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Abstract

The desmoplastic and complex tumor microenvironment of pancreatic ductal ad i (PDAC,) has d tremend
challenges for developing effective therapeutic strategies. Strategies targeting tumor stroma, albeit with great potential, have met
with limited success due to the lack of knowledge on the molecular dynamics within the tumor microenvironment (TME). In pursuit
of a better understanding of the influence of miRNAs on TME reprogramming and to explore circulating miRNAs as diagnostic and
prognostic biomarkers for PDAC, using RNA-seq, miRNA-seq, and single-cell RNA-seq (scRNA-seq), we investigated the dysregulated
signaling pathways in PDAC TME modulated by miRNAs from plasma and tumor tissue. Our bulk RNA-seq in PDAC tumor tissue
identified 1445 significantly differentially expressed genes with extracellular matrix and structura organization as the top enriched
pathways. Our miRNA-seq identified 322 and 49 abnormally expressed miRNAs in PDAC patient plasma and tumor tissue, respec-
tively. We found many of the TME signaling pathways were targeted by those dysregulated miRNAs in PDAC plasma. Combined with
scRNA-seq from patient PDAC tumor, our results revealed that these dysregulated miRNAs were closely associated with extracellular
matrix (ECM) ing, cell-ECM ication, epithelial-mesenchymal transition, as well as immunosuppression orchestrated
by different cellular components of TME. The findings of this study could assist the development of miRNA-based stromal targeting
biomarkers or therapy for PDAC patients.

Keywords: pancreatic cancer, RNA-seq, miRNA-seq, tumor mi i single-cell RNA-

Figure 1. Overall study design
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Mesenchymal stromal cells (MSCs) have great value in cell therapies. The MSC therapies
have many challenges due to its inconsistent potency and limited quantity. Here, we report a
strategy to generate induced MSCs (iIMSCs) by directly reprogramming human peripheral
blood mononuclear cells (PBMCs) with OCT4, SOX9, MYC, KLF4, and BCL-XL using a
nonintegrating episomal vector system. While OCT4 was not required to reprogram PBMCs
into iIMSCs, omission of OCT4 significantly impaired iMSC functionality. The omission of
OCT4 resulted in significantly downregulating MSC lineage specific and mesoderm-
regulating genes, including SRPX, COLSAI, SOX4, SALL4, TWISTI. When reprogramming
PBMCs in the absence of OCT4, 67 genes were significantly hypermethylated with reduced
transcriptional expression. These data indicate that transient expression of OCT4 may serve
as a universal reprogramming factor by increasing chromatin accessibility and promoting
demethylation. Our findings represent an approach to produce functional MSCs, and aid in
identifying putative function associated MSC markers.
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Fig. 3 Impaired wrilineage potential when witheut OCT4. a Reprogramming efficiency with the five factor combination
and remaving one of the five factors. One-way ANOVA and Dunnett's multiple comparisons test, P <0.05 vs. SF group, **P <0.001 va. 5F group. ns not
significant. Error bars indicate standard deviation. n = 5 for each group from biological independent donors. b Flow cytometry analysis of the MSC marker
D73 4 weeks after transfection with 5F, 4Fno0 (no OCT4), and 4Fnok (no KLF4), ¢ Flow cytometry analysis of the MSC markers CD73and CD%0at 2, 3
and 4 weeks alter transfection with 5F, 4Fno0 (no OCT4), or 4FnoK (no KLF4). d-f RT-gPCR analysis of esteogenesis-, adipogenesis-, and

lated genes in iMSCs reps with 5F, 4Fno0, and 4Fnck 2 weeks after multilineage differentiation. Tukey's multiple
comparisons test, *P< 0.05, 4Fno0 vs. SF and 4FncK group. *P < 0,05, 4FnoD vs. 4FnoK group. n= 4 biologically independent samples for each group
Eror bars indicate standard deviation (SD). g Multil i ion of iIMSCs with 5F, 4Fno0, or 4FnoK. Cells were aultured in
osteogenic, adipogenic, or chondrogenic induction medium for 2-4 weeks and stained with Alizarin Red is), Ol Red O is), or Alcian
blve (chondrogenesis), respectively. Scale bars represent 200 pm.
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SUMMARY

Although emerging evidence reveals that vaping alters the function of the central
nervous system, the effects of maternal vaping on offspring brain development
remain elusive. Using a well: blished in utero e model, we performed
single-nucleus ATAC-seq (snATAC-seq) and RNA sequencing (snRNA-seq) on pre-
natally e-cigarette-exposed rat brains. We found that maternal vaping distorted
neuronal lineage differentiation in the | brain by pr ing i
neurons and inhibiting lateral ganglioni derived inhibitory neuronal
differentiation. Moreover, maternal vaping disrupted calcium homeostasis,
induced microglia cell death, and elevated susceptibility to cerebral ischemic
injury in the developing brain of offspring. Our results suggest that the aberrant
calcium signaling, diminished microglial population, and impaired microglia-
neuron interaction may all contribute to the underlying mechanisms by which pre-
natal e-cigarette exp e impairs | rat brain develop t. Our finding
raise the concern that maternal vaping may cause adverse long-term brain dam-
age to the offspring.
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Figure 1. Study design and cell type identification in the neanatal rat brain expesed to prenatal e-cigarette vaper
1A) Querview of study design. Pregnant Sprague-Daley rats were exposed ta contral air ef e-cigarette from gestations] E4 o E30. The braing of pestnatal
day 7 (P7) rat pups were dissociated to chiain single nuclei for snRNA-seq and snATAC-seq, In some parallel animals, transient middle cerebral artery
acclusion (MCAC) was conducted on postnatal day 7 (PR rat pups, aned the infarct size was evaluated 48 later.

(B) UMAF visuslization of 29,317 single nueleus transeriptames from sagtnatal day 7 rat brain revesled 21 aroups colored by snnatated cell type, OPCs,
aligodendrocyte progenitor cells; NPCs, neursl progeniter cells; PSCs, perivascular stromal cells; EPSCs, pendymal cells, ECs, endethelial cells, CRs, Cajal-
Retzius cells.

1C) UMAP wisualization of nine neuranal eell pepulations shawing the expression of the representative excitatory neuren matker Argp21 and (D). inhibitary
meuranal markers Erbbd and Gadl?

{E) Dot plot shawing representative marker gene exprassion acrass sll 21 cell clusters derived ram P7 neanatal rat brain cortex and hippacampus

IF) Dot plat of marker gene in neuranal

{6} UMAP wisualization of nine neuronal cell papulations showing the annctation of esch neuranal subtype
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ABSTRACT

Rural environments and microbiota are linked to a reduction in the prevalence of allergies.
However, the mechanism underlying the reduced allergies modulated by rural residency is unclear.
Here, we assessed gut bacterial composition and metagenomics in urban and rural children in the
EuroPrevall-INCO cohort. Airborne dusts, including mattress and rural henhouse dusts, were pro-
filed for bacterial and fungal ition by amplicon ing. Mice were exposed
to intranasal dust extracts and evaluated for their effects on ovalbumin (OVA)-induced allerglc
airway inflammation, and gut microbiota restoration was validated by fecal
(FMT) from dust-exposed donor mice. We found that rural children had fewer allergies and unique
gut microbiota with fewer Bacteroides and more Prevotella. Indoor dusts in rural environments
harbored higher endotoxin level and diversity of bacteria and fungi, whereas indoor urban dusts
were enriched with Asp and i elevated ic bacteria. Intranasal administra-
tion of rural dusts before OVA sensitization reduced respiratory eosinophils and blood IgE level in
mice and also led to a recovery of gut bacterial diversity and Ruminiclostridium in the mouse model.
FMT restored the protective effect by reducing OVA-induced lung eosinophils in recipient mice.
Together, these results support a cause-effect relationship between exposure to dust microbiota
and allergy susceptibility in children and mice. Specifically, rural environmental exposure modu-
lated the gut microbiota, which was essential in reducing allergy in children from Southern China.
Our findings support the notion that the modulation of gut microbiota by exposure to rural indoor
dust may improve allergy prevention.

ARTICLE HISTORY
Received 21 July 2022
Revised 6 September 2022
Accepted 8 September 2022

KEYWORDS

Allergies; Aspergillus; gut
microbiota; indoor
microbiota;

environments; 165 rRNA-seq
and metagenomics

Human study

Airbome dust microbiota analysis

Yang Z, Chen Z, Lin X, Yao S, Xian M, Ning X, Fu
W, Jiang M, Li N, Xiao X, Feng M, Lian Z, Yang W,
Ren X, Zheng Z, Zhao J, Wei N, Lu W, Roponen M,
Schaub B, Wong GWK, Su Z, Wang C (co-
corresponding), Li J. Rural environment reduces
allergic inflammation by modulating the gut
microbiota. doi: 10.1080/19490976.2022.2125733.
PMID: 36193874; PMCID: PM(C9542937. 122.

Gut Microbes 2022 Jan-Dec;14(1):2125733

Mouse model study

Eurcprevall- NGO Dataded Case-control study Indoor envirgnmaents  Dusts Microbiota analysis ~ Masal inhalation (Ln }nfdw_nwh'ad bafore
cohor GuesSarning m-.a:.mm airway allergs: inflammation
Wwban Rural  Uban Ruml | ”';‘;“""3':"“" vacum  Lirban s in_sensiization chabenge
Tt et Hi—m' “mm Baieria A dsand 0K OW
A e wlnla)) "o e
5.139 5.542 . o o 151 4 | 228 . J \
makiress - Lung pahology Fecal microblota
i“‘s g;"‘ ™ 9- Vs vacm  1e11 Furgi - BAL soginophils iranaptants
n= " " " .
_ (Randomly salacted) m— (IS - 165 rRMA analysis - Antibiotic cocktail
oF Shnlgﬁu; etagenomics CF] Ceaner Henhouse ) - Lung inflammation
in= =

Figure 1. Overall study design. The study included (a) a human study, (b} an airborne dust microbiota analysis, and (c) a mouse model
study. 165 rRMA and ITS, 165 rRNA and Internal Transcribed Spacer amplicon sequencing; BAL, bronchoalvealar lavage; EuroPrevall-
INCO, a project to evaluate the prevalence of food allergy in China, India, and Russia using the standardized methodology of the
EuroPrevall pmtuu:nl:m OVA, ovalbumin. Mouse color (panel c) indicates dust extracts from urban mattresses, rural mattresses, and
henhouses. Individual dust from each environment was pooled and used in the mouse model study.
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Abstract

Background: The use of a personalized haplotype-specific genome assembly, rather
than an unrelated, masaic genome like GRChAE, as a reference for detecting the full
spectrum of somatic events from cancers has long been advocated but has never been
explored in turmor-normal paired samples Here, we provide the first demonstrated use
of de novo assembled persanalized genome as a reference for cancer mutation detec-
tion ard quantifying the effects of the reference genomes on the accuracy of somatic
mutation detaction.

Results: We generate de nova assemblies of the first tumor-narmal paired genomes,
beth nuclear and mitochondrial, derived from the same individual with triple regative
breast carcer. The persanalized genarme was chromosomal scale, haplatype phased,
and annotated. We demonstrate that it provides individual specific haplotypes far cam-
plex regions and medically relevant genes. We illustrate that the personalized gerame
refererice not anly improves read alignments for both shart-read and long-read
sequencing data but alse ameliorates the detection accuracy of somatic SHVs and Svs.
We idenitify the equivalent somatic mutation galls between two genome references
and uncower navel sematic mutatians only when persenalized genome assembly is
used as a reference.

Conclusions: Cur findings demonstrate that use of a personzlized gename with
individual-specific haplotypes is essential for accurate detection of the full spectrum
of sematic mutaticns in the paired tumor-normal samples The unigue resouwrce and
miethodology established in this study will be beneficial to the development of preci-
sian encology medicine nat enly for breast cancer, but also for other cancers.

using tumor-normal paired reference
samples. doi: 10.1186/s13059-022-02803-x.
PMID: 36352452; PMCID: PMC9648002.

Genome Biology 2022 Nov 9;23(1):237
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Fig. 1 Schematic diagram of study design. Sequencing data fram five different platforms were used for
initial de ravo assernbly, assembly evaluation, scaffolding and phasing for the normal reference sample
HCC1395BL B Lymphacyte cell lire), while sequencing data from three platforms were used for de nova
assembly and assernbly evaluation for the tumor reference sample {HZC 1395 breast cancer cell line from the
same donor]. The final aszembled personal genarme, krown as HOC13958L vl .0, was used as reference for
read mapping with both short and long reads, and assessment of sematic SHVs and SWs as compared to that
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Abstract

Background: The cancer gencme is cornmaonly altered with thousands of structural
rearrangernents including insertions, deletions, translacation, inversions, duplica-
tions, and copy number variations. Thus, structural variant (5V) characterization plays a
pararnount role in cancer target identification, oncology diagnostics, and personalized
medicine. As part of the SEQC2 Consortium effart, the present study established and
evaluated a consensus SV call set using a breast cancer reference cell line and matched
normal control derived from the same donar, which were used in our companion
benchmarking studies as reference samples.

Results: We systemnatically investigated somatic SVs in the reference cancer cell line by
comparing to a matched normal cell ine using multiple MGS platforms induding u-
mina short-read, 10% Genornics linked reads, PacBio long reads, Oxford Nanopare long
reads, and high-throughput chromosame confarmaticn capture (Hi-C). We established
a consensus 5Y call set of a total of 1788 SVs includ ing 717 deletions, 230 duplications,
551 insertions, 133 inversions, 146 translocations, and 11 breakends for the reference
cancer cell line. To independently evaluate and cross-validate the accuracy of our
consensus 5V call set, we used orthogonal methods including PCR-based validation,
Affymetrix arrays, Bionano optical mapping, and identification of fusion genes detected
from ANA-seq. We evaluated the strengths and weaknesses of each NGS technology
for SV deterrnination, and cur findings provide an actionable guide to improve cancer
genome 5V detection sensitivity and accuracy.

Z, Chen Z, Chen W, Tran B, Kusko R, Wang
L, Pang AWC, Yang Z, Choudhari S, Colgan
M, Fang LT, Carroll A, Shetty J, Kriga Y,
German O, Smirnova T, Liu T, Li J, Kellman
B, Hong K, Hastie AR, Natarajan A, Moshrefi
A, Granat A, Truong T, Bombardi R,
Mankinen V, Meerzaman D, Mason CE,
Collins J, Stahlberg E, Xiao C, Wang C (co-
corresponding), Xiao W, Zhao Y. Structural
variant analysis of a cancer reference cell line
sample using multiple sequencing
technologies.  doi:  10.1186/s13059-022-
02816-6. PMID: 36514120; PMCID:
PMC9746098.
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Abstract

The pandemic of novel coronavirus disease 2019 (COVID-1%) has rampaged the world, with more than 58.4 mil-
lion confirmed cases and over 1.38 million deaths across the world by 23 Movember 2020. There is an urgent
need toidentify effective drugs and vaccines to fight against the virus, Severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2) belongs to the family of coronavirises consisting of four structural and 16 non-structural
proteins (MSF). Three non-structural proteins, main protease (Mpro), papain-like protease (PLpro), and RNA-
dependent RNA polymerase (RdRp), are believed to have & crucial role in replication of the virus. We applied com-
putational ligand-receptor binding modeling and performed comprehensive virtual screening on FDA-approved
drugs against these three SARS-CoV-2 proteins using AutoDock Vina, Glide, and rDock. Gur computational stud-
ies identified six novel ligands as potential inhibitors against SARS-CoV-2, including antiemetics rolapitant and
ondansetron for Mpro; labetalol and levomefolic acid for PLpro; and leucal and antifungal natamycin for RdRp.
Malecular dynamics simulation confirmed the stability of the ligand-protein complexes. The results of our anal-
ysis with some other suggested drugs indicated that chloroquine and hydroxychloroquine had high binding
energy (low inhibitory effect) with all three proteins—Mpro, PLpro, and RdRp In summary, our computational
malecular docking approach and virtual screening identified some p ng; candidate SARS-CoV-2 inhibi
that may be considered for further clinical studies.

Key words: COVID-1%; SARS-CoV-2; Mpro; PLpro; RdRp; virtual screening; molecular docking

1, INsertion,
intra-chromesomal smversion and Inter-chromosemal transocation copy number changes were vabdated

Hosseini M, Chen W, Xiao D, Wang C
(corresponding). Computational molecular docking
and virtual screening revealed promising SARS-CoV-
2 drugs. doi: 10.1093/pcmedi/pbab001. PMID:
33842834; PMCID: PMC7928605.
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AutoDock Vina Glide rbock

« Danel Dpenbabel = Masatro - Ligereg  + Massyo - Ligprep
= ADT = Wassalro — Prodean = Il — Prodein
R0 _TRCREIC. Iy Pregaration Wizsrd Pregarabon Wiz

! 2 Protein and ligand docking
! i -
! = ADTVina Maesirn - il « riock ;
! Command line Ligand Oncleng Cammand lira 1

2, Bslection of comman Igards amang thres tocls

a. Dockng soore thmshold b BN thmshold
Glicks < <5 kcalimol Ligand poads with < 1.5 RM3D
Aitadoch Vine = -6 B kealimel B e Bies ol

Figure 1. General scheme of the docking protocal

dacking scores. The docking processes were done using
written in-house scripts. All visualizations were done
using Schrodinger Maestro® and FyMOL (https//pymol.

org)-
el i, 40, 3021, 92-108 Chen Z, Stanbouly S, Nishiyama NC, Chen X, Delp
. MD, Qiu H, Mao XW, Wang C (corresponding).
Advance Access Publyartion Date: 17 May 2021

OXFORD Ressarch Article

Spaceflight decelerates the epigenetic clock
orchestrated with a global alteration in DNA
methylome and transcriptome in the mouse retina.
doi: 10.1093/pcmedi/pbab012. PMID: 34179686;
PMCID: PMC8220224.

REESEARCH ARTICLE
Spaceflight decelerates the epigenetic clock
orchestrated with a global alteration in DNA

methylome and transcriptome in the mouse retina . . .
Zhong Chen'”, Seta Stanbouly’!, Nina C. Nishiyama?, Xin Chen’, Michael Precision Clinical Medicine 2021 May 17’4(2)93_

D. Delp3, Hongyu Qiu4, Xiao W. Mao? and Charles Wanglrs-* 108

*Center for Genomics, School of Medicine, Loma Linda University, Loma Linda, CA 92350, USA

“Division of Radiation Research, Diepartment of Basic Sciences, School of Medicine, Loma Linda University,
Loma Linda, CA 92334, USA

“Department of Nutrition and Integrative Physiology, Florida State University, Tallahassee, FL 32306, USA
*Center for Molecular and Translational Medicine, Institute of Biomedical Science, Georgia State University,
Atlants, GA 30303, USA

“Division of Microbiology and Molecular Genetics, Department of Basic Sciences, School of Medicine, Lama
Linda University, Loma Linda, CA 92350, USA

*Carrespendence: Charles Wang, chwangaill edu

Charles Wang, hitp.orcid.org/0000- 0001 82612121
These authars contribated equally o this wark,

Abstract

Astronauts exhibit an assortment of clinical abnormalities in their eyes during long-duration spaceflight. The
purpose of this study was to determine whether spaceflight induces epigenomic and transcriptomic reprogram-
ming in the retina or alters the epigenetic clock. The mice were flown for 37 days in animal enclosure modules
on the International Space Station; ground-based control animals were maintained under similar housing con-
ditions. Mouse retinas were isolated and both DNA methylome and transcriptome were determined by deep
sequencing. We found that a large number of genes were differentially methylated with spaceflight, whereas
there were fewer differentially expressed genes at the transcriptome level. Several biological pathways involved
in retinal diseases such as macular degeneration were significantly altered. Our results indicated that space-
flight decelerated the retinal epigenetic clock. This study demonstrates that spaceflight impacts the retina at
the epigenomic and transcriptomic levels, and such changes could be involved in the eticlogy of eye-related
disorders among astronauts.

Key words: spaceflight; DNA methylome; transcriptome; epigenetic clock
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A benchmarking study of SARS-CoV-2
whole-genome sequencing protocols
using COVID-19 patient samples

Tiantian Liv,"” Zhong Chen, - Wangiu Chen,’” Xin Chen,’* Maryam Hosseini,' Zhaowei Yang,' Jing Li,*
Diana Ho,' David Turay,” Ciprian P. Gheorghe,” Wendall Jones,** and Charles Wang'2%

SUMMARY

Severe acute respiratory syndrome coronavirus 2 (SARS-CeV-2) is an emerging

new type of coronavirus that is responsible for the COVID-19 pandemic and

the unprecedented global health emergency. Whole-genome sequencing (WGS)

of SARS-CoV-2 plays a critical role in understanding the disease. Performance

variation exists across SARS-CoV-2 viral WGS technologies, but there is currently

no benchmarking study comparing different WGS sequencing protocols. We

compared seven different SARS-CoV-2 WGS library protecols using RNA from pa-

tient nasopharyngeal swab samples under two storage conditions with low and

high viral inputs. We found large differences in mappability and genome

coverage, and variations in sensitivity, reproducibility, and precision of single-

nucleotide variant calling across different protecols. For certain amplicon-based e e e,
protocols, an appropriate primer trimming step is critical for accurate single- Univarsny, Lema Linda, C4,
nucleotide variant calling. We ranked the performance of protocols based on usa

six different metrics. Our findings offer guidance in choosing appropriate WGS “Divisien of Mercbiclagy &

: . . Molacular Ganatics,
protocols to characterize SARS-CoV-2 and its evolution. Crepartmant of Basic Scienca,

Schoal of Madiona, Loma
Lirdda Univarsity, Loma Linda,
A, USA

'Caritar for Genomics, Schoal
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A multicenter study benchmarking single-cell
RNA sequencing technologies using reference
samples

Wangqiu Chen'?, Yongmei Zhao®*'?, Xin Chen'*%, Zhaowei Yang ©%, Xiacjiang Xu®, Yingtao Bi’,
Vicky Chen??, Jing Li*5, Hannah Choi', Ben Ernest?, Bao Tran®, Monika Mehta©?3, Parimal Kumar?,
Andrew Farmer?, Alain Mir?, Urvashi Ann Mehra?, Jian-Liang Li©¢, Malcolm Moos Jr.'°,
Wenming Xiao"™ and Charles Wang(®'4=

Cumparlng lllvurse smglll-:ell RNA sequencing (scRNA-seq) datasets generated by different technologies and in different labo-
r a major challenge. Here we address the need for guidance in choosing algerithms leading to accurate biological
|||Isrprntal|ons of varied data types acquired with different platforms. Using two well-characterized cellular reference samples
(Immlt cancer :nlls and B cells), captured either separately or in mixtures, we compared different scRNA-seq platforms and
li and batch-effect correction methods at multiple centers. Although preprocessing and

prepr nor
normalization contributed to variability in gene detection and cell :Iassmutlon, hni:h effect correction was by far the most
impeortant factor in correctly classifying the cells. Moreover, scRNA-seq istics (for I pl and cel-
lular heterogeneity and platform used) were critical in d ining the op formatic method. Hi producibility

across centers and platforms was high when appropriate bicinformatic methods were applied. Our findings uffllr practical guid-
ance for optimizing platform and software selection when designing an scRNA-seq study.

FOCUS | ARTICLES Chen W, Zhao Y, Chen X, Yang Z, Xu

X, BiY, Chen V, Li J, Choi H, Ernest
B, Tran B, Mehta M, Kumar P, Farmer
A, Mir A, Mehra UA, Li JL, Moos M
Jr, Xiao W, Wang C (corresponding).
A multicenter study benchmarking
single-cell RNA sequencing
technologies using reference samples.
doi: 10.1038/s41587-020-00748-9.
Epub 2020 Dec 21. PMID: 33349700.
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Sep;39(9):1103-1114
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Toward best practice in cancer mutation detection
with whole-genome and whole-exome sequencing

Wenming Xiao®'#**, Luyao Ren**, Zhong Chen ®3, Li Tai Fang®*, Yongmei Zhao @5, Justin Lack’,
Meijian Guan®, Bin Zhu'®?, Erich Jaeger®, Liz Kerrigan®, Thomas M. Blomquist', Tiffany Hung",
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Aparna Natarajan®, Ana Granat®, Gary P. Schroth©?, Rasika Kalamegham", Eric Peters",
Virginie Petitjean, Ashley Walton®, Tsai-Wei Shen(©, Keyur Talsania®, Cristobal Juan Vera®,
Kurt Langenbach?®, Maryellen de Mars?, Jennifer A. Hipp", James C. Willey'®, Jing Wang?’,
Jyoti Shetty®®, Yuliya Kriga®™, Arati Raziuddin @2, Bao Tran®®, Yuanting Zheng?, Ying Yu?,
Margaret Cam®, Parthav Jailwala®, Cu Nguyen®®, Dacud Meerzaman®®, Qingrong Chen®®,
Chunhua Yan®, Ben Ernest™, Urvashi Mehra™, Roderick V. Jensen™, Wendell Jones©®,
Jian-Liang Li©*, Brian N. Papas**, Mehdi Pirooznia®*, Yun-Ching Chen®, Fayaz Seifuddin
Zhipan Li**, Xuelu Liu*, Wolfgang Resch*, Jingya Wang*®, Leihong Wu**, Gokhan Yavas*,
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Samir Lababidi*?, Louis M. Staudt**, Zivana Tezak', Huixiao Hong©*, Charles Wang %=
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35
r

Clinical lication logy require te tests that can distinguish true cancer-specific mutations from errors
introduced at each sten of next-generation sequencing (NG5). To date, no bulk sequencing study has addressed the effects of
cross-site mpmdu:iblllly, nor the biclogical, technical and computational factors that influence variant identification. Here we
report a sy ic interr lon of fcm in paired tumor-normal cell lines to identify factors affecting demcﬂun
reproducibility and accuracy at six different centers. Using whol ing (WG5) and whol

(WES), we evaluated the |f1:|;~rmi||:IhilltyI of different sample types with varying input amount and tumor purity, and multiple

library tion p with nine bicinformatics pipelines. We found that read coverage and
callers affected betln WGS and WES reproducibility, but WES performance was infl d by insert fr size, &

copy content and the global imbalance scure {GIV; G=>T/C= A). Iinally, taking into library p fon p I, tumor
content, read coverage and bioinfi itantly, we recommend actionable p ices to imp the repro-

pr
ducibility and accuracy of NGS experiments for cancer mutation detection.

Xiao W, Ren L, Chen Z, Fang LT, Zhao Y,
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Toward best practice in cancer mutation
detection with whole-genome and whole-
exome sequencing. doi: 10.1038/s41587-

021-00994-5. Epub 2021 Sep 9. PMID: 34504346; PMCID: PMC8506910.
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Fig. 1] Study design and read quality. a, Study design used to capture nonanalytical and analytical factors affecting cancer mutation detection. DA
was extracted from either fresh ¢
from random shotgun or exame capture) were generated with three different library preparation kits and run on WGS and WES in parallel follawing

recommended protocols (Methods). Twelve rephcele were performed at six sequencing centers: three centers (FD, IL and NV prepared WGS and WES
libraries in triplicate; three centers (EA, LL and

processed cells and fragmented at thres intended sizes. Librares with various levels of DNA input (either

apared 3 single WIGS and WES library (3 3+ 3); and 144 ibrasies were sequenced on either 2 Hiseq
tic), theee ali (BWA, Bowtie and NovoAlign) and two postalignments (GATK

ts (BFC

for DNA shearing. As a result

MAQC-IVand Sequencing Quality Control2

and no-GATK) were evaluated. A total of 1,015 mutation call sets »euegenemlec MNurnbers in parentheses represent pos:
Further details an the experiment design are given in Extended Data Fig, 1. b, Read yields {blue), magping statistics (red) and gename caverage (yellaw line)
from 12 repeated WG5S runs. €, GIV of G > T/C > A and T = /4 > T mutation pairs in WES and WGS runs. ix centers used a range of time spans (§0-300s)

fixation times (1,2, & and 24 h & a
shows the frt and thid auartiles as well a3 median valuss, The upper end lawer whiskers extend fram the hinge to the largest or smallest value no further
than 1.5 xinterquartile range fram the hings. For detailed statistics regarding minims, maxims, center, bounds of box and whiskers, and parcantiles related
tothis figure, please refer to Supplementary Table 4.

sible combinations at that level
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Establishing community reference samples, data
and call sets for benchmarking cancer mutation
detection using whole-genome sequencing

nature
biotechnology

Li Tai Fang %, Bin Zhu©***, Yongmei Zhao ©**, Wangqiu Chen®*, Zhaowei Yang(©*5,

Liz Kerrigan®, Kurt Langenbach®, Maryellen de Mars®, Charles Lu”, Kenneth Idler’, Howard Jacob’,
Yuanting Zheng®, Luyao Ren®, Ying Yu®, Erich Jaeger®, Gary P. Schroth®°, Ogan D. Abaan®,

Keyur Talsania®, Justin Lack?®, Tsai-Wei Shen®?, Zhong Chen®*, Seta Stanbouly*, Bao Tran'™,

Jyoti Shetty', Yuliya Kriga'®, Daoud Meerzaman", Cu Nguyen", Virginie Petitjean'?, Marc Sultan®,
Margaret Cam", Monika Mehta ©', Tiffany Hung', Eric Peters', Rasika Kalamegham®,

Sayed Mohammad Ebrahim Sahraeian’, Marghoob Mohiyuddin', Yunfei Guo', Lijing Yao', Lei Song?,
Hugo Y. K. Lam’, Jiri Drabek™'%, Petr Vojta®'*', Roberta Maestro @', Daniela Gasparotto™"’,

Sulev Koks %1% Ene Reimann®''" Andreas Scherer @', Jessica Nordlund'®, Ulrika Liljedahl'',
Roderick V. Jensen®, Mehdi Pirooznia®?, Zhipan Li**, Chunlin Xiao(©25, Stephen T. Sherry®,

Rebecea Kusko (924, Maleolm Moos?, Eric Donaldson®, Zivana Tezak®, Baitang Ning®, Weida Tong™?,
Jing Li%, Penelope Duerken-Hughes®, Claudia Catalanotti*?, Shamoni Maheshwari*?, Joe Shuga®,
Winnie S. Liang ©*, Jonathan Keats©*, Jonathan Adkins®, Erica Tassone®, Victoria Zismann®,
Timothy McDaniel®, Jeffrey Trent®*, Jonathan Foox**, Daniel Butler*, Christopher E. Mason®*,
Huixiao Hong ©**™, Leming Shi©®*, Charles Wang**'™, Wenming Xiao®** and The Somatic
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The lack of samples for generating standardized DNA datasets for setting up a or benchmarking the per-
formance of different algorithms limits the implementation and uptake of cancer ganomi:s. Here we describe reference call
sets obtained from paired tumor-normal genomic DNA (gDNA) samples darhlad from a breast cancer cell line—which is highly
heterogeneous, with an anu.lploid &, and enriched in d a matehed lymphoblasteid cell line. We
partially validated bom ti and gu'mllne variants in these call sets via wlmle -exome sequencing (WES) with
different seq Latfy and target quencing with =2,000-fold , spanning B2% of g ic regions with
high confidence. Mﬂw.lgh the gDNA reference les are not rep of primary cam:u cells fmrn a clinical sample,
when setting up a sequencing pipeline, they not only minimize potential biases from technologies, assays and informatics but
also provide a unique resource for benchmarking ‘tumor-only’ or ‘matched tumor-normal’ analyses.
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Fig. 2| Definition and validation of the somatic mutation reference call set. a, Breakdawn of the somatic variant calls withan the consensus callable regrans
based on the four Labels HighConf, MedConf, LowConf and Unclassified. Yanant calls labeled HighConf and MedCand are grouped into the reference o
set; genomic postions with LowC onf and Unclassified calls are remaved fram the high-cardidence regians. b, Histogram of WAFs of the somatic variant
calls. €, Average tumar purity fitbng scores with 35% confidence intervals for the WAF of each SMW across the four different conbdence levels versus the
ohzarved WAF in the tumor-normal titration sesies. The fcernula for fitting scores is described m eguation 1 (see Methods for detads). d, Scatter plat of WAFs
ohezrved in 21 WGS datasets versus an AmpliSeq targeted sequencing dataset. Solid shapes represent variants that were validated, Open shapes represent
varianis that were not validated. Sticks represent uninterpretable validatsan data. The diagonal dashed bnes represent the 95% binomial confdence
interval of the abserved VAF given the actual WAF caloulated based on 2,000 depth for AmpliSeq. The figure shows a wery high correlation betwsen VAFs
estimated fram the WES data and AmpliS=g data for HighConf calls (Pearsan’s = 0982). Many Unclassified data poinks lis at the batbam, implying that
these calls were not real mutations, despite the large number of apparent variant-supporting reads in the all-inclusive set data; @ axis. WAFs calcelated fram
the all-nclusive set; p axis, WAFs calculated froem the AmpliSeq data. e, Scatter plot of VAFs cbserved n WG5S datasets versus lon Tarrent WES. The B5%
binomial confidence intervals were caloulated based an 24x depth for lon Torrent. Pearson’s B = 0.930 for HighConf calls. F, Scatter plot of WAFs observed
in W55 datasets versus 12 repeats of WES on the HiSeq platform: y ass, median VAFs calculated based on 12 HiSeq WES replicates. The 95% banomia
confidence mtervals were calculated besed on 150 depth for HiSeg WES. Pearson’s R=0397 for HighConf calls. In d-f, the colors indicate the candidence
level of the wariant calle whereas the shages indicate their validation stabus.
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Abstract

The medicinal mushroom Ganederma lucidum (GL, Reishi or Lingzhi) exhibits an inhibitory effect on cancers.
However, the underlying mechanism of the antitumer activity of GL is not fully understood. In this study, we
characterized the gene networks regulated by a commercial product of GL containing a mixture of spores and
frutting bodies namely “GLSF", in colorectal carcinoma. We found that in vitro co-administration of GLSF extract
at non-toxic concentrations significantly potentiated growth inhibition and apoptosis induced by paclitaxel in
CT26 and HCT-15 cells. GLSF inhibited NF-cB promoter activity in HEK-293 cells but did not affect the function
of P-glycoprotein in K562/DOX cells. Furthermore, we found that when mice were fed & modified diet contain-
ing GLSF for 1 month prior to the CT26 tumor cell inoculation, GLSF alone or combined with Nab-paclitaxel
markedly suppressed tumor growth and induced apoptosis. KNA-seq analysis of tumor tizsues derived from
GLSF-treated mice identified 53 differentially expressed genes compared to normal tissues. Many of the GLSF-
down-regulated genes were involved in NF-x B-regulated inflammation pathways, such as [L-14, IL-11 and Cox-2.

Received: 3 Jurse 2021, Revised: 16 August 2071, Accopied: 33 August 3001
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Figure 5. EMA-seq analysis of CT26 syngeneic tumars in mice treated with contral diet or GLSF-modified diet {a) Multi-dimensional scaling plot
of detected geries in GLSE treatment [T, red) and contral group [C, green). The distances cormespand ta leading lag2 feld-changes between sach
paiz of samples. {b) Volcane plots of differentially expressed genes between: treatment and contrel greaps. The zed dats indicate up- and down

regulated DEGs with P - 005 and shsalute lagd FC - 1. {¢] Heat map of top 30 significantly differentially expressed genes bebween trestment [T}
and control graups (2. () Genes that are up and dawn-regulated in treatment group jrompated ta control) are displayed within red or green
nedes, respectively. The predicted inhibited bialo gy effects are presented in blue nodes. Hlue {predicted to be inhibited) ar gray [undetermined
direction] dash lines represent relatiorships with causal consistency
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Novel genomic targets

of valosin-containing protein

in protecting pathological cardiac
hypertrophy

Ming Zhou™**, Xin Chen®*, Jing Xi**, Ben Ma’*, Christiana Leimena’, Shaunrick Stoll*,
Gangjian Qin*, Charles Wang® " & Hongyu Qiu*

Pressure overload-induced cardiac hypertroplvy, such as that caused by hypertension, is a key risk
factor for heart failure. However, the underlying molecular mechanisms remain largely unknown.
We previously reported that the valosin-containing protein [VCP), an ATPase-associated protein
newly identified in the heart, acts as a significant mediator of cardiac protection against pressure
overload-induced pathalogical cardiac by pertroplvy. Still, the underlying melecular basis for the
protection is unclear. This study used a cardiac-specific VCP transgenic mouse model te understand
the transeriptomic alterations induced by VOP under the cardiac stress caused by pressure overload.
Using RMA sequencing and comprehensive biainformatic analysis, we found that everexpression of
the WVLF in the heart was able to normalize the pressure overload-stimulated hypertrophic signals by
activating G protein-coupled receptors, particularly, the olfactory receptor family, and inhibiting the
transeription factor controlling cell proliferation and differentiation. Mareover, WCP overexpression
restored pro-survival signaling through regulating alternative splicing alterations of mitechendrial
genes. Together, our study revealed a novel molecular regulation mediated by VCP under pressure
overload that may bring new insight into the mechanisms invelved in protecting against hypertensive
heart failure.

www.nature.com/fscientificreports/
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Figure 1. VUP-mediated transcrigtomic alterations are different between the sham and 2 weeks (2W) TAC
conditions, (a) The volcano plot of DEGs between VOP TG and W mice at the sham and 2W TAC conditions,
Bed and green dots represent up- and down-regulated in the VOP TG group, respectively. The red dash line
represents the threshold of FDR. The dot above the line are genes with FDR < 005, n=3-d/group. (b, (e} GO
Tunctional analysis of DEGs induced by VOP between the sham and TAC conditions. GO funclions of DVEGs
based on the FC > Log? and p<0.05 by comparing VCP TG with W mice at the condition of sham (b) and 2\
'l':\!'..'}E]I:J, in tezms of the cellular compenents (CC, green), molecular function (ME red) and bisdogical process
I BE, Bloe).
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Abstract

A long-term vegetarian diet plays a role in the longevity and maintenance of the healthspan, but the under-
lying mechanisms for these observations are largely unknown. Particularly, it is not known whether a long-
term vegetarian dietary pattern may affect the circulating miRNA expression in such a way as to modulate the
healthspan. The Adventist Health Study-2 (AHS-2) cohort includes a large numnber of older adults who primarily
follow vegetarian dietary patterns and reside in Loma Linda, California, one of five “Blue Zones™ in the world in
which a higher proportion of the population enjoys a longer than average lifespan. We performed miRNA-seq in
96 subjects selected from the AHS-2 cohort with different dietary patterns. We identified several differentially
expressed miENAs between vegetarians and non-vegetarians, which are involved in immune response and
cytokine signaling, cell growth and proliferation as well as age-related diseases such as cardiovascular diseases
andr degenerative di Overall, our study showed that a vegetarian diet modulates aging-associated
circulating mikNAs in a sex-dependent manner of differential expression for certain miRNAs, which may be
related in a beneficial manner to the healthspan. Further investigation is needed to validate these miRNAs as
potential biomarkers for diet-modulated longevity in humans.

Key words: circulating miRMA; aging; miRNA sequencing; vegetarian diet; Blue Zone
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Plgure 2. Most abundant miBNAs acress all samples and differentially expressed miRKAs between vegetanans and non-segetarians. (A) Heat
map showng the top 30 most abundant miSHAs acress all samples; (8] Volcane plot showing the differentially expressed miRMAs between ¥
and NV groups. The Y-axis represents the -loglijpad)) ard the X-axis displays the log2FC value. A poaitive 1-valus represents an upregalation
and a negative x-value represents @ downregulation compared ta MV, <loglojpadi) = 0.5% (pad) < 0.3] and [leg2FC| = 0.5 were marked s the
signifcant threshald. Each dot represents one differentially expressed miRMA, with those above the significance thresheld highlighted in ke,
Significant differentially expressed miBNAs are annctated in the plot. W Vegetarians, NV Non-vegetarians. (C) Bar graphs showing the top 10
enniched cancnical pathways by PA ( v, 5V). Yoaxis' left) represents the percentage of regulated genes to all penes m the pathway, ¥-axis*
[right) represents the Povalue of the enrichment. Downregalated genes are colored in green, upregulated geres ane colored in ved and unchanged
penes are coloned in white. V. vegetanians, MV non-vegetarians, M males; P females A adherers: 5 switchers,
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Aims

Methods
and results

Antenatal hypoxia negatively impacts foetal heart development, and increases the risk of heart disease later in life.
The melecular mechanisms remain largely elusive. Here, we conducted a genome-wide analysis to study the impact
of antenatal hypoxia on DNA methylome and transcriptome profiling in foetal and adult offspring hearts.

Pregnant rats were treated with normoxia or hypoxia (105% Oy) from Day 15 to Day 21 of gestation. Hearts

were isolated from near-term foetuses and 5-month-old male and fermale offsprings, and DNA methylome and
RNA-seq were performed. Methylome data shows a sharp dip in CpG methylation centred at the transcription
start site (T55). CpG islands {CGls) and CpG island shores (CGSs) within 10kb upstream of the TS5 are hypome-
thylated, compared with CGls and CGSs within gene bodies. Combining transcriptome, data indicate an inverse
relation between gene expression and CpG methylation around the TS5, Of interest, antenatal hypoxia induces
opposite changes in methylation patterns in foetal and adult hearts, with hypermethylation in the foetus and hypo-
methylation in the adult. Also, there is significant sex dimorphism of changes in gene expression patterns in the
adult offspring heart. Notably, pathway analysis indicates that enrichment of inflammation-related pathways are sig-
nificantly greater in the adult male heart than those in the female heart.

Conclusion Our study provides an initial framework and new hts into foetal hypoxia-mediated epigenetic programming of
pro-inflammatory phenatype in the heart development, linking | stress, and developmental programming of
heart vulnerability to disease later in life.

Keywords Antenatal hypoxia » Heart  Methylome e Transcriptome e Inflammation
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Figure 3 Integration of DMRs and DEGs. {4, B} Circos plot of DMRs and DEGs in foetal and achult male rats. Pasitive fold-changes in DMAs represent
hypermethylation in hyposia group while negative Sold-changes in DMRs represent hypermethylation in cantrol group. Positive fold-changes in DEGs

represent up-regulxtion
<0001 while blue dats

in hypowtia group while regative fold-changes in DEGs represent up-regulation in control group. Red dots represent Pevalue
reprasent (001 < Paalue <001 (n= 3-4). (O} Megptve comrelation between CpG methylation and gene expression at T35

{D} Three example genes (11, Cfb, and RT1-42) with DMRs located in promoter ragons show a negative cormelation between gens sxpression

{FPKM) and methylation

rate (beta valus} of CpG regions under control and hypoxn emvironment. Data are expressed as mean * 3EM. n = 3-46.
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Abstract

Background: Essential tremor (ET) is a neurological syndrome of unknown origin with poorly understood etiol-
ogy and pathogenesis. It is suggested that the cerebellum and its tracts may be involved in the pathophysiology
of ET. DNA methylome interrogation of cerebellar tissue may help shine some light on the understanding of the
mechanism of the development of ET. Our study used postmartem human cerebellum tissue samples collected
from 12 ET patients and 11 matched non-ET controls for DMA methylome study to identify differentially
methylated genes in ET.

Results: Using Nugen's Ovation reduced representation bisulfite sequencing (RRES), we identified 753 genes
encompassing 338 CpG sites with significant differences in DMNA methylation between the ET and the control
group. ldentified genes were further analyzed with Ingenuity Pathway Analysis ([PA) by which we identified
certain significant pathways, upstream regulators, diseases and functions, and networks associated with ET.
Conclusions: Our study provides evidence that there are significant differences in DNA methylation patterns
between the ET and control samples, suggesting that the methylation alteration of certan genes in the
cerebellum may be associated with ET pathogenesis. The identified genes allude to the GABMAergic hypothesis
which supports the notation that ET is a neurodegenarative disease, particularly involving the cerebellum.

Key words: DA methylome; reduced representation bisulfite sequencing; essential tremor; cerebellum; epi-
genetics; CpGs
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Figure 3. Visualization aof m ET and control. {A) Methylation level of Cpds flanking to TSS. All Cpls annotated
wiithin 5 kb of T55 were included. The regian frem = 1 kb upstream and region from = -1 kb downstream are significantly different. N = 12 in
ET group and M = 11 in contrel group. Heat map of hypermethylated CpG (B) and hypomethylated CpC. (C) lod. Only CpGs that are annotated
to known genes were selected for the heat map plet. Dee to space limitation, the Cpo information is not shown an the plet, bue bsted in
Supplementary File 3. Hierarchical cluster analysis on sample dissimilasity was calculated using the “complete” method.
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(corresponding). DNA methylome study
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genes and pathways possibly involved in
essential tremor. doi:
10.1093/pcmedi/pbz028. Epub 2019 Dec
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Epigenomic Reprogramming of
Adult Cardiomyocyte-Derived
Cardiac Progenitor Cells

Yigiang Zhang*?, Jiang F. Zhong?, Hongyu Qiu*, W. Robb MacLellan?, Eduardo Marban® &
Charles Wang®

It has been believed that mammalian adult cardiomyocytes (ACMs) are terminally-differentiated and
are unable to proliferate. Recently, using a bi-transgenic ACM fate mapping mouse model and an in
vitro culture system, we demonstrated that adult mouse cardiomyocytes were able to dedifferentiate
into cardiac progenitor-like cells (CPCs). However, little is known about the molecular basis of their
intrinsic cellular plasticity. Here we integrate single-cell transcriptome and whole-genome DNA
methylation analyses to unravel the melecular mechanisms underlying the dedifferentiation and

cell cycle reentry of mouse ACMs. Compared to parental cardiomyocytes, dedifferentiated mouse
cardiomyocyte-derived CPCs (mCPCs) display epigenomic reprogramming with many differentially-
methylated regions, both hypermethylated and hypomethylated, across the entire genome.
Correlated well with the methylome, our transcriptomic data showed that the genes encoding
cardiac structure and function proteins are remarkably down-regulated in mCPCs, while those for

cell cycle, proliferation, and stemness are significantly up-regulated. In addition, implantation of
mCPCs into infarcted mouse myocardium improves cardiac function with augmented left ventricular
ejection fraction. Our study demonstrates that the cellular plasticity of mammalian cardiomyecytes is
the result of a well-orchestrated epigenomic reprogramming and a subsequent global transcriptomic
altaration

E“! oo
W 4
E ! [ £
204
|

BS LN~ B8

Coma FL | Loge CampiFL | Leg

Figure |. Cardiomyocyte dedifferentiation, re-differentiation, and izsolation of single cells for whale-
transcriptome analysis. (a) Immunocytochemistry showing cardiac-specific labeling of GEP (green} in
mature myocyles expressing o-MHC (red) but not o-kit (magenta). Adult cardiomyocytes were solated
fram ba-tramsgenic rebHC-MerCreMer Z'EG maouse hearts after tamoxifen-induced gene recombination
{see Methads for detai cale bar, 200pum. (b) Phase comtrast images {upper panels} and fluorescent images
{Jower panels, Green- GFP) of transgenic cardiac tissue and derived cells at the beginning of calture {1d)
and at 2 weeks of cultare. Scale bar, 200pm. (c) Confocal microscope images showing the re-differentiation
af GFP-mCPCs {green) inta cardismyocytes expressing cardiac tropanin {<TaT, red; white amows, left panel)
and endothelzal cells expressing von Willshrand factor (VW red; white armows, right panel) 3 weeks afier
implantation into the infarcted myocardium of wild-type background mice. Nucle: were stained with DAFL
(blue). Scale bar, 100um. (d) Left ventrecular ejecixn fraction (LVEF) measured at baseline after myocandzal
mfarction {MI) surgery and 3 week past-MI using echocardiography. Vehicle media {Ctl) was used as a
contral far GFP-m{CPC cell transplantation {Cell). N =3 mice for Cil group, and 6 mice for Cell group.

(e} Flow cytometry analysis of cardiac explant cultures 2t 2 weeks showing about 30% cells are GFP positive
in the whale populstion. () Custom phase-switch micraftusdic chip for the isolation of single mCPCs.
Individual L gle-cell can be encapsulated imvo as Little as 500-pl dreplet for downstream analyss.
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11 organs and 4 developmental stages

Ying Yu'*, James C. Fuscoe?*, Chen Zhaa!, Chao Gua®, Meiwen Jia!, Tao Qing‘, Desmond | Bannan®,

Lee Lancashire®, Wenjun Bao®, Tingting Du', Heng Luo', Zhengiang Su?, Wendell D. Jones’, Carrie L. Moland?,
William S. Branham?, Feng Qian?, Baitang Ning?, Yan Li¢, Huixiao Hong?, Lei Guo?, Nan Mei?, Tieliu Shi®,
Kevin Y. Wang®, Russell D. Wolfinger®, Yuri Nikolsky®, Stephen J. Walker'?, Penelope Duerksen-Hughes!l,
Christapher E. Mason'?, Weida Tong?, Jean Thierry-Mieg'?, Danielle Thierry-Mieg'?, Leming Shi

& Charles Wang™®

The rat has been used extensively as a model for evaluating chemical toxcities and for

understanding drug mechanisms. However, its transcriptome across multiple organs, or

developmental stages, has not yet been reported. Here we show, as part of the SEQC con-

sortium efforts, a comprehensive rat transeriptomic BodyMap created by perfarming RMA-

Seq on 320 samples from 11 ergans of both sexes of juvenile, adolescent, adult and aged
Fischer 344 rats. We catalogue the expression profiles of 40,064 genes, 65,167 transcripts,
31,909 alternatively spliced transcript variants and 2,367 non-coding genes/non-coding
RMAs (ncRNAs) annotated in AceView. We find that organ-enriched, differentially expressed

genes reflect the known organ-specific biological activities. A large number of transcripts
show organ-specific, age-dependent or sex-specific differential expression patterns. We
create a web-based, open-access rat BodyMap database of expression profiles with crosslinks
to other widely used databases, anticipating that it will serve as a primary resource for

biomedical research using the rat model.

A rat RNA-Seq transeriptomic Bodymap across 11 organs and 4 developmental stages. Yu

Y et al.
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not been rigorously assessed using a range of chemical treatme

(RNA-seq) with microarrays for genome-wide analysis of differential gene expression has

nt conditions. Here we use a comprehensive study design to

generate lllumina RMNA-seq and Affymetrix micrcalray data from the same liver samples of rats exposed in triplicate to varying
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control (SEQCE)

Genome editing in hexaploid wheat

averexpressed pathways underlying the MOA
of the chemical.

Sty design

We found that (i) the between
microarray and sequencing platforms for
detecting the number of DEGs was positively
correlated with the degree of the perturba-
tion elicited by the treatment, (ii) RNA-seq

Figure 1 Overview of study design.
ta) The study comprised a training set and

a test set with the text on the left detailing

the experimental design and the text on the
right listing the key analyses conducted.

Both microarray and RNA-seq were used o
profile transcriptional responses induced

by treatment of rats by each chemical; each

is associated with a specific MOA. For each
MOA there were three representative chemicals
and three biological replicates per ¢hemical.
Wie evaluated cross-platiorm concordance at
multiple levels: DEGS, mechanistic pathways
and MOAs. To compare the predictive patential
of RNA-seq and micsoarray as gene-expression
biomarkers, we analyzed four MOAs by both
platforms as a test set, two of the MOAs
{PPARA and CAR/PXR) appear in the training
set whereas the other two da not. (b} Dverview
of RNA-seq analysis pipelines
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A comprehensive assessment of RNA-seq accuracy,
reproducibility and information content by the
Sequencing Quality Control Consortium

SEQC/MAQC-III Consortium®

We present primary results from the Sequencing Quality Control (SEQC) project, coordinated by the US Food and Drug

Administration. Examining lllumina HiSeq, Life Technologies SOLID and Roche 454 platforms at multiple laboratory sites using

reference RNA samples with built-in controls, we assess RNA sequencing (RNA-seq) performance for junction discovery and
differential expression profiling and compare it to microarray and quantitative PCR (gPCR) data using complementary metrics.
At all sequencing depths, we discover unannotated exon-exon junctions, with >80% validated by gPCR. We find that

of relative ion are and reproducible across sites and platforms if specific filters are used.
In contrast, RMA-seq and microarrays do not provide accurate absolute measurements, and gene-specific biases are observed
for all examined platforms, including gPCR. Measurement performance depends on the platform and data analysis pipeline,
and variation is large for transcript-level profiling. The complete SEQC data sets, comprising =100 billion reads (10Tb),
provide unique resources for evaluating RNA-seq analyses for clinical and regulatory settings.

Figure 1 The SEQC (MAQC-111) project and a

axperimental design. (a) Overview of projects. UHRA + E HERA +F
i - <tudi cecsi Heurablassoma Toukcganomc
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different sequencing platforms in real-world use 500 patients, 3 Th 105 ra livars, 1.5 To E
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other research applications, as well as clinical SEQC main shudy 1z

- - crass-platioem & cross-site,
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a multicenter experiment with built-in ground ELL TR L] ERCE Mix2
truths. (b-d) Main study design. Similar to the i % F
MAQC-| benchmarks, we analyzed RNA samples L | 1z

o
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prapared library A5, D5 was being sequenced
at the official sites, giving a total of 120 hbranes. At each site, every library has a unigue bar-cede sequence, and all libraries were pooled before
sequancing, so each lane was sequencing the same material, allowing a study of lane-specific effects. To support a later assessment of gene models,
we sequenced samples A and B by Roche 454 (3x, no replicates, see Supplementary Notes, section 2.5). [c) Schema illustrating tests for titration
order consistency. Four examples are shown. The dashed lines represent the ideal mixture of samples A and B expected for samples D and C.

(d} Schema illustrating a consistency test for recovering the expected sample mixing ratio. The yellow lines mark a 10% deviation from the expected
response (black) for a perfect mixing ratio. Both tests (c) and (d) will reflect both systemic distortions (bias) and randomn variation (noise).
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Detecting and correcting systematic variation in
large-scale RNA sequencing data

Sheng Li' =1 Pawel P La'bajJ'“. Paul Zumbo' =1, Peter S}'kac:ks. Wei Shi?, Leming Shi®, John Phan®,
Po-Yen Wu, May Wang®, Charles Wang’, Danielle Thierry-Mieg®, Jean Thierry-Mieg®, David P Kreil*® &

Christopher E Mason Ll

High-throughput RNA sequencing (RMA-seq) enables
comprehensive scans of entire transcriptomes, but best
practices for analyzing RMA-seq data have not been

fully defined, particularly for data collected with multiple
sequencing platforms or at multiple sites. Here we used
standardized RNA samples with built-in controls to examine
sources of error in large-scale RMA-seq studies and their
impact on the detection of differentially expressed genes
(DEGs). Analysis of variations in guanine-cytosine content,
Eene coverage, sequencing error rate and insert size allowed
identification of decreased reproducibility across sites.
Moreover, commonly used methods for normalization (cgn,
EDASeq, RUVZ, sva, PEER) varied in their ability to remove
these systematic biases, depending on sample complexity and
initial data quality. Mormalization methods that combine data
from genes across sites are strongly recommended to identify
and remove site-specific effects and can substantially
improve RNA-seq studies.

The deep sampling capabilities and single-base resolution of RNA-
seq have led 1o i1s adoption for a variety of studies of the transerip-
tome, which include many inter-site and large-scale studies such as
the ENCODE Progect, GEUVADIS, GTEx, the Epigenomics Roadmag,
the human Brainspan Project and the Nonhuman Primate Reference
Transcriptome Resource. However, it is notable that RNA-seq, just
like microarrays, has taken many years Lo emerge as 2 trosted and
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established method, as experiments can suffer from lack of princi-
pled experimental design, poor sample guality, inconsistent library
preparation or platform-specific measurement biases L Indeed, when
microarrays started being used o identily biomarkers for drug loxicity
and disease, the US Foasd and Drug Administration (FDA) recognized
that an effort was needed 1o assure data guality and inter-site and inter-
platform repraducibility and to this end established the MicroArray
Quality Contral (MACQC) Consortium®. Through the consortium,
experimental standards and control RMA samples were developed,
along with quality assurance guidelines and standardized micraarray
procedurest. Standards were alsi developed for data repositories {the
minimum information about 3 microarray experiment, MIAME)S,
along with rebust methods for analyzing microarray experiments from
multiple sources®. These and ather efforts have enabled the exploita-
tion of the large publicly available microareay data sets and the subse-
quent deduction of important biological and clinical insights”

The success of MACGE motivated the development of similar guide-
lines and standards for high-throughput sequencing®™®, in particular
for BNA-seq'!, which led to the ereation of the FIVA Sequencing
Quality Contral {SEQENMAQC- 11 Consortium and the Association
facilities (ABRF) studies on Nexi-
Generation Sequencing {NGS). Previous large-scale RNA-seq studies
have focused on the variation between lanes and Oow cells'?, and

of Biomolecular Resource

considerable progress has been made on reducing batch ellects by
normalizing GO content bias, fragment bias and the biases of isalation
procedurest3-22, So far, several RNA-seq data quality metrics have
ZLHEE and surrogate variable analysis (sva) 2637
has been applied to RMA-seq and microarray data from individual
Iak i 15 Pecently, a tharough,
erass-site examination of Muming BNA-ceq data®® demonstrated

been developed!

ies Lo improve exp

that “laboratery effects” strongly affect GC content and insert size of
prepared BNA-seq libraries, and 2 method proposed 1o correct for
them, probabilistic estimation of expression residuals (PEER)®, was
able to reduce artifacts without having an adverse impact on the
detection of expression quantitative trait boci (eQTLs).

et to date, there has been no systematic examination of the impact
of site-specilic bias in detecting DEGs, which is often the primary goal
of an RNA-seq experiment. Moreover, there are various proposed
means by which to correct for such biases, bul the performance of
several compeling methods has not been systematacally characlerized.
Here we used the controlled experimental design of the standard-
ized SEQCSABRF samiples Lo test intra- and inter-site reproducibility,
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Figure & Examinaticn of RNA-seq data guality identifies major scurces of variation. (al GC content distributicn (samgale A). Point shapes distinguish
replicates (L: unfilled circle; 5: +}. (b} The greatest percentage of reads contributing o same GC content bin (3-100%). A sample with more reads
o

cantributing 1o a particular GC content kin §
sequencing bases (y ai

} indicates an atundance af reads with that particular GE cantent, (e} Average base error rate acress all
srass all sites (x ais). {d} Caeflicient of variaticn of the percentage of gene body coverage {paxis), which is & messure of

the evenness of coverage acrass all gene bedies for sach site {x axiz). fe) The parcentage of reads that covsrs sach nuclectide positicn of all of genes
scaled bo 100 bins, from 57 UTR to 3" UTR for sample A:1-5. Replicate 1 displayed site-dependent variation in gens body coverage Tor ILM3 (37 bias),
‘whereas replicate 5 shawed similar gene body coerage regardless of where il was sequenced, suggesting that gene bady coverage is influsnced by
livrary preparstian. (f} Nucleotide frequency versus position for aligned reads. The percentage of each base was plotted as a function of the read lengih
Far each base (A, G, C, T) for bwe replicates [1, ) for all sites. Replicate 1 displeyed site-dependent base-compasition frequencies, whereas replicate

& showed similar base compasition frequencies regardless of where il was sequenced, suggesting that bass compesition frequenty is largely a result of
lirary preparation. Only the 20th to the LOOt basss are shawn here; the full read range can be seen in Supplementary Figure 4. Vertical facets stand
Far sample A-D. Site infermation for ILMI-6 is color-coded. Replicates 1-4 were prepared and sequenced independently ai each site, whereas replicate
5 was prepared o1 a single site and then sequenced at a subset of all sites. Paint shapes distinguish replicates.
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Assessing technical performance in differential
gene expression experiments with external spike-in

RNA control ratio mixtures

Sarah A. Munro'?, Steven P, Lund', F. Scott Pine'?, Hans Binder®, Djork-Arné Clevert®, Ana Conesa®,

Joaguin Dopazo™®, Mario Fasold’, Sepp Hechreiter®, Huixiao Hong®, Madereh Jafari®, David P. Kreil'®",
Pawet P. kabaj'®, Sheng Li'2, Yang Liao™™, Simon M. Lin'®, Joseph Meehan®, Christopher E. Mason'Z,

Javier Santoyo-Lopez®'®, Robert A, Setterguist'’, Leming Shi'®, Wei Shi'>"®, Gordon K. Smyth™29,

Mancy Stralis-Pavese'®, Zhengiang 5u®7, Weida Tong®, Charles Wang®', Jlian Wang®, Joshua Xu®, Zhan Ye®*,

Yong Yang??, Ying Yu'® & Marc Salit’?

There is a critical need for standard approaches to assess, report and compare the technical
perfarmance of genome-scale differential gene expression experiments. Here we assess technical
perfarmance with a proposed standard ‘dashbeard’ of metrics derived from analysis of external
spike-in RMA contral ratio mixtures, These cortrol ratio mixtures with defined abundance ratios
enable assessment of diagnostic perfarmance of differentially expressed transcript lists, limit of
detection of ratio (LODR) estimates and expression ratio variability and measuremnernt bias. The
perfarmance metrics suite is applicable to analysis of a typical experiment, and bere we also apply
these metrics to evaluate technical performance among laboratories. An interlaboratory study using
identical samples shared among 12 laboratories with three different measurement processes
demonstrates generally consistent diagnostic power acress 11 laboratories. Ratio measurerment
wariability and bias are also comparable among laboratories for the same measurement process. We
cheerve different biases for measurement processes using different mBNA-enrichment pratocels.

a Wi 1:2

Leg2 norinal ERCE ratios &

2-.’**8’8'158'8" L

D-l.-ll..l-l;-;i...I. L ]

Mix 1 Mot 2

HBAR

Sama lbrary
praparation
as for UHAR:

| Barcode and paal ibranies

lllH|

Figure 1| Design of ERCC RNA control ratlo mixtures and example experiments. {a} Twe mistures of the same 92 ERCC RMNA transcripts are prepared
such that four subpools with 23 transcripts per subpool are in feur defined abundance ratios between the two mixtures. (b)) Within each subpool the 23
cantrals (several points overlap) span & broad dynamic range of transcript concentrations. {e) In a typical single laboratory RMA-Seq experiment, biological
replicates would be prepared for treatrment and control samples. Rat toxicogensmics experimental samples reprasent this experimental design. (d} In the
interlaboratory study design UHRR and HERR samples have no bialegical replicates but have extensive technical replicates including multiple library

preparation replicates that are analysed for the interlaboratery assessment of reproducibility instead of bislogical replicates.
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