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ATP6V0A4; Objective: Distal renal tubular acidosis (dRTA) is characterized by metabolic acidosis due to
ATP6V1B1; impaired renal acid excretion. The aim of this study was to demonstrate the genetic diagnosis
Children; of four children with dRTA through use of whole-exome sequencing.

Distal renal tubular Methods: Two unrelated families were selected; a total of four children with dRTA and their
acidosis; parents, in order to perform whole-exome sequencing. Hearing was preserved in both children
Genetics; from the first family, but not in the second, wherein a twin pair had severe deafness. Whole-
Whole-exome exome sequencing was performed in two pooled samples and findings were confirmed with
sequencing Sanger sequencing method.

Results: Two mutations were identified in the ATP6VOA4 and ATP6V1B1 genes. In the first fam-
ily, a novel mutation in the exon 13 of the ATP6VOA4 gene with a single nucleotide change
GAC — TAC (c.1232G>T) was found, which caused a substitution of aspartic acid to tyrosine
in position 411. In the second family, a homozygous recurrent mutation with one base-pair
insertion (c.1149_1155insC) in exon 12 of the ATP6V1B1 gene was detected.

Conclusion: These results confirm the value of whole-exome sequencing for the study of rare
and complex genetic nephropathies, allowing the identification of novel and recurrent muta-
tions. Furthermore, for the first time the application of this molecular method in renal tubular
diseases has been clearly demonstrated.
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Sequenciamento total do exoma como ferramenta de diagnostico de acidose tubular
renal distal

Resumo

Objetivo: A acidose tubular renal distal (ATRd) é caracterizada por acidose metabélica devido
a excrecado renal de acido prejudicada. O objetivo deste artigo € apresentar o diagnostico
genético de quatro criancas com ATRd utilizando o sequenciamento total do exoma.

Métodos: Selecionamos duas familias ndo relacionadas, totalizando quatro criangcas com ATRd
e seus pais, para realizar o sequenciamento total do exoma. A audicao foi preservada em ambas
as criancas da familia um, porém em nenhuma crianca da familia dois, na qual um par de gémeas
teve perda auditiva severa. Realizamos o sequenciamento total do exoma em dois conjuntos de
amostras e confirmamos os achados com o método de Sequenciamento de Sanger.

Resultados: Duas mutacoes foram identificadas nos genes ATP6VOA4 e ATP6V1B1. Na familia
um, detectamos uma nova mutacdo no éxon 13 do gene ATP6VOA4 com uma alteracdo em um
nucleotideo Unico GAC — TAC (c.1232G>T) que causou substituicdo de acido aspartico por
tirosina na posicao 411. Na familia dois, detectamos uma mutacao recorrente do homozigoto
com insercao de um par de bases (c.1149_1155insC) no éxon 12 do gene ATP6V1B1.

Conclus@o: Nossos resultados confirmam o valor do sequenciamento total do exoma para o
estudo de nefropatias genéticas complexas, permitindo a identificacdo de mutacdes novas e
recorrentes. Adicionalmente, demonstramos claramente pela primeira vez a aplicacao desse
método molecular em doencas tubulares renais.

© 2015 Sociedade Brasileira de Pediatria. Publicado por Elsevier Editora Ltda. Todos os direitos

reservados.

Introduction

Distal renal tubular acidosis (dRTA) is a rare and com-
plex renal disease due to a defect in the excretion of
acid load (H* and ammonium ions) in alpha-intercalated
cells of the collecting duct. The acid load accumulation
in the distal nephron results in consumption and reduc-
tion of the bicarbonate/CO, buffer in blood." The main
clinical features of dRTA are vomiting, diarrhea, and/or
constipation, loss of appetite, polydipsia, and polyuria.
Chronic acidosis and secondary alterations such as vomiting,
polyuria, and dehydration affect growth, leading to fail-
ure to thrive. Ultrasound studies can show nephrocalcinosis
and/or nephrolithiasis.? In general, dRTA has good prognosis
if it is diagnosed at an early age and alkaline treatment is
continued. Untreated, dRTA causes growth retardation and
rickets in children and osteomalacia in adults. Deterioration
of renal function can occur over the years.?

Distal RTA can be transmitted as either an autosomal
dominant or an autosomal recessive trait. The autosomal
dominant phenotype typically courses mildly in adolescence
or adulthood;* one parent suffers from and is the carrier of
the disease, or it is due to de novo mutation. Mutations in the
SLC4A1 gene in families with autosomal dominant dRTA have
been identified.?>® The symptoms in the autosomal reces-
sive phenotype predominantly appear at infancy or early
childhood, in which growth retardation is very common. This
variant can occur with or without deafness, and parents are
not affected.? Autosomal recessive dRTA is associated with
mutations in any of the following genes: SLC4A1,” ATP6V0A4,
and ATP6V1B1.%® Individuals without hearing defects usu-
ally carry mutations in the ATP6V0A4 gene, while those with
deafness have ATP6V1B1 gene mutations. In approximately

20% of the patients with dRTA, no mutations were found in
any of these related genes.> Indeed, there are dRTA patients
with deafness without ATP6V1B1 gene mutations, and oth-
ers with normal hearing who do not have ATP6VOA4 gene
mutations.® These findings suggest that other transporters
or channels might cause dRTA. In terms of complexity, it is
known that some patients with mutations in the ATP6V0A4
gene develop deafness only in the second decade of life.
Thus, there remains much to be elucidated in terms of
phenotype-genotype correlations.?='° So far, more than 20
mutations in ATP6V0A4 are already known.

Whole-exome sequencing provides coverage of more
than 95% of the exons, which contain 85% of disease-causing
mutations in Mendelian disorders and many disease-
predisposing single nucleotide polymorphisms (SNPs)
throughout the genome.'"'? Whole-exome sequencing is
worthwhile to evaluate the disease pathogenesis and to
recognize new pathogenic genes or mutations associated
to disorder, especially in Mendelian disorders.""'? In this
regard, the present study aimed to evaluate the usefulness
of whole-exome sequencing for genetic diagnosis of dRTA.

Patients and methods

Subjects and clinical assessment

Four children with confirmed dRTA from two unrelated fam-
ilies were selected for this study. All patients were followed
up at the Pediatric Nephrology Unit of the Federal Univer-
sity of Minas Gerais (UFMG), Brazil. The first family (Family
1) consisted of two affected siblings, a girl and a boy, with
dRTA but without deafness, and their unaffected parents.
The second family (Family 2) had a monozygotic twin pair
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(two girls), diagnosed with dRTA and nerve deafness, and
their healthy mother; the father is unknown. All patients
were submitted to a systematic protocol including clinical
and nutritional evaluation, laboratory measurements, renal
ultrasonography, and genetic analysis. Informed consent,
approved by the institutional Ethics Board of UFMG, was
obtained from all participants; in the case of children, it
was also obtained from their parent/guardian.

DNA extraction

Genomic DNA was extracted from 5 mL of dRTA patients and
their parent’s peripheral blood, using a QlAamp Blood DNA
mini Kit (Qiagen®, Milano, Italy) according to the manu-
facturer’s instructions. All samples were quality controlled
for purity using a NanoDrop spectrophotometer (Thermo
Scientific®, Waltham, USA). DNA samples were stored at
—20°C until usage.

Whole-exome sequencing

Exome sequencing was performed on two pools of samples to
optimize the results. Samples were pooled considering the
clinical features of the patients. The first pool had DNA from
the two siblings with dRTA without deafness, and the second,
from the twin sisters with dRTA associated with deafness.
Array capture was used to isolate the relevant human genes
(SeqCap EZ Human Exome Library v2.0, Roche®, Basel,
Switzerland) and these genes were sequenced on the Illu-
mina HiSeq 2000plataform (Sigma-Aldrich Corporation®,
Missouri, USA).

Filtering data

The following principle steps were taken to prioritize the
high-quality variants: (i) variants within intergenic, intronic,
and untranslated region (UTR) regions and synonymous
mutations were excluded from downstream analysis; (ii)
variants with quality score less than 20 were excluded;
(iii) only the conservation score (phyloP) from comparison
of human and 43 vertebrates higher than 3 were consid-
ered; (iv) after this prior selection, the remaining genes
were filtered by the function. The software PolyPhen-2
(http://genetics.bwh.harvard.edu/pph2/) predicted possi-
ble impact of variants. The final set of selected variants was
visually inspected using an Integrative Genomics Viewer."?
Previously described polymorphic variants in public data
were investigated and compared with the variations found
in the current exome. The selected mutations to be investi-
gated in each group of this study were not found in previous
exome sequences (http://evs.gs.washington.edu/EVS/).

Validation of data

Polymerase chain reaction (PCR) Sanger sequencing was
used in the analysis to confirm the data. All patients
and their parents were submitted to the PCR. Amplifi-
cation products of appropriate size were identified using
polyacrylamide gel electrophoresis. Products were puri-
fied using the QIAquick PCR purification kit (Qiagen®,

Milano, Italy) and then submitted to sequencing reac-
tion using both forward and reverse primers with the ABI
BigDye Terminator Cycle Sequencing Kit v. 3.1 on an ABI
PRISM 3730XL Genetic Analyzer (Applied Biosystems®, Fos-
ter City, USA). Each read was aligned to the reference
sequence, and mutations were identified with Sequencer
software (http://www.genecodes.com). All primers were
designed using the online tool Primer3. The primers for exon
12 of ATP6V1B1 gene were: 5TTGACCCCTCGGAATGTAGG3
and 5CCGGACCCTCTTCTCCTTAC3' (product size of 238
base pairs). The primers for exon 13 of ATP6V1B1 were:
5 ATGCAAATCGTGGAGCTGTG3' and 5 ATGAATCAGGGCAA-
GACGGT3' (product size of 264 base pairs).

Structural studies of mutations

Protein and DNA sequence alignhments were performed using
the ClustalW and the MultAlin (http://multalin.toulouse.
inra.fr/multalin/), respectively. The prediction of amino
acid substitution on the biological function of the pro-
tein was evaluated using both PolyPhen-2 and Provean
software (http://provean.jcvi.org and http://genetics.
bwh.harvard.edu/pph2/, respectively).

Results

dRTA without deafness

This family consisted of two siblings, a 13-year-old girl and
her 7-year-old brother, with well-defined dRTA. The girl was
the proband, diagnosed with dRTA at the age of 4 months.
The initial findings were failure to thrive, hyperchloremic
metabolic acidosis with abnormally high urine pH (7.0), nor-
mal venous blood pH (7.36), normal glomerular filtration
rate, and nephrocalciosis. The boy was diagnosed in his 1st
month of life, after a severe dehydration with metabolic
acidosis, hypokalemia, transient elevation of serum cre-
atinine, and hypocalcemia. His first renal ultrasonography
showed bilateral nephrocalcinosis. Table 1 summarizes clin-
ical and biochemical manifestations at baseline leading to
the diagnosis of dRTA in each patient. The parents were
unaffected, and had an older child that died by the age of 4
months with similar symptoms.

Whole-exome sequencing conducted in this group gener-
ated 3577 single nucleotide variations (SNVs) and 416 small
insertions and deletions (INDELs). Filtering for variants was
applied to select the candidate gene (Table 2).

After filtering the exome data, the ATP6VOA4 gene was
selected for study. A single nucleotide change GAC — TAC
(c.1232G>T) in exon 13 was observed, which caused an
amino acid substitution: aspartic acid to tyrosine in posi-
tion 411 (p.D411Y). This amino acid change was predicted
to be damaging by Provean and PolyPhen-2. This mutation
occurs at an evolutionarily conserved amino acid and affects
highly preserved residues (data not shown).

The patients and their parents were submitted to Sanger
sequencing by using the designed primer for exon 13 of the
ATP6V0A4 gene. The two siblings presented the same muta-
tion in homozygosis (c.1232G>T), while both parents had a
heterozygous trace (Fig. 1A and B). This is a novel autosomal
recessive dRTA mutation.
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Table 1  Clinical and biochemical findings at baseline of patients with dRTA.

Findings/patients 112 - Family 1 113 - Family 1 111 - Family 2 112 - Family 2

Age 4 months 1 month 2 years 2 years

Sex Female Male Female Female

Deafness/SNHL Absent Absent Present Present

Birth weight (g) Not available 3450 2340 2300

Weight (g) 3960 3760 8250 8300

WAZ <=3 0 <=3 <3

Height (cm) 54.5 50.0 73.5 74.0

HAZ <=3 -2 <=3 <=3

Nephrocalcinosis Present Present Absent Absent

Initial manifestations Failure to thrive, Vomiting and Rickets, failure to Rickets, failure to
dehydration dehydration thrive, growth thrive, growth

retardation retardation

Serum creatinine (mg/dL) 0.4 1.7 0.5 0.5

Blood venous pH 7.36 7.16 7.23 7.12

Serum bicarbonate (mmol/L) 19.0 8.0 15.9 13.7

Serum potassium (mEq/L) 3.8 2.0 4.0 4.1

Serum chloride (mmol/L) 109 118 117 123

Urinary pH 7.5 7.1 7.0 7.0

Roman numerals indicate the family position on the pedigree: 112, Family 1 refers to the second proband (daughter) of family one; II3,
Family 1 refers to the third proband (son) of family one; 111, Family 2 - the first twin daughter of family two; 112, Family 2 - the second

twin daughter; SNHL, sensorineural hearing loss; WAZ, weight-for-age z-score; HAZ, height-for-age z-score.

dRTA with deafness

This family consisted of a twin pair of girls with dRTA in
association with nerve deafness. The girls were diagnosed
at the age of 2 after a long period of treating for rickets and
growth retardation with only nutritional support. Clinical
and biochemical features at baseline are shown in Table 1.

Whole-exome sequencing conducted in the family two
generated 4375 SNVs and 2416 INDELs. After filtering the
variants, only one candidate gene remained (Table 2).

Based on the exome data, the ATP6V1B1 gene was
selected as the candidate in this group. A homozygous
one base-pair insertion (c.1149_1155insC) in exon 12 was
detected (Fig. 2A). The two dRTA twin sisters presented
the insertion described. PCR of their unaffected mother
was performed (father unknown). The two siblings had the
same homozygous mutation, while the mother presented
this insertion in heterozygosis (Fig. 2B and C).

Table 2 Variant prioritizing for Family 1 and for Family 2.

Discussion

Several DNA errors are located in exons leading to struc-
tural alterations in proteins and functional changes.® In
this manner, whole-exome analyzes these exons in a rapid
and cost-effective manner, allowing genetic evaluation of
complex and monogenic diseases.'*" In rare disorders, the
use of whole-exome may minimize the failure in detecting
mutations at hot-spots regions. Nonetheless, direct Sanger
sequencing is still considered the most accurate method to
find mutations, since other gene testing techniques, such as
whole exome, may not detect all sequence variations. The
search in a whole-genome basis and validation of findings
with Sanger sequencing method appears to be an efficient
way to determine genetic causality of a disorder. However,
the incorporation of these next-generation technologies
into clinical practice is still challenging, since these tech-
niques are remain very expensive, and data interpretation

Parameters Family 1 Family 2
Number of variants Number of variants
Total variants 3993 6791
Intergenic, intronic, and UTR regions and 1445 1912
synonymous mutations were excluded
Quality score <20 were excluded 879 1012
PhyloP <3 were excluded 131 215
Selection by function 15 14
PolyPhen <0.7 were excluded 10 6

Selection using cross-reference gene database and
IGV
Candidate gene

1 1

UTR, untranslated region.
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Identification, pedigree of Family 1, and results of sequencing for c¢.1232G>T mutation. (A) The pedigree shows the

affected statuses, individual identifiers, and genotypes at codon 411. The arrow indicates the proband. (B) DNA sequence chro-
matograms in which the two affected siblings have homozygous G to T substitution at c.1232. This substitution occurs in heterozygosis

in both parents. WT, wild type. *Mutated nucleotide.

is laborious and difficult.'"'? Recent studies suggest that
whole-exome sequencing would be useful to evaluate dis-
ease pathogenesis and to recognize new pathogenic genes
or mutations associated to disorder, special in Mendelian
disorders.'® Thus, the present study used whole exome
followed by Sanger sequencing as a strategy for genetic
diagnosis of dRTA in four children.

These results showed, for the first time, the utility
of whole-exome sequencing in renal tubular disorders,
by allowing the identification of a recurrent and a new

pathogenic mutation in dRTA. Inherited forms of dRTA have
three variants: autosomal dominant and autosomal reces-
sive, with or without deafness.* Dominant disease typically
presents more mildly in adolescence or adulthood, and
it has been only associated to mutations in the bicar-
bonate/chloride exchanger (AE1). However, the recessive
variant occurs in infancy or early childhood, in which growth
retardation is very common,* as observed in the present
cases. Autosomal recessive dRTA has been associated with
mutations in the genes ATP6V1B1 and ATP6V0A4, which
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Figure 2

Identification, pedigree of Family 2, and results of sequencing for the c.1149_1155insC mutation. (A) Identification of

the c.1149_1155insC mutation using MultAlin. (B) The pedigree shows the affection statuses, individual identifiers, and genotypes
at c.1149-1155insC. The arrow indicates the probands and the individual with ‘‘?has uncertain genotype status. (C) Direct DNA
sequence chromatograms of family members, in which the two affected siblings have homozygous insertion of a C and the mother

has a heterozygous trace, as marked by the red box. WT, wild type.
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encode the subunits a4 and B1 of the vacuolar-type pro-
ton ATPase (V- or H*-ATPase), respectively.'’~?2 In addition,
mutations in the SLC4A1 gene, responsible for the expres-
sion of AE1 proteins, have been also detected in cases of
autosomal recessive dRTA without deafness.?>~%8

Indeed, mutations in different subunits of the proton
pump that are expressed in kidney and ear tissues can cause
tubular defects associated with deafness.'” The vacuolar-
type proton ATPase (V- or H*-ATPase) is a pump with
multiple subunits that is essential for normal acidification.
Two structural domains form this pump: membrane-bound
VO and cytoplasmic or peripheral V1. Each domain com-
prises multiple subunits (a-e and A-H, respectively), which
are responsible for ATP hydrolysis and proton transport,
respectively. The ATP6V1B1 gene encodes the B1 sub-
unit, while the ATP6VOA4 gene encodes the a4 subunit.
The vacuolar-type proton ATPase is expressed apically on
renal a-intercalated cells, and in the cochlea and endolym-
phatic sac. Based on the type of hearing loss, these types
of mutations can be suspected. Conductive deafness was
observed in mutations of the intracellular isoform of car-
bonic anidrase (CA), whereas sensorineural hearing loss
(SNHL) has been associated with ATP6V1B1 and ATP6V0A4
mutations.'®2 Accordingly, a homozygous one base-pair
insertion (c.1149_1155insC) was found in exon 12 of the
ATP6V1B1 gene in twin sisters with SNHL. Mutations in
the SLC4A1 gene usually do not have any association with
deafness.??"® Therefore, the presence and the kind of deaf-
ness are helpful in distinguishing different forms of dRTA.

In the two families of this study, parents were unaffected
and dRTA had early onset, leading to growth impairment
during infancy. Therefore, mutations in the SLC4A1 gene
(AE1 proteins) were highly unlikely in the patients. In Family
1, exome sequencing identified a novel homozygous muta-
tion in the ATP6V0A4 gene. Based on previous reports'®
and on the clinical and biochemical features, this gene was
selected as a potential candidate to search for mutations,
since no hearing loss was detected in the affected patients.
A single nucleotide change in exon 13 was observed that
caused an amino acid substitution: aspartic acid to tyro-
sine in position 411. This aminoacid change was predicted
to be damaging by Provean and PolyPhen-2. Unfortunately,
no functional studies were performed to decipher the pre-
cise role of this mutation. However, it should be mentioned
that this mutation occurs at an evolutionarily conserved
aminoacid and affects highly preserved residues. In addi-
tion, the substitution of aspartic acid by tyrosine may change
chemical properties of the protein at critical regions. For
instance, this change may alter the isoelectric point of the
protein, considering that tyrosine is a neutral aminoacid,
while aspartic acid is an acid.

The twin girls of family two had SNHL and early-onset
symptoms of dRTA. The phenotypes, together with the
whole-exome data, led the authors to investigate the
ATP6V1B1 gene. Accordingly, a previously described muta-
tion was found,” which was also confirmed by Sanger
sequencing. It should be pointed, however, that ATP6V1B1 or
ATP6V0A4 gene mutations have not been not found in some
families with primary recessive forms of dRTA. There are
numerous other candidate genes for recessive dRTA,?’ espe-
cially those genes related to the proton transporters. In this
regard, the use of whole-exome sequencing together with

the phenotype characteristics may result in the discovery of
new mutations and genetic alterations in this complex and
rare disease.

In summary, whole-exome sequencing followed by Sanger
sequencing was a successful strategy in identifying novel and
recurrent mutations in these cases of dRTA. However, which
genetic variants are potentially causative of renal tubular
transport alterations remains to be elucidated, especially in
recessive forms dRTA.

Conflicts of interest

The authors declare no conflicts of interest.

Acknowledgements

This study was partially supported by CNPq (Conselho
Nacional de Desenvolvimento Cientifico e Tecnologico,
Brazil) and FAPEMIG (Fundacdo de Amparo a Pesquisa do
Estado de Minas Gerais, Brazil), by the Grant INCT-MM (Insti-
tuto Nacional de Ciéncia e Tecnologia - Medicina Molecular:
FAPEMIG: CBB-APQ-00075-09/CNPq 573646/2008-2). Dr. LA
De Marco, Dr. EA Oliveira, Dr. DM Miranda, and Dr. AC Simodes
e Silva received a research grant from CNPq.

References

1. Rodriguez Soriano J. Renal tubular acidosis: the clinical entity.
J Am Soc Nephrol. 2002;13:2160-70.

2. Fry AC, Karet FE. Inherited renal acidoses. Physiology
(Bethesda). 2007;22:202-11.

3. Escobar L, Mejia N, Gil H, Santos F. Distal renal tubular acidosis:
a hereditary disease with an inadequate urinary H* excretion.
Nefrologia. 2013;33:289-96.

4. Pereira PC, Miranda DM, Oliveira EA, Silva AC. Molecular
pathophysiology of renal tubular acidosis. Curr Genomics.
2009;10:51-9.

5. Bruce LJ, Cope DL, Jones GK, Schofield AE, Burley M, Povey S,
et al. Familial distal renal tubular acidosis is associated with
mutations in the red cell anion exchanger (Band 3, AE1) gene.
J Clin Invest. 1997;100:1693-707.

6. Karet FE, Gainza FJ, Gyory AZ, Unwin RJ, Wrong O, Tanner
MJ, et al. Mutations in the chloride-bicarbonate exchanger
gene AE1 cause autosomal dominant but not autosomal reces-
sive distal renal tubular acidosis. Proc Natl Acad Sci U S A.
1998;95:6337-42.

7. Tanphaichitr VS, Sumboonnanonda A, ldeguchi H, Shayakul C,
Brugnara C, Takao M, et al. Novel AE1 mutations in recessive
distal renal tubular acidosis. Loss-of-function is rescued by gly-
cophorin A. J Clin Invest. 1998;102:2173-9.

8. Vargas-Poussou R, Houillier P, Le Pottier N, Strompf L, Loirat C,
Baudouin V, et al. Genetic investigation of autosomal recessive
distal renal tubular acidosis: evidence for early sensorineural
hearing loss associated with mutations in the ATP6VOA4 gene. J
Am Soc Nephrol. 2006;17:1437-43.

9. Karet FE, Finberg KE, Nelson RD, Nayir A, Mocan H, Sanjad SA,
et al. Mutations in the gene encoding B1 subunit of H*-ATPase
cause renal tubular acidosis with sensorineural deafness. Nat
Genet. 1999;21:84-90.

10. Smith AN, Skaug J, Choate KA, Nayir A, Bakkaloglu A, Ozen S,
et al. Mutations in ATP6N1B, encoding a new kidney vacuolar
proton pump 116-kD subunit, cause recessive distal renal tubu-
lar acidosis with preserved hearing. Nat Genet. 2000;26:71-5.


http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0150
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0150
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0150
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0150
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0150
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0150
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0150
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0150
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0150
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0150
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0150
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0150
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0150
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0150
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0150
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0150
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0150
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0150
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0150
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0150
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0150
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0155
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0155
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0155
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0155
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0155
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0155
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0155
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0155
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0155
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0155
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0155
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0155
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0155
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0155
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0155
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0160
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0160
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0160
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0160
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0160
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0160
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0160
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0160
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0160
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0160
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0160
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0160
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0160
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0160
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0160
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0160
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0160
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0160
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0160
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0160
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0160
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0160
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0160
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0160
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0160
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0160
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0160
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0160
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0160
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0165
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0165
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0165
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0165
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0165
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0165
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0165
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0165
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0165
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0165
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0165
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0165
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0165
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0165
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0165
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0165
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0165
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0165
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0165
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0165
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0165
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0165
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0170
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0175
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0180
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0185
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0190
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0195

Whole-exome sequencing in renal tubular acidosis

589

1.

20.

Smith A, Boycott KM, Jarinova O. Lake Louise mutation detec-
tion meeting 2013: clinical translation of next-generation
sequencing requires optimization of workflows and interpreta-
tion of variants. Hum Mutat. 2014;35:265-9.

. Rabbani B, Tekin M, Mahdieh N. The promise of whole-exome

sequencing in medical genetics. J Hum Genet. 2014;59:5-15.

. Robinson JT, Thorvaldsdottir H, Winckler W, Guttman M, Lander

ES, Getz G, et al. Integrative genomics viewer. Nat Biotechnol.
2011;29:24-6.

. Choi M, Scholl UI, Ji W, Liu T, Tikhonova IR, Zumbo P,

et al. Genetic diagnosis by whole exome capture and mas-
sively parallel DNA sequencing. Proc Natl Acad Sci U S A.
2009;106:19096-101.

. Bonnefond A, Durand E, Sand O, De Graeve F, Gallina S, Busiah

K, et al. Molecular diagnosis of neonatal diabetes mellitus using
next-generation sequencing of the whole exome. PLoS ONE.
2010;5:€13630.

. Yang Y, Muzny DM, Reid JG, Bainbridge MN, Willis A, Ward PA,

et al. Clinical whole-exome sequencing for the diagnosis of
Mendelian disorders. N Engl J Med. 2013;369:1502-11.

. Lang F, Vallon V, Knipper M, Wangemann P. Functional signifi-

cance of channels and transporters expressed in the inner ear
and kidney. Am J Physiol Cell Physiol. 2007;293:C1187-208.

. Stover EH, Borthwick KJ, Bavalia C, Eady N, Fritz DM, Rungroj

N, et al. Novel ATP6V1B1 and ATP6V0A4 mutations in autosomal
recessive distal renal tubular acidosis with new evidence for
hearing loss. J Med Genet. 2002;39:796-803.

. Batlle D, Haque SK. Genetic causes and mechanisms of distal

renal tubular acidosis. Nephrol Dial Transpl. 2012;27:3691-704.
Gil H, Santos F, Garcia E, Alvarez MV, Ordonez FA, Malaga S, et al.
Distal RTA with nerve deafness: clinical spectrum and muta-
tional analysis in five children. Pediatr Nephrol. 2007;22:825-8.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Miura K, Sekine T, Takahashi K, Takita J, Harita Y, Ohki K, et al.
Mutational analyses of the ATP6V1B1 and ATP6VOA4 genes in
patients with primary distal renal tubular acidosis. Nephrol Dial
Transpl. 2013;28:2123-30.

Elhayek D, Perez de Nanclares G, Chouchane S, Hamami S, Mlika
A, Troudi M, et al. Molecular diagnosis of distal renal tubular
acidosis in Tunisian patients: proposed algorithm for Northern
Africa populations for the ATP6V1B1, ATP6VOA4 and SCL4A1
genes. BMC Med Genet. 2013;14:119.

Alper SL, Darman RB, Chernova MN, Dahl NK. The AE gene family
of Cl/HCO3-exchangers. J Nephrol. 2002;15:541-53.

Schuster VL. Function and regulation of collecting duct interca-
lated cells. Annu Rev Physiol. 1993;55:267-88.

Chang YH, Shaw CF, Jian SH, Hsieh KH, Chiou YH, Lu PJ.
Compound mutations in human anion exchanger 1 are associ-
ated with complete distal renal tubular acidosis and hereditary
spherocytosis. Kidney Int. 2009;76:774-83.

Alper SL. Molecular physiology and genetics of Na*-independent
SLC4 anion exchangers. J Exp Biol. 2009;212:1672-83.
Cheidde L, Vieira TC, Lima PR, Saad ST, Heilberg IP. A novel
mutation in the anion exchanger 1 gene is associated with famil-
ial distal renal tubular acidosis and nephrocalcinosis. Pediatrics.
2003;112:1361-7.

Wrong O, Bruce LJ, Unwin RJ, Toye AM, Tanner MJ. Band 3
mutations, distal renal tubular acidosis, and Southeast Asian
ovalocytosis. Kidney Int. 2002;62:10-9.

Smith AN, Borthwick KJ, Karet FE. Molecular cloning and char-
acterization of novel tissue-specific isoforms of the human
vacuolar H(+)-ATPase C, G and d subunits, and their evalua-
tion in autosomal recessive distal renal tubular acidosis. Gene.
2002;297:169-77.


http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0200
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0205
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0205
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0205
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0205
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0205
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0205
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0205
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0205
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0205
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0205
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0205
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0205
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0205
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0205
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0205
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0205
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0205
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0205
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0205
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0205
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0205
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0205
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0205
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0210
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0210
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0210
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0210
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0210
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0210
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0210
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0210
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0210
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0210
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0210
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0210
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0210
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0210
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0210
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0210
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0210
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0210
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0210
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0210
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0210
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0210
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0210
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0210
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0210
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0210
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0210
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0210
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0210
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0215
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0220
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0225
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0230
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0235
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0240
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0240
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0240
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0240
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0240
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0240
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0240
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0240
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0240
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0240
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0240
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0240
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0240
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0240
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0240
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0240
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0240
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0240
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0240
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0240
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0240
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0240
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0245
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0250
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0255
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0260
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0260
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0260
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0260
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0260
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0260
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0260
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0260
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0260
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0260
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0260
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0260
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0260
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0260
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0260
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0260
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0260
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0260
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0260
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0260
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0260
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0260
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0260
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0265
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0265
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0265
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0265
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0265
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0265
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0265
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0265
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0265
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0265
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0265
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0265
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0265
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0265
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0265
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0265
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0265
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0265
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0265
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0265
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0265
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0270
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0275
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0275
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0275
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0275
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0275
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0275
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0275
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0275
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0275
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0275
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0275
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0275
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0275
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0275
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0275
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0275
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0275
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0275
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0275
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0275
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0275
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0280
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0285
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290
http://refhub.elsevier.com/S0021-7557(15)00099-6/sbref0290

	Whole-exome sequencing as a diagnostic tool for distal renal tubular acidosis
	Introduction
	Patients and methods
	Subjects and clinical assessment
	DNA extraction
	Whole-exome sequencing
	Filtering data
	Validation of data
	Structural studies of mutations

	Results
	dRTA without deafness
	dRTA with deafness

	Discussion
	Conflicts of interest
	Acknowledgements
	References


