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Abstract: Data independent acquisition tensor (DIAT), a specialized mass spectrometry data format,
is intricately crafted for acquiring the meticulous processing and analysis of proteomics data through
the advanced methodology of data independent acquisition (DIA). Compared to conventional
approaches, DIAT technique has the advantages of the seamless processing of data visualization and
efficient deep learning model training, ensuring a convenient user experience. Despite these merits,
the DIAT mass spectrometry data format remains a relatively recent introduction. As a consequence,
comprehensive principles and methodologies elucidating the nuances of this data format are
predominantly found within the confines of specialized literatures. Furthermore, the absence of robust
software platform supporting for the utilization of DIAT format data is a key impediment, hindering
the widespread application in various scientific domains. In response to these challenges, a
meticulously designed software solution for the comprehensive handling and analyzing of DIAT data
was introduced in this study. Leveraging the robust capabilities of the PyQt framework, the software
embodied a spectrum of functionalities intricately tied to DIAT technique, including DIAT data

format conversion, the intuitive visualization of DIAT data, the training of classification models using
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DIAT data, and the accurate prediction of DIAT data labels through the utilization of trained models.
Crucially, each of these functionalities underwent rigorous test using authentic mass spectrometry
data. The test results unequivocally showcased the prowess of the DIAT computational software,
empowering users to engage effortlessly in complex DIAT data analysis. This not only lowered the
entry barriers for users, but also injected a renewed vigor into the field of DIA mass spectrometry data
analysis. In summary, DIAT emerged as a trailblazing mass spectrometry data format meticulously
tailored for the expeditious processing and analysis of proteomics data acquired through the
sophisticated techniques of DIA. This study introduced a groundbreaking software solution, which
was developed on the robust PyQt framework, aimed at surmounting the existing limitations
associated with the nascent DIAT format. The implemented software was validated through rigorous
real-world data testing, not only facilitated sophisticated DIAT data analysis but also significantly
contributed to enhance the accessibility and dynamism of DIA mass spectrometry data analysis. This
innovative approach will hold immense promise for advancing research and applications in the ever-
evolving field of proteomics.

Key words: mass spectrometry; data independent acquisition (DIA); graphical user interface (GUI);

413

deep learning; visual transformer

Jo R AR T N TR R AL 2 E s
FE T B ST R B R (DIA) U 5% 2 A i 7]
B SR £ T A 09 B8 R o 5 R T IO A R AR
(DDA) Y 5% 3 AR PAH Hb, DIA HA7 5 A4 ] &
SRRV 55 R, AR S AR UL TR A E AR S E S, 1E
AR YR T A A B

B AR AR R 4 7k 5 (DIAT) J& —Ff DIA Ji
TR a2, AT T A BRI A DIA B 1 R4l
SRR, BEUE K R UG DIA Tt 3% A48 5% 4 o ok &
13X, Tl AL A AL BT A B 5 5 . DIAT
BRG] DL B B TR B 2 S PR
ARG IR 22 8 4 2 L AR bR AR W & AR 4
B i, ] DIAT B o7 R B 2 > #5 7
I S B L S 20 8 o 2 = o N T
FEAC Y 4325, HOMERR %5 1k 0.968", /& F H i &
FH 0 35 1 2R 1 08 B 43 B 7 3 A9 2 Y oE I R
0.933', 4k, DIAT A LA A DIA 5 (4 i 4 24 50
5 118 Ak 353 BT B AT 1 JEL B RN

S DIAT ¥ 245 i 203, 1 B i i A&
B — FKRE 8 58 4 S FF DIAT #% =X 804 19 41 14
T, X 45 HAME) T RE A AT R TR BT, HF
SR X T B = g AR LAl 0 P, £ DIAT #% 5K
B E 4T DIA T3S S 2 Fr R mi B T TAE R
S, 15 T DIAT #% 08 199 %2

T REAR DIAT A% =8 i 6 0 T T4, $2
HAE 5y AT DIA 53 55080 B 1) £ R 80, R el

Pt — 3K T PyQt 1Y DIAT 44 4 4, % 5k 1
AAE L L s F 18 10 i34 55 T A 5 DIAT
BRI K D RE, 445 F A T gE Can £ 4% X 5%
e . DIAT #% B (14 7T A6 ) A5 T8 24 2 M
KB Ty Can i A DIAT %08 Ul 2 A T BE AR A
FISEFH W 2R A AT AL DIAT REA K AL 47
T ), A B2 R P AR A MR DIAT %40 2
TR 250 o

Windows Linux MacOS

% 3 L

Computing platform for DIA tensor data

I
v v v

Visualization

Format convert ||Machine learning

B 1 DIAT itHF &KL E
Fig. 1 Overview diagram of the DIAT

computational platform software

1 HHETEEFITPH Qt H#A

A SCHE ) DIAT 04l 1138 54 J& 7F Python
WEE NI LM . Python &I JIIAIE 5, A& IFA
B A& EIEALH ;38 5 5 ( graphical user interface,
GUD FF & Tite, B il T Hg KA i ek, &4
HVF LM GUI AL B ZET] UL AE Python H {d A, H:
o, PyQts SRR K . P RRCE R . Bk, A



414

(i1 O AR

WFFE B PyQtS 1E M F Y GUI A HESE

PyQt /& 3t T Digia 2% ] i K ) B E 8 77 42
H1Qt 1Y Python #% 1, Hi 1 ZH Python FEHLA4 Al &
1 M GUI R P9 T HAd, i Phil Thompson
F & A 1998 4F 1 KK Qt # 41 2] Python [ JB
B PyQt LIS, B4 %4 T PyQt3, PyQt4 il PyQts
3 EERA, H AT A PyQts.14,
PyQts EA LLF F 2R i A Qt PR #EAT 58 42
e G 5 MG HLE AT A R T R E
PEAT GUI AR 5 JF & 10 B 1 9 5 A F 41 A
1t 620 A2 FE 6 000 4~ bR $ K s T LABS
BT ENA W EEHRE RS L, I UNIX,
Windows Fll MacOS 4 ; 37 ¢ i 1 Qt iy nJ #i 1k
BTt UE AT BB A &, IR A o A
Python {C A%,

1t Bl PyQts 1 3 K T RE AN €8 1) T R A%,
AT LR A b 2 B0 4% P 2 5 P B i (UT) g
FEIF, AL F5 (H R BR 400 A B0 W0 1 52 1 g | 1823
AR ETE A P S, SEIEh A BE e AL L L
Bty gt [ SO B R D 7 %8 . PyQts if
R RN G ERAE T w0 TR, LLE AT
%, Ml & N D RERS B 1 T N AR D e Al A
PR, T8 KT R SR L R i . T
WRYIFHEEZRER T I L, PyQts #h
il & AR AL T — KA TR, K ) AR L
52, Sy P AR A R Y 1 AR

2 DIAT HEE &R
2.1 REMZEEIET

DIAT it & {4 J& — 43 )2 42 ¥4 (layered
architecture) ™, JLA4 7R F 8] 2. 3K Fir 48 44 1 Bk
PR N ZRAC SR, 2 — B UL A B BT 4
B RN R TR 50 242 )2, R A R
SE (T REFNAT 45110, 3 J2 A 308 5 K AN [ ) 2
RERLHL S TR WA 6] B9 J2 IR, AN R IR 14
Sy RS S, ELAG T BT Y 4 RN ER BT, (AR AR
PRl HEAT R4 0wl ok, A AR B3 7T
DL Sy M I & L Il R Bl 45 AN R R B D) e .
() Bsf, A TE 2 PR R 3 4 R0 4 S 2 A IhST 1 2
RN R AR LT 7 2K, TS B
M2k, I REAR T 2 2Z Rl AR 6 B, #2051
A M RS R YR

ARSCB R B 53 4 2, BDR] - ST

JZ M5B )E B 5 R R AU Z

FH P S 2 R DIAT 5844 i AWLEE B
JZ, 7 PC ¥ (£ 45 Mac, Linux Fll Windows & 4t )
R AR ST T, R P T LA aek ST v Y 2 e
TEIG. JA H BH A g A HE S5 2 A 1) PR R 1RO
[ f49 4 4, 34677 LA 3 ok ST v A SCASHE A R
P (s AT RS R A 45 R 455 2L

b 55 22 48 JE A IR Y I AZ 0l 55 12 B
5 b BN IR PP 90l 55 BN AT ge . A< SCrp
FR Ml 55 2 22 32 AR R FH P B 2 v A I R AR
SRR b B A0 2 5, SR ) B AR IBUR K
T R AR IBOH S E A , B AR U, ol 55 32 )20
Fiz FRUVE A (0 530 Ak 32 SR A AR, O 7R R Ab
PRSE R BEAT DA BUR R A5 TAE

Kot U5 18] 2 87058 5 80 IR (B 1% . S
ARG ) IAT A H,, SEALEUE I B AHIE
BERAE . AR SCIR B 2R A, %R T A
5 raw file reader, mzML file reader, mzXML file
reader, diat file reader 5 U L HUERAE, DL save
diat file. save mzML file. save mzXML file, save
image 55 SCIF S ABRAE, 550 Mk 55 2 3 2§ {1
HETBRRAVY & L VIS LT SEYN &/ =

B 2 1T AL A B AT R
P2 B 5 1% Bodh , AH T — A 175 B0 T &
g8, R n s AT AR RS S I BE S
22 HERThREIRIT

MR DIAT 48 19 3 200 3 5 DL KAl
DIAT £ 4 47 43 7 I 9 55 0K, % 5 D g £ %
A 475 38 5 3 s % 5 (L 4 .mzML, .mzXML
45 ) F DIAT #% 2C W AH B AL . — 28 5 4 BT % 4%
i 4 3 CLE i raw 4% X)) ) DIAT #% 5K 9 5% 1k
DIAT ##% A& 46 19 nT AL '€ 7 . DIAT 4% =& 4l
Y 252y A L K% fi F DIAT %040 E 47 26 AL 15
Mg, TR 3.

3 DIATHEFEIEEAIHN

A CHE Y B DIAT 3538 84k & 7€ Python 3.9
i AR IR BE T HF & W, A PyTorch1.9.1+cul02 i
TR EE 24 SR 2k AN T, PyOpenMS2.7.0 4k
PR S KA, PyQt5.15.7 #4  JT] 1 A 4 1) 1R R S
T, [6 0515 B NumPy1.24.1 47 & 80 B -4
FVH I 4b BE i H HSpy3.5.0 2F 17 808 17 6% 5



B3 ENEEES . BUEAMKIUR & K R AR T A A W & 415
PR R TR (DIAT ) 3104
I
[ | | |
DIA % DIAT % JLFDIAT
itk | [dgrnte| | s | | GETDC
i 4 JEs HRI2: R
A
iR ] 7
A4
k55248 )2
L e AT ME i FARVTT
IRBIEASEG | | ieREdE S IR B AE, iR,
A PR R AT A RGBSR | | R E,
TP 2 AL R FFUR I A5 WAL LA,
PRAFEE S PRAF T It R PRAFUNZEH T4 R Fm)
PRAFAR IR
A
iR M Sy
y
Bl vl 2 Raw file reader DIAT file reader
mzML file reader Save weight file
mzXML file reader Save mzML file
A
iR M i
y
B | B TR RS 530 (raw files) |
| ST SRS SmzML S (.mzML files ) |
| ST TR R smzX ML P ( mzXML files) |
| JEHARAE TSRS 2, (DIAT files ) |

B2 HiRdEREIR K BRI BRI E R 4 2R

Fig.2 Architecture diagram of DIAT calculation software

A R A B Tk A ( DIAT ) JFo
F AR | AT A VR 27 2] fidie
BrooEwooR& | AR R LA AR BEOER U SR
A A GG L | e 2 T
K o A% B |4k B B oAb | BRI TR A A TR
RV W A I R GO RS 730 [P B 7 11 IS A v v
CRECEE S SE RS RE B TR A ST
EE T (57 N i = S
E VB EE R OR Ho o R
L PR B A B R
| pEpEIR] bEL D
b o

3 BeEHThEE

Fig. 3 Functional design of software

P, BRI, FF R IEE ] AMD A5700X CPU
FINVIDIA RTX 4070 GPU g4k fitfa e it &
PEREFIRE 2= > ek . FF A& 3t #E v, ffi ] PyCharm
Community 2023.1.4 /E N8BT & A5, G 464G
St . R OR A 45 i A T BE

AR T g B 3 KB ks L1
B, AT AR HRRI R B 2 AR X B O
il FHZATF BRI 7Y DIA i Bos CE 4 1,
JEUhR 3 B A7 7 iProX (IPX0001444000) H1 .
31 EXBHEDR

s LA S B R R R T & 4, BE 5y



416

(i1 O AR

SR B L MR L B A A RN BCE R A 3 D O D
R, T4, ik MSConvert #4 J5U 6 5T 1% ST 4
77 fE A ] Python 52 B mzXML 4%, —H
W T3 SO BB A A, RDEAT B R (R

A M SR HRAE, SR 5 X e LU AT 0 A . o0 A
SEIU , 1 I8 DIAT XU Y 3 /2 RS Ak 21 Y
ol O A A, 130 1 FP 4R 5k R, JF
KRR R AT diat SO

: AR | ¥ :
| B Se4bi e g | |
im | osean [ fMS2 o on ¥ D| !
eI index, scan |i! % bax] wH | 1l
e I v e i i D i
| o8 [mscomvertmaxnar ] FEE | evel gkt | equar | I JCBM ma [EOLL i | a |
' —» - precusor [iy _ I . T g '
s | B LR St S center E:get_wm_cycle n;?i Zrigf Binning | £ Reordering ] ; EEEEE j]; E
E A mlz, EE cach gﬁ!il"J1EF Sji E E ]
| fragr/nent g window - *:]X) L |
' miz, | A | h (S
' . fragment | VR

Hdisr intensities E: Kprileise b SR

'
\

4 BRELIHEESHiRE

Fig. 4 Format conversion function implementation process

& XA D e AR T 5. 6. Hi,
5 2 H A A% 3 (AL 5 .mzML ., .mzXML) 4 Ji i3
S ) diat 48 AR P 28 B K] 6 2 diat
& B 1) A A% X (B2 45 .mzML Fil.mzXML)
JBT S S AR A P A8 B

" DIA Tensor Player
File

To Tensor  Tensor To  Model training Prediction

O TimsTOF O Orbitrap O Sciex

O mzilL © nziiL

Add files Clear

E:/D_Codding/D_Codding/python/DIAT/
A20191004sunyt_TPDODL_B8_100. mzXNL

DIAT J& 1 3 /™4 J& 2 B %) MS2 58 Ji {8 5K
i, 0 N EEE R TR IR R T, 5B 2 DR T
OYFA, 5 3 AR SR MS2 B 1RGP, e i diat
b XSO R, T2 3 A LB S HOR I
Jo e LY 43 0438 B FIORS 40 B2, 4 ) Sk B /)N I

Mumber of processes

m/z minimm 400
i Please set reasonably
'z maximm 1500 based on your device
m/z bin size 0.50 > 0
Submit Cancel

Select meXML as XML file format!
E:/D_Codding/D_Codding/python/DIAT/
A20191004sunyt_TPDDL_b&_100. meXML_D. 5_400. 0_1500. 0. diat
generated!

5 AR DIAT HiEH AP RERT
Fig.5 User interface display of generating DIAT data



B3 AR BAEARMOBUR A KR B R T S ITT R 417

DIA Tensor Player
File

To Tensor Tensor To  Model training Prediction

Tensor upload mell/me¥ML  Visualization

E:/D_Codding/ Subtensor file

D_Codding/python/ Upload
DIAT/

A20191004sunyt_TFDDL
_bB_100. mzX¥NL_0. 5_40

0. 0_1500. 0. cooDIAT mafl. generator

Run Fun

E:/D_Codding/D_Codding/python/DIAT/

Mumber of processes

Please set reasaonably
based on your device

]

mz¥NL generator

A20191004sunyt_TPDDL_bE_100, mzXML_0. 5_400, 0_1500. 0. cooDIAT is converted to mzML!

B 6 DIAT #iFEmEMEBiRFRNARARERT
Fig. 6 User interface display of converting DIAT data to other formats data

AN NI Wl A LR T e <D AN RS 1 & & 17
i FH RRORS 4 1) S5 £F LG 4348, DIAT WAL & 145 2
S22, [R] BFXF B ) diat SCPF I 5 B0 A7 A% 2 )l
SIS, 3X G5 I B2 A BTl R TROME R R . BT
A, LA FH 1% Joi o b i Rl AR a7 B 238 R 7
BRI S B 15 100 AT 0 R

7 A B diat 4% 3K PR 9 B o B o, Rk
N 5 2l 2k BT A2 R R PR HE i O TR
S diat SO 5 500 A X SR b s X A
PR, AR5 sy “Add files” H 1, PEFR T H
Ak TR SO S AR N SO 44 1 8, Bl P A S
PHE B AE R A2 T 0 SCARREH B, 78 1AL S
SRIG, BB BT B S A AR 3 B
SR, ity “Submit” $HL, TG IR E 1S5
SRR S I TS SR, ek e S FE R AT
i1 SCASAE rh 23t Hh e 1 58 56 ORI AR AR B
Ak R A FERT (5 B .

14 .diat SC R 55 10 Ry b T RS A% =X SO R
I B 5 AR AL, HRE N BT B i “Tensor
upload” % £l , 4R J& & o 75 B 5 L A% 20 AY .diat SC
PRI B AR RN SO 44, i) i B AR SO 20T T
(9 “Run” #%£0, BRI I6 e Ak, 3 b i SR B

i L0 1 235 AR OB 43 0l R R R ST 2 A4
SCARES, 78T 60

AT A o s X A ASE B i A7 7 B0 4K, il
FHON T B BRI 25 55 DIA 3% %5 40 4 0 A [0
Jo 1 D KR 1 1 AN BEMLR AR, B ECT 10 A
T SCHE o RN LR B S raw A 2, BT DL
MSConvert X Ji& i3 5T 33 Kl 4 1 47 187 B Ak 24, o HC
AL . mzXML A% 2 A9 3T 35 250405

fifi 1 DIAtensor™ {4/ Sy it BESZ 56 1 T AL,
{8 H H 8 T .mzXML #% 28 /4 5 3% %54 7] DIAT
B AL s A R T R 3 28
BB M 500, 1500, 0.5, SR )5 T 46 %% Ak 10 4>
SO R B SO T B AR, 25 R 51T
1, TR S, LI M AL FERT AL 1.1 s,
X} REZH ) TR AAERT y 69.5 s, FRIIA SCIETT
A ERAF AL SO A YRR T DIAtensor #0474
3.2 AIRALEERR

AT AR AR AR e 1 4T 55 2 K . diat A% 209 T 2K
I D MG a5 A 4 T8 2R ok, XA AT LA
i FH P % BT A AT B A SR AZ, 3 AT DK T A
A5 20 0 BB TR BE 2 TR B3I 25, DT 52
BUREAS B 3 2 T | 2R P bR i W 0 K BLAEAT: 55



418

FrougE kWl H4s B

F1 2 ML TEMFERXTEE
Table1 Comparison of time consumption between

two format conversion tools

W P Timels
Test file number BRy| popists:l
Experimental group Control group

1 1.0 68.7
2 0.8 70.2
3 13 71.9
4 1.0 68.6
5 1.4 69.9
6 1.3 70.4
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