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Abstract

Objective     VATER/VACTERL-like  association  is  associated with  adverse  pregnancy  outcomes.  Genetic
evidence of this disorder is sporadic. In this study, we aimed to provide genetic insights to improve the
diagnosis of VACTERL.

Methods     We have described a Chinese family in which four members were affected by renal defects
or agenesis, anal atresia, and anovaginal fistula, which is consistent with the diagnosis of a VACTERL-like
association. Pedigree and genetic analyses were conducted using genome and exome sequencing.

Results     Segregation analysis revealed the presence of a recessive X-linked microdeletion in two living
affected individuals, harboring a 196–380 kb microdeletion on Xq27.1, which was identified by familial
exome  sequencing.  Genome  sequencing  was  performed  on  the  affected  male,  confirming  a -196  kb
microdeletion  in  Xq27.1,  which  included  a  28% loss  of  the CDR-1 gene.  Four  family  members  were
included in the co-segregation analysis, and only VACTERL-like cases with microdeletions were reported
in X27.1.

Conclusion     These  results  suggest  that  the  196–380  kb  microdeletion  in  Xq27.1  could  be  a  possible
cause  of  the  VATER/VACTERL-like  association.  However,  further  genetic  and  functional  analyses  are
required to confirm or rule out genetic background as the definitive cause of the VACTERL association.
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INTRODUCTION

T he  VATER/VACTERL  association  (OMIM
number:  192350),  established  in  1973,
refers  to  a  specific  group  of  congenital

malformations  and  is  closely  linked  to  adverse
pregnancy  outcomes.  Prototypes  of  multiple
congenital  anomalies  include  Vertebral  anomalies,
Anal  atresia,  Cardiac  defects,  Tracheo/Esophageal

malformations,  Renal  dysplasia,  Limb abnormalities,
and single umbilical artery[1-4]. VACTERL association is
usually  diagnosed  when  individuals  present  with  at
least 3 of three defects.  When individuals present 2
with  two  malformations,  they  are  diagnosed  as
VACTERL-like[3].  Although  patients  with  a
VATER/VACTERL-like  association  have  no  risk  of
mortality,  they  suffer  from  several  surgery
treatments for multiple congenital anomalies in their
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lives, which severely reduces their quality of life.
The  VACTERL  association  is  rare,  with  an

incidence of 1/10,000–1/40,000 live births; however,
the  incidence  rate  was  probably  underestimated
because  the  significant  variability  of  phenotypes
interferes  with  the  clinical  diagnosis  of  patients.
When  focused  on  the  spectrum  of  VACTERL
phenotypes,  Putte  et  al.[5] reported  that  26% of  all
VACTERL cases were identified as VACTERL-like. Due
to the significant heterogeneity in the combinations
of  VACTERL  component  features,  no  distinct
subtypes  have  been  identified  based  on  specific
phenotypic  combinations.  Among  the  VACTERL
component  features,  vertebral  anomalies  (V),  anal
atresia  (A),  and  tracheoesophageal  malformations
(TE) are the most common.

However,  the  cause  of  this  association  remains
unclear.  Most  reported  VACTERL  association  cases
are sporadic,  with an isolated occurrence and a low
risk of having an affected relative.  However,  several
reports  have  demonstrated  evidence  of  a  genetic
influence  on  the  familial  transmission  of  the
VACTERL  association[1,3,6].  Solomon  et  al.[7] reported
that  approximately  9% of  the  patients  had  primary
relatives with at least one VACTERL feature. Studying
the  genetic  origin  of  the  VACTERL  association  will
help expand gene profiles and improve the accuracy
of prenatal diagnosis.

In  this  study,  we  studied  a  Chinese  family  in
which four  of  eight  members  were confirmed to  be
afflicted  by  a  VACTERL-like  association,  presenting
with  kidney  and  anorectal  malformations.

Furthermore,  both  affected  individuals  possessed
identical  microdeletions  in  Xq27.1.  Familial  co-
segregation  analysis  suggested  that  Xq27.1
microdeletion could potentially be a causative factor
for  VACTERL.  This  new  finding  strengthens  the
evidence  supporting  the  role  of  inheritance  in  the
manifestation  of  VACTERL  and  elucidates  the
potential implications of Xq27.1 microdeletion. 

MATERIALS AND METHODS
 

Recruitment  of  Family  Members,  Their  Clinical
Assessment,  Pedigree  Analysis,  and  Blood  Sample
Collection

Clinical  data  on  general  health,  medical  history,
clinical information, and physical examination results
were  collected  during  face-to-face  interviews.  This
study  was  approved  by  the  Ethics  Committee  of
Beijing Hospital. All the participants provided written
informed  consent.  The  diagnosis  of  VACTERL
association  was  established  when  an  individual
presented  at  least  three  pertinent  clinical  features;
other  differential  diagnoses  were  excluded.  When
only  two  of  the  VACTERL  component  features  were
present,  the  condition  was  classified  as  VACTERL-
like.  This  distinction  ensures  a  more  accurate  and
specific diagnosis that adheres to established clinical
guidelines[2]. Pedigree analysis was conducted at this
step  (Figure  1).  Blood  samples  for  laboratory
analyses  and  DNA  extraction  were  collected  during
the first appointment. 
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Figure 1. Family  pedigree  analysis. Pedigree  showing  familial  relationships  of  eight  individuals.  Squares
denote  men,  circles  denote  women,  and  dots  denote  abortions  or  stillbirths  (sex-unspecified).  Black
symbols indicate patients with VACTERL associations (I-2,  II-2,  III-2,  and III-5 renal defects;  I-2,  III-2,  and
III-5  anal  atresia;  II-2  anovaginal  fistula;  and  III-3,  III-4,  and  III-5  oligohydramnios).  Arrows  indicate  the
samples included in the genetic analysis.
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Genetic Test and Identification of Variants

Initial  genetic  analyses  were  performed  using
next-generation sequencing (NGS). Subjects II-1, II-2,
and  III-2  underwent  both  copy  number-variation
sequencing (CNV-seq) and whole-exome-sequencing
(WES)  for  a  comprehensive  genomic  assessment.
Subsequently,  one  male  patient  (III-2)  underwent
whole-genome  sequencing  (WGS)  for  an  in-depth
investigation,  whereas  his  older  sister  underwent
WES to assist with co-segregation (Figure 2).

DNA  library  construction  and  sequencing  were
conducted  at  the  Forevergen  Biosciences  Center
(Guangzhou,  China)  using  the  MGI  Easy  Universal
DNA  Library  Prep  Set.  Blood  samples  from
unaffected  individuals  in  the  family  were  used  as
controls. Quality control of the sequencing data was
performed  using  FastQC  (www.bioinformatics.
babraham.ac.uk/projects/fastqc/). Adapter sequences
were  removed  from  raw  sequencing  data  using
cutadapt[8]. The resulting clean reads were aligned to
the human reference genome hg19 using BWA[9] and

further  processed  using  SAMtools[10].  Variants  in
SNPs  and  small  insertions/deletions  were  detected
by  using  GATK[11].  Copy  number  alteration  (CNVs)
analysis  was  performed  using  the  read-depth
method  using  an  in-house  program.  ANNOVAR
(http://annovar.openbioinformatics.org/en/latest/)
was used to annotate all variations (Figure 3).

All  variations  derived  from  sequencing,
encompassing  CNVs  and  SNPs,  were  interpreted  in
line  with  the  ACMG  guidelines,  and  each  variation
was determined to have uncertain clinical relevance.
Following  this,  we  conducted  a  co-segregation
analysis of the family in question. 

RESULTS
 

Characteristics of Family Members

Seven  family  members  were  recruited  in  the
study (Table 1), including three participants with the
VACTERL  association  based  on  the  family  member’s
description  and  medical  records.  All  three  affected
individuals  presented  with  unilateral  renal  absence,
two  with  anal  atresia  (I-2  and  III-2)  and/or  a  single
umbilical  artery  (II-2  and  III-2),  and  one  with  an
anovaginal  fistula  (II-2).  All  probands  demonstrated
normal height, posture, cardiovascular anatomy, and
an intact esophagus and trachea, along with normal
limb  development.  None  of  the  patients  presented
vertebral, cardiac, or limb abnormalities. None of the
participants  had  cognitive  defects.  None  of  the
participants had any identified genetic etiology.

Because  I-2  passed  away,  we  collected  her
medical characteristics based on her medical records
and offspring’s descriptions (Table 2). I-2, with a left
renal  defect  and  anal  atresia,  delivered  three
children,  including  two  daughters  and  one  son.  Her
first  daughter  (II-2)  was  identified  with  a  single
umbilical  artery  and  an  absence  of  the  left  kidney
during  her  fetal  period.  She  presented  with  a
congenital  anovaginal  fistula  after  birth  and  a
congenital anovaginal fistula after birth. I-2 also gave
birth  to  a  healthy  daughter  (II-3)  and  a  healthy  son
(II-4).  Patient  II-2  underwent  fistula  repair  surgery
and was cured in early childhood. II-2 also presented
with  the  absence of  a  left  fallopian  tube and ovary.
II-2  got  married  at  22  years  of  age  and  became
pregnant four times after marriage. The first child of
II-2  was  a  healthy  girl  (III-1).  However,  her  second
baby  (III-2)  was  a  son  with  a  VACTERL  association,
including  right  renal  agenesis  and  a  single  umbilical
artery,  reported  by  prenatal  ultrasonography
imaging  and  anal  atresia  reported  after  birth.  The
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Figure 2. The  flow  chart  of  the  investigation
procedure.  WGS,  whole-genome  sequencing;
WGS, whole-exome-sequencing
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Figure 3. Procedures for genetic test and bioinformatics analysis. (A) WGS/WES process chart (including
CNV-seq as low-depth WGS); (B) Bioinformatic analysis procedure. NGS, next-generation sequencing; QC,
quality  control;  WGS,  whole-genome  sequencing;WGS,  whole-exome-sequencing;  CNV,  copy  number-
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third  and  fourth  children  of  II-2  were  medically
terminated  in  the  second  trimester  because  of
oligohydramnios.  However,  none  of  these  patients
underwent  genetic  analysis.  All  family  members,
including  the  affected  individuals,  presented  with  a
normal appearance and cognition. 

Identify Variants and Co-segregation Analysis

Four  family  members,  including  the  living
individuals  affected  by  the  disorder,  underwent
genetic  analysis.  The  results  of  the  whole-exome
sequencing of the family and affected individuals are
shown in Table 2. After processing and annotation of
the  WGS/WES/CNV-seq  data,  a  microdeletion  of
approximately  196–380  kb  on  chromosome  X  co-
segregating  with  disease  symptoms  was  identified.
More  specifically,  a -196  kb  microdeletion  in  the
Xq27.1  region  (Figure  4A, 4B)  was  observed  in
individual  III-2,  whereas  individual  II-2  exhibited  a -
380 kb microdeletion at the same locus (Table 2).

The  microdeletion  region  on  Xq27.1,  along  with
one CpG island, encompassed approximately 28% of
the CDR1 sequence (Figure 4C).

Seven  of  eight  family  members,  including  four
parents,  two  siblings,  and  five  descendants  of
proband  II-2,  underwent  co-segregation  analysis.

Clinical  symptoms  consistent  with  the  VACTERL
association  were  observed  in  three  members.
Notably,  two  of  the  three  probands  possessed
identical  Xq27.1  microdeletion.  The  family  pedigree
and  associated  parameters  of  the  VACTERL
association  are  shown  in Figure  2.  Our  co-
segregation analysis revealed a novel variant in the X
chromosome present in two probands (individuals II-
2  and  III-2),  a  variant  absent  in  unaffected  family
members. 

DISCUSSION

In  this  study,  we  report  a  Chinese  family
manifesting  VACTERL-like  symptoms  with  a  kidney-
anal anomaly associated with a microdeletion in the
Xq27.1  region.  Our  findings  indicated  an  increased
susceptibility  to  major  component  features  among
first-degree  relatives  of  the  proband.  These  results
contribute to a deeper understanding of the genetic
underpinnings  of  VACTERL  without  any  overlap  in
clinical manifestations or genetic findings.

Although  the  VACTERL  association  is  typically
diagnosed  when  patients  exhibit  three  or  more
component  features  (vertebral  defect,  anal  atresia,
cardiac  malformation,  tracheo-Esophageal  fistula,

 

Table 1. Phenotypes of affected and unaffected members in the family

Family members Gender V A C TE R L Physical Abnormalities Cognitive Impairment

I-1 - - - - - - - - -

I-2 Female - + - - - - - -

II-1 - - - - - - - - -

II-2 Female - + - - + - - -

III-1 - - - - - - - - -

III-2 Male + + - - + - - -

　　Note. V,vertebral  anomalies;  A,  anal  atresia;  TE,tracheoesophageal  malformations;  R,  renal  dysplasia;  L,
limb abnormalities.
 

Table 2. WGS and WES filtered CNV

Family number Gender Phenotype CHR Position Size Genotype

I-1 Male −

I-2 Female +

II-1 Male −

II-2 Female + X 140379030-140761877 −380 kb Heterzygote

III-1 Female −

III-2 Male + X 140590843-140786655 −196 kb Hemizygote

　 　 Note. WES,  whole-exome-sequencing;  WGS,whole-genome  sequencing;  CNV,  copy  number-variation;
CHR, chromosome
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renal anomalies, or limb defects). Patients with only
two  component  features  can  be  diagnosed  as
VACTERL-like[12]. Although both probands involved in
our  study  presented  with  only  two  abnormal
features  qualifying  for  a  VACTERL-like  diagnosis[12],
the  characterization  of  congenital  kidney  anomalies
and  anal  atresia  shares  a  consistent  inheritable
genetic  phenotype  in  this  family.  This  finding  raises
concerns in both sporadic and familial reports on the
association  of  VACTERLs  with  spinal  malformations
as the main clinical feature. The symptoms observed
in  this  family  may  also  indicate  a  localized
developmental  field  defect[13] and  appear  to  be  an
extended form of  renal  dysplasia[14,15].  In  addition,  a
single  umbilical  artery  was  observed  in  both  the
probands’ fetuses, a unique feature that contributes
to the complexity of their clinical profiles. Although a
single  umbilical  artery  is  not  typically  considered  a
part  of  the  VACTERL  association  or  malformation
status,  our  results  suggest  that  a  single  umbilical
artery  indicates  an  increased  risk  of  associated
malformations  and  chromosomal  abnormalities,
leading  to  pregnancy  complications[16].  Solomo  et
al.[3] also  reported  a  relationship  between  a  single
umbilical  artery  and  VACTERL,  which  is  consistent
with our results.

Recent  studies  have  increasingly  implicated
genetic  factors  in  the  etiology  of  VACTERL,
particularly  in  cases  presenting  with  vertebral
phenotypes.  Certain  monogenic  diseases,  including
Fanconi  anemia,  complementation  group  A[6] and
Alagille  syndrome  1[17],  exhibit  at  least  two
overlapping  manifestations  of  the  VACTERL
association[18].  Trisomy  18  or  21  and  CHARGE
syndrome,  which  are  often  accompanied  by
fistula/esophageal  atresia,  have  been  reported  as
heritable  components  in  individuals  with  VACTERL
associations[19,20].  Several  candidate  gene  variants
have been associated with VACTERL[21]. Although the
genetic  underpinnings  of  the  VACTERL  association
are yet to be fully elucidated, previous research has

suggested  that  these  candidate  genes  should  be
incorporated  into  diagnostic  protocols  and  genetic
studies  about  the  VACTERL  association[13].
Furthermore,  the  findings  indicate  that  VACTERL
syndrome  should  be  considered  a  diagnosis  of
exclusion  made  only  after  a  thorough  clinical
evaluation  and  careful  consideration  of  genetic
testing  for  syndromes  with  overlapping
characteristics.

In  the  present  study,  we  identified  a
microdeletion  in  the  Xq27.1  region  as  a  novel
hereditary component of VACTERL association within
our  research  cohort.  While  X-linked  VACTERL
associations  have  been  sporadically  reported  in
instances  of  VACTERL  with  Hydrocephalus
Syndrome[6,22,23] and/or  Fanconi  anemia[22,24],  the
participants  typically  exhibited  at  least  two  of  the
three  most  common  features  (cardiac,  renal,  and
upper  limb  malformations)  and  may  also  present
with  hematological  and/or  oncological  anomalies.
Interestingly,  the  probands  in  our  study  did  not
exhibit  any  of  the  aforementioned  phenotypes
except for renal malformations. We hypothesize that
this  discrepancy  may  be  due  to  differing  regions  of
involvement  on  the  X  chromosome  (Xp22.3  and
Xq12)[6,22].  Another  region  linked  to  the  X-linked
VACTERL association was the ZIC3 variant in Xq26.2,
which  is  commonly  associated  with  anal  atresia[25].
These  reported  VACTERL  presentations  are
consistent  with  the  model  reported  by  Toriello  et
al.[26],  in  which  mitotic  errors  led  to  developmental
defects  mediated  by  the  elimination  of  aneuploid
clones,  particularly  midline  defects,  suggesting  a
possible cause of VACTERL.

To  date,  there  have  been  no  reports  linking  the
Xq27.1 region with the VACTERL association, making
this the second known instance of an X chromosome
region being  implicated in  the  VACTERL association.
Several genes in this region play key roles in embryonic
development  and  hypoparathyroidism[21,27].  Since
there  is  no  prior  literature  associating  this  Xq27.1
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Figure 4. Genetic analysis of the Xq27.1 microdeletion. (A) The position of Xq27.1 microdeletion; (B) The
content of missing region; (C) The position of CpG island.
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region with VACTERL syndrome, we propose that the
deletion  fragment  in  this  region  warrants  further
investigation.

The SOX3 gene, located near and upstream of the
deleted  region,  is  associated  with  congenital
anomalies  of  the kidneys  and urinary  tract[28] but  has
not  been  mentioned  in  any  VACTERL  report.
Furthermore,  we  did  not  find  any  genetic  variants
involved  in  the  VACTER/VACTERL-like  phenotypes.
Although the implications of the Xq27.1 microdeletion
remain  uncertain,  the  deletion  was  the  only  genetic
discrepancy  observed  between  family  members  with
and  without  VACTERL  phenotypes,  leading  us  to
consider  it  as  a  candidate  for  VACTERL  association
based on co-segregation analysis.

In addition to SOX3, CDR1 is also involved in the
Xq27.1  microdeletion.  Variants  or  duplications  of
SOX3  have  been  linked  to  central  congenital
hypothyroidism[29] and prostatic utricle formation[28],
but  no  studies  have  explored  the  association
between SOX3 or CDR1 and  VACTERL.  The  function
of  deleted methylation  sites  in  this  context  remains
poorly  understood.  Both  probands  exhibited  the
same  methylation  site  deletion  in  human  umbilical
vein  endothelial  cells  (HUVEC),  which  may  account
for the shared phenotype of a single umbilical artery.
The roles  of  other  deleted methylation sites  remain
unclear.

Given  the  variable  phenotypes  of  the  VACTERL
association[30],  the  importance  of  DNA  methylation,
an  essential  epigenetic  mechanism  that  regulates
gene  expression  during  embryonic  development,
should not be overlooked during prenatal diagnosis.
Clinical  genetic  testing  often  results  in  variants  of
uncertain  significance  (VUS)  that  can  be  challenging
for  both  clinicians  and  patients.  Therefore,
continuous  collection,  reporting,  and  exchange  of
gene  testing  results  and  clinical  phenotype  cases,
rather  than  exclusively  focusing  on  large  databases
and meta-analyses that may exclude rare symptoms
for  various  reasons,  can  significantly  improve  the
quality of clinical genetic testing databases[31].

Traditionally reliant on symptomatology since its
inception  in  1973,  the  approach  to  VACTERL
diagnosis  is  now  evolving  towards  integrating
genetic  diagnostics.  This  shift  paves  the  way  for
more  precise  genetic  studies  and  phenotypic
subgrouping,  particularly  in  cases  exhibiting  two  or
more malformations (VACTERL-like) or three or more
malformations  (typical  VACTERL).  Utilizing  genetic
algorithms  such  as  CGH  and  NGS  could  unveil
phenocopies  and  molecular  anomalies,  challenging
the  broad  categorization  inherent  in  VACTERL

diagnosis  and  advocating  for  its  refinement.  This
strategy  emphasizes  the  importance  of  a  nuanced
diagnostic framework that may ultimately refine the
use  of  the  VACTERL  acronym,  allowing  for  more
accurate  patient  classification  and  improving  the
diagnosis,  prevention,  and  treatment  of  VACTERL  in
clinical practice. 

CONCLUSION

We  identified  the  first  reported  family  in  which
four  members  with  a  kidney-anal  anomaly  fulfilled
the  diagnostic  criteria  for  VACTERL-like  association,
with a ~196 kb microdeletion in the Xq27.1 region of
the X chromosome. Our findings not only offer novel
genetic  insights  that  may  improve  the  diagnosis  of
VACTERL but also indicate the potential involvement
of  this  Xq27.1  microdeletion  in  the  development  of
renal anomalies and anal dysplasia. 
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