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Description
CROSS-REFERENCE TO RELATED APPLICATION
[0001] None
FIELD

[0002] The present disclosure relates to the field of biotechnology, more particular to a method for isolating a target
cell from a blood sample and use thereof.

BACKGROUND

[0003] Recently, with the development of high-throughput sequencing technology, it has been widely recognized to
determine fetal chromosome-based copy number variation by detecting cell-free fetal DNAs in peripheral blood of a
pregnant woman with a high-throughput sequencing method. However, use of the free fetal DNAs has inherent defi-
ciencies. For example, in addition to the cell-free fetal DNAs, a large amount of maternal DNAs is also present in maternal
blood. Furthermore, the cell-free fetal DNAs are found as fragmented sequences, i.e., incomplete genome. In view of
the above, the existing detection mainly directs to chromosome-base copy number variation (CNV), there exist great
difficulties for detecting gene mutation at a specific locus.

[0004] Therefore, there is still a need to improve detection of cell-free fetal DNAs in peripheral blood of a pregnant
woman.

SUMMARY

[0005] Embodiments of the present disclosure aim at to solve at least one of the problems existing in the related art,
or to provide at least a commercial choice. For this purpose, the present disclosure in embodiments provide a means
for isolating a target cell with a complete genome from a blood sample effectively, for detection and analysis of the whole
genome of the fetal cell in the peripheral blood of the pregnant woman.

[0006] It should be noted that the present disclosure is accomplished by present inventors based on the following
findings.

[0007] Although it has been reported in papers and patents that fetal cells have been successfully isolated from
peripheral blood of a pregnant woman, such isolated fetal cells are mainly useful in certain prenatal diagnosis, e.g., sex
determination or chromosome-based copy number variation diagnosis (such as, Trisomy 21, Trisomy 13, Trisomy 18
and the like) by means of PCR or fluorescence in situ hybridization (FISH), rather than detection of gene mutation at a
specific locus (such as a monogenic disease) because of the incomplete genome.

[0008] Itis found by the present inventors through massive investigations that it is impossible for the existing methods
to obtain a fetal cell with a complete genome for the reasons that (1) lack of an antibody with high specificity, leading to
low accuracy and poor purity for acquisition of the fetal cell (i.e., a target cell); (2) inherent vulnerability of the fetal cell,
leading to the fact that it is impossible for the target cell (even in high purity obtained by combined isolating methods)
to contain the complete genome because the target cell is easy to be damaged by the isolating methods. In the latter
regard, more isolating steps give rise to higher probability of damage, thereby further increasing the difficulty in obtaining
the fetal cell with the complete genome. Nevertheless, there is none research report showing successful isolation of the
fetal cell with the complete genome from maternal blood, for whole genome sequencing in high depth.

[0009] With a series of researches, the present inventors provide a means for isolating a target cell with a complete
genome from a blood sample effectively, which is unexpectedly useful in detection and analysis of the fetal whole genome
of the peripheral blood of the pregnant woman.

[0010] In one aspect of the present disclosure, provided in embodiments is a method for isolating a target cell from a
blood sample. In some embodiments of the present disclosure, the target cell is in form of a single cell. In some embod-
iments of the present disclosure, the method includes steps of: (1) subjecting the blood sample to immunomagnetic
bead sorting, thereby obtaining a first sorted product containing the target cell; (2) subjecting the first sorted product to
flow cytometry sorting, thereby obtaining a second sorted product containing the target cell; and (3) separating the
second sorted product by mouth-controlled pipette, thereby obtaining the target cell in form of the single cell.

[0011] With this method described in this aspect, the target cell with the complete genome can be isolated and acquired
effectively from the blood sample and the target cell obtained is in form of the single cell. It is surprisingly discovered by
the present inventors that the single cell obtained (i.e., the target cell with the complete whole genome) is suitable for
whole genome amplification, with a whole genome amplified product useful in library construction and sequencing, thus
benefiting acquisition of the whole genome sequence information of the target cell in an accurate and effective way (for
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example, by constructing a sequencing library and whole genome sequencing). Further, based on such whole genome
sequence information of the target cell, it is possible to accurately determine fetal physical condition, such as gender,
genetic relationship, chromosomal abnormality, single nucleotide polymorphism, microdeletion, microrepeats and the
like. That is to say, the single cell obtained by the method according to embodiments is useful in detection and analysis
of the whole genome of the fetal cell in the peripheral blood of the pregnant woman.

[0012] To be noted, the term "a complete genome" in the expression "a target cell with a complete genome" used
herein means the genome is complete in a relative than absolute sense. Specifically, in the related art, a target cell can
be considered to be of a complete genome in the case that: after whole genome amplification and high-depth sequencing
for the target cell isolated, whole genome sequencing data with high quality is obtainable for further high-depth sequencing
analysis and thus effective detection for gene mutation at a specific locus.

[0013] In some embodiments of the present disclosure, the blood sample is from a pregnant woman.

[0014] In some embodiments of the present disclosure, the target cell is a fetal cell.

[0015] In some embodiments of the present disclosure, prior to step (1), the method further includes removing red
blood cells from the blood sample.

[0016] In some embodiments of the present disclosure, the blood sample is contacted with a red blood cell lysis buffer
in the presence of an anticoagulant, so as to remove the red blood cells from the blood sample.

[0017] In some embodiments of the present disclosure, the anticoagulant is at least one selected from the group
consisting of heparin, ethylenediamine tetraacetic acid, citrate, oxalate and ACD anticoagulant.

[0018] In some embodiments of the present disclosure, removing the red blood cells from the blood sample further
includes: mixing the blood sample with a BD lysing solution diluted in advance till to solution clarification, followed by
centrifugation and collection of the remaining precipitate after supernatant removal; and repeatedly washing the precip-
itate with a buffer containing fetal bovine serum (FBS) to remove residual BD lysing solution thoroughly. The term
"repeatedly washing" in this context means the precipitate is washed with a buffer at least twice, such as twice, three
times, four times, five times, six times or more.

[0019] Insome embodiments of the present disclosure, a bead coated with an antibody is used for the immunomagnetic
bead sorting; preferably, the antibody is a negative antibody non-specific for the target cell.

[0020] In some embodiments of the present disclosure, the antibody is against at least one of antigens selected from
CD45, CD14, CD56, CD19 and CD20.

[0021] In some embodiments of the present disclosure, step (1) further includes: mixing the blood sample and beads
coated with the antibody, incubating and centrifuging in sequence, followed by collection of a first precipitate after
supernatant removal; suspending the first precipitate with a buffer, thereby obtaining a solution containing the target
cell; loading the solution containing the target cell onto a sorting column rinsed in advance, followed by collection of
entire outflow as first outflow containing the target cell; rinsing the sorting column twice with the buffer and respectively
collecting respective entire outflows as second outflow and third outflow, both containing the target cell; combining the
first outflow, the second outflow and the third outflow, followed by centrifugation and collection of a second precipitate;
and suspending the second precipitate with the buffer, thereby obtaining the first sorted product containing the target cell.
[0022] In some embodiments of the present disclosure, step (2) further includes: staining a surface antigen on the first
sorted product with the antibody, said surface antigen being at least one selected from the group consisting of CD45,
CD14, CD56, CD19 and CD20.

[0023] In some specific embodiments of the present disclosure, the step (2) further includes: staining a surface antigen
on the first sorted product with the antibody in a ratio of 1:50, followed by incubation, centrifugation and washing, thereby
obtaining a precipitate containing the target cell, said surface antigen being at least one selected from the group consisting
of CD45, CD14, CD56, CD19 and CD20; suspending the resulting precipitate with a buffer, thereby obtaining a first
solution containing the target cell; incubating the first solution containing the target cell with Hoechst 33342/Propidium
lodide (PI) dyes at room temperature in a dark place, thereby obtaining a second solution containing stained cells; and
sorting the second solution containing stained cells which is diluted in advance by flow cytometer, with Hoechst-positive,
Pl and CD45-negative cells collected as the second sorted product.

[0024] In some embodiments of the present disclosure, step (3) further includes: placing the second sorted product
onto a slide, and picking up a single cell having complete cell morphology under a bright field and exhibiting desired
staining results under a fluorescence field by use of dyes.

[0025] In some specific embodiments of the present disclosure, the step (3) further includes: placing the second sorted
product onto a slide, and picking up a nucleated single cell having complete cell morphology under a bright field and
exhibiting desired staining results under a fluorescence field into individual wells with a base solution of a plate, thereby
obtaining the target cell after centrifuging.

[0026] In another aspect of the present disclosure, provided in embodiments is a device for isolating a target cell from
a blood sample. In some embodiments of the present disclosure, the target cell is in form of a single cell. In some
embodiments of the present disclosure, the device includes: an immunomagnetic bead sorting unit, configured to subject
the blood sample to immunomagnetic bead sorting, so as to obtain a first sorted product containing the target cell; a
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flow cytometry sorting unit, connected to the immunomagnetic bead sorting unit and configured to subject the first sorted
product to flow cytometry sorting, so as to obtain a second sorted product containing the target cell; and a mouth-
controlled pipette isolating unit, connected to the flow cytometry sorting unit and configured to separate the second
sorted product by mouth-controlled pipette, so as to obtain the target cell in form of the single cell.

[0027] With the device which is useful in implementing the method described above, the target cell with the complete
genome can be isolated and acquired effectively from the blood sample, and targeted cell obtained is in form of the
single cell, which is particularly suitable for whole genome amplification, with a whole genome amplified product useful
in library construction and sequencing, thus benefiting acquisition of the whole genome sequence information of the
target cell in an accurate and effective way (for example, by constructing a sequencing library and whole genome
sequencing). Further, based on such whole genome sequence information of the target cell, it is possible to accurately
determine fetal physical condition, such as gender, genetic relationship, chromosomal abnormality, single nucleotide
polymorphism, microdeletion, microrepeats and the like. That is to say, the single cell obtained by the device according
to embodiments is useful in detection and analysis of the whole genome of the fetal cell in the peripheral blood of the
pregnant woman.

[0028] In some embodiments of the present disclosure, the blood sample is from a pregnant woman.

[0029] In some embodiments of the present disclosure, the target cell is a fetal cell.

[0030] In some embodiments of the present disclosure, the device further includes a red blood cell removing unit,
configured to remove red blood cells from the blood sample.

[0031] In a specific embodiment of the present disclosure, the red blood cell removing unit is configured to remove
red blood cells from the blood sample by: contacting the blood sample with a red blood cell lysis buffer in the presence
of an anticoagulant, so as to remove the red blood cells from the blood sample.

[0032] In some embodiments of the present disclosure, the anticoagulant is at least one selected from the group
consisting of heparin, ethylenediamine tetraacetic acid, citrate, oxalate and ACD anticoagulant.

[0033] In a specific embodiment of the present disclosure, the red blood cell removing unit is configured to remove
red blood cells from the blood sample by: mixing the blood sample with a BD lysing solution diluted in advance till to
solution clarification, followed by centrifugation and collection of the remaining precipitate after supernatant removal;
and repeatedly washing the precipitate with a buffer containing fetal bovine serum (FBS) to remove residual BD lysing
solution thoroughly. The term "repeatedly washing" in this context means the precipitate is washed with a buffer at least
twice, such as twice, three times, four times, five times, six times or more.

[0034] Insome embodiments of the present disclosure, a bead coated with an antibody is used for the immunomagnetic
bead sorting unit; preferably, the antibody is a negative antibody non-specific for the target cell.

[0035] In some embodiments of the present disclosure, the antibody is against at least one of antigens selected from
CD45, CD14, CD56, CD19 and CD20.

[0036] In some embodiments of the present disclosure, the immunomagnetic bead sorting unit is configured to subject
the blood sample to immunomagnetic bead sorting by: mixing the blood sample and beads coated with the antibody,
incubating and centrifuging in sequence, followed by collection of a first precipitate after supernatant removal; suspending
the first precipitate with a buffer, thereby obtaining a solution containing the target cell; loading the solution containing
the target cell onto a sorting column rinsed in advance, followed by collection of entire outflow as first outflow containing
the target cell; rinsing the sorting column twice with the buffer and respectively collecting respective entire outflows as
second outflow and third outflow, both containing the target cell; combining the first outflow, the second outflow and the
third outflow, followed by centrifugation and collection of a second precipitate; and to suspend the second precipitate
with the buffer, thereby obtaining the first sorted product containing the target cell.

[0037] In some embodiments of the present disclosure, the flow cytometry sorting unit is configured to subject the first
sorted product to flow cytometry sorting by: staining a surface antigen on the first sorted product with the antibody, said
surface antigen being at least one selected from the group consisting of CD45, CD14, CD56, CD19 and CD20.

[0038] In a specific embodiment of the present disclosure, the flow cytometry sorting unit is configured to subject the
first sorted product to flow cytometry sorting by: staining a surface antigen on the first sorted product with the antibody
in a ratio of 1:50, followed by incubation, centrifugation and washing, thereby obtaining a precipitate containing the target
cell, said surface antigen being at least one selected from the group consisting of CD45, CD 14, CD56, CD19 and CD20;
suspending the resulting precipitate with a buffer, thereby obtaining a first solution containing the target cell; incubating
the first solution containing the target cell with Hoechst 33342/Propidium lodide (PI) dyes at room temperature in a dark
place, thereby obtaining a second solution containing stained cells; and sorting the second solution containing stained
cells which is diluted in advance by flow cytometer, with Hoechst-positive, Pl and CD45-negative cells collected as the
second sorted product.

[0039] In some embodiments of the present disclosure, the mouth-controlled pipette isolating unit is configured to
separate the second sorted product by mouth-controlled pipette by: placing the second sorted product onto a slide, and
picking up a single cell having complete cell morphology under a bright field and exhibiting desired staining results under
a fluorescence field by use of dyes.
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[0040] In a specific embodiment of the present disclosure, the mouth-controlled pipette isolating unit is configured to
separate the second sorted product by mouth-controlled pipette by: placing the second sorted product onto a slide, and
picking up a nucleated single cell having complete cell morphology under a bright field and exhibiting desired staining
results under a fluorescence field into individual wells with a base solution of a plate, thereby obtaining the target cell
after centrifuging.

[0041] In a further aspect of the present disclosure, provided in embodiments is a method for subjecting a target cell
in a blood sample to whole genome amplification, including: isolating the target cell from the blood sample by the method
described above, thereby obtaining the target cell in form of a single cell; lysing the target cell, thereby obtaining a lysed
solution containing the whole genome of the target cell; and amplifying the whole genome of the target cell by using a
polymerase.

[0042] In some embodiments of the present disclosure, the polymerase is Phi29 DNA polymerase.

[0043] In a specific embodiment of the present disclosure, amplifying the whole genome of the target cell is conducted
in an amplification system, including 10xXPhi29 buffer, water, 1.8 to 2.2xX10-8mol deoxyribonucleotides (ANTPs), N8
primers (at a total concentration of 1.8 to 2.2x10-1mol), 4.5 to 5.5X10-3mg BSA, 0.0045 to 0.0055uL Pluronic F68 and
9 to 11U Phi29 DNA polymerase, wherein the N8 primers are random primers consisting of 8 dNTPs arranged randomly
(i.e., Adenosine deoxytriphosphate (dATP), Thymine deoxytriphosphate (dTTP), Cytosine deoxytriphosphate (dCTP)
and Guanosine deoxytriphosphate (dGTP)).

[0044] In some embodiments of the present disclosure, the method for subjecting a target cell in a blood sample to
whole genome amplification furtherincludes: (1) isolating the target cell from the blood sample by the method as described
above, thereby obtaining the target cell in form of a single cell; (2) incubating the target cell with 3.7 pL PBS buffer and
3 wL lysing buffer for cell denaturation at 65°C for 10 minutes, followed by addition of 3 pL neutralizing buffer, thereby
obtaining a solution as a template in a volume of 9.7 uL; and (3) incubating the solution as a template in an amplification
system (for one-tube reaction) at 30°C for 3 hours, followed by incubation again at 65°C for 5 minutes, thereby obtaining
a whole genome amplified product.

[0045] The amplification system (40.3 L in total for one-tube reaction) consists of 30 pL H,O, 5 pL 10XPhi29 buffer,
2 pL dNTPs, 2 wL N8 primers, 0.25 pL 20 mg/mL BSA (aqueous), 0.05pL 10% Pluronic F68 and 1 pL Phi29 DNA
polymerase.

[0046] dNTPs include dATP, dTTP, dCTP and dGTP (each in a concentration of 10 mM).

[0047] The N8 primers are at a total concentration of 10 WM.

[0048] For the 10% Pluronic F68, 10% represents a ratio of concentration to volume.

[0049] The Phi29 DNA polymerase is at a concentration of 10 U/pL.

[0050] The N8 primers are random primers consisting of 8 dNTPs (i.e., dATP, dTTP, dCTP and dGTP) arranged
randomly.

[0051] The PBS buffer in a specific embodiment is of a concentration of 0.1 M and a pH value of 7.5.

[0052] The lysing buffer for cell denaturation consists of a solute and a solvent. The solvent is water. The solutes and
concentrations thereof are shown as below: 0.09 to 0.11 mM KOH, 0.9 to 1.1 mM EDTA, and 0.09 to 0.11 M DTT.
[0053] The neutralizing buffer consists of a solute and a solvent. The solvent is water. The solutes and concentrations
thereof are shown as below: 54 to 66 mM KH,PO, and 4.5 to 5.5 mM K,HPO,.

[0054] The lysing buffer for cell denaturation consists of a solute and a solvent. The solvent is water. The solutes and
specific concentrations thereof are shown as below: 0.1 mM KOH, 1 mM EDTA and 0.1 M DTT.

[0055] The neutralizing buffer consists of a solute and a solvent. The solvent is water. The solutes and specific
concentrations thereof are shown as below: 60 mM KH,PO, and 5mM K,;HPO,.

[0056] Thus, the whole genome amplified (WGA) product for the single cell achieves high coverage across the whole
genome and excellent homogeneity, which is suitable for identifying gene identity based on short tandem repeat (STR)
genotyping and analyzing the chromosome-based copy number variation in the genome, thus benefiting the detection
and analysis of the whole genome of the fetal cell in the peripheral blood of the pregnant woman.

[0057] With this method described in this aspect, the target cell with the complete genome can be isolated effectively
from a blood sample, and thus it is possible to achieve the whole genome amplification for the target cell, with a whole
genome amplified product useful in library construction and sequencing, thus benefiting acquisition of the whole genome
sequence information of the target cell in an accurate and effective way (for example, by constructing a sequencing
library and whole genome sequencing). Further, based on such whole genome sequence information of the target cell,
it is also possible to accurately determine fetal physical condition, such as gender, genetic relationship, chromosomal
abnormality, single nucleotide polymorphism, microdeletion, microrepeats and the like. That is to say, the single cell
obtained by the method according to embodiments is useful in detection and analysis of the whole genome of the fetal
cell in the peripheral blood of the pregnant woman.

[0058] In a still further aspect of the present disclosure, provided in embodiments is a method for determining cell
species of a target cell in a blood sample. In some embodiments of the present disclosure, the method includes: subjecting
the target cell in the blood sample to whole genome amplification by the method described above, thereby obtaining a
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whole genome amplified product; and identifying the cell species of the target cell based on the whole genome amplified
product.

[0059] It is found by the present inventors that, with this method described in the present aspect, the cell species of
the target cell in the blood sample can be determined in an effective and reproducible manner with an accurate and
reliable result, thus benefiting the detection and analysis of the whole genome of the fetal cell in the peripheral blood of
the pregnant woman effectively.

[0060] Insomeembodiments of the present disclosure, the cell species of the target cell may be identified by subjecting
the whole genome amplified product to Q-PCR or STR analysis.

[0061] In a still further aspect of the present disclosure, provided in embodiments is an apparatus for subjecting a
target cell in a blood sample to whole genome amplification. In some embodiments of the present disclosure, the
apparatus includes: a target cell isolating device, which is the device for isolating a target cell from a blood sample
described above; a lysing device, connected to the target cell isolating device and configured to lyse the target cell, so
as to obtain a lysed solution containing the whole genome of the target cell; and a whole genome amplification device,
connected to the lysing device and configured to amplify the whole genome of the target cell using a polymerase.
[0062] With the apparatus which is useful in implementing the method for subjecting a target cell in a blood sample
to whole genome amplification described above, the target cell with the complete genome can be isolated effectively
from the blood sample, and thus it is possible to achieve the whole genome amplification for the target cell, with a whole
genome amplified product useful in library construction and sequencing, thus benefiting acquisition of the whole genome
sequence information of the target cell in an accurate and effective way (for example, by constructing a sequencing
library and whole genome sequencing). Further, based on such whole genome sequence information of the target cell,
it is also possible to accurately determine fetal physical condition, such as gender, genetic relationship, chromosomal
abnormality, single nucleotide polymorphism, microdeletion, microrepeats and the like. That is to say, the single cell
obtained by the apparatus according to embodiments is useful in detection and analysis of the whole genome of the
fetal cell in the peripheral blood of the pregnant woman.

[0063] In a still further aspect of the present disclosure, provided in embodiments is a system for determining cell
species of a target cell in a blood sample. In some embodiments of the present disclosure, the system include: the
apparatus for subjecting the target cell in a blood sample to whole genome amplification as described above, configured
to subject the target cell in the blood sample to whole genome amplification, so as to obtain a whole genome amplified
product; and a cell species identifying device, connected to the whole genome amplification device as described above
and configured to identify the cell species of the target cell based on the whole genome amplified product.

[0064] Itis found by the present inventors that, with this system in this aspect, the cell species of the target cell in the
blood sample can be determined in an effective and reproducible manner with an accurate and reliable result, thus
benefiting the detection and analysis of the whole genome of the fetal cell in the peripheral blood of the pregnant woman
effectively.

[0065] In some embodiments of the present disclosure, the cell species identifying device is configured to identify the
cell species of the target cell by subjecting the whole genome amplified product to Q-PCR or STR analysis.

[0066] In a still further aspect of the present disclosure, provided in embodiments is a method of constructing a whole
genome sequencing library of a target cell in a blood sample. In some embodiments of the present disclosure, the method
includes: subjecting the target cell in the blood sample to whole genome amplification by the method described above,
thereby obtaining a whole genome amplified product; and constructing a whole genome sequencing library based on
the whole genome amplified product.

[0067] With this method described in this aspect, the target cell with the complete genome can be isolated effectively
from the blood sample, and thus it is possible to achieve construction of the whole genome sequencing library for the
target cell for convenience of whole genome sequencing, thus obtaining the whole genome sequence information of the
target cell. Further, based on such the whole genome sequence information of the target cell, it is also possible to
accurately determine fetal physical condition, such as gender, genetic relationship, chromosomal abnormality, single
nucleotide polymorphism, microdeletion, microrepeats and the like. That is to say, the single cell obtained by the method
according to embodiments is useful in detection and analysis of the whole genome of the fetal cell in the peripheral blood
of the pregnant woman.

[0068] In a still further aspect of the present disclosure, provided in embodiments is a method for subjecting a target
cell in a blood sample to whole genome sequencing. In embodiments of the present disclosure, the method includes:
constructing a whole genome sequencing library by the method described above; and subjecting the whole genome
sequencing library to sequencing.

[0069] With this method described in this aspect, the whole genome of the target cell obtained from the blood sample
can be subjected to whole genome sequencing effectively, thereby obtaining the whole genome sequence information
of the target cell (i.e. a single cell), thus based on such sequence information of the whole genome of the target cell, it
is also possible to accurately determine fetal physical condition, such as gender, genetic relationship, chromosomal
abnormality, single nucleotide polymorphism, microdeletion, microrepeats and the like. That is to say, the single cell
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obtained by the method according to embodiments is useful in detection and analysis of the whole genome of the fetal
cell in the peripheral blood of the pregnant woman.

[0070] In some embodiments of the present disclosure, the whole genome sequencing is perfomed on at least one of
sequencing platforms selected from the group consisting of lllumina-Solexa, ABI-Solid, Roche-454 and a single molecule
sequencer.

[0071] In a still further aspect of the present disclosure, provided in embodiments is a method for determining a whole
genome sequence information of a target cell in a blood sample. In embodiments of the present disclosure, the method
includes: subjecting the target cell to whole genome sequencing by the method described above, thereby obtaining a
sequencing result, and determining the whole genome sequence information of the target cell based on the sequencing
result.

[0072] With this method described in this aspect, the target cell with the complete genome can be isolated from a
blood sample effectively, and thus it is possible to achieve determination of the whole genome sequence information of
the target cell. Further, based on such whole genome sequence information of the target cell, it is also possible to
accurately determine fetal physical condition, such as gender, genetic relationship, chromosomal abnormality, single
nucleotide polymorphism, microdeletion, microrepeats and the like. That is to say, the single cell obtained by the method
according to embodiments is useful in detection and analysis of the whole genome of the fetal cell in the peripheral blood
of the pregnant woman.

[0073] In some embodiments of the present disclosure, the blood sample is from a pregnant woman, and the target
cell is a single cell derived from a fetus.

[0074] Insomeembodiments of the presentdisclosure, the method furtherincludes: determining fetal physical condition
based on the sequence information of the target cell.

[0075] In some embodiments of the present disclosure, the fetal physical condition includes gender, genetic relation-
ship, chromosomal abnormality, single nucleotide polymorphism, microdeletion and microrepeats.

[0076] According to embodiments of the present disclosure, at least one of advantages can be achieved as follows.

1. In terms of an antibody marker, a negative antibody is exclusively used as the marker in the present disclosure,
which is bound to a surface antigen expressed exclusively on non-fetal cells rather than fetal cells (i.e. fetal cells
do not express the surface antigen bound to the negative antibody, e.g., an antibody specific for CD45 expressed
on leukocyte), thereby overcoming disadvantages of the non-specificity of a positive antibody for fetal cells, and
providing advantages of not aiming at particular fetal cell type such that the fetal cells can be isolated as many as
possible, including rare fetal cells.

2. In terms of isolating methods, the present disclosure combines advantages of rapidness and effectiveness of
immunomagnetic bead sorting with high purity of flow cytometry sorting, as well as single cell separation by mouth-
controlled pipette, thus it is achievable for detection of fetal heritable variation in conjunction with whole genome
amplification for a single cell, high-throughput sequencing and bioinformation analysis in clinical diagnosis.

3. In terms of clinical diagnosis, a fetal cell can be isolated noninvasively by the present method, thereby preventing
a pregnant woman under detection from unintentional injure (such as abortion) caused by invasive technique (such
as extraction of amniotic fluids).

4. In embodiments of the present disclosure, the fetal cell obtained contains a complete genome, which is particular
useful in detection of gene mutation at a specific locus, especially for a fetal monogenic disease.

5. To be noted, it is impossible for the existing methods to obtain the fetal cell with the complete genome; and it is
extremely difficult for combined isolating methods to isolate an entire single cell on account of damage caused by
each manipulating step, i.e., more isolating steps give rise to higher probability of damage, thereby further increasing
the difficulty in obtaining the target cell with the complete genome. However, according to embodiments of the
presentdisclosure, the target cell with the complete genome is isolated effectively for high-depth sequencing analysis.
Such a finding, obtained through massive experiments by the present inventors, achieves a surprising and unex-
pected effect, which is contrary to the common knowledge described previously, i.e., "more isolating steps give rise
to higher probability of damage, thereby further increasing the difficulty in obtaining the target cell with the complete
genome".

DETAILED DESCRIPTION

[0077] The embodiments of the present disclosure are described in detail below. Such embodiments are explanatory,
and aim at to explain the present disclosure rather than to limit the present disclosure.

[0078] Terms such as "first" and "second" are used herein for purposes of description and are not intended to indicate
or imply relative importance or significance or impliedly indicate quantity of the technical feature referred to. Thus, the
feature defined with "first" and "second" may comprise one or more this feature. In the description of the present disclosure,
"a plurality of means two or more than two this features, unless specified otherwise.
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[0079] Reference will be made in detail to examples of the present disclosure. It would be appreciated by those skilled
in the art that the following examples are explanatory, and cannot be construed to limit the scope of the present disclosure.
The techniques specified in the examples are well known to those skilled in the art, and can be performed according to
conventional methods in the art (e.g., Molecular Cloning: A Laboratory Manual, 3rd Ed.) or according to the product
instructions. In addition, the reagents or instruments used in the present disclosure may be commercially available, as
well the sources, trade names and necessary components of the reagents should be indicated when described at firsttime.

Example 1 Pretreatment of peripheral blood sample and sorting target cells

[0080] In the example, the starting blood sample is 10 mL peripheral blood sample derived from a healthy pregnant
woman carrying a male fetus in 13-week gestation period, with the sample label of CFCCYY.

[0081] The 10 mL peripheral blood sample collected in a blood collection tube with heparin was mixed with 100 mL
BD lysing solution (1X) diluted in advance at room temperature under gentle stirring, till to solution clarification, followed
by centrifugation and collection of the remaining precipitate after supernatant removal. The precipitate obtained was
washed twice with a PBS buffer containing 2% FBS, and then suspended into 80 pL of the PBS buffer containing 2%
FBS, by blowing and suction to be uniform, thus obtaining a first solution without red blood cells.

[0082] To the first solution obtained, beads coated with CD45 antibody were added. The mixture was incubated at
4°C for 15 minutes, followed by centrifugation in 300 g for 10 minutes and collection of the precipitate conjugated with
target cells (i.e. a fetal cell). Subsequently, the precipitate was suspended into the PBS buffer containing 2% FBS, and
loaded onto an immunomagnetic bead sorting system (Miltenyi Biotec, Germany), followed by collection of outflow
containing the target cells negative for CD45. After centrifugation of the outflow collected, the precipitate portion was
suspended into the PBS buffer containing 2% FBS, thus obtaining a second solution with CD45-negative cells.

[0083] To the second solution, the CD45 antibody was added additionally. The mixture was incubated at 4°C for 15
minutes, followed by centrifugation and collection of the precipitate. Afterwards, the precipitated cells were suspended
into the PBS buffer containing 2% FBS, and then incubated with 50 pL staining solution containing Hoechst 33342/PI
dyes (1mg/mL) at room temperature in a dark place for 30 minutes. Following that the mixture with stained cells was
filtered and transferred into a tube specialized for flow cytometer, and Hoechst positive, Pl and CD45-negative cells
were sorted out and collected into a PCR tube with PBS containing 1% BSA.

[0084] The product in the PCR tube was placed onto a slide, followed by picking up a nucleated single cell (i.e. the
target cell) having complete cell morphology under a bright field and exhibiting desired staining results under a fluores-
cence field (i.e. merged "purple" under the fluorescence field, based on the selected Hoechst 33342/PI dyes) into
individual wells of a 96-well plate, with 4 L PBS per well as a base solution. Afterwards, the plate was centrifuged and
sealed with a film for next whole genome amplification. In the example 1, a total of 114 single cells were picked up from
the 10 mL peripheral blood sample by a mouth-controlled pipette.

Example 2 Whole genome ampilification for target cell
[0085] The single cells obtained in the Example 1 were subjected to whole genome amplification by steps as follows.
Step 1. Preparation of a kit for whole genome amplification for the single cell

[0086] The kit contains a lysing buffer for cell denaturation, a neutralizing buffer and an amplification system.

[0087] The lysing buffer for cell denaturation consists of 0.1 mM KOH, 1 mM EDTA, 0.1 M DTT and water.

[0088] The neutralizing buffer consists of 60 mM KH,PO,4, 5 mM K,HPO, and water.

[0089] The amplification system includes 10xPhi29 buffer, water, 1.8 to 2.2x10-8mol dNTPs, N8 primers (at a total
concentration of 1.8 to 2.2x10-1"mol), 4.5 to 5.5X10-3mg BSA, 0.0045 to 0.0055uL Pluronic F68 and 9 to 11 U Phi29
DNA polymerase. Specifically, the amplification system (total 40.3 pL) consists of 30 pL H,O, 5uL 10XPhi29 buffer, 2
pL dNTPs, 2 pL N8 primers, 0.25 pL BSA (20 mg/mL, aqueous), 0.05pL 10% Pluronic F68 and 1 pL Phi29 DNA
polymerase.

10X Phi29 buffer is from Complete Genomics (Cat. No.: MP00012).
dNTPs are from FERMENTAS (Cat. No.: R0193), including dATP, dTTP, dCTP and dGTP (each at a concentration
of 10 mM).

[0090] The N8 primers are random primers consisting of 8 dNTPs arranged randomly (i.e., dATP, dTTP, dCTP and
dGTP) and are at a total concentration of 10 pM.

[0091] The 10% (in a ratio of concentration to volume) Pluronic F68 is from Sigma (Cat. No.: P5556).

[0092] The Phi29 DNA polymerase is from Complete Genomics (Cat. No.: RM00024), with a concentration of 10 U/p.L.
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Step 2. Preparation of whole genome amplified product

[0093] The 114 single cells were individually subjected to whole genome amplification using the kit obtained in the
step 1 by steps as follows.

2.1 The single cell each was incubated with 3.7 pL PBS buffer (pH 7.5, 0.1 M) and 3 pL of the lysing buffer in the
kit (for cell denaturation and genome release) at 65 °C for 10 minutes, followed by addition of 3 pL of the neutralizing
buffer in the kit (for stopping cell lysing and adjusting the solution to be neutral), thereby obtaining a solution as a
template in a volume of 9.7 L.

2.2 The solution as the template (9.7 pL, approximate 6 pg of DNA) obtained was incubated with the amplification
system in the kit at 30°C for 3 hours, followed by incubation again at 65°C for 5 minutes, thereby obtaining the whole
genome amplified product of the target cell.

[0094] The whole genome amplified product obtained may be directly used for the follow-up analysis or stored at-20°C.
[0095] Thus, it is found by the present inventors that the whole genome amplified product of the single cell obtained
by the amplifying method in embodiments achieves high coverage across the whole genome and excellent homogeneity,
which is suitable for identifying gene identity based on STR genotyping and analyzing the chromosomal-based copy
number variation in the genome, thus benefiting the detection and analysis of the a whole genome of the fetal cell in the
peripheral blood of the pregnant woman.

Example 3 Q-PCR or STR detection of the whole genome amplified product

[0096] Individual whole genome amplified products of the 114 single cells each were subjected to Q-PCR detection
using Quantifier® Trio DNA Quantification Kit (Applied Biosystems ™) on real-time gPCR instrument (ViiA 7™) according
to the procedures in the specifications of the kits, with 4 out of 114 single cells exhibiting an obvious amplification signal
for Y-chromosome detected for the corresponding whole genome amplified products.

[0097] The whole genome amplified products of the 4 single cells, as well as parental genomes thereof were subjected
to STR detection by the present inventors using the AmpFLSTR Identifier PCR Amplification Kit and the AmpFLSTR®
Yfiler PCR Amplification Kit, with results obtained and listed in Table 1 as follows:

Table 1: results of common-STR and Y-STR detection

Cell No. | ampFLSTR Identifier™ ampFLSTR® Yfiler'2
number of covered number of mapped loci/ | number of covered number of mapped
loci/total loci number | number of covered loci loci/total loci loci/number of
number covered loci

CFCCYY- | 10/16 10/10 9/16 8/9

E2

CFCCYY- | 14/16 14/14 15/16 14/15

F2

CFCCYY- | 8/16 8/8 6/16 5/6

M6

CFCCYY- | 9/16 9/9 4/16 4/4

P5

noted: “1: AmpFLSTR Identifiler PCR Amplification Kit enables simultaneous amplification and detection of total 16
STR loci at one time; however, normally less than 16 loci can be detected because some loci will miss during the
whole genome amplification for the single cell. In this context, term "number of covered loci" indicates the number of
loci successfully detected after amplification, and term "number of mapped loci" indicates the number of loci which
are mapped to parental loci among the covered loci.

*2: AmpFLSTR® Yfiler PCR Amplification Kit enables simultaneous amplification and detection of total 16 STR loci
at one time in Y-chromosome. Similarly and normally, less than 16 loci can be detected because some loci will miss
during the whole genome amplification for the single cell. In this context, term "number of covered loci" indicates the
number of loci successfully detected after amplification, and term "number of mapped loci" indicates the number of
loci which are mapped to paternal loci among the covered loci.
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[0098] It can be seen from Table 1, for the 4 selected single cells each exhibiting the obvious amplification signal for
Y-chromosome, the whole genome amplified products each have certain coverage, with covered loci each matched to
corresponding parental STR locus. In particular, the CFCCYY-F2 cell sample achieves best results, where among the
total 16 loci, 14 loci are all mapped to parental genome, and similarly 14 covered loci in the Y-chromosome are mapped
to paternal genome, demonstrating the CFCCYY-F2 cell is indeed derived from the fetus of the pregnant woman.
[0099] Meantime, it is found by the present inventors that some STR loci will miss for the selected cells is mainly due
to incomplete cell nucleus itself, caused by (1) apoptosis of the fetal cells in the peripheral blood of the pregnant woman,
(2) damage of the target cell (i.e. the fetal cell) during isolating process, which thus makes difficult to obtain a fetal cell
with a complete genome. Secondly, due to the coverage cannot reach 100% because of amplification bias in the terms
of amplification, thus it is inevitable for the amplified product with some loci uncovered during amplification. In addition,
it is also discovered by the present inventors that a lots of homozygous loci are presented in the whole genome amplified
products, which may be resulted from (1) lots of identical loci presented in patents, thereby generating homozygotes in
the genome of the fetal cell, (2) allele drop-out (ADO) occurring during the amplification for the single cell.

Example 4 low-depth and high-throughput sequencing and analysis for the whole genome amplified product
of the single cell

[0100] Specific analysis steps are as follows:

1. The whole genome of the target cell was amplified by multiple displacement amplification (MDA) for constructing
a library which was further subjected to paired-end sequencing (i.e. PE90) on the HiSeq2500 system (illumina), with
sequencing data obtained.

2. The sequencing date was analyzed by aligning to the Hg19 as a reference sequence with the Soap2 software,
and identifying alignment efficiency, mismatch, GC content, coverage, and the like listed in Table 2.

Table 2 statistical data from low-depth and high-throughput sequencing of whole genome MDA-amplified product

GC content Read length Read data Coverage Read repeat
0,
Samples  Q30(%) (%) (bp) number  volume (%) ratio
CFCEZYY' 92.54 39.58 90 16.47M 1.48G 6.71% 40.74%
CF%C;YY' 89.89 4153 90 12.56M 1.13G 3.02% 60.36%
CF?:CZ:YY' 93.47 37.99 90 15.87M  1.43G 21.89% 0.15%
CF%%YY' 92.68 39.87 90 15.75M 1.42G 8.03% 8.50%

[0101] Itcan be seen from Table 2, based on substantially same data volume, the selected 4 samples present different
coverages and read repeat ratios. All of the selected 4 samples can be used for high-depth sequencing, preferably the
CFCCYY-F2 cell sample with high coverage and low read repeat ratio.

Example 5 high-depth and high-throughput sequencing and analysis for the whole genome amplified product
of the single cell

[0102] The CFCCYY-F2 cell sample were subjected to high-depth and high-throughput sequencing, with data obtained
for the following analysis: (1) basic bioinformation analysis; (2) ADO correction; (3) paternity testing; and (4) disease
determination.

(1) Basic information analysis

[0103] The whole genome amplified product obtained by the MDA method was subjected to library construction for
PE90 sequencing on the HiSeq2500 system, with sequencing data obtained. Afterwards, the sequencing date was
analyzed by aligning to the Hg19 as the reference sequence with the BWA software, and identifying alignment efficiency,
mismatch, GC content, coverage, and the like. Following that, SNP and INDEL of the whole genome of the target cell
were identified with the GATK software based on the obtained alignment results.
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(2) ADO correction

[0104] The sequencing date after SNP calling was subjected to ADO correction by the following formula.
P(GCO)P(G/ GC
P(GC/G) = GO )
P(G)
wherein,

P(GC/G): a probability of GC heterozygous genotype at a site where G is present;

P(G/GC): a prior probability of G presentation under a certain GC content;

P(GC): a probability of GC genotype at this site; and

P(G): a total probability, i.e, the sum of the probabilities of G presentation under all possibilities.

[0105] Forexample, given the GC content is 41%, the prior probability of GG genotype is (0.41/2)2(equal to 0.042025),

i.e., P(G/GC) is 0.04205, all the possible prior probabilities of A, T, G, C presentations listed in Table 3 under such a
GC content. The relief value P(GC) is 0.5, since GG and GC genotypes can be presented at the locus for parents.

Table 3 Statistic results of possible prior probabilities

Genoije prior probability A T G C

AA 0.087025 0.9999 4.1844E-05  2.9078E-05  2.9078E-05
TT 0.087025 4.1844E-05 0.9999 2.9078E-05  2.9078E-05
GG 0.042025 3.71069E-05  3.71069E-05 0.9999 2.57862E-05
cc 0.042025 3.71069E-05  3.71069E-05  2.57862E-05 0.9999

AT 0.17405 0.499970922  0.499970922  2.9078E-05  2.9078E-05
AG 0.12095 0.499968553  3.94754E-05  0.499964539  2.74321E-05
AC 0.12095 0.499968553  3.94754E-05  2.74321E-05  0.499964539
TG 0.12095 3.94754E-05  0.499968553  0.499964539  2.74321E-05
TC 0.12095 3.94754E-05  0.499968553  2.74321E-05  0.499964539
GC 0.08405 3.71069E-05  3.71069E-05  0.499962893  0.499962893

(3) paternity testing

[0106] For a SNP site which is different between mother and father and is homozygous for both mother and father, it
can be theoretically determined that this SNP site for the fetus is heterozygous with paternal B genotype contained; at
the same time the probability of B presentation in the fetal chromosome is calculated. Same method is applied for
probability of paternity exclusion on 90 Asian human. The probability for the biological father and the probabilities for
the 90 non-father samples are subjected Z-test. The probability of the paternal base found in the fetus is 0.516 with the
Z-value of 6.32, indicating that probability of the biological father is distinguishable from those of the non-father samples
and the CFCCYY-F2 cell sample is derived from the fetus.

(4) Disease anlaysis

[0107] Disease genetic linkage regions from the Clinical Genomic Database (CGD) were compared to the sequencing
data of the CFCCYY-F2 cell obtained in above step (1) for coverage. After the genetic regions with coverage higher
than 70% were selected for disease-related mutation sites, a total of 1046 mutation sites were detected. Subsequently,
the sequencing data after GATK detection and ADO correction was subjected to noninvasive monogenic disease de-
tection, revealing that two mutated genes presented in the CFCCYY-F2 cell derived from the fetus 1 are related to two
monogenic diseases, with the former gene being a likely-pathogenic gene related to bilateral absence of the vas deferens,
and the latter gene being a pathogenic gene related to severe combined immunodeficiency due to adenosine deaminase
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deficiency. The details for such two monogenic diseases are in Table 4.

Table 4 Detection result of monogenic disease

Family Disease Mutation sites Type
NM_000492.3(CFTR): c. likelv-pathoqenic
Fetus 1 Congenital bilateral absence of the vas deferens 1312A>G (p.T438A) y pene 9
(heterozygous) 9
severe combined immunodeficiency due to NM_000022.2(ADA): c.
Fetus 1 y 302G>A (p.R101Q) pathogenic gene

adenosine deaminase deficiency (helerozygous)

Industrial applicability

[0108] With the method for obtaining the target cell from the blood sample according to embodiments of the present
disclosure, the target cell is obtained in form of a single cell, which is suitable for whole genome amplification, with a
whole genome amplified product useful in library construction and sequencing, thus determining whole genome sequence
information of the target cell in an accurate and effective way (for example, by constructing a sequencing library and
whole genome sequencing). Further, based on such whole genome sequence information of the target cell, it is possible
to accurately determine fetal physical condition. That is to say, the single cell obtained by the method according to
embodiments is useful in detection and analysis of the whole genome of the fetal cell in the peripheral blood of the
pregnant woman.

[0109] Although embodiments of the present disclosure have been described, it will be understood by those skilled in
the art that various changes, modifications, substitutions and variations can be made in these embodiments without
departing from the principle and spirit of the present disclosure, and the scope of the disclosure is defined by the claims
and their equivalents.

[0110] In the specification of the present disclosure, the terms "an embodiment”, "some embodiments", "an example",
"a specific example", "some examples" or "a particular embodiment" and the like are intended to refer to particular
features, structures, materials or characteristics described by way of example or embodiment are contained in at least
one embodiment or example of the disclosure. In this specification, the schematic representation of the above terms
does not necessarily refer to the same embodiment or example. Moreover, the particular features, structures, materials
or characteristics described may be combined in any suitable manner in one or more embodiments or examples.

Claims

1. A method for isolating a target cell from a blood sample, wherein the target cell is in form of a single cell, said method
comprises steps of:

(1) subjecting the blood sample to immunomagnetic bead sorting, thereby obtaining a first sorted product con-
taining the target cell;

(2) subjecting the first sorted product to flow cytometry sorting, thereby obtaining a second sorted product
containing the target cell; and

(3) separating the second sorted product by mouth-controlled pipette, thereby obtaining the target cell in form
of the single cell.

2. The method according to claim 1, wherein the blood sample is from a pregnant woman,
optionally, the target cell is a fetal cell,
optionally, prior to step (1), the method further comprises: removing red blood cells from the blood sample,
optionally, contacting the blood sample with a red blood cell lysis buffer in the presence of an anticoagulant, so as
to remove the red blood cells from the blood sample,
optionally, the anticoagulant is at least one selected from the group consisting of heparin, ethylenediamine tetraacetic
acid, citrate, oxalate and ACD anticoagulant,
optionally, a bead coated with an antibody is used for the immunomagnetic bead sorting, optionally, the antibody is
against at least one of antigens selected from CD45, CD14, CD56, CD19 and CD20,
optionally, step (2) comprises: staining a surface antigen on the first sorted product with the antibody, said surface
antigen being at least one selected from the group consisting of CD45, CD14, CD56, CD19 and CD20,
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optionally, step (3) comprises: placing the second sorted product onto a slide, and picking up a single cell having
complete cell morphology under a bright field and exhibiting desired staining results under a fluorescence field by
use of dyes;

A device for isolating a target cell from a blood sample, wherein the target cell is in form of a single cell, said device
comprises:

an immunomagnetic bead sorting unit, configured to subject the blood sample to immunomagnetic bead sorting,
so as to obtain a first sorted product containing the target cell;

a flow cytometry sorting unit, connected to the immunomagnetic bead sorting unit and configured to subject the
first sorted product to flow cytometry sorting, so as to obtain a second sorted product containing the target cell; and
a mouth-controlled pipette isolating unit, connected to the flow cytometry sorting unit and configured to separate
the second sorted product by mouth-controlled pipette, so as to obtain the target cell in form of the single cell.

The device according to claim 3, wherein the blood sample is from a pregnant woman;

optionally, the target cell is a fetal cell;

optionally, the device further comprises a red blood cell removing unit, configured to remove red blood cells from
the blood sample;

optionally, the red blood cell removing unit is configured to remove red blood cells from the blood sample by:
contacting the blood sample with a red blood cell lysis buffer in the presence of an anticoagulant, so as to remove
the red blood cells from the blood sample;

optionally, the anticoagulant is at least one selected from the group consisting of heparin, ethylenediamine tetraacetic
acid, citrate, oxalate and ACD anticoagulant;

optionally, a bead coated with an antibody is used for the immunomagnetic bead sorting unit;

optionally, the antibody is against at least one of antigens selected from CD45, CD14, CD56, CD19 and CD20;
optionally, the flow cytometry sorting unit is configured to subject the first sorted product to flow cytometry sorting
by: staining a surface antigen on the first sorted product with the antibody, said surface antigen being at least one
selected from the group consisting of CD45, CD14, CD56, CD19 and CD20;

optionally, the mouth-controlled pipette isolating unit is configured to separate the second sorted product by mouth-
controlled pipette by: placing the second sorted product onto a slide, and picking up a single cell having complete
cell morphology under a bright field and exhibiting desired staining results under a fluorescence field by use of dyes.

A method for subjecting a target cell in a blood sample to whole genome amplification, comprising:

isolating the target cell from the blood sample by the method as defined in claim 1 or 2, thereby obtaining the
target cell in form of a single cell;

lysing the target cell, thereby obtaining a lysed solution containing the whole genome of the target cell; and
amplifying the whole genome of the target cell using a polymerase.

A method for determining cell species of a target cell in a blood sample, comprising:

subjecting the target cell in the blood sample to whole genome amplification by the method as defined in claim
5, thereby obtaining a whole genome amplified product; and

identifying the cell species of the target cell based on the whole genome amplified product, optionally, the cell
species ofthe target cellis identified by subjecting the whole genome amplified productto Q-PCR or STR analysis.

An apparatus for subjecting a target cell in a blood sample to whole genome amplification, comprising:

a target cell isolating device, which is the device for isolating a target cell from a blood sample as defined in
claim 3 or4;

alysing device, connected to the target cell isolating device and configured to lyse the target cell, so as to obtain
a lysed solution containing the whole genome of the target cell; and

awhole genome amplification device, connected to the lysing device and configured to amplify the whole genome
of the target cell using a polymerase.

8. A system for determining cell species of a target cell in a blood sample, comprising:

the apparatus for subjecting the target cell in a blood sample to whole genome amplification as defined in claim
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7, configured to subject the target cell in the blood sample to whole genome amplification, so as to obtain a
whole genome amplified product; and

a cell species identifying device, connected to the whole genome amplification device as defined in claim 7 and
configured to identify the cell species of the target cell based on the whole genome amplified product,
optionally, the cell species identifying device is configured to identify the cell species of the target cell by
subjecting the whole genome amplified product to Q-PCR or STR analysis.

9. A method of constructing a whole genome sequencing library of a target cell in a blood sample, comprising:

subjecting the target cell in the blood sample to whole genome amplification by the method as defined in claim
5, thereby obtaining a whole genome amplified product; and
constructing a whole genome sequencing library based on the whole genome amplified product.

10. A method for subjecting a target cell in a blood sample to whole genome sequencing, comprising:

constructing a whole genome sequencing library by the method as defined in claim 9; and
subjecting the whole genome sequencing library to sequencing.

11. A method for determining a whole genome sequence information of a target cell in a blood sample, comprising:

sequencing the target cell by the method as defined in claim 10, thereby obtaining a sequencing result, and
determining the whole genome sequence information of the target cell based on the sequencing result;
optionally, the blood sample is from a pregnant woman,

the target cell is a single cell derived from a fetus;

optionally, the method further comprises:

determining fetal physical condition based on the whole genome sequence information of the target cell;

optionally, the fetal physical condition comprises gender, genetic relationship, chromosomal abnormality,
single nucleotide polymorphism, microdeletion and microrepeats.
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