N972014-00895-150053.doc

E 48,
4* 3 Lﬁ, ﬁ 2015 4% 5%60% % 5-6H8: 534 ~ 546 @(':Pﬂ% Qi
L45:. XEIEF IS A www.scichina.com csb.scichina.com SCIENCE CHINAPRESS
22 ) 1N 127
P R R T IR 55 e 2
r_}—_- }}%@*’ F,%: }J}é@@*
O hERAGE S Y RRIE S S BT, RAMRSE PO A E BAERTBN, 55 266101
@ WHRICAE BRI S HARER LR E, EYEBVE, L 100084;
@ WHERFIHANBE SHARR, FREARSREERTEATEE, JLa 100084
* PR A, E-mail: ningkang @qibebt.ac.cn; tingchen @mail.tsinghua.edu.cn
2014-08-26 Witfi, 2014-11-26 $52, 2015-01-21 M4 & 22
% A 28Rk FE 4 (30870572, 61303161, 61103167 )F1E 5K = £ AR BFFE & B 1HH1(2014AA021502) % Bl
T APEFE-THANMBERIXER, CEATES, AaftFmenFOEitfork | Rk
MAREK. HERMERANBEREECERRAREH KM ZMENNELB LR AT R, | £HEF
EHEETFRPEREMENS BB AR BEER N ERERAR. AKBEHRB KRGS £y | AHE
EFFAFLTEARH, EF, —AEERRAB AR BEALS RER S k. g | HENRE
FRATFEYEATENZE EHRABERALRRY —RHORE, TREETEELY | JI0
E¥ A%, TUSEERENARRERZLTOAE, BEREBEAFEHTENE L. B ﬁ%%%
a

BFRBNED N EARG LTI REEY, £HEFEERERE. ETHRAKE - LLUE
TRy A ARk, B AR AN EFFRNHFEALEL LS. EWEFHXN L
BERATAR N T EGE: ETHREN TN MEOERA XA EOATR, LHH
AKPHEABMRAGR, NEBRMERMENHETNR, EWEFERALE. HREWEF
AT ESHEAERETEM T EFENEEWRE R, BT F X 2k B ik
—RIAEMEFFE, AVFEGERE . SR GRERENENEEFE AT K. AR
GG E E R £ R R R B — R P F AL, B e AR B
. BmpEAMERA, AHEFEEEFFAEANENEFAZELR, URMXEEL
Mrfn R R %, BT A EFABERICREATTULN, 29 EFABERFEEL
TERRARS: ENTENEFABENREHT & ABEFE. KAEELNEBEE T &
XA, FAFEDABENTE. AT —EMXARERRRBOEA R AR, K&
AH MM L EENEFRBE N RN, HTHYTHEFAZNES 2T, RE5T
MAMBERRAR, AFTERE, ENSEATRE ZEMEFNA.

RPNV EY BEAER . BRRREOR . B, EICRB S BT 2K M R )

FELE R AORER BB SRR A2 ARBE TR BTt

A U BEAE DA 2D B AR B R R BE& A=W 3 BT BOR AT B BOR By s Kk e, R
PRI I MR AR AR, BT BURER W BEs = TR RS, 2122 Lok, B R
i eEt A E R AE Y B R G A EIIR R DNAWT FH AR KRR A N, AR B2 U
52022 AE M HORBR MR EAR B VI SC A S B IR A . 19774 S0 BL T ©-X 174 iR {4

SIHRER: TR, BRIE. AWl OB A IR 5 2R, Bl 2450 4], 2015, 60: 534-546

Ning K, Chen T. Big data for biomedical research: Current status and prospective (in Chinese). Chin Sci Bull, 2015, 60: 534-546, doi:

10.1360/N972014-00895




EaEs

AFEN M T 20004F, A HE D 40 5 8 w2 ) 52
AP 21t 4 B 20104E UK, B BT — AR F 5
A K TR, R G R DY 2 dk 7 Y H RS
(MGB, TB%#IPB, EBZ): Ilumina’\ & ¢ i H
MUHISEQ X TENWIF{Y3K PIIF£1.8 TBAYGIIEAL
$& (http://investor.illumina.com/phoenix.zhtml?c= 121127
&p=irol-newsArticle&ID=1890696). FHIL [ K 41
KA B 23 M RS B IE 7R R 4 s AR A B R 1
ZPUR.

EENVE R PR 7/ e N € N VSIS S/
e 3 0 (78 6 DR 2RI SR 2 . A o A A
PR, I R R R | S S AR R R R
Bl B E 2RI, AR A Pl gk, DA
AP GE BB MRS, A5 KBS 5o A
Tl AT 5% 2 25 9 JT & 20 im R 27 21 g B4 2R AY T A7 36
. AERERIIT ST U, 55 e e R R A A SR AL
PR RVECR A, AL L R A A U AR A
B, TN A AR R . BOR Rk B AR R 2 AR
A A [ 288 B Y BCHE I DR 5 R, R A2 A
HH R Z2 T AR 510 5 DL B A= v LR

1 AR R BRI LR A

L1 KRB =k

e 3 i 1 B SRR DG HOHE 2B 7 O U TR ER
R AR BB R, KBRS 5 D
INE AR 2B, B BN 2 B S IF O — A B %
WFFE T I B iR, 2008 4F 9 A, NatureZ$i&*R5GH
R Tt Howe 5 AT &6 SCALIS Y < KRR & 117,
R RESE R0 C b Je A AR A RA TR
FHIA AT, 20094E 10 H, The Fourth Paradigm:
Data Intensive Scientific Discovery®™ —35H i,
71 5 ORI O 2R 8 U A0 B0HE 3 AR BB R B X
TR SZ AN Z A AT, 20114E2 1, ScienceZs G HfE
Overpeck 25 A VAT & 3¢ SC 55 41 5l i) < 5088 b B ),
20124F5 1, A [ & A KBAE B 55 H B A5 Big Data
for Development: Challenges & Opportunities'”, A3}
T R B U RIF S R 7 ) 2 e 2 T ) o
20144 ScienceZ: M H “Big biological impacts from
big data”™F—F I, WHIHGICIR LR T4
EZ PR EMERL YN 1€/ iDL AW

TE R B AR, P B 2% i B4t LA Sk 4 1

WFE XAt £ BHEE L R UF 0 K SRl 2 S AR bR .
KECHEAS G & — Pl v e B0 ik s Pk e U8, ELAT /N BASE
B Tk VT K g S v 7, B B 43 B R
FHA REHG X S R IR ARG 25 BLIE R Ok, 6 L B
5 EU7E R 5 M X2 T R T R B T A R R S
K, B KB T 5 AR T 3 R SR R R K s 2 T
201345 HOH EFEBGBM L& % T —TifF Bams,
SR U B B0 AR A b B 7% S BOAS EORE A 1 B
P, DT AE PR 55 [ A BB A B s . 2013 4E7H )
UL B AT IEAE H R} 2 B 5 I H R Tl
Ay R WEEER T OB LA R K B Y
R AR, st R T EhRL NHEEA Y ESE
F e NS R Ay iz AR 7T 400, o AH 56 R B B9
BIF 58 2 o il 5 43 A e 1) S 412

1.2 EWIBEE R B R s

VAo 30 e Y000 S0 B A A ) 2 8 R S ) B 2
KB & gt IR E BB — AW 5t & E & fIETE
Sy A ) BE A AT ST AR v e RN, T S 0 A 2
T s B R Z R, R B BIK Bl A B 5 SR
AT KR =3RS LEVIE D B
Pt K (volume of data), A4bFRECHE ) 1R (velocity
of processing the data), Z{#E{F £ 7% (variability of data
sources). X A& AR LEAR S R A 4T 43 A R0 T 2o AR
) T ELRRAEUOL LR S A W B R BN A 5N T
REAEO R A3VEF RURBLIN TS . 55—, AW ESE
E/TE N R0 B R = N DNY - S PR B | L 34
(Z A Z i) 50 7 £ 5 25 43 901 3 1008130
GB(J: T3 GB AZEIEPI 1 AI10~30f5 M FF IR ). % &
B — Yk Rl S W B BA R BT A A
FEAR, MCREUER - T E R B, MR T
Ak PR A5 S R R A 3L R MR e R A Tk
PRy, ol EL A A A R sk v R, i B4 i
e A2 Wi 12 ek 5 78 7 a5 Rl REASE B 14 6 31 o
PEERE . 55 =, MOCIRERRIE 2748 H AR
B S SO P[] B A I 2 B 1 0 b R g R 2
I RINCBILZ 51 145 38 K 1% L K UniProt (www.
uniprot.org) 55 F Ml B . I B AR PR Y R BT
PR, 2 S BEAREE | B O 5 S5 ) 8 Y 5 i AT,
PR AR KRB B 5 5 B, IE 2B A
B2 22 0F o0 A BRI B 3VARE S5, T DA AR SR S KA i
SELZE FVECHR J3 AT SR W X6 A ) B 2 B AT IR AN .

535



M % b & 2015528 £60% 2568

EYES KBV R
ﬂk

HIBRZE
Variability of
data sources

MBI
REIR
Velocity of
processing
the data

HIEEX
Volume of
data

BERBVHIED
HEKX

HIEERE

HEDHTH
BRI LAt

HIBRNEZH
DMNTFR

»

»

=4 SIrEsERT
High High
dimension complexity

BENBEM

X MBS 3HAS R
igh

uncertainty

B 1 (R DAY B KR B A 3V NTAI 3H $F A

Figure 1 (Color online) Research in biomedical big-data bears meaning of 3V and properties 3H
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Figure 3 (Color online) Current advanced biotechnologies, equiptments and databases that have generated biomedical big-data
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Table 3 Comparison of key features of high-throughput high-resolution mass spectrometers®
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Big data for biomedical research: Current status and prospective

NING Kang' & CHEN Ting>’

' Computational Biology Group of Single Cell Center, Qingdao Institute of Bioenergy and Bioprocess Technology, Chinese Academy of Sciences,
Shandong, Qingdao 266101, China;

2 Bioinformatics Division, TNLIST, Tsinghua University, Beijing 100084, China;

3 Department of Computer Science and Technology, Tsinghua University, Beijing 100084, China

At the frontier of cross-disciplinary sciences, biomedical research combines theory with methods, and biomedical sciences with
computation. The recent in-depth integration of advanced equipment and information technology in biotechnology has led to an
explosion of data collection, and thus there is a great need for data storage and analysis. Furthermore, the big data era is impacting
greatly on biomedical research. In particular, research is transforming from hypothesis-driven to data-driven investigations. For
decades, molecular biology research has been hypothesis driven, but the availability of massive biomedical data now allows
researchers to directly explore the regularity contained in the data, make assumptions, and draw conclusions. With the fast
accumulation of biomedical data, many problems that were unsolvable in the past can now be solved by carefully designed data
analysis methods. At the same time, many new problems in biomedical research have emerged. Examples of big data technologies and
applications include personalized genomics, transcriptomic and proteomic studies, genotyping and phenotyping of single cells,
microbial community research, and biomedical imaging. All these applications are both data intensive and computation intensive, and
thus advanced storage and analysis strategies characterized as being high throughput, high efficiency and high accuracy, are urgently
needed to process these massive biological data. In this article, we summarize and review several aspects of biomedical big data (data
generation, management, and analysis) and focus on data analysis and the application prospects of newly emerging data including
human microbiota, the phenotype and genotype of single cells, and biomedical imaging. We conclude that biomedical big data is
gaining momentum, although current hardware and software platforms for data-driven analysis remain a significant hurdle. We expect
that as big data analysis breaks through this bottleneck, the in-depth research of biomedical big data will make a more significant
contribution to clinical diagnosis and treatment.

biomedical research, big data, microbial community, single-cell, bio-imaging, data mining
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