been evaluated. Potential
comorbidity of these enzymes may be of significance
because MS and MTHFR are both key enzymes in homo-
cysteine metabolism, and altered homocysteine metabo-
lism has been implicated in the development of NTDs.6 7

We determined MTHFR and MS genotypes using DNA
isolated from amniotic fluid cells of fetuses with NTDs and
of those without any apparent malformations, and
evaluated potential associations between polymorphisms in
these two genes as a risk factor for the development of
NTDs. The study was approved by the Institutional
Review Board of the University of Alabama at Birming-
ham. The computerised genetics database at the University
of Alabama Prenatal Genetics Clinic was used to identify
cases in which NTDs were diagnosed by ultrasound and
amniocentesis, and confirmed by neonatal examination or
necropsy, between 1988 and 1997. Excess stored second
trimester amniotic fluid samples from 82 women with
fetuses with confirmed NTDs (cases) and from 84 women
with normal pregnancies (controls) were analysed. For
each case selected, we identified control samples obtained
from women who had undergone amniocentesis at the
same clinic but had a fetus confirmed to be normal by
ultrasound, karyotype, and newborn examination. Each
acceptable control was randomly assigned a computer
generated priority number (SASS RANUI function) and
sorted accordingly. Samples were then retrieved from stor-
age according to their priority number; the first adequate
sample located was selected as a control. Cases and
controls were matched for race, maternal age, and month
and year of amniocentesis. The case and control groups
each had a composition of 83% white, 16% African-
American, and 1% other. The mean (SD) maternal ages of
cases and controls were not significantly diVerent (26.3
(SD 5.3) and 28.1 (SD 4.9) years, respectively).

The amniotic fluid samples were collected aseptically
under ultrasound guidance by an experienced operator, and
were stored at −70°C until analysis. A 200 µl aliquot of
amniotic fluid was centrifuged for five minutes at 13 000 × g.
After removing 150 µl of supernatant, the remaining pellet
(50 µl) was suspended in 300 µl Cell Lysis Solution and
DNA was isolated (Puregene DNA Isolation Kit, Gentra
Systems, Minneapolis, MN). Isolated DNA was resus-
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pended in 25 µl Tris-EDTA buVer and stored at −20°C until
analysis. The C677T mutation in the MTHFR gene was
determined by polymerase chain reaction (PCR) amplifica-
tion of DNA using an exonic and intronic primer pair that
generates a 198 bp fragment.9 Thirty eight cycles of PCR
were performed for one minute at 94°C, one minute at
60°C, and two minutes at 72°C, followed by a 10 minute
elongation at 72°C at the end of the cycles. The A2756G
polymorphism in the MS gene was determined by PCR
amplification using a primer pair that generates a 189 bp
fragment.28 Thirty eight cycles of PCR were performed for
45 seconds at 95°C, 35 seconds at 55°C, and 75 seconds at
72°C. An aliquot of the PCR product was digested overnight
with HinfI restriction endonuclease (for detecting MTHFR)9

or with HaeIII (for detecting MS).28 The reaction products
were subjected to electrophoresis using a 1.8% agarose gel.
The homozygous normal MTHFR and MS alleles are not
digested by their respective restriction endonucleases,
whereas the polymorphisms create recognition sequences
which are digested. The non-mutated (Ala/Ala) MTHFR
PCR product is 198 bp long. The homozygous mutant (Val/
Val) allele is thus digested completely by the enzyme and
gives a 175 bp fragment and a 23 bp fragment. The latter
runs oV the gel and is not visible after electrophoresis. The
heterozygous genotype (Ala/Val) yields both the 198 and 175
bp fragments upon HinfI digestion. Similarly, the non-
mutated (Asp/Asp), homozygous mutant (Gly/Gly), and
heterozygous (Asp/Gly) genotypes of MS yield 189, 159, and
189 plus 159 bp bands, respectively.

As shown in table 1, we found that the C677T Ala/Val or
Val/Val MTHFR genotype was more prevalent in NTD
cases than in controls. When Ala/Val and Val/Val genotypes
were combined, 48% of NTD cases had both alleles, com-
pared with 17% of controls. There was a 4.0-fold increased
risk for NTDs in fetuses having the Ala/Val genotype (95%
confidence interval 1.8-8.8), and the risk increased to 6.6-
fold in fetuses with the Val/Val genotype (95% confidence
interval 1.3-24.9). The fetal MS A2756G Gly/Gly and
Asp/Gly genotypes were not associated with risk of NTD
(table 1). Furthermore, we also found no association
between combined MTHFR and MS polymorphisms and
risk of NTDs (table 2).

Our findings using amniotic fluid cells indicate that
fetuses homozygous or heterozygous for the C to T substi-
tution in the MTHFR gene are at increased risk for NTDs.
In order to compare our results to those of others, we sum-
marised the MTHFR genotype frequencies in previously
reported NTD cases from all studies with >50 subjects
(table 3). We selected studies with NTD cases exceeding
50 subjects. Our study, reporting the MTHFR genotype of
82 NTD cases and 76 controls, is the fourth largest study
in terms of the number of NTD cases. Our results are
similar to those of previous studies which suggested that
either homozygosity or heterozygosity for the C677T
mutation in the fetal MTHFR gene is a risk factor for
NTDs. A meta-analysis of the available data indicated that
homozygosity for the C677T mutation resulted in an
approximately two-fold increase of risk for NTDs.11 In the
study reported here, we found that NTD risk was increased
in fetuses having the Val/Val and Ala/Val genotypes. When
compared to previous studies, our odds ratios for both het-
erozygous and homozygous MTHFR C677T genotype fre-
quencies in NTD cases are higher than those previously
reported. The mechanism accounting for the higher ratios
is unknown, but may relate to the ethnic or geographical
composition or the folate nutriture of our study popula-
tion. Folate nutriture is mentioned here because previous
studies have shown that folic acid supplementation
decreases the incidence of NTDs.2 3

Our finding of no association between the A2756G (Gly/
Gly) polymorphism in the MS gene and the occurrence of
the NTD phenotype is similar to that of van der Put et al,30

who reported that there is no increased prevalence of the
Asp/Gly or Gly/Gly genotypes in fetuses with NTDs or their
mothers. They found that the prevalence in controls of the
Asp/Asp, Asp/Gly, and Gly/Gly genotypes was 71%, 26%,
and 3%, respectively, which is similar to our values of 84%,
14%, and 3% in controls presented here. Shaw et al31 and
Morrison et al32 also reported that overall percentages of
Asp/Gly and Gly/Gly were not increased in infants with
NTDs. Christensen et al33 presented data suggesting that the
homozygous mutant genotype for the A2756G polymor-
phism in methionine synthase was associated with a reduced
risk for NTD in children. Given the importance of MS in
homocysteine metabolism, it is tempting to speculate that
during the course of evolution, some mutations of MS were
so deleterious that they were lethal to the fetus and were thus
not propagated.

To our knowledge, this is the first reported study of inter-
actions between frequently occurring polymorphisms of two
genes involved in folate metabolism. We did not find strong
associations between MTHFR and MS polymorphisms and
the risk of NTDs. van der Put et al34 recently hypothesised
that combined heterozygosity for two common MTHFR
mutations may be an additional risk factor for NTDs. The
significance, if any, of the weak MS/MTHFR associations
that we observed in this study requires further evaluation,
and possible confounding factors resulting from genetic
associations involved in folate metabolism as well as folate
nutriture may warrant further investigation.

Table 1 Odds ratios and 95% confidence intervals of
5,10-methylenetetrahydrofolate reductase (MTHFR) and methionine
synthase (MS) genotypes in fetuses with NTDs (cases) and controls

Genotype NTDs (cases) Controls
Odds
ratio

95%
confidence
interval

MTHFR
Ala/Ala 43/82 (52%) 63/76 (83%) 1.0
Ala/Val 30/82 (37%) 11/76 (14%) 4.0 1.8–8.8
Val/Val 9/82 (11%) 2/76 (3%) 6.6 1.3–24.9

MS
Asp/Asp 59/77 (77%) 70/84 (83%) 1.0
Asp/Gly 18/77 (23%) 13/84 (14%) 1.6 0.7–3.6
Gly/Gly 0/77 (0%) 1/84 (1%) — —

Table 2 Odds ratios and 95% confidence intervals of
5,10-methylenetetrahydrofolate reductase (MTHFR) and methione
synthase (MS) genotypes in fetuses with NTDs (cases) and controls

MTHFR
genotype MS genotype

NTDs
(cases) Controls

Odds
ratio

95%
confidence
interval

Ala/Ala Asp/Asp 32 53 1.0
Asp/Gly 8 9 1.5 0.5–4.2
Gly/Gly 0 1 — —

Ala/Val Asp/Asp 22 10 1.0
Asp/Gly 7 1 3.2 0.3–29.4
Gly/Gly 0 0 — —

Val/Val Asp/Asp 5 1 1.0
Asp/Gly 3 1
Gly/Gly 0 0 — —

Table 3 Heterozygous and homozygous MTHFR C677T genotype
frequencies in published NTD cases

No of
NTD
cases

No
heterozygous
(%)

No
homozygous
(%)

Homozygous
odds ratio

95%
confidence
interval Reference

214 100 (47) 41 (19) Not reported — 12
153 Not reported 29 (19) 2.6 1.4–4.8 16
137 60 (44) 19 (14) Not reported — 19
82 32 (39) 15 (18) 3.5 1.3–9.4 14
56 26 (46) 11 (20) 2.2 0.8–6.0 26
55 26 (47) 7 (13) 2.9 1.0–7.9 15
82 30 (37) 9 (11) 6.6 1.3–24.9 Our study

950 Letters

www.jmedgenet.com

http://jmg.bmj.com


In conclusion, our data support previous studies
suggesting that the C677T mutation in MTHFR is associ-
ated with increased risk for NTDs. Although a common
polymorphism in the MS gene was not a strong risk factor
for NTDs, associations between MTHFR and MS
polymorphisms slightly increased the risk. Further research
is warranted to evaluate comorbidity of MTHFR and MS
polymorphisms in a large population.

This work was supported in part by the National Institutes of Health, grant
number HD 32901, the Agency for Health Care Policy, grant number 282-92-
0055, and the School of Health Related Professions, University of Alabama at
Birmingham.

GARY L JOHANNING*
T TAMURA*

KELLEY E JOHNSTON*
KATHARINE D WENSTROM†

*Department of Nutrition Sciences, 340 Webb Building, The University of
Alabama at Birmingham, Birmingham, Alabama 35294-3360, USA
†The Center for Obstetric Research, Department of Obstetrics and
Gynecology, The University of Alabama at Birmingham, Birmingham,
Alabama, USA

Correspondence to: Dr Johanning, garyj@uab.edu

1 Van Allen MI, Kalousek DK, ChernoV GF, JuriloV D, Harris M,
McGillivray BC, Young SL, Langlois S, MacLeod PM, Chitayat D, Fried-
man JM, Wilson RD, McFadden D, Pantzar J, Ritchie S, Hall JG. Evidence
for multi-site closure of the neural tube in humans. Am J Med Genet
1993;47:723-43.

2 Czeizel AE, Dudàs I. Prevention of the first occurrence of neural-tube
defects by periconceptional vitamin supplementation. N Engl J Med 1992;
327:1832-5.

3 MRC Vitamin Study Research Group. Prevention of neural tube defects:
results of the Medical Research Council Vitamin Study. Lancet 1991;338:
131-7.

4 Kirke PN, Molloy AM, Daly LE, Burke H, Weir DG, Scott JM. Maternal
plasma folate and vitamin B12 are independent risk factors for neural tube
defects. Q J Med 1993;86:703-8.

5 van der Put NMJ, Thomas CMG, Eskes TKAB, Trijbels FJM,
Steegers-Theunissen RPM, Mariman ECM, De Graaf-Hess A, Smeitink
JAM, Blom HJ. Altered folate and vitamin B12 metabolism in families with
spina bifida oVspring. Q J Med 1997;90:505-10.

6 Mills JL, McPartlin JM, Kirke PN, Lee YJ, Conley MR, Weir DG, Scott JM.
Homocysteine metabolism in pregnancies complicated by neural-tube
defects. Lancet 1995;345:149-51.

7 Steegers-Theunissen RPM, Boers GH, Blom HJ, Nijhuis JG, Thomas CMG,
Borm GF, Eskes TK. Neural tube defects and elevated homocysteine levels in
amniotic fluid. Am J Obstet Gynecol 1995;172:1436-41.

8 Finkelstein JD. Methionine metabolism in mammals. J Nutr Biochem 1990;
1:228-37.

9 Frosst P, Blom HJ, Milos R, Goyette P, Sheppard CA, Matthews RG, Boers
GJH, den Heijer M, Kluijtmans LAJ, van den Heuvel LP, Rozen R. A can-
didate genetic risk factor for vascular disease: a common mutation in meth-
ylenetetrahydrofolate reductase. Nat Genet 1995;10:111-13.

10 Harmon DL, Woodside JV, Yarnell JWG, McMaster D, Young IS, McCrum
EE, Gey KF, Whitehead AS, Evans AE. The common ‘thermolabile’ vari-
ant of methylene tetrahydrofolate reductase is a major determinant of mild
hyperhomocysteinaemia. Q J Med 1996;89:571-7.

11 van der Put NMJ, Eskes TKAB, Blom HJ. Is the common C677→T muta-
tion in the methylenetetrahydrofolate reductase gene a risk factor for neu-
ral tube defects? A meta-analysis. Q J Med 1997;90:111-15.

12 Shaw GM, Rozen R, Finnell RH, Wasserman CR, Lammer EJ. Maternal
vitamin use, genetic variation of infant methylenetetrahydrofolate reduct-
ase, and risk for spina bifida. Am J Epidemiol 1998;148:30-7.

13 Stevenson RE, Schwartz CE, Du YZ, Adams MJ Jr. DiVerences in methyl-
enetetrahydrofolate reductase genotype frequencies, between whites and
blacks. Am J Hum Genet 1996;60:229-30.

14 Whitehead AS, Gallagher P, Mills JL, Kirke PN, Burke H, Molloy AM, Weir
DG, Shields DC, Scott JM. A genetic defect in 5,10 methylenetetrahydro-
folate reductase in neural tube defects. Q J Med 1995;88:763-6.

15 van der Put NMJ, Steegers-Theunissen RPM, Frosst P, Trijbels FJM, Eskes
TKAB, van den Heuvel LP, Mariman ECM, den Heyer M, Rozen R, Blom
HJ. Mutated methylenetetrahydrofolate reductase as a risk factor for spina
bifida. Lancet 1995;346:1070-1.

16 Kirke PN, Mills JL, Whitehead AS, Molloy A, Scott JM. Methylenetetrahydro-
folate reductase mutation and neural tube defects. Lancet 1996;348:1037-8.

17 Ou CY, Stevenson RE, Brown VK, Schwartz CE, Allen WP, Khoury MJ,
Rozen R, Oakley GP Jr, Adams MJ Jr. 5,10 methylenetetrahydrofolate
reductase genetic polymorphism as a risk factor for neural tube defects. Am
J Med Genet 1996;63:610-14.

18 Papapetrou C, Lynch SA, Burn J, Edwards YH. Methylenetetrahydrofolate
reductase and neural tube defects. Lancet 1996;348:58.

19 Koch MC, Stegmann K, Ziegler A, Schröter B, Ermert A. Evaluation of the
MTHFR C677T allele and the MTHFR gene locus in a German spina
bifida population. Eur J Pediatr 1998;157:487-92.

20 Speer MC, Worley G, Mackey JF, Melvin E, Oakes JW, George TM, the
NTD Collaborative Group. The thermolabile variant of methylenetetrahy-
drofolate reductase (MTHFR) is not a major risk factor for neural tube
defect in American Caucasians. Neurogenetics 1997;1:149-50.

21 Weitkamp LR, Tackels DC, Hunter AGW, Holmes LB, Schwartz CE. Het-
erozygote advantage of the MTHFR gene in patients with neural-tube
defect and their relatives. Lancet 1998;351:1554-5.

22 Mornet E, Muller F, Lenvoisé-Furet A, Delezoide AL, Col JY, Simon-Bouy
B, Serre JL. Screening of the C677T mutation on the methylenetetrahydro-
folate reductase gene in French patients with neural tube defects. Hum
Genet 1997;100:512-14.

23 Ubbink JB, Christianson A, Bester MJ, Van Allen MI, Venter PA, Delport R,
Blom HJ, van der Merwe A, Potgieter H, Vermaak WJH. Folate status,
homocysteine metabolism, and methylene tetrahydrofolate reductase geno-
type in rural South African blacks with a history of pregnancy complicated
by neural tube defects. Metabolism 1999;48:269-74.

24 Motulsky AG. Nutritional ecogenetics: homocysteine-related arterioscle-
rotic vascular disease, neural tube defects, and folic acid. Am J Hum Genet
1996;58:17-20.

25 Wenstrom KD, Johanning GL, Owen J, Johnston KE, Acton S, Cliver S,
Tamura T. Amniotic fluid homocysteine levels, 5,10-
methylenetetrahydrofolate reductase genotypes, and neural tube closure
sites. Am J Med Genet 2000;90:6-11.

26 Wenstrom KD, Johanning GL, Owen J, Johnston KE, Acton S, Tamura T.
Role of amniotic fluid homocysteine level and of fetal 5,10-
methylenetetrahydrofolate reductase genotype in the etiology of neural
tube defects. Am J Med Genet 2000;90:12-16.

27 Li YN, Gulati S, Baker PJ, Brody LC, Banerjee R, Kruger WD. Cloning,
mapping and RNA analysis of the human methionine synthase gene. Hum
Mol Genet 1996;5:1851-8.

28 Leclerc D, Campeau E, Goyette P, Adjalla CE, Christensen B, Ross M,
Eydoux P, Rosenblatt DS, Rozen R, Gravel RA. Human methionine
synthase: cDNA cloning and identification of mutations in patients of the
cblG complementation group of folate/cobalamin disorders. Hum Mol Genet
1996;5:1867-74.

29 Chen LH, Liu ML, Hwang HY, Chen LS, Korenberg J, Shane B. Human
methionine synthase: cDNA cloning, gene localization, and expression. J
Biol Chem 1997;272:3628-34.

30 van der Put NMJ, van der Molen EF, Kluijtmans LAJ, Heil SG, Trijbels
JMF, Eskes TKAB, van Oppenraaij-Emmerzaal D, Banerjee R, Blom HJ.
Sequence analysis of the coding region of human methionine synthase: rel-
evance to hyperhomocysteinaemia in neural-tube defects and vascular dis-
ease. Q J Med 1997;90:511-17.

31 Shaw GM, TodoroV K, Finnell RH, Lammer EJ, Leclerc D, Gravel RA,
Rozen R. Infant methionine synthase variants and risk for spina bifida. J
Med Genet 1999;36:86-7.

32 Morrison K, Edwards YH, Lynch SA, Burn J, Hol F, Mariman E. Methio-
nine synthase and neural tube defects. J Med Genet 1997;34:958.

33 Christensen B, Arbour L, Tran P, Leclerc D, Sabbaghian N, Platt R, Gilfix
BM, Rosenblatt DS, Gravel RA, Forbes P, Rozen R. Genetic polymor-
phisms in methylenetetrahydrofolate reductase and methionine synthase,
folate levels in red blood cells, and risk of neural tube defects. Am J Med
Genet 1999;84:151-7.

34 van der Put NMJ, Gabreels F, Stevens EMB, Smeitink JAM, Trijbels FJM,
Eskes TKAB, van den Heuvel LP, Blom HJ. A second common mutation in
the methylenetetrahydrofolate reductase gene: an additional risk factor for
neural-tube defects? Am J Hum Genet 1998;62:1044-51.

J Med Genet 2000;37:951–956

Expression of HCM causing
mutations: lessons learnt from
genotype-phenotype studies of the
South African founder MYH7 A797T
mutation

EDITOR—Genotype-phenotype correlations provide an-
other perspective in studies seeking to identify the factors
that underlie the clinical variability that is a feature of sev-
eral inherited diseases. This approach has been particularly

revealing in investigations into the molecular causes and
phenotypic heterogeneity associated with hypertrophic
cardiomyopathy (HCM), a common inherited primary
cardiac disorder.1 2 Although, as its name suggests,
hypertrophy may be a noticeable feature of the disease, it is
not invariant, nor does the degree of hypertrophy necessar-
ily correlate with the risk of sudden cardiac death (SCD),
which is the most feared consequence of HCM.3 4

Molecular genetic investigations have shown that HCM
is caused by more than 100 distinct mutations in at least
seven diVerent sarcomeric protein encoding genes.5 When
the clinical features of HCM are correlated in a family
context with the specific disease causing gene and its asso-
ciated mutation, a recognisable pattern emerges. Essen-
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