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Transcriptomic Analysis of Cell-free Fetal
RNA in the Amniotic Fluid of Vervet Monkeys
(Chlorocebus sabaeus)

Anna ] Jasinska,'*" Dalar Rostamian,' Ashley T Davis,® and Kylie Kavanagh*

NHP are important translational models for understanding the genomic underpinnings of growth, development, fetal
programming, and predisposition to disease, with potential for the development of early health biomarkers. Understanding
how prenatal gene expression is linked to pre- and postnatal health and development requires methods for assessing the
fetal transcriptome. Here we used RNAseq methodology to analyze the expression of cell-free fetal RNA in the amniotic fluid
supernatant (AFS) of vervet monkeys. Despite the naturally high level of degradation of free-floating RNA, we detected more
than 10,000 gene transcripts in vervet AFS. The most highly expressed genes were H19, IGF2, and TPT1, which are involved
in embryonic growth and glycemic health. We noted global similarities in expression profiles between vervets and humans,
with genes involved in embryonic growth and glycemic health among the genes most highly expressed in AFS. Our study
demonstrates both the feasibility and usefulness of prenatal transcriptomic profiles, by using amniocentesis procedures to
obtain AFS and cell-free fetal RNA from pregnant vervets.

Abbreviations: AF, amniotic fluid; AFS, AF supernatant; cffRNA, cell-free fetal RNA; hAFS, human AFS; vAFS, vervet monkey AFS
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Genetic and environmental factors acting during fetal de-
velopment have been postulated to have long-lasting con-
sequences on health and represent important risk factors for
various diseases. For both humans and NHP, insight into the in
utero environment and fetal development can be obtained from
amniotic fluid (AF). Conventional AF analysis predominantly
supports prenatal genetic diagnostics and biochemical assess-
ments, for example, proteomic’ and neuroendocrine® analyses,
and, recently, as a source of fetal stem cells for modeling hu-
man diseases* and regenerative medicine."? In addition, AF is
increasingly used as a source of nucleic acids—that is, DNA and
RNA—for genetic and gene expression analysis.

AF bathes numerous fetal tissues, including skin, orophar-
ynx, lung, and the gastrointestinal and genitourinary tracts and
carries transcripts expressed in these tissues. Amniotic fluid su-
pernatant (AFS) contains cell-free fetal RNA (cffRNA), which is
exclusively of fetal origin and is the biomaterial that represents
gene expression purely from fetal tissues."” Transcriptome-wide
analysis of gene expression in AFS, by using either microar-
rays'®18203L 40 or, more recently, RN Aseq**#approaches, is in-
creasingly applied to studies of human prenatal development
and its links to health and disease.

Transcriptomic profiling of cffRNA from AF might also shed
light on evolutionary differences and similarities in prenatal
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development between humans and other primate species. Such
a perspective would be particularly important for NHP spe-
cies frequently used as models in biomedical research. Here, we
performed the first comparison of AFS transcriptomes between
humans and vervet monkeys (Chlorocebus sabaeus), which are an
Old World monkey species widely used as a translational model
for human disease and developmental studies.?*

Materials and Methods

Ethics statement. All animals were housed in the Vervet Re-
search Colony at the Wake Forest School of Medicine (Winston-
Salem, NC). These facilities are AAALAC-certified. The animal
handling and sample collection procedures in this study were
performed by a veterinarian after review and approval by the
Wake Forest School of Medicine IACUC (protocol no. A15-218).
Both housing and sample collection were in compliance with
the US National Research Council’s Guide for Care and Use of Lab-
oratory Animals®* and meet or exceed all standards of the Public
Health Service’s Policy on the Humane Care and Use of Laboratory
Animals.>

Humane care guidelines. AF samples were obtained from
adult female African green or vervet monkeys (Chlorocebus
sabaeus) that are from a multigenerational pedigreed colony.
Animals are descendants of 57 original founders imported from
St Kitts, West Indies, and have remained a closed colony since
1985.% During the study, animals were housed as 16 matrilineal
social groups in corrals with approximately 300 ft* indoors and
1200 ft* outdoors. Both indoor and outdoor sections were fit-
ted with elevated perches, platforms, and climbing structures.
Monkeys were fed commercial primate laboratory chow (Lab
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Diet no. 5038, Purina, St Louis MO) supplemented with fresh
fruits and vegetables. All animals had unrestricted access to
food, water, and opportunities to exercise. Group sizes ranged
from 11 to 23 animals, with 1 or 2 intact adult males included in
each group. Unfamiliar males are rotated into each group every
3to5y.

We collected AF from 12 pregnant vervet monkeys through
ultrasound-guided amniocentesis during their second and
third trimesters. A volume of at least 3 mL was collected and
was noted to be clear and free of gross blood contamination.
The viability of the fetus was confirmed during the ultrasound
examination by measuring fetal structures and assessment of
heart function, as previously described.”

We regularly screen the colony for SIV, simian T-lympho-
tropic virus, SA6 African green monkey CMYV, and SA8 viruses
and, except for CMV, the colony is consistently negative. CMV
is not typically associated with abortion and stillbirth. All avail-
able aborted fetus, stillbirth, or neonatal death was subjected to
a full pathological examination including gross and histopatho-
logical review by a veterinary pathologist. Evaluations included
pathogen testing when indicated by the pathologist’s review. In
this study cohort, no infectious causes of death were considered
present.”

Sample collection and processing. The collected AF was spun
down (1000 x g for 10 min at 4 °C) immediately after collec-
tion to remove residual vernix, and the supernatant (vAFS) was
collected and instantaneously flash frozen by submerging in
liquid nitrogen; samples subsequently were stored below —80
°C. For the transcriptomic analysis, we selected 3 samples with
large volumes of VAFS (4.5 to 5 mL) and without visible blood
contamination. These 3 samples were obtained from pregnan-
cies resulting in a healthy born infant, a stillborn infant, and a
single spontaneously aborted fetus (Table 1). The amniocentesis
procedure was not believed to be related to stillbirth or abortion,
given that factors relating to these outcomes have been exam-
ined” and the frequency of fetal loss is not higher in animals
that undergo amniocentesis compared with animals that do not
(data not shown).

The extraction of total RNA from the AFS samples was con-
ducted according to a previous protocol.” RNA was extracted
within 30 to 45 d after collection. Briefly, we used a QlAamp Cir-
culating Nucleic Acid Kit (Qiagen Sciences, Germantown, MD)
for RNA isolation; after extraction and for cleanup after DNase
treatment, we purified the RNA by using an RNeasy MinElute
Cleanup Kit (Qiagen).

RNAseq analysis. We created cDNA libraries from 100 ng
of total RNA by using the Ovation cDNA Synthesis/SPIA
Amplification Kit (NuGEN Technologies, San Carlos, CA). Se-
quencing was conducted on a HiSeq2500 instrument by using
RAPID (version 2) chemistry and generating 50-bp pair-end
reads at 47.8 to 66.3 million reads per sample. The RNAseq
reads were aligned to the Chlorocebus_sabeus 1.1 reference ge-
nomic assembly (GCF_000409795.2).* Our dataset is deposited
in NCBI's Gene Expression Omnibus, under accession number
GSE119908.

RNAseq reads were aligned to the vervet genomic assembly
Chlorocebus_sabeus 1.1 GCF_000409795.2* by using the STAR
aligner." Fragment counts were derived by using HTseq.?

We conducted a comparative analysis of the vervet AFS tran-
scriptome with similar human samples and vervet postnatal tis-
sues for which gene expression data sets are publically available
in the NCBI repository. For the comparative analysis with hu-
man AFS (hAFS), we used transcriptomic data from hAFS gen-
erated through either RNAseq (a total of 21 samples: 5 samples
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from GSE49890* and 16 samples from GSE68180)* or by us-
ing expression microarray technology (a total of 74 samples: 14
samples from GSE16176, 11 samples from GSE25634, 12 samples
from GSE33168, 16 samples from GSE46286, 16 samples from
GSE48521, and 5 samples from GSE49891).1°% For the compar-
ative analysis with vervet postnatal tissues, we used RNAseq
data that we had generated previously from 6 tissues (blood,
fibroblasts, adrenal, pituitary, caudate, and hippocampus) from
59 or 60 vervets that ranged in age from neonates to adults.*
The RNAseq dataset from postnatal vervet tissues is available at
NCBI's Gene Expression Omnibus as bioproject PRINA490653
(series GSE119908).

For comparative analysis of vAFS and vervet postnatal tis-
sues (all datasets generated through RNAseq), we applied
quantile normalization to all samples together. For comparative
analysis of VAFS, vervet postnatal tissues, and hAFS datasets
(comprising of both RNAseq and microarray datasets), we ap-
plied quantile normalization to all samples together (includ-
ing 3 vervet samples and all other samples); batch effect was
adjusted by using Combat.” The top 1000 most-variable genes
were selected for multidimensional scaling. We conducted MDS
analysis by using the plotMDS function in edgeR¥ to visualize
the distance between the vAFS samples we analyzed herein and
the reference datasets. For gene-annotation enrichment analysis,
we used Database for Annotation, Visualization and Integrated
Discovery (DAVID), version 6.8." This tool maps genes to as-
sociated biologic terms (such as Gene Ontology terms and other
annotations) and identifies the most over-represented terms
among the genes of interest. We used a false discovery rate of
0.05 as a threshold for enriched terms.

Results

The amniocentesis procedure typically yields 10 to 20 mL of
AF from humans' and, based on our experience, 0.75 to 5 mL
(average, 3.4 mL) from vervet monkeys. vAF was separated by
centrifuge into 2 fractions: AFS containing cffRNA and pellets
comprising amniocytes and vernix. From 3 AFS samples, we
generated cDNA libraries, which subsequently were used for
the RNAseq analysis.

As expected, free-floating cffRNA, unprotected by cellular
structures, showed a naturally high level of RNA degradation,
with RNA integrity numbers ranging from 1.3 to 2.5 (Table 1).
Because of natural cffRNA fragmentation or degradation,
cDNA amplification generated transcripts smaller than average
transcripts from intact RNA from cells and tissues (Figure 1).
However, we still obtained usable cDNA libraries, in which we
detected 23,276 genes expressed overall by using RNAseq.

Global gene expression profiles. First, we compared global
expression profiles between VAFS cffRNA from 3 different
pregnancies and cellular RNA from 6 postnatal vervet tissues
(hippocampus, caudate, adrenal, pituitary, skin fibroblasts, and
whole blood) that we had characterized previously by using
RNAseq.? The first 2 dimensions from the multidimensional
scaling analysis showed clear clustering according to sample
type (Figure 2 A). The postnatal tissues clustered separately
from each other (except for the 2 brain regions—the caudate and
hippocampus— which showed a slight overlap) and distantly
from a cluster of vAFS samples.

Next, we compared our vAFS samples with 95 hAFS samples
from 8 datasets generated by using microarray and RNAseq
(Figure 2 B). Although the global gene expression profiles from
the vAFS formed a distinct cluster, which was well separated
from the vervet postnatal tissues, they clustered together with
both microarray and RNAseq samples from hAFS. This analysis



Table 1. Study subjects and samples selected for RN Aseq analysis

Transcriptomic analysis of amniotic fluid supernatant in vervets

Mother Infant

AFS RNA integrity =~ RNA No. of RNAseq
1D no. Age (Y) IDno. Cranial diameter (cm) Sex Status volume (mL) number yield (ng) reads
2008-100 7 2015-008 2 F stillborn 45 1.3 107 66,267,374
2006-020 9 2015-011 2.8 M live 45 25 341 47,814,071
1999-034 16 2203 2.2 unknown aborted 5 1.8 376 57,761,334

Selected females represent a range of maternal ages, but all had comparable birth outcomes (6 births, 83.3% surviving).
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Figure 1. Quality of total RNA and cDNA libraries from cffRNA from vervet AFS. The integrity of (A) cffRNA from vervet AFS compared with
(B) exceptionally high-quality total RNA. (C) cDNA libraries generated from cffRNA from vervet AFS (black frame) and from high-quality RNA.
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Figure 2. MDS plot of gene expression. (A) Samples generated through RNAseq of cffRNA from vervet AFS form a distinct cluster separate from
samples from various vervet postnatal tissues yet (B) cluster with transcripts from human AFS samples analyzed by using both RNAseq and a
microarray platform. Different colors indicate different datasets as indicated in the key (the vervet AFS samples are shown in red; they form a

cluster in the center of both plots).

demonstrated that vAFS has an expression profile distinct from
multiple postnatal tissues in the vervet and shows marked simi-

larities with hAFS.

VAFS transcriptome. In vAFS, we detected 23,276 gene
transcripts overall, including 10,229 gene transcripts with
robust expression (that is, 1 or more fragments per kilobase
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Table 2. The top 100 most-expressed genes in vervet AFS

Rank vAFS Rank hAFS Rank hAFS

Gene symbol Gene description Gene type GSE119908 GSE49890 GSE68180
H19 H19, imprinted maternally expressed transcript ~ noncoding RNA 1 N/A N/A
IGF2 insulin like growth factor 2 protein coding 2 11 13
TPT1 tumor protein, translationally controlled 1 protein coding 3 5 42
EEF1A1 eukaryotic translation elongation factor 1 o 1 protein coding 4 20 19
RPS11 ribosomal protein S11 protein coding 5 24 27
FTL ferritin light chain protein coding 6 18 9
LOC103238605 40S ribosomal protein S13 protein coding 7 NA NA
RPS6 ribosomal protein S6 protein coding 8 82 43
LOC103226991  60S ribosomal protein L31 pseudogene pseudogene 9 NA NA
RPS16 ribosomal protein S16 protein coding 10 85 50
VIM vimentin protein coding 11 146 132
LOC103227869 40S ribosomal protein S20 protein coding 12 NA NA
RPS12 ribosomal protein S12 protein coding 13 79 46
LOC103236652  40S ribosomal protein S24 pseudogene pseudogene 14 NA NA
RPLPO ribosomal protein lateral stalk subunit PO protein coding 15 180 105
S100A6 5100 calcium binding protein A6 protein coding 16 1172 127
S100A11 5100 calcium binding protein A1l protein coding 17 35 26
LOC103233092  40S ribosomal protein S12 pseudogene pseudogene 18 NA NA
RPS8 ribosomal protein S8 protein coding 19 61 31
RPL24 ribosomal protein 24 protein coding 20 917 128
LOC103229159  translationally controlled tumor protein pseudogene 21 NA NA

pseudogene
WEDC2 WAP 4-disulfide core domain 2 protein coding 22 211 171
PABPC1 poly(A) binding protein cytoplasmic 1 protein coding 23 97 53
RPS5 ribosomal protein S5 protein coding 24 95 65
RPL19 ribosomal protein L19 protein coding 25 103 69
GNB2L1 guanine nucleotide binding protein (G protein),  protein coding 26 105 87

B polypeptide 2-like 1
RPS25 ribosomal protein S25 protein coding 27 108 35
RPL27 ribosomal protein .27 protein coding 28 127 92
LOC103216818  translationally-controlled tumor protein pseudogene 29 NA NA

pseudogene
LOC103228928 elongation factor 1- 0. 1 pseudogene pseudogene 30 NA NA
LOC103216022  40S ribosomal protein S15a pseudogene 31 NA NA
RPL4 ribosomal protein L4 protein coding 32 199 76
S100A10 5100 calcium binding protein A10 protein coding 33 176 39
LOC103238863 uncharacterized LOC103238863 pseudogene 34 NA NA
LOC103226548 60S ribosomal protein L5 pseudogene pseudogene 35 NA NA
LOC103226449  60S ribosomal protein L4-like protein coding 36 NA NA
ANXA1 annexin Al protein coding 37 261 24
LOC103215865 annexin A8 protein coding 38 NA NA
LOC103244702  40S ribosomal protein S7 pseudogene pseudogene 39 NA NA
RPS3 ribosomal protein S3 protein coding 40 83 190
LOC103226189  ferritin heavy chain protein coding 41 NA NA
LOC103216271 nucleophosmin pseudogene pseudogene 42 NA NA
LOC103214626  60S ribosomal protein L30 protein coding 43 NA NA
EIF4G2 eukaryotic translation initiation factor 4 y2 protein coding 44 185 124
RPL7 ribosomal protein L7 protein coding 45 218 45
RPL11 ribosomal protein L11 protein coding 46 49 41
LOC103236378  40S ribosomal protein S3a protein coding 47 NA NA
LOC103233336  60S ribosomal protein L41 protein coding 48 NA NA
KRT24 keratin 24 protein coding 49 681 292
ANXA2 annexin A2 protein coding 50 30 89
LOC103244020 60S ribosomal protein L23 protein coding 51 NA NA
RPL14 ribosomal protein L14 protein coding 52 371 141
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Table 2. Continued

Rank vAFS Rank hAFS Rank hAFS

Gene symbol Gene description Gene type GSE119908 GSE49890 GSE68180
LOC103218934  60S ribosomal protein L13 pseudogene pseudogene 53 NA NA
RPL27A ribosomal protein L.27a protein coding 54 1932 648
LOC103237685  elongation factor 1- o pseudogene pseudogene 55 NA NA
LOC103237602  60S ribosomal protein L12 protein coding 56 NA NA
LOC103245600  60S ribosomal protein L18 protein coding 57 NA NA
SNAI2 snail family transcriptional repressor 2 protein coding 58 354 269
RPL10A ribosomal protein L10a protein coding 59 152 55
LOC103241228 putative elongation factor 1- o -like 3 pseudogene 60 NA NA
LOC103242980 protein S100-A1l pseudogene pseudogene 61 NA NA
RPS20 ribosomal protein S20 protein coding 62 337 140
LOC103220002 annexin A2 pseudogene pseudogene 63 NA NA
PDLIM1 PDZ and LIM domain 1 protein coding 64 167 311
RPS27 ribosomal protein S27 protein coding 65 29 7
LOC103234934  40S ribosomal protein S26-like protein coding 66 NA NA
LOC103238540 nascent polypeptide-associated complex subunit o protein coding 67 NA NA
LOC103220486 40S ribosomal protein S8 pseudogene pseudogene 68 NA NA
RPS7 ribosomal protein S7 protein coding 69 244 144
LOC103238226  40S ribosomal protein 525 pseudogene pseudogene 70 NA NA
OST4 oligosaccharyltransferase complex subunit 4, protein coding 71 151 40

noncatalytic
LOC103217050  40S ribosomal protein S3a pseudogene pseudogene 72 NA NA
RPLP1 ribosomal protein lateral stalk subunit P1 protein coding 73 42 52
LOC103216627  40S ribosomal protein S4, X isoform-like protein coding 74 NA NA
ACTB actin f8 protein coding 75 28 49
EEF1G eukaryotic translation elongation factor 1y protein coding 76 69 84
RPL36AL ribosomal protein L36a like protein coding 77 360 148
TUBA1B tubulin o 1b protein coding 78 68 106
LOC103240897  60S ribosomal protein L19 pseudogene pseudogene 79 NA NA
LOC103221872  40S ribosomal protein S27-like protein coding 80 NA NA
LOC103246919  40S ribosomal protein S19 protein coding 81 NA NA
EEF2 eukaryotic translation elongation factor 2 protein coding 82 59 98
LOC103246174  60S ribosomal protein L6 protein coding 83 NA NA
RPL15 ribosomal protein L15 protein coding 84 236 143
SERPINB9 serpin family B member 9 protein coding 85 10611 12391
CRIP1 cysteine rich protein 1 protein coding 86 202 182
CCND2 cyclin D2 protein coding 87 224 407
TUBB tubulin B class I protein coding 88 204 2428
RPL28 ribosomal protein L.28 protein coding 89 62 283
RPS18 ribosomal protein S18 protein coding 90 32077 206
LOC103219323  actin, cytoplasmic 1 protein coding 91 NA NA
RPL37 ribosomal protein L37 protein coding 92 187 118
NPC2 NPC intracellular cholesterol transporter 2 protein coding 93 922 273
LOC103232182  60S acidic ribosomal protein P2 pseudogene pseudogene 94 NA NA
LOC103240161  60S ribosomal protein L7a-like protein coding 95 NA NA
LOC103241403  60S ribosomal protein L17 pseudogene pseudogene 96 NA NA
RPL9 ribosomal protein L9 protein coding 97 957 68
RPL17 ribosomal protein L17 protein coding 98 339 97
RPS23 ribosomal protein S23 protein coding 99 852 159
TGM2 transglutaminase 2 protein coding 100 181 508

NA, no corresponding ortholog in human annotation Chlorocebus sabaeus Annotation Release 100.

of transcript per 1 million mapped reads). Among the 10,229 vAFS is presented in Table 2 the most-expressed genes were
expressed genes, 2093 genes were LOC genes, for which no  H19, IGF2, and TPT1.

human orthologs have been determined and usually with un- We focused on the most expressed genes in VAFS. To assess
certain function. The list of the 100 most-expressed genes in  whether any biologic functions are associated with genes highly

71



Vol 70, No 1
Comparative Medicine
February 2020

Table 3. Gene-term enrichment analysis results for the 500 most-expressed genes in vVAFS

Category Term Count p False discovery rate

GOTERM_MEF_DIRECT  GO:0003735 approximately structural constituent of ribosome 61 6.95E-65 7.33E-62

GOTERM_BP_DIRECT GO:0006412 approximately translation 59 1.36E-56 1.49E-53

GOTERM_CC_DIRECT  GO:0005840 approximately ribosome 47 3.51E-49 3.53E-46

INTERPRO IPR011332: Ribosomal protein, zinc-binding domain 7 1.75E-08 2.58E-05

GOTERM_CC_DIRECT  GO:0015934 approximately large ribosomal subunit 7 3.53E-07 3.55E-04

GOTERM_BP_DIRECT GO:0006446 approximately regulation of translational initiation 7 1.15E-06 0.0012

GOTERM_CC_DIRECT  GO:0016282 approximately eukaryotic 43S preinitiation 6 2.52E-06 0.0025
complex

GOTERM_CC_DIRECT  GO:0033290 approximately eukaryotic 48S preinitiation 6 2.52E-06 0.0025
complex

GOTERM_CC_DIRECT  GO:0005852 approximately eukaryotic translation initiation 6 2.52E-06 0.0025
factor 3 complex

GOTERM_CC_DIRECT  GO:0015935approximately small ribosomal subunit 6 4.25E-06 0.0042

GOTERM_BP_DIRECT GO:0001731 approximately formation of translation 6.76E-06 0.0074

preinitiation complex

BP, biologic process; CC, cellular component; MF, molecular function

expressed in VAFS, we conducted gene-annotation analysis in
the 500 most-expressed genes in VAFS. The enrichment analysis
of biologic terms associated with these genes revealed that the
enriched gene functions are predominantly related to ribosomes
and their structural constituents, including small and large ri-
bosomal subunits, and the processes of translation, translation
initiation, and preinitiation (Table 3).

Discussion

Transcriptomic studies across development in NHP have
practically been restricted to postnatal tissues collected by
using minimally or moderately invasive procedures, such as
blood (and sometimes fat, muscle, liver, and skin biopsies) and
postmortem tissues harvested during both pre- and postnatal
development.>**? Given the importance of NHP as models for
biomedical studies, it is important to expand such investigations
by introducing evaluations of prenatal development that allow
the linking of prenatal fetal transcriptome with potential long-
term health consequences. Here we demonstrated the feasibility
of characterizing fetal RN Aseq profiles from cffRNA in AFS as a
proxy sample for fetal gene expression in vervet monkeys, one
of the most widely used NHP model species.?**

Despite the naturally high level of degradation of the free-
floating cffRNA in AFS, we detected more than 10,000 genes
with robustly measured expression in vervets. Gene-term en-
richment analysis showed that genes with high expression were
enriched for ribosomal components and translation, especially
early stages of this process, which is consistent with intensive
yet controlled growth and development during gestation.

Among the most highly expressed genes in vAFS were H19
and IGF2. H19 encodes a precursor of the microRNAs miR-
675-5p and miR-675-3p” and is associated with prenatal and
early postnatal growth,'** shows tumor suppressor activity,'>*
and is deregulated in cancer progression, metastasis, and fetal
growth syndromes.'**? Deregulation of H19 expression during
development causes Beckwith—-Wiedemann and Silver—Rus-
sell syndromes,**! whereas in adults, H19 overexpression is
associated with an increased risk of several cancers. H19 is
the second most-expressed transcript in placenta.* IGF2 en-
codes a hormone that promotes developmental growth during
gestation. H19 and IGF2 are both genes that are involved in
embryogenesis and are reciprocally imprinted in humans: H19
is expressed from the maternally derived allele, and IGF2 is
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expressed from the paternally derived allele.* Genetic varia-
tion in these genes is associated with low birth weight in in-
fants.! In addition to genetic factors, maternal mental health
during pregnancy influences H19 and IGF2 methylation sta-
tus.*** Furthermore, intrauterine hyperglycemia is associated
with alterations in the expression and methylation status of
these genes.*

TPT1 (also known as TCTP) is the third most highly expressed
gene in vVAFS and is among the most highly expressed genes in
hAFS. This gene is crucial for pancreatic cell proliferation dur-
ing embryogenesis and the adaptation of these cells in response
to insulin resistance in postnatal life* and cancer development.
Knockout of Tpt1 in mice is embryonically lethal.?

We observed global similarities in AFS expression profiles of
vervets and humans. According to gene expression, our vAFS
samples (which were analyzed with RNAseq) clustered with
hAFS samples regardless of the analysis platform (both micro-
array and RNAseq). Importantly, IGF2 and TPT1, which are in-
volved in embryonic growth and glycemic health in humans,
are among the most highly expressed genes in AFS in both hu-
mans and vervets (Table 2). Maternal glycemic health has been
implicated as a risk factor associated with infant mortality in
vervet monkeys.”

In summary, we demonstrated the feasibility of assessing
the fetal transcriptome in vervet monkeys through RNAseq
analysis of cffRNA from AFS. This approach required moder-
ately invasive sampling, which can be conducted on pregnant
females in NHP breeding colonies to provide valuable insight
into early developmental trajectories of fetal gene expression.
AFS transcriptome is a possible source for biomarkers and
predictors of the effects of genetics and early environmental
exposures on prenatal and postnatal growth, development,
and health.
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