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Abstract: Cellular heterogeneity is a fundamental characteristic of biological systems, influencing
development, physiological function, and disease progression. While single-cell transcriptomics has
revolutionized our understanding of gene expression, mRNA levels often correlate poorly with
protein abundance due to post-transcriptional regulation. Consequently, single-cell proteomics (SCP)
has emerged as a critical frontier, aiming to characterize the functional molecular executors of life at
single-cell resolution. However, SCP faces significant technical hurdles compared to nucleic acid
sequencing, primarily due to the ultra-low abundance of proteins in single cells (sub-nanogram
levels), the inability to amplify proteins, and the high dynamic range of the proteome. This review

systematically synthesized the rapid technological evolution across the entire SCP workflow.
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1) Single-cell isolation: strategies ranging from fluorescence-activated cell sorting (FACS) to laser
capture microdissection (LCM) for spatial context were discussed, highlighting the transition toward
automated, image-guided dispensing systems (e.g., CellenONE) that ensure high cell viability and
accurate isolation. 2) Sample preparation: the review emphasized the shift toward “miniaturization”
and “integration” to mitigate surface adsorption and sample loss. The innovative nanoliter-scale
processing platforms were introduced in this study, including droplet-based microfluidics (SODA,
PiSPA), nanowell chips (nanoPOTS), and all-in-one devices (ProteoCHIP, Chip-Tip). These
platforms have successfully reduced reaction volumes to the nanoliters scale, significantly enhancing
peptide recovery. 3) Chromatography and mass spectrometry: the impact of narrow-bore capillary
columns and robust low-flow LC systems (e.g., Evosep One) on sensitivity was analyzed.
Furthermore, the integration of advanced ion mobility technologies (TIMS/PASEF) and high-field
Orbitrap analyzers (e.g., Orbitrap Astral) have revolutionized detection limits, enabling the
identification of over 5 000 proteins from single cells. 4) Data acquisition and analysis: the transition
from data-dependent acquisition (DDA) to data-independent acquisition (DIA), particularly direct-
DIA (library-free), is highlighted as a standard for improving data completeness and reproducibility.
Additionally, the emergence of deep learning algorithms (e.g., scPROTEIN) and specialized
databases (SingPro, SPDB) that address the challenges of high missing values and batch effects was
discussed. The review lighlighted the critical development of spatial proteomics (e.g., deep visual
proteomics), which maps protein expression to tissue architecture, resolving the “loss of position
memory” inherent in dissociated samples. This work further showcases the application of SCP in
decoding macrophage heterogeneity, tracing stem cell differentiation trajectories, and elucidating drug
resistance mechanisms in cancer. Despite remarkable progress, challenges remain regarding
throughput, depth of coverage, and multi-omics integration. Future developments must focus on
further automating sample preparation, enhancing the sensitivity of ionization sources, and integrating
SCP with transcriptomics and metabolomics. Ultimately, standardization of workflows and data
analysis is essential to translate SCP from an exploratory research tool into a robust clinical platform
for precision medicine and biomarker discovery.
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Haw @) B fb/K . 454 Orbitrap Astral it
A F Y S B A 37 R 4R (narrow-window
data-independent acquisition, nDIA ) 3 W, 7E 24 20
A2 AT S H A 5 000 FhER F1TURT 46 000
FMBL. BS, B BA#E— 2L 84 5 CellenONE £
4; . proteoCHIP EVO 96 “F-£5 . Evosep One ¥ #H (%,
i R 45 J Orbitrap Astral Jit &%, ¥4 & T “Chip-
Tip” TAEUL, W358 & 1 S48 M 8 (1 T2 24 A R
A S AR E R, Z AR HeLa
AR S BT M 5 000 AR T RE, JTRE
B TE R 22 5 A IR A o A DU 30 35 T A M
FASEBIRE I , DIRe R 1 B A 2E A SRt
T RGN ST A

{240 AR P B 2 A R R ) S X B
2 1t 43— P13 0 ) B, 488 7 200 D 7 S o M
fE o SR, I H M T 4 Ui e i 72, 3
4 A 545 TR 85 b ) 2 8] E AL AR R o8 A
Ko BEFPES ] AL EICAL” RER, T2 T X 4
JieL TRDAR A FH | 2 2R 2 ] e e HCAH 5G9 ik
FRALTH AR A SRR . I, AR, S0 i 4y
R B2 AV A 2R R R g, B RN R
P13 R 3R TEORS At Bl B 28 A 409 2 (] A bR, DA TTTAE
52 R [k BA 2H SUEE 1 15 S AR T i A 4 i ) e
5 2%

H A, 205 1) © 0 B 2 R BOR B A%, g
Jt i it 2 F R (imaging mass cytometry, IMC) F|
4 @ pric iR 5 HOE R b - A SRS A 55 2 R
FIE IR, w] SR AR bR AR TR AL )
F o LA s ) T SR T PR A5 ) AR
H B 4 2% 7 i, WAE 3498 )8 A 1% (co-detection by
indexing, CODEX) 4%, W38 i3 2 %6 2 Ot A, wI
FE SR M 53 T [ B A I 55 A AR T, R AR
BA oz (A 4B A5 B, R AEPTAAR S Y B 4
] 26 5 21 2= F AR H, Mann FBAPTF & T IR EE
A b 25 1 5t 2H 2% (deep visual proteomics, DVP)
Ko ZBEARES T N T 6e5 B i 240 i %= 1R
S A B A A F) KR e R R R 4y

Br, RESETE DR B 4 21045 8] {7 2 0y LAl |, S e
20 KT 1Y v A G AR B B . S OR R M
BAUYF % ) FAXP( filter-aided expansion proteomics )
Fe AR IR ] AE BRLAN L RBE I B 4 i a8 21 4L =5
6] 25 1 BT KGR R o 1% R I K BEIR A Y
HAE MR WS, 456 BOCRHYIE . A3kl
RG5O TSI, 7 20 B A R A I
240 B 43 S SF- 14 S E 2 368 FA 3 312 Fh i
i Ak, % AL 1% (mass spectrometry imaging,
MSDHE A, 0 5 5 4 B 3O i W B 25 o 3% 4
(matrix-assisted laser desorption/ionization mass
spectrometry imaging, MALDI-MSI) f) & #i 25 [R] 43
BEATHOKRGL . ARG JE M A5 Piatkevich 141 BA 3@
1 K BE I K £ R 5 MALDI-MST £ R 255,
SEIT AT R e R R Y A B 1 R S ]
R LR

SR, IZABUAT T Wi 22 B R P 8 5, R
RS 55 43 R AU —— 155 25 ] 43 Bl
MR A T AIG, 0 B BT A R T AR
il Foyk, Z BRI Be ) 5 s ——FE T hUA
Ty e, EA OB A B i AT I, A
B, TR v A e T (LI A A, B
G AT I 5 A 2% [B) 25 ot 20 £5 4 e 2 v 4
SFEES g/ = R, FEF L L]
M)A T BB TR AT

KRR EBEREDIE: DEAREES 24
Sp s (A WS s o 25 (R 2R 1 B A S 5 s | A
S5 22 A5 A 20 MK ST DG IR, A B S AR Y 43
TR W2 2) o PR S e R AU B R
SRR Nk B A 1 B A AL 3 T 40 i
WOCH AR BUIT A B fL B R s 3) N TR RB UK Bl
M4 B 3o B AR R AL TR | DX I8 5 3 4k
P G 5 LR W o A R, S I v 1) g 119 e s ) AR
Vet o .

3 BARERRANBIESS

A 3 O B RE RS A AL IR AR AR A,
Ik 553 AP = FEE UK B g -4 i 280, DA T A 3 4 T
T AN A TR S B AV S B R AU
T 14 O R A TR R AE ) AR 4 T R )
WO TS R ST, 18 T 40 P A2 B /RS BURH)
@A, FF UL TS BE VR AT

HHLER B A BT BRI AR 50 pm
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B¢ 75 pm A9 GE AT o SR i R B A AR AR S A 7
K, BN GOIF R T H/NNAR Y A5 . Zha
A TNY a8 R N A2 N 75 pum /N 2 30 pm, T
i 350 nL/min [% % 60 nL/min, i i & {5 5 58 &
PETE 345 UL L, KRB B BN 32%. Cong
ZER ] 20 pm AR 19 (4 33% A, 7E 20 nL/min Ji
TN X B B A e AT R R A S
Orbitrap Eclipse Tribrid Jit 543, S8 T 5.4~ 4 il
362 Fi AR 15T Y 48 A 5 38 3 W H] MaxQuant %K
PR A7 IRI VG FC T E, # %E 19 2 H B8R $2 7
2 874 F; AHEL T 30 pm N AR S A, &R
0K BE i 48 2 B 2> B4R T 30%A0 50%.
Xiang 25" & T AR 2 pm A% OB 40
# (narrow open tubular, NOT), 7£ 790 pL/min
RO T SE T KB 0 R 3 B R0 A
A 75 pg ik Be B AT 25 % H I 1000 B H R,
5 15 pm 5% 30 pm MR RYIH A DA R BAHE HE
VK-Ji1% ( capillary electrophoresis mass spectrometry,
CE-MS) ZZiAM L, REFEZSETH T 10~100 15
TEIERE g gh e 5 TAEB )y 1, 5T
NGRSk, pPAC(microfabricated
parallel analysis columns ) f k¥ B 51) €8, 33 A4 R F G
LR 5 AR ES &G TRt W3 FRAR TR A4
FE, 36 T K A B BRE S BT iR T
£ 10 ng 20 g 2 4y b 2 % 2 2 400 FhEE
JOT, 2 A 49 € T A JOR B R i A B 1 T 2 B
(2 f%, B T R (4 O RG 5 . Liang 55 P'JF
R T — R R A A R AT, RO D TR R
HE AT () A R e IR, DT 0 T I, i/ T
AU B IR TR B i R IR AR A (g A
TE 200 pg Al fift 1) v 1 249 AT 26 72 B 1062 Ff 8
Ji AN S 257 S% kBt . Webber % R Hy T — XL
R TAERE, A4 T+ 50 40 A 25 11 BT 2 43 Hr i
i ZBTE R 1R EAT IR B O B 0 TR
BF, 53 1M AT (W] 20 BA T R U 5 1 Al 20 3R, DA
M — o B &, S T B DA TE
7 min B B A 5E AT, HE AR 206 AEAR,
Sy v 3 ek BP0 2 2 A R AR T s T
111 # AR 4% . Bache % PfE i T Evosep One
WA R 50, T £E A Evotip C18 45+ 5 Fiike £
JERE, LT “RE S B - AR T — IR S
Hrii 2. Evosep One % H 4 MMEJE R EF IR
WIS ST A BB, O b ST A v R SRR BUE

)R B B 7% 28 3 4 43 A 5 B (B, A
T 52 PR R R A B o A9 25 T T A B A R Y
TR AL, Z RS H 0] 58K 15~500 AN FEAS ()
A3, FELRAIE = 38 0 R B EL A R A A A
PR, &) 12 0 T B4 R e R AR 1 AR A

4 BAMEARANRIZENSHIERE
4.1 BIMREBERAKRIZEN

Wit B 240 JH 7K PR o ) A R R 1Y H
AT %o 35k 2K AR Al e A AR S B v . R A LR ft
()53 Hr, E Ay PP AR P JBi 2 2 O T Tl 114 56
), A% 58 0 AR €038 - BT 3 (LC-MS/MS) Bk
FH B AR AE 07 % B 240 B A A B = 2 1 I 7 R Bk
f: DA AR i 2 i 2OR Bl R G0 A s 1y
oI R AL 2) v B2 S A R A b2 21 A2 SR AR
i LA W () PN S IR L A S S A
DRRE T o AR, JBET A 1 i) 22 A QB 5 i ai
KB AW LA AR TR, 254 Sh 1 R An
2 BT 2 A AR 3 A R BE Gl Ay T Y R Ak
27t

JBT 1A AR Ay P B 2 1 J5T A 2 43 A A A% O
o TR, ARG DU FR | R o A R A
PR SR RE S B e B i 5 AR
Fr S BREE . WA i o B dn BOR R gk 25
#it HL 3 $L 38 B (Orbitrap) 14 45 25 i B - DU A
FF- "% AT S 8] (TimsTOF ) &5 = 14 68 i i °F- 5 & 8%
3z N T A R B 2R Y

Orbitrap F 41| 53 H7 % H A 518 43 B 52 T
HORERE, OB TR BE 2R B A A AR AL T
Ho Kelly BIBA* IR GE 1A T £ Ff Orbitrap 5T
AXTEREAEA B b B9 PERE R B, AR T 401 Y
5 (40 LTQ-Orbitrap-XL), Orbitrap Fusion Lumos
MS 7 R B A K Bl e R 5 T 4 A B R ek
#E; 7653 BT 2 ng 4 TR 2L ) 19 A8 1 Tl AL AR o
B, %5 B Y IR B A AR 1 SRR A R T T4
35 1.7 A% BifiJ5, 1% 71BN Orbitrap Eclipse
J gAY I T J® P4~ HeLa 40 i 43 #7, 55 Orbitrap
Fusion Lumos A Lt , Jik B A2 BT (9 B3 5 32 43
BT T 36%F 20%. 3% A X BRI B 1
if # i (field asymmetric waveform ion mobility
spectrometry, FAIMS) B A T $& F+ B 20 g 25 11 )3
ZH A Y R B B LR I EOR AT T
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HEA BT AT, MO AR = AR i 3 T YL R A 22
S S I RIS 1, DT A R TT 5 T4,
W E T E ML . Cong A A PYHE & 40 K T A
i ) & . B K 3 nanoLC. FAIMS & Orbitrap
Eclipse Tribrid it 35 {%, SE 3 T M B~ HeLa 4 g
P B 5 B 1056 F AR T BT, R
FAIMS ZfF FRYERAZTE T 2.3 £ . Zhu 551
BT —FFEF FAIMSH IEM TR EEW
TIFF(translational ion mobility filtering) J5 32, F
= YRR DT C S W (PR B I R] L ORS BT G LG
FAIMS #hE2HLE ), 35 0458 T 22 K5 91 1 48
B 5 Al &gk o W M TIFF J5 3% o] 76 3>
HeLa # /] H A2 5 45 I 1100 Rl R,
3 Al 3k 1700 A LA L o Orbitrap Astral Jii 3% 13 )
() HHAE By 5 P20 2 1 JB 2 27 %) E R R AN
B R U SRR D), TR A/ Y
AT 5 7 0 S BRSPS R B 40 BT o F 9 Ok
W1, 7E45 4 nDIA 5 g I, Ho AR T % £ ml
ik Orbitrap Exploris 480 %5 [A] 25U g8 A9 2 f% . i
it R G R RS FE . FAIMS HL 5 DIA
284, Bubis SFUIELERFE S0 AMREA Y 5 1 4
BT RE I AL S 2 I ET T, B AE A
AS549 2110 i % E R AL 5 300 AR AR BT, 2L
i, Petrosius 1 FAP*I%} Orbitrap Eclipse 5 Orbitrap
Astral W 5053 35 A 1Y 5 = RE HE AT R G L X,
TEMF S5 00T, J5 3 28 it 9 IR B R 29 S FT &
M 2. BT ISR, A BN — Ak T %
T MS' i) DIA R4 7 ik, e &7 4> HEK293,
U937 Jx CD34+ BM A rh o 5528 183 3 500,
2500 1 1300 Fp 2 15T A 45 E o

A& 508 F HE H A timsTOF 2 471 i3, Jo
HR L Sk B4 i 2R 1 5T 40 %% (scProtomies) {1k
Wit HY timsTOF SCP, 0 A by 12 40 8 1Y 431 5 -
B, HA O B AL A5 48 4 15 7 B2 43 75 (trapped
ion mobility spectrometry, TIMS) FlI-E-4T 22 FH % &%
it 24 (parallel accumulation serial fragmentation,
PASEF)™, TIMS £ A F I 1 37 15 Uit 2 18] 1)
ARy, ¥ 8 TR WA T e e sk
FEAHE B8 i 5 2 S Sl A A 1 L S B, DA T 5
I T IE R R A R R Ol B AE S
FIABAMY AR, WE ST T E e e
TR A, PASEF SR SEH T 8 T RS
PR R Y [l 254k, 7EHT B TIMS X k17 2+

R, 185 B TIMS % i B MR 4 RS T B 1,
(i) BN by O BR A 22 5% R 8 0 7 il 438 it v 5 J e
Zo X—BOHERE T R e SR R
Frisfy, RiE$E e 7B, o085 m R EUE
(1 [ B 2 B 5 T 4 Fra it . Mun S5 U8 o R
1 TIMS 280k B, 458 7 AL 2] 24 180 ms,
BT Y R A 0.7~ 1.3 Ves/om® B, B 1
Joe 4 8 i TR PR e AR = B2 B S B A R )
$ETt, 12 FZ S HE B A T 40 b1 35 %58
365 f 4k (i . Karagach 25 gk — 442 i Slice-
PASEF(parallel accumulation-serial fragmentation
with slicing) 77 %, B & — R4 m/z B EAHE 1
i J3E N A SR AR B 1, S IRE — IR B A
Wrhse i gERR A . TN AZE S cellenONE
M43 i% &R 55 . Agilent Bravo H sh4k I AAAL PRS-
3. Evosep W AH 3 R 4 LA J¢ timsTOF SCP Jii i
18, R H] Slice-PASEF J5 ik, WIS BL 1 X%} 54~ 4
Ji bl 3 000 A BT RERSE | IR SE .
42 BARMEBEARANBERE

BT A Y R RO R A B
Bl itk 4 (DDA) Al DIA.

DDA fJHEAS JFUB 7 52 1 1 2434 (MS')
J, AR AR 5 5 R e o T A B T AT IR AL,
T R AR H G i B (MS?) o i AR ik, 7=
Az P T P T e TR Y B S R R AT
VCHC . SR, He T A BE B DL B 3l A HE
BR” AL B A e, s E MR 2s, HYwtiNit+
JERRIIR RS 7 TERRANIEAE S D, th TRUR(E S
SRR AR, R AR O A T O A 0 MS?
TP, BRI 1 A RIS B0 i A 1 B 4L F
ST YN o LA BN AR R 2 2 O
i OADP”| nanoPOTs™ . nPOP®*. SOP-MS™LA
Jo B 2258 3B R I E 1 SR WS 1Y ScoPE2 45 1 %
FI DDA B4l R 4450 . Truong 5“2 i T —
fh DDA 7E i 1 R 4 (wide window acquisition,
WWA) S, S8 3§ K53 85 1 1 52 AR &R R4 g
T5 A ARAT AR 730 B LR L, AT AR
#E DDA, 1k )5 B9 WWA A] ffi MS™ % 5 5 i) &
FIB B $2 TH2 40%. 70 4 6 (5 335 o6 B2 1% B 1)
FAF T, WWA 19 8 1 5T 2H 2 i 30 ALK T
DIA, {E H:AS: I 188 e R W 42 71

DIA 4y i th DDA 775 i) 5 S ] R S 43t 1
AROTE . HEEPEIERE R E B 11 DDA A,
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DIA R &Gtk . Jo i far i 7 =X, B A B L
TR 5 2 A BB 1, FRAR RO 45 1 N T
AT A B T HEAT R AP R AR W DR R
BT 130T 0 HORE ity b 4 3 1 1 1) o8 B {5 L ok
o 7 EEE S, BE ST T B I e
P, R8I 3 T R RILARE A2 A A 8] Y o i T
% . HH, iProchip”®, AM-DMF-SCP"”, PiSPAP'!
DVP™ Chip-Tip“", FASP"/45: )% Fff DIA fx=,,
TEELT DIA 1Y i i Bl R 2 o ft b, g B9
KPR B 2 1 58 B 2 R BOE Z a7 AR L pe i, 2
7 A 5™ R S i B B G, SR AR KB 1Y)
Y 5E o Petrosius 25 VL B, Xt F KB A = A9 AR
AR, A 3 A T G5 PR A B T ]G T 3
AR RUHSE N . LA, IFSE B R T T 45
4 %8 77 #% MS' (high resolution MS', HRMS") 5 §&
7 1 MS? 19 R 4 5 W - 38 5 7F 14 22 1 MS® F 4
Z a4 A 4 B MS! 18, B MS® B i B 40
WL 4y B R A, AR TE T MS! 845 06 1) SR A
B, WON R SE B APt TR SRR o 45
F W, % HRMS' J5 75 78 Ik B % e U B2 1 ko
WP D7 TH 34 35 0 TAE 58 DIA J5 i .

5 BAMEZEARAFHHESN

P20 i S 5T R A AT R B O
HhoRs SR TS KAl % A O A W s mT R A B Y
KL IR . ARBC T GEpO I 4 i 2 3 o 2 2,
A P52 S R A R A R R M L
1, 3 B ROR MR | S 2% A U A KR
50 B LR W S SR SRR A o I S R Sy K a1y
B 7 B W R S OR T IR B R, HAZ AT 55 2 A
AT A W LA AR 1) 303l o v X 20 LS A A )
AR S S EOR R 22, o S B A 240 i o3 1L AR
HBUE R AR, IFSEA R BT A& — R 55
Xt B A I A 1 5 2 ) R s o TR, B R X
R AEL AN | AU AL IE A5 AL

75 DDA 530, Gl A5 T 1% P P 48 2% SR
HEATBE AT o 5 1k B0 T R AR 2
Jot e 4], AU IR 2 1 R T AR ) A B IR B, O
— A5 T ik 2 ik B 7E MS® B B i 47 A Y FE S
RS T PR o ARSI e R A DU AR A A S
3 151 5 B 1 P BEATVE IR, 2055 45 A Y Bl e 4
) R ) 035 PR AR A B B 0 S5 B0 IR B )
SE o RS, A MS! eI F Y AR e

o MS? i i B TS S AT AT,
43 B U PR v BE R, W] A Bl Mascot, MaxQuant,
FragPipe 554 AL A1 & B 258 1o

DIA $54 fif At 15 16 M\ 42 55 50 3 A0 408 v A )
FiAE AR W22 45 B OO Pk BAE T ey X £
A MS*EE, 2 KB B FRIRAEFES
PEATHERR G L8 FRAL B, I 45 5 v 4% KB 1Y) B
03 S HARXHE 5 5 o 47 F 3 DIA 48 53
BT SR W 32 253 oA T3 P P 1) 75 12 (library-based
DIA) Fl A AR 35 28 79 77 7% (direct-DIA), J& #
TR H— R AL 1 20 B D A A 32 A 3 FH M
AT AR T 22— direct-DIA B (1)
FEA G R s AN T AP R Sl Y | TR
ARG R B 3 P, i R IR B 2 ) Bk
F2 NRR 43 17 19 DIA B4 A B F0 &5 o0 3% L s b
(1 MS' {5 8 AR A T3 R A T DR TN i
FEIEH 3 Ry 2 AP BR: 1k, X DIA £
JITA AT RSO £ MIS! 0 3 U 0 4T 0 T iR AT RN [ 07
R PG, S AT R A AT AR R 4 3 M O
IO 14 7R AR B MS® R B, AT R i — A %
JaE B P P s B IS , R FH A 1 5 T 2R T BT A
AR (1) DIA B 247 58— 8 R AE . %
S I DL FAAE T 1) 187 1k 7 e AR AP0 £ - IG5 4
Hi#e 2 DDA 5 1 e, A Kb i Ak 1 i AR, 7] Bl sk
B 1 S DDA 5 i 52 50 45 (4 A DL RE 1 7
AR R G AT s 2) BT S e TR B S P L
T PR R T A R AR 1 B T R, e T
DDA Fifi #1L >R 15 B 3 52 ik Be 2 2% 1 [7)
A R T Y08 AR T B s R R R R 3) 15 24
Bt REAS: X T AR A L 50 B i R
FEA GG AT FEAR B, T 75 T SE R AT TH FEFE A
() DDA #5256, 7T B M JAJ i e DIA %odls vh
A RS I, B KRR B LR BR O R A PR AR
4) 5 B HE 52 8 M. DIA % 3 MS? /e A 8BS 1
8 6,335 06 TR AR R AT A B, | T TR R BTE T A R
Ak R GRS, DR B A, X
KFEAS RS A R fidt L A R AL 1 IR SR

AR, R N BLIF R T — R P AR A
J5T 20 25 B0 53 A B0 R il e Bl SR A L T BR AL IR
RN 5 7 S ME AR 55 R . DO-MS(data-driven
optimization of MS)~f- 5 1] | - LC-MS 2%k fk.
5 2 Y25 Bl AL, SCoPE-MS J5 ik 45 & 2%
A B 11 50 4R [R5 28 B 10 S 3 T R B A



12

g e Wl 4B

A3, ALY 3 B i v I, DS A AR AR
I HE R RN A 2 S5 S A AE i 25 . Cheung
SEU T SRR 11 T 41K - Al SCOPE-MS &
A 2 B B OE &R, 8 HE ) SCPcompanion #X
(= ST 1S S A R R i O e R TSR o S € TR A 1
FE AR A 2 FVECHE 43 A7 2 B LA AR s Bl o et
Chen %I % T DART-ID( data-driven alignment
of retention times for IDentification), £ Jifi T J& I
PERY DU BT HE S, 4 5 08 B8 i) ] L XF, %
PR BR B TR) A 1 40 A IR 3 DE E 1Y) 5 A5 B2 Ak (6 v
SLgR R W, Y 43 B At i B A AR A B, DART-
ID 7€ 1%%8 1% & 1L (false discovery rate, FDR) T
BB SBCRE RN T 30%~50%, W/ T R AL
Pt o A 2R 1 T % Bl T, Wang S5O
il DeepSCP, i it H T 21~ SCP i H i {2 72 Bif
] R T TR B2 2% 2 B 4 R 5 o B T £ B I
), 4 2 IR 3% VT IC (PSM) 1 — R B R AE, 4l
P Ak Y B2 Bl 2 > BB F50N PSM A 455 28 5 ik,
DeepSCP FJ i 2 4 1= SCP (14 2 [ i 4 7 it

B4 18] H XF 43 #1 (match between runs, MBR)
B AR A ] — 4% R B 0 B B AR B B[R] R miz
FEAS R BT M 17 rh A5 5 DCIRR R, MU S
254 B ) o7 B R B A M . Kalxdorf
Az UNE T — b iceR (fon current extraction Re-
quantification) & it T/E AR, % i A2 (1 FH B8 1 Uik
5 B AT IR A WA 2, H % DDA & iR 5l A
DIA fif B B A 7 o5 o 58 L7 1A L, TeeR
7. DDA #l DIA 51 i %45 % AR A T 1 B A 5
L i R R L HERRE . P EE M AEE SR

R A 5T 4 A Ol i 80 R R At T
EIE  H—Ab DA S IR 7 550 B8 . Vanderaa
SR T —Fh seplainer A5 E AL 70 BT 7125, K
LAY, 8 3 A D )RR AL FD R A U
TR T SCP 48 43 B Hh B L IO L Bk 2% (B TR AL
P TSRO PR . Scplainer #243L T 22437 .
2657 FBE S B A 43 5 B 45— R 5 T H., REfE M\
52 2R B R T B BT SE R AE W25 S, FEMED K
FVECHE B 5 S 9 B 0E I 132 07 1 1) LB M e A
Tz T

BT R DIA 2301 75 2 N #1750 5,
VAR, TR BE A > AR AT S8 — 90 B KT kG o
T . Gessulat % JF % T Prosit ¥R B il 48 W 45
BARY, DLIKBEF 91 | B B H A PR S TRl £ i =

M, LRI BE MS/MS % 1] R R T
A5 5 0 3 0 A o A T o O | R o
(18 T T A5 1 5, BB M B ASE DL IR BB A I S
TR AT R o

BEXF 4 i SCP 43 5 18 I iy K B 2 B AN i
FE BB | HEURUN B v A ), Li AR
Wit T % 15X SCP Al /A i 25 A HE R ——
scPROTEIN, ZMERZLE G T 24155 5 7 2 [BlH
AR (1 K B fb AN e M TR A 5 5 TR G H2
>J B AR B A AR BB, ST AN A
TE B B | T BR A U B A i
P T 20 R S P e A G 5 T B — 1A 1Y fidk ey
%% . scPROTEIN A& T T Fp. 41 il 35 11 5T 20 45
T o3 BT 0 P SRR, I8 T L T 4 i SR
J5 . HEWRARIE | A0 IS AR B I PR A BT B 25 ()
il BT B 1T A0 5 2 U, AR SR v BT
SAYE R R K R R T ERIET .

JUAE 28 SR 5 8 A B A K b 4R T
T BRI f B 1 A B Y A BB T, (R AT
T I 000 S5 O v« A PR LA BRIE L A [R5
V) DAL 42 B A 5 ] R figp i 3 S8 ) YY) S
FE T4 Sh BCH v T vy )b L T LR 5] AR
P X —TFRAUSR T IRBN T, — R 5 4N &
I 20 2 L B R B2 i 2E o Lian 2 U995 %
T SingPro $H i, AR Z AbTEF: 1) RGHH
JE T T A0 gt X A0 R BF 5 B AR SCP i 4R 2
5 2) B 43R SCP AIF 53 19 S5 56 40 9 F1AT: 4] BT
F 5 26 14 5 (19 #3538 . SingPro 548 17 St i 42
204 T 5T (4L 45 129 T ) X BEBF 5T L 21 &
JE I AE 5% AN 54 TSR BT ), A O 6.25%
10° /™ 20 g A1 4 3 16 000 Fh 25 H R 19 SCP R
Hds . Wang UM —Fh2i 4 4 % SPDB, H
AT DR AR DBAR LR, ISR TR A 4 80
AN T ) #3424 41 L A 8 000 2 Fil 2 1 I
2) R AR R LN AR S AL A, R SR
xR I e Sk 21 5 A s A R s 3) B T
1, TR R S B AT AR 1 T 4 I RRR oA
Ab B, AR T BSOS Y — Bk ATt . SPDB K
I8 P g A A2 B 200 L AR 11 J5 4L 2 A o SR A 9 RN 2
W BIF A  r oE FH BE e T SRl

B2 LKA PR ) BRI R s B A A 5
AU ) AR B AR A . W E
BB SR R G ) R R 4%, AN AN ik
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IR AT i S oA R, S R R
ML A2 B, 5 BIL T 4 A A L B oA ohe g o =
7Y K AR T AN RT Bl f) FE R B

6 BEMMERRAFHNNA

200 AR P 2 A R OE DA BT R A Y 43
R A A G B B AN PG, E 20 A S A
Br . FEEDRSE . PR . R B AW s AR
FERIL A 45 S e 4 3l Jo 0 ) I %) o P T 5%

TE 5 BT 40 M 5 5 P 5 T, Specht £ IR
SCoPE2 *F- 5 X} 1 490 > B A% 4 e 5 1. 1 40 Jfd v
3 042 Fh AR BT AT 2 AT, S8R T B R 4 i
B BT AR AS S S B A A, R & et vl
FE TG AR A AL 4B I T R L A R B
Ao Brunner %:P%5@ i T-SCP T AR i iR 5 254 T
TR VR A0 AR ) S bR R R A, E— PR R
TR TR 40 A JE Y B BE 2 8] 6 B g S M . Mann
P BN VO S ) B 200 B T B R 8 B T T A A R
(scDVP) S B T /I B 41 i 26 13 )5 20 76 0 40 it
K- 23 TRV, ASAL58 8T 440 B A4 i e gk
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