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1. Towards Accurate Biomedical Genomics Anywhere Anytime

B X IHRTRIAR MERE TR A

Abstract:
Current genetic diagnosis by next-generation sequencing requires a large investment of

resources and offers little point-of-care portability. Furthermore, it is unable to detect many
types of genetic variations including large deletions, duplications, and balanced translocations
that are relevant to human diseases and health. Comparing to other sequencing technologies,
Nanopore sequencing owns the advantages of point-of-care (i.e., sequencing anywhere
anytime), long reads (i.e., assembly-free to detect various genetic variations), and PCR free
(i.e., sample preparation is easy). However, its application is severely limited by a number of
challenges, including low base-calling accuracy, lack of training data for Al-based methods,
and computational burden on reads mapping. In this talk, | will focus on our efforts on
developing computational methods to tackle key open problems in Nanopore sequencing. In
particular, | will introduce our recent works on developing a collection of computational methods
to decode raw electrical current signal sequences into DNA sequences, to simulate raw signals
of Nanopore, and to efficiently and accurately align electrical current signal sequences with

DNA sequences. | will further introduce their applications in biomedicine and healthcare.

Biography: Dr. Xin Gao is a professor of computer science in Computer, Electrical and
Mathematical Sciences and Engineering Division at King Abdullah University of Science and
Technology (KAUST), Saudi Arabia. He is also the Associate Director of the Computational
Bioscience Research Center (CBRC), Deputy Director of the Smart Health Initiative (SHI), and
the Lead of the Structural and Functional Bioinformatics Group at KAUST. Prior to joining
KAUST, he was a Lane Fellow at Lane Center for Computational Biology in School of
Computer Science at Carnegie Mellon University. He earned his bachelor degree in Computer
Science in 2004 from Tsinghua University and his Ph.D. degree in Computer Science in 2009
from University of Waterloo. Dr. Gao’s research interest lies at the intersection between
computer science and biology. In the field of computer science, he is interested in developing
machine learning theories and methodologies related to deep learning, probabilistic graphical
models, kernel methods and matrix factorization. In the field of bioinformatics, his group works
on building computational models, developing machine learning techniques, and designing
efficient and effective algorithms to tackle key open problems along the path from biological
sequence analysis, to 3D structure determination, to function annotation, to understanding and
controlling molecular behaviors in complex biological networks, and, recently, to biomedicine
and healthcare. He has published more than 250 papers in the fields of bioinformatics and

machine learning. He is the associate editor of GPB, BMC Bioinformatics, and so on.
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sk 2 HEEMIIASF (The Ohio State University) FIBNERHETE, BIEFH5A
EEF AT S8t (Artificial Intelligence in Medicine) L=, HREEEEFEEFS
% (AMIA) &4, ACM &RHH4E AT IEEE &Ra R, EESIMETEEFNEH
HHRE. MM RESRISRES, REZEMEEEYEZEERENMTEESZ S
IR A. skiE+Z%RT 60+FEiL, FHEIFT 25+MEF. fF 2018 F3k1F IBM &
BEAUT (Master Inventor) #2, HF 2014 £3%15 AMIA Marco Ramoni ZRHi$ 318
Z. PN AETR: http://pingzhang.net/
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FHE:

EFEMTN S FZENIRANRXZEYFEMAGZ TR EERZ BRI DNA,
RNA, EARFEVAN FZEMBEERARE®EINEM, MASFREIS5 NS
FUHEMWHEEERR N TAYMLHKRE. EFK, SEEIRERIEEEY
HIRAURIIA R it A\ TESRANNE, ARNRES FEIRANFIRE T —
AN S, BRI HXIITEREREDE T ki . BN SEEDRIERRTT T
ERAER X —BHR, RINEEES, FHERN, SAMESFSEELL, FLT
SN GHMNRZE I ERURT A S FE, Ny F-EBEMRAESN, BEEERE
HREMEERFRIEIENIE, ERTUNGY-ESEE, #MESAYLIINE.

TAE T

BRAMERTEEXEXNEEMARER, KIEEIER, HESIH. T 1999
0 2002 FERFNIREHHIRZNZE LT EFAL. 2011 F, EXEHTAZF(Duke
University) SRS+ BHLRI ZE 0. 2011 F£X 2012 FHiE), EHRAFITENR
FRAMMREFZRNEELEMR. 2012 FIEABINT WS HBFEAFRZXER
MRk . KEAB AT AT S 6% IMEGRFMENT X FRAR HERFAR
WX 70 5%, HP@ENIEEILXEIE Nature Machine Intelligence . Nature
Communications. PNAS. Cell Systems. Nucleic Acids Research Z, &1E{E&it
SCEFE Nature HiTI% . HZRBRERIEE ESI &5, 2019 R B A T E B AR E
=FR. 2018 FEM 2019 FEFELEMEEFTREHER". 2019 FEFEEME
BE+REEMTA" 2020 FEHFATEREASTEMBFILL. BRI ICIBM
2019 . PDCAT2005 mfE® I F . HEEFRHTI IEEE/ACM Transactions on
Computational Biology and Bioinformatics BI4RZE. %)X EE Y SUSmERR—
AW ISMB. RECOMB #EER2FEREZER.
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MR TIEERETEFR: BRETREN N RS SZMBENNEFIERNHE,
SRR SHEREL,. ERXAURXLEES, BRSEAEHERFEYE, 5
MEUAR AT EEUBRIRENAFRZXMRITIE. & PRL, PNAS, Nature Comm..
Nature Phys., IEEE JLH), SIAMCHIF LA FRFARILIL 90 KFE. 2011 FRHEFE
REEELEREFHIN_FL, 2019 FREFEARZRKEAREILICE, 2019
FREBHRE—FHRE (RHRRIF2) . T 2019 FRERNEEFE S A, 2018
FREERESMELTRESTERTA, 2013 FREEREARBNEZEESNFESE
E & %8, B{F Research. IJBC B AE, Chaos 4iESNERSZER, CSF HY Editor.
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HimdE  HFEKXRE

ﬁﬁ%:

Single-cell RNA-seq and ATAC-seq analyses have been widely applied to decipher
cell-type and regulation complexities. However, experimental conditions often
confound biological variations when comparing data from different samples. For
integrative single-cell data analysis, we have developed SCALEX, a deep
generative framework that maps cells into a generalized, batch-invariant
cell-embedding space. We demonstrate that SCALEX accurately and efficiently
integrates heterogenous single-cell data using multiple benchmarks. It outperforms
other integration methods, especially for datasets with partial overlaps, accurately
aligning similar cell populations while retaining true biological differences. We
demonstrate the advantages of SCALEX by constructing continuously expandable
single-cell atlases for human, mouse, and COVID-19, which were assembled from
multiple data sources and can keep growing through the inclusion of new incoming
data. Analyses based on these atlases revealed the complex cellular landscapes of
human and mouse tissues and identified multiple peripheral immune subtypes

associated with COVID-19 disease severity.

PTAEIT:

SKIRIEE L 2006 FAETERARSHENELZM, FTENFTEERMENE
SEMR. T 2012 FAEFREET XFREEIBNE - MELFM, ARSI
BEiENE . MEEMBEXENEERAFIELFMR. 2015 FMAFEXRE;
SEEHNTERENF, EEAF. ALERMABIERZX UMK . £ RNA 45
WIRAE, & THEBA RNA SHSRERITHRKR, FANRTRERAFERES
RNA RS EREEEWENE, KIHEIET HE RNA RTFERTEEBOIER. 2
EXRHNTHLREENF AT ERHEZL. LIBITEE BB L& Cell FREFARX
%R,
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NP FRIEBEBRTALANTBEEN TEREGNERMIEEEE. BATHR
RIESPHEFNIHH EBFELBERNER, BRET=EERARNIZRA. B4
A DNA 44Kk (DNB) WFEFI A FERAL RNA #BFRIAR, R T REERENF
B Stereo-seq. XMIFAFURIEIARBRINKE S HRTHELY FHITESES
HRESH, VAR REEKEK. FIET Stereo-seq #HARME 7 IEEF R
R A BB, HEALGR. @REREE. MEE. BEEEE. Eas
FREHEITT RGN, BIFNRIRLNSEHERRDGERIETEMEME, WS
YRR, =IE)2H 3D =M. WA E(EMan T ERRTEF S m e EIEBkR

TAE

iR, L, ARR. MEEXEAGERITE . RIEXRE SR EFRRIRK,
EPrfr AL/ ARERSBIER (ISO/TC276) , ISBER (EFREMINIFERE
KENR)FERERE, HAEFRIZAREBEESEZR . 2EEYHERENERS
(SAC/TC559) ERZEHR. EMMRAEEIENFUREERARF ., BHNF
BR, BP==ENFR AR (stereo-seq), SRR ERZAR, URMNFEBREARESHK
EPE ERSTMRLESEMEAEHKAT. BRIEARESRE (BR) . (B
)« (4RE) FEFRMARZERELEANMN SCIIRIRX 246 &, H, F—1E&
FHINE—EE 15 &, BREE 41 B, EAFSIAREBE=A&KX. EHNS
58EEZR 863 iXIE~NMF NI BREMELNES~WEREFNME 18 . RELTF
27T, BA 75 ZWMIEERIEP. BRR B BABKEENZR". “MBHMAL AA
BT HRENFRAR —FR, YENERBER ZFRX, NEERETAAS
TR ARETEPEFEERREMRS.



7. Applications of generalized additive models
and copulas to single-cell RNA-seq computational method
development: PseudotimeDE and scDesign2

FER  XEMMXFRENIR

Abstract:

Part 1. PseudotimeDE: inference of differential gene expression along cell
pseudotime with well-calibrated p-values from single-cell RNA sequencing data. To
investigate molecular mechanisms underlying cell state changes, a crucial analysis
is to identify differentially expressed (DE) genes along the pseudotime inferred from
single-cell RNA-sequencing data. However, existing methods do not account for
pseudotime inference uncertainty, and they have either ill-posed p-values or
restrictive models. Here we propose PseudotimeDE, a DE gene identification
method that adapts to various pseudotime inference methods, accounts for
pseudotime inference uncertainty, and outputs well-calibrated p-values.
Comprehensive simulations and real-data applications verify that PseudotimeDE
outperforms existing methods in false discovery rate control and power.

Part 2: scDesign2: a transparent simulator that generates high-fidelity single-cell
gene expression count data with gene correlations captured. A pressing challenge
in single-cell transcriptomics is to benchmark experimental protocols and
computational methods. A solution is to use computational simulators, but existing
simulators cannot simultaneously achieve three goals: preserving genes, capturing
gene correlations, and generating any number of cells with varying sequencing
depths. To fill this gap, we propose scDesign2, a transparent simulator that
achieves all three goals and generates high-fidelity synthetic data for multiple
single-cell gene expression count-based technologies. In particular, scDesign2 is
advantageous in its transparent use of probabilistic models and its ability to capture

gene correlations via copulas.

Biography: Jingyi Jessica Li is an Associate Professor in the Department of
Statistics (primary) and the Departments of Biostatistcs, Computational
Medicine, and Human Genetics (secondary) at University of California, Los
Angeles (UCLA). She is also a faculty member in the Interdepartmental Ph.D.
Program in Bioinformatics. Prior to joining UCLA in 2013, Jessica obtained her

Ph.D. degree from the Interdepartmental Group in Biostatistics at University of
10



California, Berkeley, where she worked with Profs. Peter J. Bickel and Haiyan
Huang. Jessica received her B.S. (summa cum laude) from the Department of
Biological Sciences and Technology at Tsinghua University, China in 2007.
Jessica and her students focus on developing statistical and computational
methods motivated by important questions in biomedical sciences and
abundant information in big genomic and health related data. On the statistical
methodology side, her research interests include association measures,
asymmetric classification, and high-dimensional variable selection. On the
biomedical application side, her research interests include bulk and single-cell
RNA sequencing, comparative genomics, and information flow in the central
dogma. Jessica is the recipient of the Hellman Fellowship (2015), the PhRMA
Foundation Research Starter Grant in Informatics (2017), the Alfred P. Sloan
Research Fellowship (2018), the Johnson & Johnson WISTEM2D Math
Scholar Award (2018), the NSF CAREER Award (2019), the UCLA DGSOM
Keck W. M. Keck Foundation Junior Faculty Award (2020), and the MIT
Technology Review 35 Innovators Under 35 China (2020).
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BURMNFRASIN T AR MRER LN ERRIENEWHER, I 2B THE
SR EREHANFNRD . BEEIRRANDERLR, —RLIEAIARAEEFATIL
53 1 A EZRE 10 AE%. BERHATRMMEMN RNA 2K, RAELEREERIL
BERNE, SHEMESEN, RESMEM. IENETHERSITREN B Mg
FAREHIBEA TEHIIN SAVER, MAGIC F A EAHIEE, MEATREFS
HOEAN T A scScope FRAFULE/L+AEZBARANNMEEY, ERYREE
ARG E. BIIRE— NN REEERE S HHRE G REFE JERLH (DISC) ,
SHEAMNEHRIZEHITAR, HEMREHENENERRBHUEEENIRBEN 2
MpARIEST M. DISC BB RE L ERBIERELEN . #H—PLW LI, DISC #EHB
BUEKEIFERFERMMARRIE L. &G, 7 130 HHREH/NRAKEIES
£, DISC thEESB/EMRIKEIETEZNMAAEE. DISC BB ALIEBMSITEHERD
BB EREEENRARZIE,

PTAEIT:

S #i%, PUUAFRRET XKEEERMRERIRK. FLUXFPLRR G
DEIRBHASRETBIFIK,. PUUARFEZEREZRSER. | FEEVEERFIESEK. EX
EMXRZFIRAEZAR, FIO=HMEXZENATERL—RREFZTURTERSE
MFELFN, XENHEEESHARFEZRELE, XEERBEMRKEMISR.
2013 FANRRRPIARE . MRFRAAEMEFABEMALEE. THEXRBARARE
EE&BIGIEEE. BBERTEFMA, 7 (Cel) , (Nature Methods) F[E
PRI A RFEARRL 47 K, SEMWETET 450 5.
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HE:

PURRREESRABIE R BN MARAVEFE, REEMAETRME AR EMET
BAMFERANS X F FZERRETREENRE, ARIREENER (Cluster)
HRRENARIRCEE R ERAITIRNE. BRETEEENS LT EZERH LM
AR, BEATIGINERERN SRS BRIEENETHREZINBN TS E,
REBD T EFRME /7 AR FT AR M A R ST AMBR R BV L TN o B TA3E TR TR AT AR
BAREF I MEER, 8 40AnALT M4 (single cell Capsule Network, scCapsNet),
BREUERE F I MFRREEFERL . ATHER; XU RAAAF HIEP AT R
HYERRHERT A RS R RAR B 1218 . X THAA R AppEREBHTITE, B
AAE BB REE IR E E SOt i B T # R X BIR 40RE. H B, BAEREN
EEE RIS RE R A IS Bk A B S E F . B AR RIS ERE, BAMAR
EMEEEESERARERBERER, RAMRES 7T RES IR,
AR, BUAARE MG B E B RIAFFHEF RO 2 BIFHE S TR SRAD, XHERIYR
BESEMFEN.

PTAE T

£%F, FEMNERIREREARRH (EREMEEFL) , PEREREER
FEEFESINE, MRA; PERERKE, FFEFKR, RUHBR; #LES
. SN TRHEEMESERAFHES, ARMTIASERMMEFZENFHIE
AEFARMBIR DG E, B~ pIEEE LA 0 7 HARE s 40 A B (40 P R0 iE R AR IR
RLER, MRWELEFERLEZERHNMEMREAFRIEMGIZAE. £ Nature
Machine Intelligence. PNAS. Nature Communications. Stem Cell Reports. Nucleic
Acids Research #1 Bioinformatics FEFrEft) & R L BB RNIEZF L. HIBRHLER.
BRABMFEESZMAMANE, SEBEREEEFERM LT BERAEFSRNIE

RIERREZERE TN
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MERBREKRHERTEARYE, BRERRSRENSXN T AT ShiEHEE
EEN., ETRMAMEZENF(SCRNA-seq) A BEELN T B X REMWE L
CSOmap, AMRET T e HmEREMNITET ML, N6 LEAERS|IAHRE
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#EE

A&
Elx, BMfRG EREANFEEMBETFNEREGE. 2004 FEITEIF

XE, #EYRZE., EREHTERENZEAL; 2007 FEITEEEFHZER, K&
BEMLTFENM; 2010 FEUVTHEMFERBFESRERFMRR, REBEEFS5IE
FSETFNA. 2010 ££ 2013 FERTHEEFMNFRKEEDFMRRER, BH
FETFAEFENFRREREN . 2016 FEERFILRAXFEYEFRHEEIFH
fuls (BIOPIC), T B4HBa4E RAEBN FrVEMIERFE D FIME R ZNAR,
AR BN FRIRNRE, IR M EREFE ALY ERERERE T
*HERAREBIF, £ Cell. Nature. Nature Medicine. Cell Research. Nature
Communications ¥ EfrEIE 2 & L& FRILIL 50 LHE-.
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