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CTLA-4(cytotoxic T-lymphocyte antigen 4)3& [Xl [ 9F []
M SNP(rs231775, 49G/A)Z 5 T T 40 M 30 1) i 71 ik
T2, ATHEIN 2 RRAE () 2 bk, Wi FLE . &
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AN HRBEI R, R T AL TR S A X 18654 A4
HER L F 1 53081 4N SNP A7 1, JrP A —2F ) SNP
AR SC SNPUOL e Ak, A ATTIE R IR, LEAR A A AR
90 Bl (K BE A FE RS 2%~5%), £ 3 1 AE A X
SNP %t [/ LSNP £ &1 2 5L b X—45 L
VOHH, AR A A AE ] S SNP A BEXTHEA0 88 W 1
Az E 1,

WEAR A T HE R A X AR [R] X SNP — 8 70k
0T 1R O R v R R A AR e, IS AR R
H K B AT 40 H s B i 58 R T 48 s
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I FH bR B 020 27 SR (e 8 O I P R, TR
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AT 7 2 AT

17



SRS NS 7 7RG TR 2 AV R R IR 2 451

2 SAP iy R e &0

TN R A AR Rk Ui, SNP X1 4
— BN T SR AR R R A5 G TR G
T HIRGERR, gk SNP (AL G50 5 %
Fofo 26 B B VR 2 DIAHOEP ") 40, Yoshiura 2 AP
EHANBE SR ABCCIT R ERyAER X SNP
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WIS R BN, fEIEH ANRER C7_587P R4l & /M4 (1 4y
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A, SNP 25437 J IR 1) 22 S Mk R IR HE 3 S A /K1 A9 3
TTZ BRI USe HERaE, fE 4 RGN R,
215 11%~22%I1) SNP S50 PRI AT 22 S kR IA, i
T 4.3%~8.5%11) SNP S5 {7 5E PR U R IW Ay 21 25
PENL X Rl SNP 2547 3 R 22 S ME R IA A1 A 55 Mk
T 116 A 3L B MEIR 2 S A DG, A I — DA 9 R B,
A B O W) H2 A 8 B & TGFBRI (transforming
growth factor beta receptor DA ik 8] 22 S M ik Y
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=5 mRNA (# DB, X — TR,
R & BOHT SAP JERA L, KN
FERE A ALK T SAP 22 7R IE 5 R S 4LKT
fFF 57 SNP [ mRNA 2 53 11 2R3k ] BEAS J& 2k AR 9% 11,
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SAP SE RN MW E A ALK LR 8 A RAR
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0 2 A PEREE 20 B b i — 28 I AR A ).

3 3 FAIRERY SAP SR

BIFEH SAP IX— LS e HE T 1958 4 Crick #2
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mRNA WAL TR, J5& aT Ll 4L % 61
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W RESEIR AR AR Dh AP, XS SAP MK #t DNA 5 mRNA 751

SRR R AR A B (L A S R T AL T D
LW EIAEAE, KA LR AATARLE, mRNA J3 4126 5 ™
¥t DNA JRFldksE, 1 Al 2 R R 7 510 e
Lo AL BT 4% tH mRNA JEY e, AR, R
AR LSNP W iZ o2& MAR) SAP 1) 3 HER Y.

SR LR 20 A 80 EAREE & B, A4 sk
R AAAE S mRNA R 7 1% 4% 55 1 “RNA 44 301
GO HIX B AT AR AT 2 U ) 1 5
2, “RNA G 45 LG A 0y 2 E 3G 5 b A ast A5 5 8
AR 5. {HJE, Cheung HIBFFT/ N BRI, 7
N M B2 A£{E 4 RNA J¥415 DNA [F4IA
— SR AR B 1 )74 RNA A7
P25, ¥R 12 Pl e RNA-DNA 2 57
AP A BRI R R AE Cheung (13X —45 Bl gt &
T AATIRE AT PR e T P A P A AR 1 4 R,
Schrider %5 APV 25 18 #3843 M1 Cheung (%45,
BT SR IEEE. A2, IEBRERZ 5T T
VESEHE T 5047 JIIAESE, SCFF Cheung 114518, ADAR
(adenosine deaminases acting on RNA)J&—Fj L4111 v
A RIS S AR S YOS () RNA 4", Bahn
25 NPIFI A siRNA BiAREFR ADAR 1, RIELAER
[KI 417K 7> RNA-DNA J741) 22 5 I %4 W] 2401, Bahn
SENIX — R IR B, X882 A7 1E (1 e s 4K 7
LRI RAE R RNA e iX —HUHI 51, b
AHEIXFHBLGHR N “RNA 444171, Bahn 25 A\ #E—

ORI, K20 RNA im0 K b i m
1M FL AT 8 R A2 IR VEE - P B IEE IS RNA 4 4 1) 5 IR 42
SRS AR OGBS R 28 5, $E R T REAF AE A
K5 RNA Gl g™ Jofh—2eiff 58 TAERIFESZ
¥F Bahn £ A 458, - Z27F microRNA Akt & B
T RNA 4if20”°. i Je, Snyder 400 MIWF5T /N
A PTIE I —AN IEHANMA G A R I A A e 14
A W] B I s SR 90, AR T K=
RNA Zwf5 %, Jf H #5387~ RNA 4alB /K P2 %
) JE Y S B AR ALY, X — R B W, RNA gafi 4
O EE NS A N R R S (2 g R A AT S 2/
IXHESEF RNA a2 (098 T AR oy g 1
BRI Bk 76545 15 BN IE R 41 215 5% 41 )4k
FIE R, ATREAAAE A KB AT IR A . IE
Hayden JifigtH: “F7&UFSE, IXLeR AN NS 51
A e ),

HESR RNA g4 S50 T mRNA [ A1 IR AR 2,
IR e M 4 KT, RNA i 2052772k SAP (5% —
ASKUE. AR, SAP [ RNA 20 58k 37 T SNP
XA (B 1), Cheung 415 BT 5T N P IHE R
R J7 0 NS B 4 2R 1 kAT Ak 4y
Mrla, RIS KB ZSE R 751 I A& DNA 2w
M FEH RS TR AS . 4, Snyder 415 (IR 5T /N g1 127
FIFH RS vk, fE— A 4586 4T R4S 5 v
HI(&5 A TR L SNP) & 457 30385 4 RNA 4ilf ¢
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FIEE R ARG, w48 KA TIRA S+
FPH J 51 4% RNA 48741, 245 R, 7 RNA
et 0 T 2 SR AR TR m T DA A AR 4 5 2R 1 B IR 5 k.

P TUR BT S H CRNA i S B4
A, FEBRFRAE B AT B R oo s R IR ) AL
FEWEAT R 1E AT /D A 22 IR EE B ) S SR R R e A
FHMLAIES21 BLAE 20 {40 70 454K, BF5T N st R B0
ZAE (RNA 38l ] R FH JHG G 50 85 A6 SO 1R A 22 1Y)
L (RNA HEAT /K AREO, 3 o gy 50 45 b 3 1) 45 W R A
FAE 7 A58 7 R mrott 2, o, HAhk
TR P B 1 0 G AL A B 2 Bl R I, R AR A e
g 28 B U IE A I ZUE (RNA JF 25 55 8 1% 1 20k
tRNA, BIFTIE 5 S E AL, WFLE 1o, &
10 g 5 1 D e 2R LR & 3 B0 B B v B B U
HIRELE R, Lee 2 NPT R B, 2 BE(RNA &
FC G D RE TR K 2 T R L 1K) (RNA 390, IF&
TEAH A TN L R B T IR e R R B B R B 0. SRR,
Nangle % A\ P70 FL 3040 41 i bR 4 35 R B R 3
KN D) R K IR 2t (RNA 5 g, &3 EGFP
(enhanced green fluorescent protein)3z 4 ) it 26y 5
AR AT R IR AT B0 3G i, RS,
Tl 2 T2 B D R T B4 0 8 R I R A L B L
A R ] e & IR FEUL A WU D il K
I, SRR T A UK 2 (RNA & R 20 4 45 14 15k
16 AR FAETE AR s 2, Rt S EUE A
TR RECOL M ATHED, XA QAR N AL
(1) 75 A OB 0T g A 58 A8 W] R A A A i R rh s AR
TERIP, B —Fp k= AR P s 2 AR AL, AT
IR RS i e R

YAl vl B IR R R R I R AR LR KR TS
N2 BTz PP PR MR, WA

253k

PR BN 400 ANEIERR MR AR, KAH
18% (1) 2 11 A 2 48 /b — AN G FE 1R 1A A S0 e 08,
HE, BT AT M AR AE B R AL KT 6 2 1R A S
AT 2 o, Rk, B OBl f i s R R
A S LR AR AT Be A A, 78 NBEAKCT BAR P REAEAE
HHONTZMAILRA . W R R A TR iR R
AR Z AR AR S, — AR, AT
REA7AEAE SAP M5 3 FlORYE, BUER AU 4n i ThAe &
L 1l L At A B T A e R R R A e R B =
FEIRAR SR AR ENALHI (B 1), IX58 3 A SAP SR i
PRTZH KT (1) SNP K5 B FE S5 7K1 1F RNA G 48 4K
WK, WA T REAEE RS DNA [FHIH
mRNA 7 HI B A KR 4F ) SAP(de novo
SAP). B8R, — H AATIE LA 9T K BLIX 28 AN T
RS 750 SAP, K 1E & A AL KT X — Uk
U R H Pk k.

4 RE

B A R LR 2 SRR 9T gk 3 N 2 s MR
TG I — A EEGF ORI, HH A5 L
W ENL, A BT R T, ERMHE
I L 28 0 32 PR AR T 0 B AR RV 1) B 1 0 o 40 AT
FeARSEREI Tk, WEITIET SNP 8T RNA gnfE 4l
(1 SAP 2 8] i LU MU AE . ]IS, SBT3 e e T+ A
SR 1R B PR 2 A PR AR BUET T, DL IS
W TR R T/ 048 SAP [RIAELE R 43 AR . 11
X R F, FREM IR AL SAP #EANTHEA
TR 0 23 A S 1, DA 5 AN [R) A B0 BEPE IR 1) O Bk
PE, T A AT 35K 0 S A8 B 1) 4y 1
PR PR id ).
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SNPs and SAPs are Molecular Bases of Population Variation
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There are two types of single nucleotide polymorphisms (SNPs): within coding regions and within non-coding regions.
SNPs within coding regions should be further divided into two categories: synonymous and non-synonymous. The
non-synonymous SNPs can result in variation of amino-acid sequences, which are single amino-acid polymorphisms
(SAPs). Recently, using quantitative proteomic approaches, SAPs in the plasma proteomes were identified at population
level for the first time, which showed that heterozygous and homozygous proteins with various SAPs have different
associations with particular traits in the population. RNA editome that has been uncovered recently might be a new
source of SAPs. In addition, there is another possible source of SAPs that is de nove one independent on both DNA and
RNA sequences.
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