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SI Materials and Methods
RNA-seq–Based Expression Analysis. The amplified cDNA was
converted to sequencing library according to Illumina’s protocol
and quantified by real-time PCR. Sequencing was performed on
the GAII and the HiSeq instruments. The raw reads of RNA-seq
were first assessed for their quality using FastQC. Bad quality
reads (phred score < 30) were trimmed. Then the illumina
adaptor sequences at the end of reads were cut. The reads were
aligned against the UCSC hg19 version of human genome ref-
erence sequence using TopHat software. The gene expression
level was quantified as fragments per kilobase of transcript per
million mapped reads (FPKM) value using Cufflinks software.

Microarray-Based Expression Analysis. The amplified cDNA (by
Nugen) was fragmented using DNase I and labeled with biotin,
following by hybridization to Affymetrix GeneChip ST 1.0 micro-
arrays. The gene expression value was computed by Affymetrix
Expression Console software using the robust multiarray average
(RMA) algorithm.

Identification of Temporal Trends in Expression Data. Identification
of genes with temporal variation was performed using a repeated

ANOVA test across all genes with the ANOVA model using R
and the Bioconductor package. The ANOVAmodel breaks down
the variation of the quantified RNA transcripts into time,
patients, and batches. Following ANOVA, correlation tests were
performed. Because the ANOVA model only accounts for the
variation, the additional correlation tests are required to pick out
genes that match the required trends. In this study, we included
nonpregnant samples and postpartum samples. The correlation
tests will allow us to discover transcripts exhibiting low expression
in nonpregnant controls and postpartum.

Selection of Fetal Tissue-Specific Transcripts Panel for Quantitative
PCR. To detect the presence of these fetal tissue-specific tran-
scripts, we selectively curate a list of known fetal tissue-specific
genes from known literature (1) and databases. We validated the
specificity for fetal tissues by cross referencing two main data-
bases: Tissue-Specific Genes Database (TISGeD) (2) and BioGPS
(3, 4) Most of these selected transcripts are associated with known
fetal developmental processes. We further overlapped this list of
genes with our RNA sequencing and microarray data to generate
our panel of genes as shown in the results.
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Fig. S1. Summary of study design. In the current cohort, 11 pregnant women and 4 nonpregnant control subjects were recruited. For all of the pregnant
patients, blood was drawn at the first, second, and third trimesters and postpartum. The cell-free plasma RNA was then extracted, amplified, and characterized
by Affymetrix microarray, Illumina sequencer, and quantitative PCR.
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Fig. S2. Distribution of detected fetal cell-free RNA transcripts type as annotated with GENCODE. Using GENCODE as the annotation method for the tran-
scripts present in the plasma cell-free RNA transcriptome, we were able to categorize the detected gene transcripts present in the plasma transcriptome.
Approximately 15% of detected transcripts are long noncoding RNA, the majority of which are processed transcripts, transcripts that do not contain an ORF,
and are placed in this category by ENCODE due to its complexity in structure. The relative proportions of different ncRNA categories remains relatively stable
and consistent across all different patients and trimesters without huge deviations.

Fig. S3. List of identified gene transcripts with identified fetal SNPs and the captured temporal dynamics. The bar plot reflects the relative contribution of
fetal SNPs as reflected in the sequencing data. The red color bar reflects the extent of the relative fetal SNP contribution.
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Fig. S4. The distribution of fetal-specific allele fraction at different SNPs loci over the time course of pregnancy. These SNPs loci are homozygous in mother’s
genome and heterozygous in fetus’ genome. The fetal-specific allele fraction was calculated by the RNA-seq data of P58 at four time points (T1, first trimester;
T2, second trimester; T3, third trimester; P, postpartum).

Fig. S5. The change of fetal-specific allele fraction at different SNPs loci over the time course of pregnancy. These SNPs loci are homozygous in mother’s
genome and heterozygous in fetus’ genome. The fetal-specific allele fraction was calculated by the RNA-seq data of P58 at four time points (T1, first trimester;
T2, second trimester; T3, third trimester; P, postpartum).
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Fig. S6. The fraction of fetus-originated cell-free RNA in maternal plasma over the time course of pregnancy. The fraction of fetus-originated cell-free RNA
was calculated by the RNA-seq data of P58 at four time points (T1, first trimester; T2, second trimester; T3, third trimester; P, postpartum).
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Fig. S7. (A) Outward facing primers were designed such that amplification would only occur specifically in the presence of circular RNA identified from our
sequencing data. (B) Gel picture of amplicons indicating the presence of these circRNA in the plasma. (C) Amplified sequences for SPECC1 and FNDC3B were
Sanger sequenced and mapped back onto genome where the amplicons reveal the circular RNA junction.
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Fig. S8. Heatmap of time-varying circular RNA transcripts identified from sequencing data. The color bar corresponds to different time points in pregnancy.
Each row represents a transcript that showed specificity to a particular time point.
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Fig. S9. Average number of genes detected by each technique across different trimesters. There is a general increasing trend for the number of genes
detected across the different trimesters using RNA-seq and also for the common genes found in both the microarray and RNA-seq.

Fig. S10. Heatmap of time-varying genes identified from RNA-seq. The color bar on the top of the heatmap corresponds to different time points during
pregnancy. Each row of the heatmap refers to a gene, and each column is a sample taken at a particular time point: D, nonpregnant controls (yellow); T1, first
trimester (red); T2, second trimester (green); T3, third trimester (blue); and postpartum (black). Unsupervised clustering was performed on the genes across the
different trimesters to find genes that exhibit similar temporal trends.
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Fig. S11. Placental-specific genes. Plot showing the ΔCt value with respect to the housekeeping gene ACTB across the different trimesters of pregnancy
including after birth. Time points across each patient is shown connected by the lines. Two replicates were performed for each patient at each time point. The
general trends show elevated levels during the trimesters with a decline to low levels after the baby is born in concordance with the notion that fetal specific
transcripts increased into the pregnancy followed by rapid clearance after birth.
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Fig. S12. Fetal liver-specific genes. Plot showing the ΔCt value with respect to the housekeeping gene ACTB across the different trimesters of pregnancy
including after birth. Time points across each patient is shown connected by the lines. Two replicates were performed for each patient at each time point. The
general trends show elevated levels during the trimesters with a decline to low levels after the baby is born in concordance with the notion that fetal-specific
transcripts increased into the pregnancy followed by rapid clearance after birth.

Table S1. Number of genes detected by RNA-seq and microarray for all samples

First trimester Second trimester Third trimester Postpartum

Sample ID RNA-seq Microarray Intersection RNA-seq Microarray Intersection RNA-seq Microarray Intersection RNA-seq Microarray Intersection

P12 9,582 12,197 7,683 9,309 12,345 7,502 10,842 12,026 8,527 7,576 12,578 6,299
P58 6,638 12,739 5,539 8,117 12,674 6,596 9,061 12,445 7,355 9,023 12,552 7,262
P53 9,217 12,214 7,417 7,442 12,602 6,119 7,946 12,589 6,566 10,072 12,002 7,882
P60 8,985 12,893 6,606 11,110 11,867 8,549 10,593 11,811 8,252 11,103 11,899 8,518
P36 9,516 12,320 7,657 9,473 11,977 7,616 9,437 11,919 7,485 10,023 12,011 7,966
P2 11,140 11,813 8,690 10,928 11,972 8,559 11,142 11,563 8,662 10,603 11,767 8,361
P15 10,620 11,749 8,319 11,424 11,719 8,855 11,735 11,745 9,029 10,370 11,842 8,234
P16 11,932 12,008 9,303 11,761 11,969 9,090 12,020 11,831 9,217 6,995 12,738 5,759
P24 11,030 11,718 8,561 11,224 11,670 8,697 11,164 11,790 8,709 11,151 11,738 8,769
P32 10,892 11,720 8,573 10,719 11,821 8,413 10,335 12,094 8,207 9,777 12,099 7,787
Average 9,955 12,137 7,835 10,151 12,062 8,000 10,428 11,981 8,201 9,669 12,123 7,684
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Table S2. Correlation coefficient (Pearson) between the
RNA-seq and microarray for all samples

Patient ID
First

trimester
Second
trimester

Third
trimester Postpartum

P12 0.747 0.741 0.778 0.685
P58 0.619 0.672 0.713 0.698
P53 0.726 0.655 0.668 0.764
P60 0.471 0.778 0.781 0.764
P36 0.73 0.76 0.744 0.762
P2 0.781 0.77 0.805 0.772
P15 0.771 0.799 0.805 0.762
P16 0.795 0.778 0.795 0.56
P24 0.776 0.789 0.782 0.786
P32 0.784 0.763 0.739 0.715
Average 0.739

Table S3. Table of detected circular RNA transcripts in maternal plasma

Chromosome Start End Start_gene
Normalized number of reads supporting

circular junction within gene

17 20107645 20109226 SPECC1 26.70971874
18 9182379 9221998 ANKRD12 22.47875554
1 117944807 117963272 MAN1A2 19.16673656
17 65941524 65972075 BPTF 15.41139919
3 171965322 171969332 FNDC3B 14.58824622
7 11021998 11030475 PHF14 9.705013355
14 31404368 31425449 STRN3 8.974938985
1 117944807 117957454 MAN1A2 7.997175657
4 129857809 129891624 SCLT1 5.851566103
2 40655612 40657445 SLC8A1 5.212403724
4 129857809 129880933 SCLT1 4.804552673
1 117944807 117984948 MAN1A2 4.634693803
5 89791493 89802492 POLR3G 4.350910726
1 1586822 1650895 CDK11B 4.268166302
X 76907603 76912144 ATRX 4.129867024
14 45587230 45599994 FKBP3 3.314747709
2 113057425 113069515 ZC3H6 3.127492386
1 117944807 117948268 MAN1A2 3.091640232
17 65941524 65944423 BPTF 3.089342947
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