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Precision medicine based on systems biology
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Abstract: Facing the grand challenges of biological complexity, researchers have developed the systems biology
approaches for integrating data derived from genomics, proteomics and metabolomics and other omics, integrating
data from molecular level to physiological and pathological levels. Based on the strategy and tools of systems
biology, it is possible to build individual-centric biomedical database that consists of multilayered and highly inter-
connected biological parameters, and then construct a knowledge network of biomedical research, which could be
used for new taxonomic classification of diseases. The biomedical knowledge-network and new taxonomy of
diseases should support a so-called precision medicine that provides the best accessible medical-care for each
individual.

Key words: systems biology; precision medicine; database; knowledge network

20154 1 20 H, RESSEESEREE
S S & SR N R R T — BB O I -
CERAEXANHE K TORAE il NI R A K
(1) 18 2K m] LA 54— AN B AR —— — MR 4G HL
PEH IERVATT T E IR S0, B R — I R
HEER 2 B, LRFRATT IR0 E R i 5 0 FR s S5
BEEE 0, R ANEW S ERERAT S R AR
R4 5 P 75 ZE AN B 7 X BEE LR RS iE
%5 2 "(precision medicine, 7 I 4 B8 3 N R HELSIT )
IR TR RS T AR E DG R P
ERImfh 2B at (BEImdR) 3 H 26 HkiE : b

AR BRI KN 1 AT, R A
T 5K B YR ME DS S T K 22, o R S
it RIS 2015 FOLESRIAE AT, A, R
HBBEE T, b4 B R
%2 ERA R B

1 A 2ERREEEF
20 20 90 KT, LASE Dy = T 1 [ P A&

ks HER: 2015-04-25
E&WB: EXBREEEAETH (31130034, 31470808)
BIE1E#: E-mail: wujr@sibs.ac.cn



5

REHK: WAL RGN IR RORE 559

FERZH 114 (Human Genome Project, HGP) 54/, H
PRl E N A %15 S 8k DNA | 30 124>
B NAESIT . 2001 42 H, ANFEEEHFHEE
KA 2003 44 H 15 H, B s AN SRIEHE A R 7
TN, BT 3 E [E 37 TAE B 32 4T F. Collins = i,
NREK AT A E ez . FH, 3. % JH. ¥,
TR [ S5 N B BUR B I E KR A, B AR
FE R AH TR 58 o

N TR H 1Rl 2 B 52 21 % B U AR 2K
(R A, & AT Bl X A v R 1R N 2R 1)
AR R, TR OR B N 2 i B AT T o 50 77
ML E KB 7E 2003 £ 5 A N R H itk
SERZ G, WERN LR B 1 BT ANBEKE
1) 353 4% A8 S AE )< 18] o N SIS 35k [R] 4 S A Y P
17, ERRAEIN . PN S W N B 1 25k R 4H AR S
T s AE 2005 458 B A — ok T SR i TR 100
JIANH) “HRZ TR Z M (single nucleotide polymorphism,
SNP) iz 55 M, 2008 4E 1 H, kEEE. HE, &
] ] PRI AL R AR T T N R R 7,
H bR a2 T2 B — AN 500K 40 (0 N 28 JE 5] 41 A% e 2509
B s BB C A 3RAG R B AR, ARSI
B 14 AN NFEIEBERT 1092 AN N JE R 2H AR 57t 1) v 70 7%
ALK, W T 3 800 5> SNP A7 i 140 F5A4>/I
FBZE R AR N B R, LT 1.4 B KA B
ok @)

AT 2 ERTZE 00 B3 AR A i PR ) 2 B8 2 7
R B hnAE R R FT AR, 3% [ [ 37 AT O e
£ 2006 - JE 3l 7 —NFEBE 1443 T0 ) “ il B
ZHE[£E” (The Cancer Genome Atlas, TCGA) [ %}
TH, vhRIgdl 1 7 A e R N2 AR e
2008 4F, [HFRyEhEsE K 2H A& /E 4K (International Cancer
Genome Consortium, ICGC) & 7., Fff5H 16 4>
FZIN T Mg 2 A1 A8 S R i o e ok ) s 2%
HLRHIRAR, BHXT 50 M FE SRR B e, & Fh
Jif IR K B 500 A K it 3k AT 2 DA P 9 98 . TCGA
T HAE 2014 fEJRE & 58, WHFLE KB TIE 1000
JIRRE IR AR DG g AL A S B @I X TCGA 1 H
BRI 21 P RASHARE Gt o0, BF A8 W,
] FH 25 DRI ZEL 00 e 7 2 e A 4 31— R i R A FH I 5%
i W,

SR, FEFEDRIZH I e AR TG 1 R IE, AF
FOH WIRWA R B LRI FR ) R BRYE. 7E N
RI2H B R R B AN S, AMITERER T — RIIX
B OR AT [l iR S e 36 [ Science JREFE T —

R CERFEa) BITFIRSCE, BB 2 “ A
A TR 2H 7 B 00 7 3% A S SRR = 7 7 T 1)
HRHERE, B AT LB, A R A2
TR SR R A . Y S E R, 3
Nature 72 EAMKE T — BN CRAF I M AR 2D
Ak, $8H “ENEEIERE T 5E R 2
J5i > A RIBE SR U AT ST AR T B R 55 Ay s B

Tt 2 NATTE TR H A A SE A5 AT 4n K )
FEES? 1E Nature %4 5405 NREF A K 10 ] 4F
LA, —REN (R E AR TEe I ES
TEECEMEREFNNEZ, RO RE 2.0
HEIRFE D ZH 1) DNA F7 5152 AL DA i 8t % 2, 5
A i 3 B FEAS I T FRL AR S BE Y 41 5 R % SR
(1. FATENE, BACAE R @A R AR5 B
FEIBI “HOEN” 2 B KADCSRAATAEE,
CVENN R DR AR BAEF B “ = PRITEE” . mRNA
J¥ 3005 5E 4% tH DNA 7 51 e, 1 2R 1 0 1 2 2k
1% 7 51 A 2% 52 B mRNA J7 51 1 18388 4% % 8 7 B 7=
Mg . SR, 35 B R KA AT H g 27 A
AN IR G 40 it 1) JE (R 24 DNA 7541 556 5% 4H RNA
o, RT EAMNE R ER Y, —4
BT 70 2030 1 w11 5T RNA 2 45 (1) i ADAR K1,
XFh RNA 5 DNA [FAITE R 12 2 5 I G4 B 2
], ATIERA T R8s A K BT 2 A
FRAR 5 /& FHOR AU RNA 4R 7301+ X L8 RNA A2
TR B A RN “RNA R4 7 (RNA editome) ™.
RNA % #8520 (1) R IR /R 3ATT, A EniE B R 41 7
GIRAEH], EFFE T 5 RNA JF51,

X 1 55 40 RNA (R AN 708 R L T ¥ 2 Rk
AL K ZH DNA P2 A8 S I 5. £ AL,
DRl Ay g — A i i 1 5 ) 6 DRI T A Bt () A2 4R
FIAZ A FE 51, B DA — AN BE DR s T 1 B
mRNA 55 A5 0] (1) 77 51K BE B R 2 — 201 .
{HJE, 2013 4£ % R A{E Nature %+ & 1) — T TAF KX
AMEG S T . — AN S LR — 4
[ 7 920 T B 41 AR A3 6 000 /™355 [R 33 (3T 200
IR S AT T ARG HEHIN P, RILK 2 HEE R
TSR AR Z KA —, B —/NEERTE % el 72
AR B B B SR SR AR B K AR R AR
oo SRR HIGINR, “ AR )10 FAEAE AL S
F— AN FEAR RN R AR — A4 1

FENREERA T, gafidh i B o 2R P 81 R
1.5% Fety, HARME)E TIEmiLF 5. XL R
R IRES 3 ARG b5 e S £ 1 s i R R A T A



560 AR

7%

() 4E 25 i RNA (no-coding RNA), {5 {1 microRNA .
siRNA. piRNA. snoRNA Al IncRNA %, ix#tdE4
i3 RNA 2 5 [ 4% & Fi A apiG sh i f . Lok
B FTIE KL, AE B RZAY) gt 8 B 5 Ah 1
Fe B AT AR e — A e 1) B 4 S N, A Ak S 1 SRR
RNA J7 51| & J& 2 B B A 2 RNAMY .t h 2 30t
gt £ 13 5 ) B DR AH e 21 AT e AR AR m B R IR T
RNA. A FH A BT TN 53 2014 SE4E Cell 2475 E
RFE—RT TR, 87 HAE NG 20 b A7
TEIE T3 %% RNA, BRI T [F— A5 w] B
F=HEZ AR RNA A AZ 38 4L (alternative circula-
rization) L 4 7, XL TAERE, B BR
TR, {H RNA B8 3 A 2 01 B8 2 A
REMEE R 4] DNA 751 fif B AE- T R Y

HRYE RNA il 3& 25 F 5 i 21 72 [ FE AN 2
X NATEREIRRE—F “mRE” DR, bt
W PR R AEE T KA 3 2 #3047
2 L R AR KA T 52— B )i oy 2 — ;s
ey 400 DNEFERR I B A LR, K2
A 18% MEAMAEST R | MR LM LG
e W R EINA, TR AT AT B
IR R E ), LR PR R AT LA B se A
VARG I B A R 2 R, T e % B8 4 bl
RS ARAY, Y, S U R B 1 4 LT
BB RIRIGHE . 1E 2015 4, Science 72 EIRIE |
—ANE AR A I AR A 2 D R R L
o BN AR R 1 PR R AR, RERE R — A% b
R 8 H Rqe2p, H 3 5% 0 2 IR 5 75
Z R F tRNA #E N A% B 1K 60S K IV J 1) 35 52 &
M tRNA 1) “A” A7 b, SEHUA MK mRNA % (1)
WA RUR ABERE 1, B, XREER A A
AR AR mRNA I R IR C 2 AR
i Fp A “BIRES IR SREBAR T .

BAANBRARAR 7 S B AL AT IR 2 51 (SNP) J2
AMAAE F5 (R AL K P8 S 1) et e 7 X s 7 R DR i Y
X ff) SNP & A, & PN LK - A SRR TR 7 A1
[ SC SNP il A L W 5 1 R A7) SC SNPHT, - gy
PeaI TR FRAMEAZ R S — K0T - &
BB Y E, BEER ERREERE S
£ (single amino-acid polymorphism, SAP)"*", R/
AT, A B RE S B 7N 538 ORI ) R o A e
BT, 8 T DURNFE MR AEA T SAP fE#F 1
KV B8 BARHE, R EAAS[F (1) SAP 43 Ji) b5 A R Bl
FREMEIRAFEA R AR SCHE B Rk, AR5y

T2 AR FRA AU B AR KK 7 72
S, EABRAKFER T2 AR

BT 72 RNA s M B i e i A e S
Iz AR S, DR E o ) B R R ZE S 01 SAP I
FUF AR A AR PR T FE R 4L SNP, 5E4H
FIRER F RNA g2 Bl /2 8 A R R iR 2
Wi v, fEEERAKY EHIKYE 2 SAP R
A BEANK R T FE K 41 DNA 4. o [ B2 Bt
RN R EIERKIE T — P AR T 5 F 4 SNP {5 5
[N callle -4 SPriY N =T P E = iR S WK
AR, FHFRHZERE N REA RS 7 2 SR
IR T TE R M R B R 22 5 P PRl L R 4 it
Xl TCGA 1£ 2012 4 i 38 1 45 B M e 1) 5 A 41 7>
B B9 AEURIER A e ST T 4 B A
JRH I, AE 86 MR A S IL R E H T 796 A~
BAGT HLPRAS 5 (single amino acid variants, SAAVs)™,
EA TN, HFRERIT 162 A LLATE A HRiE
AR R EERAL 5, AR B IR R T
K 20% 5 flATIA X e I R IR AR S h DA
—HBor AT REAL K H T RNA ZwdE ™, X s TAEE—
R, AMEZE T T KR TEA BE 5 B AR SR
4 DNA [543 H7 o

Zx LR, AR 2 R MR e AN 2 TR B 5
FEHAZ TR 7 5 s R 1 B 1 o RIS S A i )
B L EI DNA. RNA fIER AR5 FKTFRE,
B AR HIA L 2 o 2R VER) “OKil—# 7
BEARSE, AarZRM RBIRWEEIR, LK
RN AR S . EARRER, AdaE Rt
W KRB M. HLAMIBEEEAFZIR. Cell 2273
£ 2014 4 3 NS EIT] 40 FFERAT T RH, H
FEA E N B (complexity). TEIZEHEA,
5% [ 25 44 IR A= W) 77 X R. Weinberg K3 | — i il
N BRI —— TG B 52 2% 1 38 ff B
IR AAE) PSR, FHEIEN - £ E1 40
L, RO 5N S T TE A DA
TR i 140 9 B A SR %) DR R B ST T O TR e I B AE
o, PR LA S DA R X AN O I
/%,l\i [26]c

T X 24 A 47 B 2 ek S 5 A 1 2 3 5
IR, AANER TR, BANER T L.
CORGHERR 7 TR AE A dr Bl SR R 2 S B AL T IX R
—ANEH AT N RS T A SR E R B T S
SE 2011 AR RAT T —AA 100 2 TR S
[Fa) A 7 % 2 o A ) R 2 A T R LX) % A




5

REHK: WAL RGN IR RORE 561

B REEY (LRI GRS HEE ) ),
AR T OREERS” PRSI R Gt
W T NSEILIZ H bR BT R 0TS P 1R
WA MEE R, B “FEHEERS” MaTiee,
FA R B T AR 5 R 1 A ) I A0 9 R AR R 24 AT
BT W AR K7 s s —
MBS T MR YRR AR DA
UL IE BIL &, wiRT BUE B SRR AN A
T e H A ke s P 1) v A2 24k 5 ) TR 2R B s L 3L
AR 2 R 2% 5 TR P AR P IR 2 BT T R R R 4%
VA BT B s B &R, AT 58 SR AL
I BN IR AT 4> oy BN W) oy |2, SRR
HIRERRIZ WA AERA YT (B D)o 3R BRI
Fe BRI IPE R I 45 T ET o SR R IH
TR IR REfEEEE BT
2 EBHAREREEEES

CAIAFEHEL ) BIVEE NN, “ AR 2% i
SELLRON F AT B FE AN R B, A R T2 5 4
H—MNRUEK. 2250, m0BERRT ANRK
R AR B B AR IR A, AR
I8 VAL B 1 I PR 2 W A B 43 A S5 R AUE
B, B BAEMEY TR, R, Hxd.
TEAA., R, IR HAMRMEEHE (F 1),
WU, JFRAGAEDS 5 () B Al 75 2 R ] se 58
B LY 8. % E E AL DA FFF
Collins 132 [& [F 37 & 5E B 7¢ B Fr & H. Varmus 76§
T Ji 11 5 1D RG #5220 R I 0k 1 IR W
R CRRATHE R ST — N e I 1R EE Y 100 5
NCLERSEENHE RSN ARATT E B S Iz Wit 7t

Rim 7 £k R

FEHEE

BHAR

P3N
>
NN = _
= <o EMEWR

Bl HEEFS M AP ORBIERE
AR RmIEZ RBREE

2 038 Bl L SR (A o0 H AT 4 T b AR 2 o A (B
TR e, EER. B 7. RNA fil DNA,
MW VI AT AT AR AW ) FAT oA
JIt A 3 6 53 i H5HE AN T A AT A F g A
7#20”[28]

X FRERE B A — MR — MR R ) A 2
Ko Al BB AE — k2, B R GenBank A )
WA B EAEE . R R e —
FhRRM A — AR5, MHFEZRE IR R—ME
B2, WARXRNEEERLHRZLEHRTZ
BERMIER, B—Ea& - 5EMHEXNER
FE(ED. {FERPEMLZ, FHEYEESM
THEAMEHR, AATRERS K& M 73+ Z 1A 1)
MERXR, @RS FA RN AEY 2 HIE R
B) ) e FE TR N BB 45, AT — DN E R4
B mii g (B ). Flan, FERAPRAEER
WAL U ARG R, B 5 B A R A AR A
W, &%, HEMELT, SMEEERHSH
ffE BETE MBI R . XA FE ML) 5
TN, V53R /I RE R Z 18] 5 e
GG T NATR AL 887715 A Be 12 48 2 1) BUWR
Bl 78 #F 12 Wibric Y, AR T AT R E AR
RE AT HER A RS T RIIR T

AR, XA AR A 2 R AR X 4 e B SR (1) 1F
T RGN F %L RHIE ZHEMNES. &
gL W2 (systems biology) A& 21 204 dn Bl 2240,
HILE — T TH X B SR RGN AR A
2 —REEESK L. Hood NN, RGEVENIRE S
MR —MEM RGP HERE . mRNA, & E RS
A LH B B R R DL R LR R A T X 8 2H 43 ] )
MERR P Wk, KREEVFHRZOHERES .
T SE A BN A RGN A R R0 (1) 43 2 R B
HAEEFATHR . LR N T 2ARAEYINE,
RGEY)FR B NIE R B g0 B, B4
REISEA B IREES . WU, “IERFEHERS:”
T A1 I AE PR 2 R I 2 & L AE RS AW
HB- ial

WK 83 25 1 25 (European Commission) N 1 1E &
AR RGN, BIIRSL T —4 “REG
[ AT B B 41 217 (Coordinating Action Systems
Medicine Consortium, CASyM), 5 2 %] 9 />R
K FCHL, Fee 2 ik, 201446 H, R
TR RATT (CASyM B E), 4TI (2.5
) A (10 ) FFRE R G =% (systems medicine)




562 AR

7%

IR 7Rk B iz fe e, “ RAE MR AAH R
G LR I T U SR N B R AR S W TR S
27 BRI, “ RGESEE T A 10
EH SR DUEE RO MRS SR AT BRIT B ST
Sk, XEHENIT R T A A RN AR, A
B2 THENUENE BRI A DL IR R EE 2
EFIRIAE sz ” B, BAR, XM RIS (E
FEHEDE ) S FRIF B “ bR T,

BRI )02, DA O B IR 2 (G
IR HER 2% ) (PR 38 S OB 0 R AR B0 P2 R0 R R )
R —— “TERANE, XMEEHEETE
(R BE A B J sk e T UL MR o BT i
et N, XM B AE S A A B S AR
A HE B B RA AR . H v E bR
K AR 2 B0 e A 5% 18 [B S AR ) BORAS Bt
(National Center for Biotechnology Information, NCBI).
NCBI & #) & Fhds 2 — i R & — A — 28 8
AV E R B — PR AR &, B, FERA %L
5 CRAFAE GenBank, 1M #% 5% 2H £ 45 I 47 i 7 Gene-
Omnibus #4f FE + BIE 2R A [ — 4 N RIANFAE B
W NB Z A B, X EAE BAEA [R5 P
[ IFRA TR W d, —FFeA G DURE
XL Rk J [ — AN s WR— AR e
ORGSR B 2 A&, B AMRAA T fedh$e
MR R Y. SR, “FIEES” i
BHAR R AR AR SR 25 P
) A= 2 B A < TR S ST v T N A (1 1)

] @ ST LA RO RS B E? Cell 2%
BAE 2012 FF R R —F SCE ] DAE A — AN TE A,
5 [E Wi 48 K 5B K M. Snyder X H AT 7%
42 14 A A R B WA MR EEAS 8, 3773 T %
RHE, BEEAFY]. HRHEREE, EORARE
TS AR H Rk 15 55— D TR ME “ A
Him, JFEdAE B0 TR X AR MK
BPn AT A, BT “BENNMANZHEL”
(integrative personal omics profile, iPOP) P, {F A2
LA LAE, 2014 4E 3 H, L. Hood 413 1) R4t
FEWETR R RGEE T “The Hundred Person Wellness
Project”, TFXRIF 9 /> H B [E], 1E$E 100 /g 5
NHEAT A3 F B R R AR 4L 22 41 2209 5t P2 L
Hood AN, “iXFpAMAILA G I2EMET - A
PRALE I8 A% R ST 7 T A M — o 1), CEAS [H) B[]
BFREAATE CAE XTI (n = 1) R0 M M fik
R B Ip O HE AR 7 B R AT A T R R SRR S

10 AN F B — AN RKIFRN “100K” FIRE T,
RS 10 FAMEREANTT i i 2 425 78 TAE .
5 [ [E 7 TAE B L BEAE 2015 4F RIS 3 1R HE
kR R DA A bt 1 22 A i B S T O
PR L AN B KE T 100 75 P,

W2, PAME N ROE. BE T AR
J2 B A0 2 0 P R e S IR Y RN R R 48 3 [
HEB A L B« HEERR S ROV R
PRIB AL RIS 2 B BRI 97 B . W SRASKH B 7235 A
BRyT DR B2 A3 BT M A5 2 AR SUEAT LK) E 8
SENL, FETCFIBFZA AR XEE R RGME
EATHE R SR I R S SRR AR b U MR .
A U ST AE KR AMAE B b s TSI
P AN RE A S S ER R AR, WRAE
It AR AR RINIT da i g0k A2 7 7 RIEE . A
AR 72 1 DU 5 1R 300 A Ak R Sl A4 o SR8
Ky R SR 52 Ak RREANING 1 5E PR 3R BT 6 75 1)
FRBRER.”

3 HiEERE

Pl Evrie, AR LR B, CREERE S
= MEEFEENRNE RS, FEAMDIAEH
BB A A BN, “OREHERE T ASRE A
&5 [F] F “MMEALEE %7 (personalized medicine),
BRI e MR 2, ABAS R REHERS 5 s S fgla,
BED AL 7 R Sl “HEHERE %7 M EEESZZ—,
ARSI “REHEER " MR T HERANF . 5
—J7 10, FRATHEEINRE], CORGHEE ST I IR
XA PR it SR R S B AR ORI, A AT g
O N R YL (i RN i i 1) AR G p =X

(& % X #]

[1]  The International HapMap Consortium. A haplotype map
of the human genome. Nature, 2005, 437: 1299-320

[2] The 1000 Genomes Project Consortium. An integrated
map of genetic variation from 1092 human genomes.
Nature, 2012, 491: 56-65

[3] Ledford H. End of cancer atlas prompts rethink. Nature,
2015, 517: 128-9

[4] Lawrence MS, Stojanov P, Mermel CH, et al. Discovery
and saturation analysis of cancer genes across 21 tumour
types. Nature, 2014, 505: 495-501

[5] Marshall E. Waiting for the revolution. Science, 2011,
331:526-9

[6] Editorial. Best is yet to come. Nature, 2011, 470: 140

[71 Hayden EC. Life is complicated. Nature, 2010, 464: 664-7

[8] LiM, Wang IX, Li Y, et al. Widespread RNA and DNA



5

REHK: FLAERGAY) IR L AORSHELE

563

[10]

(1]

[12]

[13]
[14]

[15]

[16]

[17]

(18]

[19]

(20]

sequence differences in the human transcriptome. Science,
2011, 333: 53-8

Bahn JH, Lee JH, Li G, et al. Accurate identification of
A-to-I RNA editing in human by transcriptome sequenc-
ing. Genome Res, 2012, 22: 142-50

Pelechano V, Wei W, Steinmetz LM. Extensive transcrip-
tional heterogeneity revealed by isoform profiling. Nature,
2013, 497: 127-31

Memczak S, Jens M, Elefsinioti A, et al. Circular RNAs
area large class of animal RNAs with regulatory potency.
Nature, 2013, 495: 333-8

Zhang XO, Wang HB, Zhang Y, et al. Complementary
sequence-mediated exon circularization. Cell, 2014, 159:
134-47

Pouplana LR, Santos MA, Zhu JH, et al. Protein
mistranslation: friend or foe? TiBS, 2014, 39: 355-62

Ogle JM, Ramakrishnan V. Structural insights into transla-
tional fidelity. Annu Rev Biochem, 2005, 74: 129-77
Drummond DA, Wilke CO. Mistranslation-induced
protein misfolding as a dominant constraint on coding-
sequence evolution. Cell, 2008, 134: 341-52

Peter S, Shen PS, Park J, et al. Rqe2p and 60S ribosomal
subunits mediate mRNA-independent elongation of
nascent chains. Science, 2015, 347: 75-8

Cargill M, Altshuler D, Ireland J, et al. Characterization of
single-nucleotide polymorphisms in coding regions of
human genes. Nat Genet, 1999, 22: 231-8

Li Y, Vinckenbosch N, Tian G, et al. Resequencing of 200
human exomes identifies an excess of low-frequency
non-synonymous coding variants. Nat Genet, 2010, 42:
969-72

Cavallo A, Martin AC. Mapping SNPs to protein sequence
and structure data. Bioinformatics, 2005, 21: 1443-50
Valentine SJ, Sevugarajan S, Kurulugama RT, et al. Split-
field drift tube/mass spectrometry and isotopic labeling
techniques for determination of single amino acid
polymorphisms. J Proteome Res, 2006, 5: 1879-87

(21]

[22]

(23]

(26]

(27]

(28]

(29]

Su ZD, Sun L, Yu DX, et al. Quantitative detection of
single amino acid polymorphisms by targeted proteomics.
J Mol Cell Biol, 2011, 3: 309-15

Wu JR, Zeng R. Molecular basis for population variation:
From SNPs to SAPs. FEBS Lett, 586: 2841-5

Su ZD, Sheng QH, Li QR, et al. De novo identification
and quantification of single amino-acid variants in human
brain. J Mol Cell Biol, 2014, 6: 421-33

The Cancer Genome Atlas Research Network. Comprehensive
molecular characterization of human colon and rectal
cancer. Nature, 2012, 487: 330-7

Zhang B, Wang J, Wang X, et al. Proteogenomic
characterization of human colon and rectal cancer. Nature,
2014, 512: 382-7

Weinberg RA. Coming full circle-from endless complexity
to simplicity and back again. Cell, 2014, 157: 267-71
National Research Council. Toward precision medicine:
building a knowledge network for biomedical research
and a new taxonomy of disease. Washington, DC: National
Academies Press, 2011 (http://www.nap.edu/catalog/
13284/)

Collins FS, Varmus H. A new initiative on precision
medicine. New Engl J Med, 2015, 372: 793-5

Hood L. A personal view of molecular technology and
how it has changed biology. J Proteome Res, 2002, 1: 399-
410

The CASyM Consortium. The CASyM roadmap:
Implementation of systems medicine across Europe. 2014
(http://www.casym.eu/publications)

Chen R, Mias G I, Li-Pook-Than J, et al. Personal omics
profiling reveals dynamic molecular and medical pheno-
types. Cell, 2012, 148: 1293-307

Gibbs W. Medicine gets up close and personal. Nature,
2014, 506: 144-5

Hood L, Price ND. Demystifying disease, democratizing
health care. Science Transl Med, 2014, 6: 1-3



