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integrate into hepatocyte genome in the liver and cause chronic hepatocyte cell death and
inflammation (chronic hepatitis). Repeated reparative response to the hepatitis replaces
hepatocytes with scar-forming cells (fibroblasts), thus liver cirrhosis. The accumulation of
genetic mutations in the hepatocyte genome during prolonged cell death and regeneration results
in malignant transformation of hepatocytes, i.e. hepatocellular carcinoma (HCC). HBV-related

HCC accounts for ~80% of the liver cancer in some localities, e.g. Hong Kong.

[0005] Detection of cellular abnormalities and the presence of disease in an organ system
commonly requires direct tissue sampling (biopsy) of the organ of interest, which can carry
infection and bleeding risk of invasive procedures. Non-invasive assessment by imaging, such as
ultrasound scan, provides morphological and specific functional information of organ, such as
blood flow. Liver ultrasonography has been employed in the screening of liver cancer in chronic
HBYV hepatitis patients and uterine artery Doppler analysis is used in preeclampsia prediction in
early pregnancy. These however requires well-trained operators for assessment and does not

assess the cellular aberrations directly.

[0006] Non-invasive methods of detecting cellular abnormalities and the presence of a disease

in an organ system are desired. These and other improvements are addressed.

SUMMARY

[0006a] In one aspect, the present disclosure refers to a method of identifying an expressed
marker to differentiate between different levels of a condition, the condition being an
autoimmune disease, cancer, or pregnancy-associated condition, the method comprising: for each
cell of a plurality of cells obtained from one or more first subjects: analyzing RNA molecules
from the cell to obtain a set of reads, thereby obtaining a plurality of sets of reads; for each read
of the set of reads: identifying, by a computer system, an expressed region in a reference
sequence corresponding to the read; for each of a plurality of expressed regions: determining an
amount of reads corresponding to the expressed region; determining an expression score for the
expressed region using the amount of reads corresponding to the region, thereby determining a
multidimensional expression point comprising the expression scores for the plurality of
expressed regions; grouping, by the computer system, the plurality of cells into a plurality of
clusters using the multidimensional expression points corresponding to the plurality of cells, the
plurality of clusters being less than the plurality of cells; for each cluster of the plurality of

clusters, determining a set of one or more preferentially expressed regions that are expressed in
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cells of the cluster at a specified rate more than cells of other clusters; for each of a plurality of
cell-free RNA samples: analyzing a plurality of cell-free RNA molecules to obtain a plurality of
cell-free reads, wherein the plurality of cell-free RNA samples are from a plurality of cohorts of
second subjects, wherein each cohort of the plurality of cohorts has a different level of the
condition; and for each set of one or more preferentially expressed regions of the plurality of sets
of one or more preferentially expressed regions: measuring a signature score for the
corresponding cluster using cell-free reads corresponding to the set of one or more preferentially
expressed regions; identifying, based on the signature scores, one or more of the sets of one or
more preferentially expressed regions as one or more expressed markers for use in classifying

future samples to differentiate between different levels of the condition.

[0006b] In another aspect, the present disclosure refers to a method of determining a level of a
condition in a subject, the condition being an autoimmune disease, cancer, or pregnancy-
associated condition, the method comprising: receiving a plurality of cell-free reads from
analysis of cell-free RNA molecules from a biological sample obtained from the subject; for each
preferentially expressed region of one or more expressed markers, the one or more expressed
markers determined by the method as disclosed herein: determining an amount of reads for the
preferentially expressed region, and comparing the amount of reads to a reference value for one
or more preferentially expressed regions to one or more reference values; and determining, based
on the comparisons of the amount of reads for each preferentially expressed regions to one or

more reference values, the level of the condition for the subject.

[0006¢] In another aspect, the present disclosure refers to a method of determining a level of a
condition in a subject, the condition being an autoimmune disease, cancer, or pregnhancy-
associated condition, the method comprising: receiving a plurality of cell-free reads from
analysis of cell-free RNA molecules from a biological sample obtained from the subject;
determining a value of a temporal parameter related to the condition; determining, using the
value of the temporal parameter, an expressed markers for the condition at a time of the value of
the temporal parameter, the expressed marker comprising one or more sets of preferentially
expressed regions that are preferentially expressed for the condition at the value of the temporal
parameter; for each preferentially expressed region of the expressed marker: determining an
amount of reads corresponding to the preferentially expressed region; comparing the amount of
reads for one or more preferentially expressed regions to one or more reference values; and
determining, based on the comparison of the amount of reads for one or more preferentially

expressed regions to one or more reference values, the level of the condition for the subject.
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WHAT IS CLAIMED IS:

1. A method of identifying an expressed marker to differentiate between
different levels of a condition, the condition being an autoimmune disease, cancer, or pregnancy-
associated condition, the method comprising:

for each cell of a plurality of cells obtained from one or more first subjects:

analyzing RNA molecules from the cell to obtain a set of reads, thereby
obtaining a plurality of sets of reads;
for each read of the set of reads:
identifying, by a computer system, an expressed region in a reference
sequence corresponding to the read;
for each of a plurality of expressed regions:
determining an amount of reads corresponding to the expressed region;
determining an expression score for the expressed region using the amount
of reads corresponding to the region, thereby determining a multidimensional expression
point comprising the expression scores for the plurality of expressed regions;

grouping, by the computer system, the plurality of cells into a plurality of clusters
using the multidimensional expression points corresponding to the plurality of cells, the plurality
of clusters being less than the plurality of cells;

for each cluster of the plurality of clusters, determining a set of one or more
preferentially expressed regions that are expressed in cells of the cluster at a specified rate more
than cells of other clusters;

for each of a plurality of cell-free RNA samples:

analyzing a plurality of cell-free RNA molecules to obtain a plurality of cell-
free reads, wherein the plurality of cell-free RNA samples are from a plurality of cohorts of
second subjects, wherein each cohort of the plurality of cohorts has a different level of the
condition; and
for each set of one or more preferentially expressed regions of the plurality of
sets of one or more preferentially expressed regions:
measuring a signature score for the corresponding cluster using cell-free

reads corresponding to the set of one or more preferentially expressed regions;
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identifying, based on the signature scores, one or more of the sets of one or more
preferentially expressed regions as one or more expressed markers for use in classifying future

samples to differentiate between different levels of the condition.

2. The method of claim 1, wherein:

the condition is a pregnancy-associated condition,

the first subjects are female subjects each pregnant with a fetus,
the plurality of cells are placental cells,

the second subjects are female subjects each pregnant with a fetus.

3. The method of claim 2, wherein the cell-free RNA samples are obtained

from plasma or serum of the second subjects.

4. The method of claim 2, wherein the pregnancy-associated condition is
preeclampsia.

5. The method of claim 4, wherein the levels are severities of preeclampsia.

6. The method of claim 4, wherein:

each cohort includes sub-cohorts that have different gestational ages, and
a first set of one or more preferentially expressed regions is a first expressed

marker that differentiates between different levels of the condition for a first gestational age.
7. The method of claim 1, wherein the condition is cancer.

8. The method of claim 7, wherein the levels of the condition are whether
cancer exists, different stages of cancer, different sizes of tumor, the cancer’s responses to

treatment, or another measure of a severity or progression of cancer.

9. The method of claim 7, wherein a first set of one or more preferentially
expressed regions of a first cluster of the plurality of clusters is a first expressed marker that
differentiates between levels of cancer for a first tissue, wherein the first cluster include cells

from the first tissue.

10. The method of claim 9, wherein:
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the first tissue is from the liver, thereby having the first cluster including liver
cells;

the liver cells comprise tumor cells and non-tumor cells or the liver cells do not
comprise tumor cells, and

the cancer is hepatocellular carcinoma.

11. The method of claim 1, wherein:
the condition is systemic lupus erythematosus (SLE), and

the plurality of cells are kidney cells.

12. The method of claim 1, further comprising:
for each cell of the plurality of cells:
storing, in a memory of the computer system, the set of reads associated
with a unique code corresponding to the cell,

wherein identifying the expressed region in the reference sequence corresponding
to the read includes performing an alignment procedure using the read and a plurality of
expressed regions of the reference sequence, and

wherein determining the amount of reads corresponding to a first expressed
region of a first cell of the plurality of cells uses (1) the unique code corresponding to the first
cell so as to identify reads corresponding to the first cell and (2) results of the alignment

procedure for the set of reads of the first cell.

13. The method of claim 1, further comprising:
obtaining a sample comprising the plurality of cells;
isolating each cell of the plurality of cells to enable analyzing the RNA molecules

of a particular cell.

14. The method of claim 13, further comprising:

tagging RNA molecules of each cell of the plurality of cells with a unique code
for the cell such that the associated reads include the unique code and

storing, in a memory of the computer system, each set of reads associated with the

unique code of the cell corresponding to the set of reads.
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15. The method of claim 1, wherein:
the specified rate comprises a value determined from an average expression score

for cells of the cluster and an average expression score for cells of other clusters.

16. The method of claim 1, wherein:
grouping the plurality of cells into the plurality of clusters comprises performing
dimensionality-reduction methods or by using force-based methods on the multidimensional

expression points

17. The method of claim 16, wherein:

grouping the plurality of cells into the plurality of clusters comprises performing
dimensionality-reduction methods, and

the dimensionality-reduction methods comprise principal component analysis

(PCA) or diffusion maps.

18. The method of claim 16, wherein:

grouping the plurality of cells into the plurality of clusters comprises using force-
based methods, and

the force-based methods comprise t-distributed stochastic neighbor embedding (t-

SNE).

19. The method of claim 1, further comprising:
identifying a first cluster of the plurality of clusters to include a first type of cell
by comparing the set of one or more preferentially expressed regions of the first cluster with one

or more regions known to be preferentially expressed in the first type of cell.

20. The method of claim 19, wherein the first type of cell comprises decidual,
endothelial, vascular smooth muscle, stromal, dendritic, Hofbauer, T, erythroblast, extravillous
trophobast, cytotrophoblast, syncytiotrophoblast, B, monocyte, hepatocyte-like, cholangiocyte-
like, myofibroblast-like, endothelial, lymphoid, or myeloid cells.

21. The method of claim 1, wherein the first subjects are the same as the

second subjects.
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22. The method of claim 1, wherein the signature score is an average of an

expression level for the preferentially expressed region for the corresponding cluster.

23. The method of claim 1, wherein identifying one or more of the sets of one
or more preferentially expressed regions for use in classifying future samples to differentiate
between different levels of the condition comprises identifying a signature score for a cohort and

for a cluster that is statistically different than the signature scores for other cohorts in the cluster.

24. The method of claim 1, further comprising:

receiving a plurality of cell-free reads from an analysis of cell-free RNA
molecules from a biological sample obtained from a third subject;

for each preferentially expressed region of a first expressed marker:

determining an amount of reads for the preferentially expressed region,
and

comparing the amount of reads for one or more preferentially expressed regions to
one or more reference values; and

determining, based on the comparison of the amount of reads for one or more
preferentially expressed regions to one or more reference values, a level of the condition for the

third subject.

25. The method of claim 24, further comprising:
analyzing a plurality of cell-free RNA molecules from the biological sample

obtained from the third subject to obtain a plurality of cell-free reads.

26. The method of claim 24, wherein comparing the amount of reads for one
or more preferentially expressed regions to one or more reference values comprises comparing
the amount of reads for each preferentially expressed region to a reference value for each

preferentially expressed region.

217. The method of claim 24, wherein comparing the amount of reads for one
or more preferentially expressed regions to one or more reference values comprises:
calculating an overall score from the amount of reads for one or more

preferentially expressed regions, and
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comparing the overall score to one reference value.

28. A method of determining a level of a condition in a subject, the condition
being an autoimmune disease, cancer, or pregnancy-associated condition, the method
comprising:

receiving a plurality of cell-free reads from analysis of cell-free RNA molecules
from a biological sample obtained from the subject;

for each preferentially expressed region of one or more expressed markers, the
one or more expressed markers determined by the method of claim 1:

determining an amount of reads for the preferentially expressed region,
and

comparing the amount of reads to a reference value for one or more preferentially
expressed regions to one or more reference values; and

determining, based on the comparisons of the amount of reads for each
preferentially expressed regions to one or more reference values, the level of the condition for

the subject.

29. A method of determining a level of a condition in a subject, the condition
being an autoimmune disease, cancer, or pregnancy-associated condition, the method
comprising:

receiving a plurality of cell-free reads from analysis of cell-free RNA molecules
from a biological sample obtained from the subject;

determining a value of a temporal parameter related to the condition;

determining, using the value of the temporal parameter, an expressed marker for
the condition at a time of the value of the temporal parameter, the expressed marker comprising
one or more sets of preferentially expressed regions that are preferentially expressed for the
condition at the value of the temporal parameter;

for each preferentially expressed region of the expressed marker:

determining an amount of reads corresponding to the preferentially
expressed region;

comparing the amount of reads for one or more preferentially expressed regions to

one or more reference values; and
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determining, based on the comparison of the amount of reads for one or more
preferentially expressed regions to one or more reference values, the level of the condition for

the subject.

30. The method of claim 29, wherein:
the condition is the pregnancy-associated condition, and

the subject is a female pregnant with a fetus.

31. The method of claim 30, wherein the pregnancy-associated condition is

preeclampsia.

32. The method of claim 30, wherein the temporal parameter is gestational age

expressed as a week of pregnancy, a month of pregnancy, or a trimester of pregnancy.
33. The method of claim 30, wherein the condition is cancer.

34. The method of claim 33, wherein the temporal parameter is a duration of

treatment, a time since diagnosis of cancer, or post-operative survival time.

35. The method of claim 29, wherein comparing the amount of reads for one
or more preferentially expressed regions to one or more reference values comprises comparing
the amount of reads for each preferentially expressed region to a reference value for each

preferentially expressed region.

36. The method of claim 29, wherein comparing the amount of reads for one
or more preferentially expressed regions to one or more reference values comprises:

calculating an overall score from the amount of reads for one or more
preferentially expressed regions, and

comparing the overall score to one reference value.

37. A computer product comprising a computer readable medium storing a
plurality of instructions for controlling a computer system to perform the method of any one of

claims 1-36.
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38. A system comprising one or more processors configured to perform the

method of any one of claims 1-36.
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