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Abstract
Background: The identification of genetic mosaicism and the genetic counseling 
needed following its discovery have been challenging problems in the field of pre-
natal diagnosis. Herein, we describe the clinical phenotypes and various prenatal 
diagnostic processes used for two rare cases of 9p duplication mosaicism and re-
view the prior literature in the field to evaluate the merits of different methods for 
diagnosing mosaic 9p duplication.
Methods: We recorded ultrasound examinations, reported the screening and 
diagnosis pathways, and analyzed the mosaic levels of the two cases of 9p dupli-
cation using karyotype analysis, chromosomal microarray analysis (CMA), and 
fluorescence in situ hybridization analysis (FISH).
Results: Case 1 had a normal clinical phenotype for tetrasomy 9p mosaicism, 
and Case 2 showed multiple malformations caused by both trisomy 9 and tri-
somy 9p mosaicism. Both cases were initially suspected after non- invasive prena-
tal screening (NIPT) based on cell- free DNA. The mosaic ratio of 9p duplication 
found via karyotyping was lower than what was discovered by CMA and FISH, in 
both cases. Contrary to previous findings, the mosaic level of trisomy 9 found by 
karyotype analysis was greater than what was found by CMA, in terms of com-
plex mosaicism involving trisomy 9 and trisomy 9p, in Case 2.
Conclusion: NIPT can indicate 9p duplication mosaicism during prenatal 
screening. Different strengths and limitations existed in terms of diagnosing mo-
saic 9p duplication by karyotype analysis, CMA, and FISH. The combined use of 
various methods may be capable of more accurately determining break- points 
and mosaic levels of 9p duplication during prenatal diagnosis.
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1  |  INTRODUCTION

The biological phenomenon known as “mosaicism” is 
characterized by the coexistence of two or more distinct 
cell lines in the same individual (Zhang et al.,  2021). 
Genetic material variation can be caused by changes in 
DNA sequence, copy number, rearrangements, or chro-
mosome number. Mosaicism can occur during either 
mitosis or meiosis. When the resultant genetic changes 
occur somatically, the individual is composed of cells with 
at least two different genotypes and thus is considered to 
have mosaicism. This condition is related to a variety of 
chromosomal abnormalities, including trisomy, mono-
somy, deletion, duplication, translocation, inversion, ring, 
isochromosome, and other rare aberrations. Mosaicism 
has a broad clinical impact, ranging from no phenotype to 
organ- specific defects, to multi- systemic abnormalities, to 
early spontaneous miscarriage (Spinner & Conlin, 2014). 
The form of mutation, degree of mosaicism, and tissue 
distribution of aberrant cell lines all play significant roles 
in determining how severe the clinical symptoms of mo-
saicism are in each case (Chen et al., 2007).

Karyotype analysis and fluorescence in situ hybridiza-
tion analysis (FISH) have long been used for the detec-
tion of mosaicism, up until the more recent advent of new 
molecular genetic techniques, such as next- generation se-
quencing of noninvasive prenatal testing (NIPT) and chro-
mosomal microarray analysis (CMA). Since 2011, NIPT has 
become the standard screening method for detecting com-
mon fetal chromosomal aneuploidies (i.e., 13/18/21) based 
on massively parallel sequencing of whole- genome cell- free 
DNA. This technique has false positive and false negative 
rates in the range of 0.1%– 0.2% (Bianchi et al., 2014; Song 
et al., 2013; Taylor- Phillips et al., 2016). In recent years, some 
have advocated for diagnosing chromosomal abnormalities 
by combining karyotyping with CMA. Both methods have 
advantages and disadvantages for detecting mosaicism as 
follows: (1) CMA has a shorter turnaround time than karyo-
typing because CMA extracts DNA directly from cells in 
amniotic fluid rather than requiring extensive cell culture; 
(2) prolonged cell cultivation and manual cell selection may 
cause fluctuations in mosaic levels by karyotype analysis; 
(3) CMA can identify chromosomal microdeletions and mi-
croduplications with a resolution of 50– 100 kbp, but it can-
not identify balanced structural abnormalities and regions 
uncovered by oligonucleotide probes; and (4) conventional 
karyotyping is limited to detecting only rearrangements in-
volving more than 5 Mbp (Hao et al., 2020).

The advent of new technologies provides additional op-
tions for the detection of mosaicism, while also creating sig-
nificant new uncertainties. Few publications have described 
the technical potential of NIPT for rare chromosomal aneu-
ploidies and mosaicism, and its accuracy and effectiveness 

have yet to be well documented (Lee et al., 2018). Different 
mosaic levels discovered using different techniques have 
frequently been reported when diagnosing chromosomal 
aneuploidy mosaicism (Hao et al., 2020). Mosaicism events 
with segmental chromosomal duplication are rare, and their 
detection rate is low in clinical practice. The comparability 
of different assay techniques in terms of diagnosing mosaic 
segmental chromosome duplication has yet to be reported 
on in the literature. Herein, we describe the prenatal testing 
process for two unusual cases of mosaic 9p duplication. We 
also review the variations observed by others when detect-
ing 9p duplication mosaicism using different assays, in pre-
viously reported studies in the literature.

2  |  MATERIALS AND METHODS

2.1 | Ethical compliance

This study was approved by the Ethics Committee of 
the Zhuhai Center for Maternal and Child Health Care. 
Informed consent was obtained from the two study subjects.

2.2 | Case presentation

Invasive amniocentesis was recommended for two healthy 
pregnant women with indications of high risks of chromo-
some 9 (Chr9) duplication according to NIPT results. Both 
received pre- test counseling that included topics, such as 
the merits and drawbacks of invasive prenatal diagnosis, 
testing procedures, possible results, and the limitations of 
various approaches.

In Case 1, NIPT was performed at 13 weeks of gestation 
on a 32- year- old woman who was gravida 5, para 1 and 
had had three prior abortions. Amniocentesis was car-
ried out at 22 weeks of gestation for G- banding karyotype, 
CMA, and FISH.

In Case 2, NIPT was performed at 12 + 4 weeks of gesta-
tion on a 32- year- old woman who was gravida 2, para 1. At 
23 + 4 weeks of gestation, amniocentesis was carried out 
for karyotype analysis and CMA.

2.3 | Noninvasive prenatal testing

NIPT was used for fetal chromosome screening in early 
pregnancy based on cell- free fetal DNA in maternal blood, 
at Zhuhai Center for Maternal and Child Health Care. A 
two- step centrifugation procedure was used to isolate the 
maternal plasma at a temperature of 2– 8°C. Cell- free DNA 
extraction, library construction, and sequencing were then 
carried out using a Fetal Chromosome Aneuploidy (T21/
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T18/T13) Test Kit (Huada Biotech Co.), according to the 
manufacturer's instructions. A BGISEQ500 high- throughput 
sequencing system was used to sequence the cell- free 
DNA, with a joint probe anchor polymerization sequenc-
ing method and a sequencing depth of 0.1x. Bioinformatic 
analysis was performed using BGI Halos software.

2.4 | Karyotype analysis

Amniotic fluid chromosomal karyotype samples were ob-
tained through cell culture, harvesting, and Giemsa stain-
ing with a >550 band resolution. A Zeiss Axio Scope and 
IKAROS® software (Metasystems Corporation) were used 
for the karyotype analysis. Twenty cells were counted for 
non- mosaicism, and 100 cells were counted for mosaicism.

2.5 | Chromosomal microarray analysis

Genomic DNA was extracted from the uncultured amniotic 
fluid using a QIAamp Mini DNA Extraction Kit (QIAGEN). 
Chr21 short tandem repeat (STR) markers were analyzed 
by quantitative fluorescence polymerase chain reaction 
using a 21/18/13/X/Y Chromosome Aneuploidy Detection 
Kit (Darui Biotech Co.) to identify maternal DNA contami-
nation. A CytoScan 750 K chip (Affymetrix Inc.) was used 
for CMA analysis, according to the manufacturer's instruc-
tions. The data were analyzed using Chromosome Analysis 
Suite 4.0 (Chas) software (Affymetrix Inc.) and annotated 
with genome version GRCH37/hg19.

2.6 | Fluorescence in situ hybridization

FISH was utilized to confirm mosaic ratios and abnormal 
chromosome structures whenever mosaicism was dis-
covered. In Case 1, PD- L1 and CSP9 probes positioned at 
9p24.3 and the centromeric region of Chr9, respectively, 
were used on uncultured amniocytes for the FISH investi-
gation (Anbiping Inc.). Images were obtained using a BX51 
epifluorescence microscope (Olympus, Tokyo, Japan) and 
Cytovision software (Applied Imaging). Mosaicism levels 
were evaluated in 100 cells.

3  |  RESULTS

3.1 | Clinical features

Table  1 presents the clinical details of both cases, and 
Figure 1 shows some of their abnormal ultrasonography 
readings. T

A
B

L
E

 1
 

C
lin

ic
al

 in
fo

rm
at

io
n 

of
 th

e 
tw

o 
ca

se
s.

C
as

e

M
at

er
na

l 
ag

e 
(y

ea
rs

)
N

IP
T

K
ar

yo
ty

pe

T
he

 m
os

ai
c 

le
ve

ls
 b

y 
ka

ry
ot

yp
e 

an
al

ys
is

C
M

A

T
he

 
m

os
ai

c 
le

ve
ls

 b
y 

C
M

A
FI

SH

T
he

 
m

os
ai

c 
le

ve
ls

 b
y 

FI
SH

U
lt

ra
so

un
d 

fi
nd

in
gs

 a
nd

 
ou

tc
om

e

1
32

ar
r[

hg
19

]9
p2

4.
3p

11
.2

 
(6

09
41

4-
 46

36
76

78
, 

45
.7

6 M
b)

 
(Z

- s
co

re
 =

 4.
3)

47
,X

X
,+

de
r(

9)
de

l(9
) 

(q
21

q3
4)

du
p(

9)
(p

12
p2

4)
[1

0]
/  

 
46

,X
X

[9
0]

10
%

ar
r[

hg
19

]9
p2

4.
3p

13
.2

 
(2

08
45

4-
 68

21
65

77
) 

*2
.4

3

21
.5

0%
47

,X
X

,+
de

r(
9)

de
l(9

)  
(q

21
q3

4)
du

p(
9)

(p
12

p2
4)

 
[2

5]
/4

6,
X

X
[7

5]

25
%

St
ro

ng
 li

gh
t s

po
t i

n 
le

ft 
ve

nt
ri

cl
e

2
32

Tr
is

om
y 

9 
(Z

- s
co

re
 =

 7.
8)

47
,X

X
,+

9[
82

]/
47

,X
X

,  
+

de
l(9

)(
q1

3)
[1

4]
/4

6,
X

X
[4

]

82
%

/1
4%

ar
r[

hg
19

]9
p2

4.
3q

34
.3

  
(2

08
45

4-
 14

10
18

64
8)

  
*2

.7
5

50
%

/5
0%

N
A

N
A

IU
G

R
, V

SD
, M

C
D

K
, 

O
lig

oh
yd

ra
m

ni
os

, S
in

gl
e 

um
bi

lic
al

 a
rt

er
y,

 B
ip

ed
al

 
de

fo
rm

ity
, R

oc
ke

r b
ot

to
m

 
cl

ub
fo

ot
/T

O
P

A
bb

re
vi

at
io

ns
: C

M
A

, c
hr

om
os

om
e 

m
ic

ro
ar

ra
y 

an
al

ys
is

; F
IS

H
, f

lu
or

es
ce

nc
e 

in
 si

tu
 h

yb
ri

di
za

tio
n;

 IU
G

R
, i

nt
ra

ut
er

in
e 

gr
ow

th
 re

ta
rd

at
io

n;
 M

C
D

K
, m

ul
tic

ys
tic

 d
ys

pl
as

tic
 k

id
ne

y;
 N

A
, n

ot
 a

va
ila

bl
e;

 N
IP

T,
 n

on
in

va
si

ve
 

pr
en

at
al

 te
st

in
g;

 T
O

P,
 te

rm
in

at
io

n 
of

 p
re

gn
an

cy
; V

SD
, v

en
tr

ic
ul

ar
 se

pt
al

 d
ef

ec
t.



4 of 11 |   ZHANG et al.

In Case 1, except for an abnormal soft marker with 
a strong bright spot in the left ventricle at 30 + 2 weeks 
of gestation, no other ultrasound abnormalities were 
detected throughout the pregnancy. A 2700 g female 
fetus was delivered at full term with normal physical 
findings at birth. The baby was phenotypically normal 
and had normal psychomotor and language develop-
ment at 2.5 years old, at our last postnatal follow- up.

In Case 2, a Level III ultrasound at 23 + 4 weeks of ges-
tation revealed intrauterine growth retardation (IUGR) 
with a fetal biometry equivalent to 20 + 3 weeks of ges-
tation, accompanied by a ventricular septal defect, one 
multicystic dysplastic kidney, oligohydramnios, a single 
umbilical artery, a bipedal deformity, and rocker- bottom 
clubfoot. The pregnancy was terminated before full ge-
netic results were available.

3.2 | Noninvasive prenatal testing

The signal plot of the NIPT is shown in Figure 2. Both cases 
had Z- scores for the common chromosomes (13/18/21) 
within the normal range (−3 < Z < 3).

In Case 1, the short arm of Chr9 was duplicated, with 
a Z- score of 4.3 based on the NIPT result. The finding on 
Chr9 suggested a gain of approximately 45.7 Mb in size, 
encompassing chromosome bands 9p24.3- 9p11.2 (GRCh3
7:Chr9:609414- 46367678).

Case 2 showed an increased level of DNA for the whole 
Chr9, with a Z- score of 7.8, suggesting trisomy 9.

3.3 | Karyotyping

After counting 100 metaphase spreads by karyotyp-
ing in Case 1, 10 aberrant cells with extra marker 
chromosomes and 90 normal cells were noted. 
They exhibited a karyotype of 47,XX,+der(9)del(9)
(q21q34)dup(9)(p12p24)[10]/46,XX[90], implying a 
10% (10/100) mosaicism of tetrasomy 9p when the re-
sults were cross- referenced with CMA to determine 
the origin of the supernumerary marker chromosome 
(Figure 3).

Case 2 showed a mosaic karyotype with three dis-
tinct cell lines. Cell line 1 (82/100; 82% cells) had three 
Chr9, suggesting trisomy 9. Cell line 2 (14/100; 14% cells) 
had two normal Chr9 and a single centric chromosome 
with a short arm of Chr9, indicating trisomy 9p. Cell line 
3 (4/100; 4% cells) had a normal female karyotype. The 
karyotype of this fetus was 47,XX,+9[82]/47,XX,+del(9)
(q13)[14]/46,XX[4], based on 100 cells from cultured am-
niocytes, indicating an 82% mosaicism of trisomy 9, a 14% 
mosaicism of trisomy 9p, and a 4% of normal karyotype 
(Figure 3).

3.4 | Chromosomal microarray analysis

The CMA result of Case 1 revealed that the marker 
chromosome corresponded to a 64.9 Mb gain at 
arr[GRCH37]9p24.3p13.2(208454- 68216577)*2.43, indi-
cating a 21.5% mosaicism for 9p24.3p13.2 (Figure 4).

F I G U R E  1  The abnormal 
ultrasonography readings of the two 
cases. Arrows indicate the deformity area. 
(a) Strong light spot in the left ventricle 
for Case 1. Partial abnormal ultrasound 
presentations for Case 2: (b) single 
umbilical artery, (c) ventricular septal 
defect, and (d) Rocker bottom clubfoot.
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According to the whole genome variation (WGV) sig-
nal, Case 2 demonstrated a disparity in copy number be-
tween the short and long arm of Chr9, with three copies 
on the short arm and 2.5 copies on the long arm. Based on 
the karyotype result, the calculated mosaic levels of tri-
somy 9, trisomy 9p, and 46,XX were determined to be 50%, 
50%, and 0%, respectively (Figure 4).

3.5 | Fluorescence in situ hybridization

Tetrasomy 9p was detected in 25 of the 100 interphase 
cells observed on uncultured amniocytes from Case 1 by 
interphase FISH using PD- L1 (9p24.3) and CSP9 (cen-
tromere) probes, which was indicative of a 25% mosaicism 
for tetrasomy 9p (Figure 5).

However, because the volume of uncultured amniotic 
fluid was insufficient for interphase FISH and the patient 
declined a second amniocentesis, a similar FISH analysis 
was not performed for Case 2.

4  |  DISCUSSION

Tetrasomy 9p is often associated with multiple malfor-
mations. Nevertheless, few cases of mosaic tetrasomy 9p 
without clinical symptoms have been reported (Sait & 
Wetzler,  2003, Bellil et al.,  2020; McAuliffe et al.,  2005; 
Shu et al., 2021). Here, we describe an extraordinary case 
of mosaic tetrasomy 9p without clinical symptoms from 
conception until 2.5 years of age. To the best of our knowl-
edge, this is the ninth case of mosaic tetrasomy 9p with no 
clinical symptoms to be reported in the literature, and the 
first case in which the phenotype was documented from 
early pregnancy through the postnatal period. The mosaic 
levels for the eight cases that have been previously de-
scribed (Table 2) ranged from 6% to non- mosaic tetrasomy 
9p (Baronchelli et al., 2011; Bellil et al., 2020; McAuliffe 
et al., 2005; Ogino et al., 2007; Papoulidis et al., 2012; Sait 
& Wetzler, 2003; Shu et al., 2021). The mosaic ratio of our 
case was within this range by 21.5%. According to Vinksel 
et al.  (2019), the prognosis for mosaic tetrasomy 9p is 

F I G U R E  2  The NIPT signals of the two cases. The baseline value is zero, and the blue line represents the average signal value of 
corresponding chromosome region. (a) Case 1 demonstrates an increased short arm of Chr9 compared to the baseline. (b) Case 2 shows the 
whole Chr9 elevated relative to the baseline.
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strongly correlated with the size of the affected segment 
of the long arm of the chromosome. If the supernumer-
ary chromosome involves 9q, even the heterochromatic 
region, a worse prognosis is expected, including cardiac 
malformations, intellectual disability, and death. By con-
trast, others have argued that this view was biased and 
based on a small sample size (El Khattabi et al., 2015). In 
Case 1, there was no clinical phenotype, even though the 
supernumerary chromosome involved 9p and extended to 
9q13, which contradicts the findings of Vinksel et al. The 
reasons behind the phenotypical heterogeneities observed 
in mosaic tetrasomy 9p cases are generally unknown. 
Possible explanations include the size, position, and degree 
of mosaicism in the duplicated region (Pinto et al., 2018). 
Arnold et al. considers the timing of non- disjunction oc-
currence and tissue distribution to be the most significant 
prognostic indicators (Arnold et al., 1995). Regardless of 
the mosaic ratio, neither our case nor any of those shown 
in Table 2 displayed any anatomical or intellectual issues. 
We hypothesize that under these situations, aberrant cell 

lines may not exist in the brain and other vital organs, 
which may corroborate Arnold's view. Based on the docu-
mented tissue- limited mosaicism propensity of tetrasomy 
9p, we were not able to assess the distribution of abnormal 
cell lines prenatally, so prenatal counseling still should be 
done with caution, even in cases with normal appearances 
on ultrasound (Vinksel et al., 2019).

The fetus in Case 2 was shown to have a mosaic karyo-
type composed of three cell lines: 47,XX,+9/47,XX,+del(9)
(q13)/46,XX. As far as we know, this is the first case to 
be reported with the mosaic karyotype of both trisomy 
9 and trisomy 9p. Trisomy 9 is uncommon in live- birth 
babies, manifesting more typically as mosaicism (Pejcic 
et al., 2018). IUGR, congenital heart abnormality, multi- 
organ malformations, and the absence of parietal bone 
are the most common prenatal ultrasound manifesta-
tions of mosaic trisomy 9 (Wang et al.,  2020). Trisomy 
9p cases display distinctive craniofacial deformities and 
a broad spectrum of phenotypes involving multiple or-
gans (Cammarata- Scalisi, 2019). Case 2 had two abnormal 

F I G U R E  3  The G banding karyotype results from the two cases with cultured amniotic fluid cells. Arrows indicate derivative Chr9. 
Case 1 contains two cell lines: (a) 46,XX, (b) 47,XX,+der(9)del(9)(q21q34)dup(9)(p12p24). Case 2 contains three cell lines: (c) 47,XX,+9, (d) 
47,XX,+del(9)(q13), (e) 46,XX.
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cell lines with trisomy 9 and trisomy 9p, and most clini-
cal manifestations were comparable to mosaic trisomy 9 
or trisomy 9p. However, the oligohydramnios and single 
umbilical artery symptoms that presented in Case 2 have 
never before been reported in mosaic trisomy 9 or trisomy 
9p. Our case added new prenatal ultrasound characteris-
tics to the list of mosaic trisomy 9/trisomy 9p fetal anoma-
lies. Whether the interaction of the two aberrant cell lines 
produced a new phenotype needs to be confirmed in ad-
ditional cases.

Numerous studies have confirmed the feasibility of 
NIPT for detecting common chromosomal aneuploidy 
(13/18/21), and a few publications have described the de-
tection of rare chromosomal aneuploidy, mosaicism, and 
copy number variation using NIPT (Lee et al., 2018). Cases 
concerning Chr9 detected by NIPT are sporadic in the lit-
erature, and evidence regarding the efficacy of NIPT for 
the evaluation of Chr9 remains inconclusive. Three cases 

of fetal trisomy 9 mosaicism that were initially suspected 
after NIPT and verified by an invasive counterpart were 
reported by Lee et al (Lee et al., 2018). In a similar report, 
Ma et al. predicted the approximate mosaic ratio of trisomy 
9 using NIPT (Ma et al., 2015). NIPT once unintentionally 
discovered a maternal mosaic tetrasomy 9p case during 
pregnancy, in a report by Shu et al (Shu et al., 2021). In 
our study, the gain of genetic material on Chr9 was first 
discovered by NIPT, then verified by amniocentesis. Both 
prior reports and our findings indicate the potential use-
fulness of NIPT for screening Chr9 mosaicism during 
early gestation. However, the zygote undergoes a series 
of cleavage divisions that lead to two functionally distinct 
cell masses, the inner cell mass and the trophectoderm, 
which differentiate into the embryo and placenta, respec-
tively (Molè et al., 2020). Cell- free fetal DNA in the mater-
nal plasma is mainly released from placental trophoblast 
cells and thus only serves as an indirect indicator of fetal 

F I G U R E  4  Various signal diagrams by Chas software indicating the results of Chromosomal Microarray Analysis. The arrows indicate 
the duplicated region of Chr9. (a) Short arm duplication of Chr9 for Case 1. (b) Chr9 duplication with different copy number between short 
and long arm for Case 2.
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genetic information. Vanishing twins, maternal aneu-
ploidy, maternal mosaicism, maternal copy number varia-
tions, and maternal malignancy may all interfere with the 
accuracy of NIPT as well (Renga, 2018). Therefore, inva-
sive prenatal testing is necessary to confirm any positive 
NIPT results, due to the latter's limitations as a prenatal 
diagnosis technique, as well as the risk of confined placen-
tal mosaicism (Ma et al., 2015).

The difference in mosaic levels between uncultured 
and cultivated amniocytes has been confirmed previously 
(Chen et al., 2014). Trisomic mosaic levels have been re-
ported to be lower on karyotype analyses of cultured am-
niocytes than on CMA or FISH analyses of uncultured 
amniocytes. Monomeric mosaic levels have been reported 
to be higher on karyotype analyses than on CMA (Chen 
et al., 2013; Chen et al., 2015; Chen, Chang, et al., 2012; 
Chen, Su, et al., 2012; Hao et al., 2020; Prakash et al., 2014; 
Tian et al., 2019; Wu et al., 2020). This difference may be 

attributable to poor genetic stability and the loss of tri-
somic cells during long- term culture of amniotic fluid 
cells, which contrasts with the case of monomeric cells. 
We reviewed the mosaic levels of 9p duplication detected 
by various testing methods that have been previously 
published (Table 3) (Bellil et al., 2020; Chen et al., 2014; 
Pinto et al., 2018). According to our findings, mosaic lev-
els of 9p duplication decreased during prolonged culture, 
which may explain one previous observation of possible 
false- negative diagnoses of mosaic 9p duplication when 
testing cultured amniocytes (Chen et al.,  2014). Along 
with our case, a total of three cases have shown mosaic 
levels on uncultured amniocytes by FISH, with equivalent 
mosaic levels between FISH and CMA in two cases, but 
lower ones seen on FISH compared to CMA in the third 
case. We speculate that the third case may have been the 
result of artificial selection. This study provided evidence 
that CMA and FISH analyses on uncultured amniocytes 
may accurately detect mosaic levels of 9p duplication. 
Additionally, we hypothesize that the mosaic ratio dis-
crepancy may be more significant between uncultured 
and cultivated amniocytes because segmental Chr9 is 
more unstable and prone to loss during mitosis than 
whole Chr9.

It is noteworthy that, contrary to an earlier finding 
that the level of trisomic mosaicism observed on karyo-
type analysis was lower than what was seen on CMA, the 
mosaic level of trisomy 9 seen on karyotype analysis was 
greater than what was apparent from CMA in our Case 
2. What made Case 2 unique was the complicated mosa-
icism that included two distinct abnormal cell lines with 
both trisomy 9 and trisomy 9p. We investigated the poten-
tial causes of this disagreement with earlier findings as 
follows: (1) Case 2 was a mixture of three cell lines, with 
a predominance of abnormal cell lines, wherein the two 
aberrant cells may have fought for proliferative space and 
trisomy 9 had a growth advantage and/or higher genetic 
stability over trisomy 9p; and (2) the amniotic fluid was a 
combination of cells from the embryo's three germ layers. 

F I G U R E  5  Interphase fluorescence in situ hybridization 
analysis on uncultured amniocytes using the 9p24.3- specific probe 
PD- L1 (dye: Texas red) and centromere probe CSP9 (dye: FITC, 
green) shows two red signals and two green signals in a normal 
cell (solid arrow) and four red signals and three green signals in an 
abnormal cell with tetrasomy 9p (dotted arrow) for Case 1.

T A B L E  2  Previously reported cases with normal phenotypes of mosaic tetrasomy 9p.

Case Literature Age Sex
Mosaicism 
level (blood) Indication Phenotype

1 Sait and Wetzler (2003) 41 Male 43% Skin lesions Healthy

2 Shu et al. (2021) 33 Female 73% Skin lesions Healthy

3 McAuliffe et al. (2005) 37 Male 20% Oligozoospermia Healthy

4 Bellil et al. (2020) 41 Male 50%– 60% Oligozoospermia Healthy

5 Ogino et al. (2007) 10 Male 6% Inconspicuous penis Healthy

6 Baronchelli et al. (2011) Adult Female 72% Premature ovarian failure Healthy

7 Papoulidis et al. (2012) 20 Female Full Familial inv. (7) Healthy

8 Papoulidis et al. (2012) 28 Female 80% IVF for male azoospermia Healthy
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The three cell lines may have come from different tissues, 
accounting for the differences on the mosaic level. As no 
similar examples have been recorded in the literature, ad-
ditional evidence is required in the future to support one 
or both hypotheses.

This study could serve as an essential reference for cli-
nicians who need to evaluate the merits of different tech-
niques used to diagnose 9p duplication mosaicism in the 
future.

However, some key limitations of this study should 
be acknowledged as well. First, more cases are required 
to fully assess the use of various approaches for identi-
fying mosaic 9p duplication in the future, because the 
number of relevant cases, both in this study and in the 
literature, is limited. Second, the patient in Case 2 de-
clined a second amniocentesis, which meant that there 
was insufficient amniotic fluid for FISH, so we were un-
able to evaluate the differences between FISH and the 
other procedures for that embryo. Third, the neonatal 
outcome for Case 2 is unknown since the pregnancy was 
terminated at 24 weeks.

We recommend NIPT as a routine chromosomal 
screening technique during early pregnancy. Invasive 
amniocentesis is required for CMA and karyotype test-
ing when NIPT indicates abnormalities. If either CMA or 
karyotype analysis suggests the possibility of mosaicism, 
further verification of the mosaic ratio and abnormal 
structure by FISH should be considered. Once abnormal 
structure and mosaic levels have been determined, con-
tinuous ultrasound monitoring of their genetic effects is 
essential.

5  |  CONCLUSION

Tetrasomy 9p mosaicism can have no clinical appearance 
during pregnancy and postpartum. Unlike trisomy 9 or tri-
somy 9p, complicated mosaicism of trisomy 9p and trisomy 
9 has a novel ultrasound appearance. This study demon-
strated the potential of using NIPT to suggest 9p duplica-
tion in early pregnancy. Discrepancies were present in the 
mosaic levels of 9p duplication between approaches. The 
comprehensive use of NIPT, karyotype analysis, CMA, and 
FISH was helpful for early screening, identifying the origin 
of the marker chromosome, evaluating the mosaic level, 
and preparing effective genetic counseling.
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karyotype analysis, the fluorescence in situ hybridization 
analysis and follow- up.
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