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Abstract: Microdeletions of chromosome 13q31.1 are relatively rare. These types of deletions may cause different 
genetic effects on genotypes and/or phenotypes. There are several ways to detect microdeletions; noninvasive 
prenatal testing (NIPT) is the newest detection method. In this study, we aimed to investigate the genetic effects 
of a 13q31.1 microdeletion detected by NIPT and to reconfirm the feasibility of this procedure in predicting sub-
chromosomal copy number variations (CNVs). The 13q31.1 microdeletion, which has previously been described as 
a disease-associated fragment, was detected by NIPT in a pregnant woman. To validate the finding and to explain 
the origin of this sub-chromosomal CNV, we collected fetal amniotic fluid and parental blood samples and tested the 
samples using array-based comparative genomic hybridization (aCGH). Karyotype analysis was performed on all of 
the samples to rule out balanced or mosaic anomalies. The aCGH results confirmed the NIPT findings. We detected 
the same type of microdeletion in the fetus and the mother via aCGH. The mother had a normal phenotype; there-
fore, in a post-test genetic counseling session, we predicted a normal phenotype for the fetus. After delivery, the 
normal phenotype of the newborn confirmed our prediction. Based on the present study, this 13q31.1 microdele-
tion may be considered as a chromosomal polymorphism. This study also reconfirmed the feasibility of obtaining a 
molecular karyotype of a fetus via NIPT.
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Introduction

Previous research has shown that copy number 
variations (CNVs) play important roles in certain 
human phenotypic variations or diseases [1, 2]. 
Some syndromes, such as Williams-Beuren 
syndrome, Angelman/Prader-Willi syndrome, 
Charcot-Marie-Tooth syndrome, and others, are 
caused by CNVs or segmental duplications/
deletions [3, 4]. Similar to single-nucleotide 
polymorphisms (SNPs), most CNVs exist as 
genetic polymorphisms, while only a few of 
them are pathogenic variations [1-3, 5]. The 
emergence of array-based comparative genom-
ic hybridization (aCGH) and SNP microarrays 
(SNP arrays) has greatly accelerated the dis-
covery of CNVs in the human genome. These 
chromosomal microarray techniques, with their 
high resolutions, are increasingly used in pre-
natal diagnosis throughout the world [6-9].

In a traditional prenatal diagnosis program, 
when genetic aberrations are suspected in a 
fetus’ genome, invasive procedures, such as 
chorionic villus sampling (CVS), amniocentesis, 
or percutaneous umbilical cord blood sampling 
(PUBS)/cordocentesis, are used to provide fetal 
samples for genetic detection by well-estab-
lished genetic analysis techniques, such as 
G-band karyotyping, fluorescence in situ hybrid-
ization (FISH), quantitative fluorescence PCR 
(QF-PCR), or chromosomal microarray analysis 
(CMA, including aCGH and SNP arrays) [8, 
10-12]. These programs did not change until 
1997, when the discovery of free fetal DNA 
(ffDNA) in maternal plasma promoted the devel-
opment of noninvasive prenatal diagnosis [13]. 
This noninvasive method was significantly 
advanced with the development of massively 
parallel sequencing (MPS), which is also 
referred to as next-generation sequencing 
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(NGS). The establishment of noninvasive prena-
tal testing (NIPT) rests on the discovery of 
ffDNA, and its core technology is MPS. NIPT 
can predict some common fetal aneuploidies, 
such as trisomies 13, 18, and 21 (T13, T18, 
and T21) and sex chromosome abnormalities. 
NIPT not only provides an accurate way to 
screen these chromosomal aberrations but 
also reduces the need for invasive procedures 
to detect these fetal chromosomal aneuploi-
dies [14-17]. NIPT can also predict sub-chromo-
somal CNVs in the fetus and offers a promising 
method for noninvasive molecular genetic pre-
natal diagnosis [18-20].

Microdeletions of chromosome 13q31.1 are 
relatively rare. SLITRK1 and SLITRK6 are both 
located in the region of 13q31.1 and are 
SLITRK gene family members. In a previous 
study, the SLITRK1 gene was associated with 
Gilles de la Tourette syndrome (GTS) and 
Trichotillomania, which typically manifest as 
neuropsychological disorders related to altera-
tions in dopamine metabolism and neurotrans-
mission involving frontal-subcortical neuronal 
circuits [21-23]. The SLITRK6 gene is associat-
ed with autosomal-recessive congenital myo-
pia and prelingual sensorineural hearing loss 
[24]. The main aim of our study was to explore 
the genetic effects of the 13q31.1 microdele-
tion detected by NIPT and aCGH. This microde-
letion may be a newfound polymorphism of the 
human chromosome. Additionally, we also 

the mother. To confirm the NIPT detection and 
to determine its origin, amniocentesis was 
used to obtain a fetal amniotic fluid sample at 
19 weeks’ gestation, and parental blood sam-
ples were also collected. The study was 
approved by the Research Ethics Committee of 
Shandong Provincial Hospital Affiliated with 
Shandong University. Written informed consent 
was obtained from all of the participants or 
guardians that participated in this research.

Noninvasive prenatal testing 

Five milliliters of maternal peripheral blood was 
collected into a blood collection tube contain-
ing ethylenediaminetetraacetic acid dipotassi-
um salt (EDTA-K2), and the maternal plasma 
was separated and transferred into a new tube 
after centrifuging the sample at 1600 g for 10 
min. The supernatant was then transferred into 
a sterile tube and centrifuged at 14,000 g for 
another 10 min. The plasma fraction was ali-
quoted and stored at -80°C for future process-
ing. All subsequent standard procedures, 
including the isolation of cell-free DNA, library 
construction, and sequencing, were performed 
in the clinical laboratory of BGI-Shenzhen, 
China. The details regarding NIPT methods 
have been described previously [25]. We used 
bioinformatic methods combined with a locally 
weighted polynomial regression to eliminate 
GC-bias and a binary hypothesis to obtain a 
higher accuracy for aneuploidy detection. The 

Figure 1. NIPT study of the maternal plasma, illustrating a suspi-
cious 3.71-Mb deletion in the long arm of chromosome 13 (chr13: 
81667889-85377286). 

reconfirmed the feasibility of NIPT for 
the prenatal detection of microdele-
tions/microduplications.

Materials and methods

Participants and samples

The study participant was at 17 
weeks’ gestation. In the second tri-
mester plasma screening, she was 
notified that the fetus had an 
increased risk of having T21 syn-
drome. To avoid invasive prenatal 
diagnosis procedures, an NIPT was 
offered to further screen for com-
mon fetal chromosomal abnormali-
ties. The NIPT results revealed a 
microdeletion in the mixture of the 
fetal and maternal genomes, which 
indicated that the microdeletion 
could come from both the fetus and 
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risk assessments for T21, T18, and T13 were 
performed using this test. We also designed a 
pipeline for Fetal Copy-number Analysis through 
Maternal Plasma Sequencing (FCAPS) to detect 
microdeletions and microduplications. Refer- 
ring clinicians were notified if any of these addi-
tional abnormalities were suspected [25, 26].

Array-based comparative genomic hybridiza-
tion 

In this study, aCGH was used to confirm the 
existence of the genomic rearrangement that 
was detected by NIPT to further understand its 
origin. Total genomic DNA was extracted from 

(Agilent) and Workbench genomics software, 
respectively [28]. 

Karyotyping

The amniotic fluid and the blood samples col-
lected in this study were processed in parallel 
with cell culture and conventional karyotyping 
(G-banding) to exclude mosaic or balanced 
chromosome abnormalities.

Bioinformatics

To better understand the 13q31.1 microdele-
tion, we evaluated the deleted region with the 
information provided by the Online Mendelian 

10 ml of fetal amniotic fluid or 2 ml of 
uncultured venous blood samples 
from the parents with a commercially 
available Amniotic Fluid Genomic 
DNA Extraction Kit and a Blood 
Genomic DNA Extraction kit, respec-
tively (both from BioChain Institute 
Inc., Newark, CA), according to the 
manufacturer’s instructions. As pre-
viously described, for each aCGH 
experiment, 400 ng of purified DNA 
and normal sex-matched DNA 
(BioChain Institute, Inc.) were digest-
ed with 10 U Alu I and 10 U Rsa I 
(Promega, Madison, WI, USA) and dif-
ferentially labeled with cyanine-5 
(cy5) and cyanine-3 (Cy3) fluorescent 
dyes using a Genomic DNA Enzymatic 
Labeling Kit (Agilent, Santa Clara, 
CA). aCGH analysis was performed 
using 8×60 K commercial arrays 
(Agilent). This platform contains 
60-mer oligonucleotide probes span-
ning the entire human genome with 
an overall mean probe spacing of 50 
kb. Previous studies showed that 
95.5% of confirmed pathogenic copy 
number changes are > 500 kb, while 
3.95% are 300 to 500 kb, and a sin-
gle case (0.56%) is < 300 kb. In our 
study, the threshold value filter was 
set as a continuous change in Probe 
6, and the test of CNV resolution was 
> 300 kb [27, 28]. After hybridiza-
tion, the arrays were scanned with a 
dual-laser scanner (Agilent), and the 
images were extracted and analyzed 
using Feature Extraction software 

Figure 2. aCGH analysis of fetal uncultured amniocytes, showing a 
3.05-Mb deletion at chromosome band 13q31.1 [arr 13q31.1 (83, 
494, 767-86, 543, 280) ×1].
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Inheritance in Man database (OMIM, http://
omim.org/), the DECIPHER Database (http://
decipher.sanger.ac.uk), PubMed (http://www.
ncbi.nlm.nih.gov/pubmed/), and the Database 
of Genomic Variants (DGV, http://www.ncbi.
nlm.nih.gov/dbvar/).

Results

Detection of the 13q31.1 microdeletion via 
NIPT

The NIPT results revealed that the ffDNA was 
negative for T21, T18, and T13, but an obvious 
deletion in chromosome 13 was identified. 
Based on FCAPS analysis of maternal plasma, 
the t-score of the chromosomal section adja-

609678), which is associated with GTS (Ph- 
enotype MIM number: 137580) and Tricho- 
tillomania (Phenotype MIM number: 613229), 
and SLITRK6 (Gene/Locus MIM number: 
609681), which is associated with deafness 
and myopia (Phenotype MIM number: 221200).

Discussion

The karyotype analysis of cultured metaphase 
cells is considered to be a “gold standard” in 
the prenatal diagnosis of chromosomal diseas-
es, but the traditional karyotype has its obvious 
limitations. Karyotyping can only recognize 
chromosomal abnormalities of 5 Mb or greater. 
Furthermore, the turnaround time for cytoge-
netic analysis is long. FISH appears to compen-

Figure 3. aCGH analysis of uncultured maternal peripheral blood, 
showing a 2.82-Mb deletion at chromosome band 13q31.1 [arr 
13q31.1 (83, 724, 773-86, 543, 280) ×1].

cent to position 80 Mb was signifi-
cantly lower than the rest of chromo-
some 13, indicating a suspicious 
3.71-Mb deletion in the long arm of 
chromosome 13 (chr13: 81667889-
85377286) (Figure 1).

Validation of the NIPT results by 
aCGH

Whole-genome aCGH analysis on 
uncultured amniocytes detected a 
3.05-Mb deletion at chromosome 
band 13q31.1 [arr 13q31.1 (83, 
494, 767-86, 543, 280) ×1] (Figure 
2). Whole-genome aCGH analysis on 
uncultured maternal peripheral blood 
revealed a 2.82-Mb deletion at chro-
mosome band 13q31.1 [arr 13q31.1 
(83, 724, 773-86, 543, 280) ×1] 
(Figure 3). There were no significant 
aberrations found in the paternal 
blood examination.

Karyotype analysis results

The fetus and both parents had nor-
mal karyotypes. The chromosomal 
analysis of the fetus showed a 46, XX 
karyotype. The mother had a 46, XX 
karyotype and the father had a 46, 
XY karyotype.

Bioinformatics analysis of the de-
leted fragment

The deleted 13q31.1 region contains 
2 disease-related genes (Figure 4): 
SLITRK1 (Gene/Locus MIM number: 
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Figure 4. Two disease-causing genes, SLITRK1 and SLITRK6 on chromosome 13q31.1. Search for the fetal microdeletion on chromosome 13:83, 494, 767-86, 543, 
280 with the dbVar Genome Browser. Two disease-causing genes, SLITRK1 and SLITRK6, were identified.
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sate for this constraint because it has advan-
tages in the detection of targeted fragments or 
points. However, FISH detects only its intended 
targets and may provide no information regard-
ing additional abnormalities [12]. CMA provides 
high-resolution genome-wide screening of the 
CNVs, and it could be used to detect the gains 
and losses of genomic DNA fragments even 
when the fragments are unknown and have dis-
crete genomic loci [8, 10]. Therefore, CMA is 
widely used in prenatal diagnosis and other 
clinical diagnoses. CMA needs only a few micro-
grams of fetal genomic DNA for prenatal diag-
nosis, but DNA samples cannot be obtained 
unless an invasive procedure is performed [10, 
11]. NIPT was initially used in the prediction of 
T13, T18, T21 and sex chromosome abnormali-
ties in prenatal diagnosis studies. A recent 
study reported that NIPT also had an advan-
tage in the prediction of the subchromosomal 
aberrations. With the development of NIPT, we 
could obtain a fetal molecular karyotype just 
from the ffDNA in maternal plasma, and the 
molecular karyotype could be of equivalent or 
even greater resolution than the CMA [18-20]. 
Thus, due to its noninvasive nature and greater 
accuracy, NIPT has advantages in prenatal 
diagnosis studies. In the present study, we 
observed two normal karyotype cases that 
both carried the same microdeletion detected 
by NIPT.

The NIPT results showed that there was a sus-
picious 3.71-Mb deletion in the long arm of 
chromosome 13 (chr13: 81667889-853772- 
86) (Figure 1). The subsequent bioinformatic 
analysis revealed that there were two disease-
causing genes known in this fragment. One of 
the genes was SLITRK1 (Gene/Locus MIM 
number: 609678), which is associated with 
GTS (Phenotype MIM number: 137580) and 
Trichotillomania (Phenotype MIM number: 
613229) [21-23]. The other gene was SLITRK6 
(Gene/Locus MIM number: 609681), which is 
associated with autosomal-recessive conge- 
nital myopia and prelingual sensorineural hear-
ing loss (Phenotype MIM number: 221200) 
[24]. To investigate whether this microdeletion 
originated from the fetus, the mother, or both, 
we collected fetal amniotic fluid and blood sa- 
mples from the parents, and aCGH was used to 
validate this finding and its origin. All of the 
samples were tested by metaphase karyotype 
analysis (G-banding) to exclude mosaic or bal-
anced chromosome abnormalities.

The fetal karyotyping and aCGH results con-
firmed the microdeletion 46, XX. arr 13q31.1 
(83, 494, 767-86, 543, 280) ×1 (Figure 2), and 
the simultaneous study of the parents’ blood 
samples revealed that the mother had a similar 
microdeletion at the same locus, 46, XX. arr 
13q31.1 (83, 724, 773-86, 543, 280) ×1 
(Figure 3). To increase the resolution, 8×60 K 
commercial arrays (Agilent) were used but 
could not accurately identify the boundaries of 
the microdeletion; therefore, based on the 
sizes and the locations of the lost fragments, 
we assumed that the mother and the fetus had 
the same microdeletion. Based on the results 
of the NIPT and aCGH, we concluded that this 
microdeletion in the fetus originated from her 
mother. The mother had normal features and 
normal behavior, with no myopia or hearing 
loss. Upon physical examination, she was as- 
sessed as having no motor tics, such as head 
turning, head rotation, laterocollis, eye blinking, 
lip twisting, chewing, clenching, facial and 
mouth grimacing, and shoulder shrugs, and no 
phonic tics, such as throat clearing, coughing, 
and sniffing. The metaphase karyotype analy-
sis results of the fetus and the parents were all 
normal. We then proposed that there was a 
high possibility for the fetus to have the same 
normal phenotype as the mother. In the post-
test genetic counseling session for this couple, 
we predicted a normal phenotype for the fetus. 
After delivery, the normal phenotype of the 
newborn infant confirmed our prediction. The 
one-year follow-up study showed that the baby 
had no motor tics, no congenital myopia, and 
no prelingual sensorineural hearing loss. This 
study indicated that this microdeletion could be 
considered as a normal polymorphism at the 
chromosomal level.

The SLITRK1 gene, which is located at 13q31.1, 
has been associated with GTS or Trichotillomania 
[22], but a genome-wide linkage study by the 
Tourette Syndrome Association International 
Consortium for Genetics indicated that there 
was no support for a locus on chromosome 13 
in the current study, suggesting that, if SLITRK1 
is a susceptibility gene for GTS, it does not have 
a major effect in the population that was stud-
ied [23]. Moreover, not all of the clinical GTSs 
were associated with the SLITRK1 gene or 
13q31.1; microduplications at 15q13.3 and 
Xq21.31 could also contribute to GTS [29]. In 
1989, based on experience with pedigrees of 
1,200 Tourette syndrome (TS) families, the 
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inheritance in TS may be best described as 
semi-dominant, semi-recessive [30]. For the 
SLITRK6 gene, previous reports indicated that 
cases of congenital myopia and prelingual sen-
sorineural hearing loss had autosomal-reces-
sive patterns of inheritance [24]. These studies 
may help to explain why the phenotypes were 
normal in the mother and the newborn infant. 
Based on the results of our present study, we 
could speculate that this microdeletion is a nor-
mal polymorphism on chromosome 13. To 
obtain more detailed information regarding this 
microdeletion, further studies are required. 

In conclusion, microdeletions at 13q31.1 were 
identified in a woman and her fetus via NIPT 
and aCGH. Previous studies demonstrated that 
this fragment contains 2 disease-related 
genes. In our one-year follow-up study, the 
woman and her daughter both had normal phe-
notypes, which suggests that the loss of this 
fragment is not harmful and may be considered 
as a normal polymorphism on chromosome 13. 
Moreover, NIPT is feasible in the prediction of 
fetal microdeletions/microduplications. CMA 
and NIPT could provide large amounts of 
genomic DNA information. Our study also con-
tributes to data processing of these results in 
human genome research.

Acknowledgements

We are grateful for the participation of the fam-
ily in this study. We wish to acknowledge the 
help of the BGI-Shenzhen for sequencing and 
Biochain-Beijing for array CGH experiments.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Xietong Wang, De- 
partment of Obstetrics and Gynecology, Shandong 
Provincial Hospital Affiliated to Shandong University, 
324 Jingwu Road, Jinan 250021, China. Tel: +86-
531-68777896; 0086-18053316120; Fax: +86-
531-87068226; E-mail: wxt65@yahoo.com

References

[1] Iafrate AJ, Feuk L, Rivera MN, Listewnik ML, 
Donahoe PK, Qi Y, Scherer SW and Lee C. De-
tection of large-scale variation in the human 
genome. Nat Genet 2004; 36: 949-951.

[2] Sebat J, Lakshmi B, Troge J, Alexander J, Young 
J, Lundin P, Maner S, Massa H, Walker M, Chi 
M, Navin N, Lucito R, Healy J, Hicks J, Ye K, 

Reiner A, Gilliam TC, Trask B, Patterson N, 
Zetterberg A and Wigler M. Large-scale copy 
number polymorphism in the human genome. 
Science 2004; 305: 525-528.

[3] Redon R, Ishikawa S, Fitch KR, Feuk L, Perry 
GH, Andrews TD, Fiegler H, Shapero MH, Car-
son AR, Chen W, Cho EK, Dallaire S, Freeman 
JL, Gonzalez JR, Gratacos M, Huang J, Kalaitzo-
poulos D, Komura D, MacDonald JR, Marshall 
CR, Mei R, Montgomery L, Nishimura K, Oka-
mura K, Shen F, Somerville MJ, Tchinda J, Vals-
esia A, Woodwark C, Yang F, Zhang J, Zerjal T, 
Zhang J, Armengol L, Conrad DF, Estivill X, Ty-
ler-Smith C, Carter NP, Aburatani H, Lee C, 
Jones KW, Scherer SW and Hurles ME. Global 
variation in copy number in the human ge-
nome. Nature 2006; 444: 444-454.

[4] Weise A, Mrasek K, Klein E, Mulatinho M, Ller-
ena JC Jr, Hardekopf D, Pekova S, Bhatt S, Ko-
syakova N and Liehr T. Microdeletion and mi-
croduplication syndromes. J Histochem 
Cytochem 2012; 60: 346-358.

[5] Conrad DF, Keebler JE, DePristo MA, Lindsay 
SJ, Zhang Y, Casals F, Idaghdour Y, Hartl CL, 
Torroja C, Garimella KV, Zilversmit M, Cart-
wright R, Rouleau GA, Daly M, Stone EA, Hurles 
ME and Awadalla P. Variation in genome-wide 
mutation rates within and between human 
families. Nat Genet 2011; 43: 712-714.

[6] Yatsenko S, Davis S, Hendrix N, Surti U, Emery 
S, Canavan T, Speer P, Hill L, Clemens M and 
Rajkovic A. Application of chromosomal micro-
array in the evaluation of abnormal prenatal 
findings. Clin Genet 2013; 84: 47-54.

[7] Schaeffer AJ, Chung J, Heretis K, Wong A, Led-
better DH and Lese Martin C. Comparative ge-
nomic hybridization-array analysis enhances 
the detection of aneuploidies and submicro-
scopic imbalances in spontaneous miscarriag-
es. Am J Hum Genet 2004; 74: 1168-1174.

[8] Rickman L, Fiegler H, Carter NP and Bobrow M. 
Prenatal diagnosis by array-CGH. Eur J Med 
Genet 2005; 48: 232-240.

[9] Rooryck C, Toutain J, Cailley D, Bouron J, Horo-
vitz J, Lacombe D, Arveiler B and Saura R. Pre-
natal diagnosis using array-CGH: A French ex-
perience. Eur J Med Genet 2013; 56: 341-345.

[10] Chen CP, Chen M, Chern SR, Wu PS, Chang SP, 
Lee DJ, Chen YT, Chen LF, Su JW, Hwa-Ruey 
Hsieh A, Hwa-Jiun Hsieh A and Wang W. Prena-
tal diagnosis and molecular cytogenetic char-
acterization of mosaicism for a small supernu-
merary marker chromosome derived from ring 
chromosome 2. Taiwan J Obstet Gynecol 2012; 
51: 411-417.

[11] Rooryck C, Toutain J, Cailley D, Bouron J, Horo-
vitz J, Lacombe D, Arveiler B and Saura R. Pre-
natal diagnosis using array-CGH: a French ex-
perience. Eur J Med Genet 2013; 56: 341-5.



Genetic effects of 13q31.1 microdeletion

7010 Int J Clin Exp Pathol 2014;7(10):7003-7011

[12] Kandpal U, Mishra M, Fauzdar A, Chowdhry M, 
Makroo RN and Kaul A. Rapid-fluorescence-in-
situ-hybridization (FISH) on uncultured amnio-
cytes for avoiding birth defects due to common 
chromosomal aberrations. Apollo Medicine 
2010; 7: 163-168.

[13] Lo YMD, Corbetta N, Chamberlain PF, Rai V, 
Sargent IL, Redman CWG and Wainscoat JS. 
Presence of fetal DNA in maternal plasma and 
serum. Lancet 1997; 350: 485-487.

[14] Benn P, Borrell A, Cuckle H, Dugoff L, Gross S, 
Johnson JA, Maymon R, Odibo A, Schielen P, 
Spencer K, Wright D and Yaron Y. Prenatal de-
tection of Down syndrome using massively par-
allel sequencing (MPS): a rapid response 
statement from a committee on behalf of the 
Board of the International Society for Prenatal 
Diagnosis, 24 October 2011. Prenat Diagn 
2012; 32: 1-2.

[15] Chiu RW, Chan KC, Gao Y, Lau VY, Zheng W, 
Leung TY, Foo CH, Xie B, Tsui NB, Lun FM, Zee 
BC, Lau TK, Cantor CR and Lo YM. Noninvasive 
prenatal diagnosis of fetal chromosomal aneu-
ploidy by massively parallel genomic sequenc-
ing of DNA in maternal plasma. Proc Natl Acad 
Sci U S A 2008; 105: 20458-20463.

[16] Chiu RW, Akolekar R, Zheng YW, Leung TY, Sun 
H, Chan KC, Lun FM, Go AT, Lau ET, To WW, 
Leung WC, Tang RY, Au-Yeung SK, Lam H, Kung 
YY, Zhang X, van Vugt JM, Minekawa R, Tang 
MH, Wang J, Oudejans CB, Lau TK, Nicolaides 
KH and Lo YM. Non-invasive prenatal assess-
ment of trisomy 21 by multiplexed maternal 
plasma DNA sequencing: large scale validity 
study. BMJ 2011; 342: c7401.

[17] Palomaki GE, Deciu C, Kloza EM, Lambert-
Messerlian GM, Haddow JE, Neveux LM, Ehrich 
M, van den Boom D, Bombard AT, Grody WW, 
Nelson SF and Canick JA. DNA sequencing of 
maternal plasma reliably identifies trisomy 18 
and trisomy 13 as well as Down syndrome: an 
international collaborative study. Genet Med 
2012; 14: 296-305.

[18] Jensen TJ, Dzakula Z, Deciu C, van den Boom D 
and Ehrich M. Detection of microdeletion 
22q11.2 in a fetus by next-generation se-
quencing of maternal plasma. Clin Chem 
2012; 58: 1148-1151.

[19] Peters D, Chu T, Yatsenko SA, Hendrix N, Hog-
ge WA, Surti U, Bunce K, Dunkel M, Shaw P 
and Rajkovic A. Noninvasive prenatal diagno-
sis of a fetal microdeletion syndrome. N Engl J 
Med 2011; 365: 1847-1848.

[20] Srinivasan A, Bianchi DW, Huang H, Sehnert AJ 
and Rava RP. Noninvasive detection of fetal 
subchromosome abnormalities via deep se-
quencing of maternal plasma. Am J Hum Gen-
et 2013; 92: 167-176.

[21] Singer HS. Neurobiology of Tourette syndrome. 
Neurol Clin 1997; 15: 357-379.

[22] Abelson JF, Kwan KY, O’Roak BJ, Baek DY, Still-
man AA, Morgan TM, Mathews CA, Pauls DL, 
Rasin MR, Gunel M, Davis NR, Ercan-Sencicek 
AG, Guez DH, Spertus JA, Leckman JF, Dure 
LSt, Kurlan R, Singer HS, Gilbert DL, Farhi A, 
Louvi A, Lifton RP, Sestan N and State MW. Se-
quence variants in SLITRK1 are associated 
with Tourette’s syndrome. Science 2005; 310: 
317-320.

[23] Tourette Syndrome Association International 
Consortium for Genetics. Genome scan for To-
urette disorder in affected-sibling-pair and 
multigenerational families. Am J Hum Genet 
2007; 80: 265-272.

[24] Tekin M, Chioza BA, Matsumoto Y, Diaz-Horta 
O, Cross HE, Duman D, Kokotas H, Moore-Bar-
ton HL, Sakoori K, Ota M, Odaka YS, Foster J 
2nd, Cengiz FB, Tokgoz-Yilmaz S, Tekeli O, Grig-
oriadou M, Petersen MB, Sreekantan-Nair A, 
Gurtz K, Xia XJ, Pandya A, Patton MA, Young JI, 
Aruga J and Crosby AH. SLITRK6 mutations 
cause myopia and deafness in humans and 
mice. J Clin Invest 2013; 123: 2094-2102.

[25] Jiang F, Ren J, Chen F, Zhou Y, Xie J, Dan S, Su 
Y, Xie J, Yin B, Su W, Zhang H, Wang W, Chai X, 
Lin L, Guo H, Li Q, Li P, Yuan Y, Pan X, Li Y, Liu 
L, Chen H, Xuan Z, Chen S, Zhang C, Zhang H, 
Tian Z, Zhang Z, Jiang H, Zhao L, Zheng W, Li S, 
Li Y, Wang J, Wang J and Zhang X. Noninvasive 
fetal trisomy (NIFTY) test: an advanced nonin-
vasive prenatal diagnosis methodology for fe-
tal autosomal and sex chromosomal aneuploi-
dies. BMC Med Genomics 2012; 5: 57.

[26] Chen S, Lau TK, Zhang C, Xu C, Xu Z, Hu P, Xu 
J, Huang H, Pan L, Jiang F, Chen F, Pan X, Xie W, 
Liu P, Li X, Zhang L, Li S, Li Y, Xu X, Wang W, 
Wang J, Jiang H and Zhang X. A method for 
noninvasive detection of fetal large deletions/
duplications by low coverage massively paral-
lel sequencing. Prenat Diagn 2013; 33: 584-
590.

[27] Xiang B, Zhu H, Shen Y, Miller DT, Lu K, Hu X, 
Andersson HC, Narumanchi TM, Wang Y, Marti-
nez JE, Wu BL, Li P, Li MM, Chen TJ and Fan YS. 
Genome-wide oligonucleotide array compara-
tive genomic hybridization for etiological diag-
nosis of mental retardation: a multicenter ex-
perience of 1499 clinical cases. J Mol Diagn 
2010; 12: 204-212.

[28] Gao J, Liu C, Yao F, Hao N, Zhou J, Zhou Q, 
Zhang L, Liu X, Bian X and Liu J. Array-based 
comparative genomic hybridization is more in-
formative than conventional karyotyping and 
fluorescence in situ hybridization in the analy-
sis of first-trimester spontaneous abortion. 
Mol Cytogenet 2012; 5: 33.



Genetic effects of 13q31.1 microdeletion

7011 Int J Clin Exp Pathol 2014;7(10):7003-7011

[29] Melchior L, Bertelsen B, Debes NM, Groth C, 
Skov L, Mikkelsen JD, Brondum-Nielsen K and 
Tumer Z. Microduplication of 15q13.3 and 
Xq21.31 in a family with tourette syndrome 
and comorbidities. Am J Med Genet B Neuro-
psychiatr Genet 2013; 162B: 825-31.

[30] Comings DE, Comings BG and Knell E. Hypoth-
esis: homozygosity in Tourette syndrome. Am J 
Med Genet 1989; 34: 413-421.


