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Random Forest UHPLC-QTOF-MS"F
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Identification of Different Tortoiseshell's Species based on Random Forest and
UHPLC-QTOF-MS"®
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Abstract Objective: Based on ultra-high performance liquid chromatography tandem quadrupole time-of-
flight mass spectrometry (UHPLC-QTOF-MS") analysis and digital quantization, a data identification model was
constructed by combining with the Random Forest (RF) algorithm to realize the digital identification of the species

of Chinese tortoises, Brazilian tortoises, Taiwanese tortoises, alligator tortoises, and soft-shelled turtles.
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Methods: After sample pretreatment, different sources and batches of tortoiseshells were analyzed by UPLC-
QTOF-MS". The peak positions were corrected, extracted, and quantified based on the mixed samples to obtain the
data pairs of Exact Mass-Retention Time (EMRT) reflecting the information of peptide ions. Then the information
about important peptide ions was obtained based on feature screening of information gain rate, combined with RF
for data modeling. At the same time, the models were evaluated according to parameters such as accuracy (Acc),
precision (P), and area under the curve (AUC) in internal cross-validation. Finally, the identification validation
analysis of tortoiseshell species was carried out based on the optimal model. Results: Based on the feature
screening of information gain rate, the 71 characteristic polypeptide information were obtained and the established
RF model has excellent identification effect, with the accuracy, precision and AUC all greater than 0.950 and the
correct rate of external identification validation was 100.0%. Conclusion: Based on the UHPLC-QTOF-MS"
analysis and combined with the RF algorithm, the digital identification of the species of the Tortoiseshell can

be realized efficiently and accurately, which can provide reference and help for quality control and the species

identification of the Tortoiseshell.

Keywords: tortoiseshell; species identification; machine learning; Random Forest; UHPLC-QTOF-MS"
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HEETEEFE CEILOhE ) . 1sHth AR AR (5
) . RALEERIT (LN ) | THLER (F
Ak ) B0, etttk (Hrso bk F Ak
PEAE, 1M FRERAE ) |, A ke
WS RS, fFEZeR. PR EKE R
TR,

eEE Il (BTik g ) | S BRIKMEAR (g
20 . W (@iga) X [ EESigmaAF]; &
G (fagkal ) W [ SEEFisher/A ) ; BRIREEL (4
Praf ) Wy E 2G4 AR R A FRA A 5 aliifok
AMilli-QaiK . HALIERE (0.22 pm) W HFEE
Merck Millipore ( Billerica, MA, USA) .

1
fa LT 2K fit5 He
i fr Chelydra serpentina (Linnaeus) EYGO1~EYG06 JiREeREE)
[ Pa Trachemys scripta elegans (Wied) BXGO01~BXG18 (e
g H Chinemys reevesii (Gray) ZHCGO1~ZHCG18 hAe iy
HiEEH Ocadia sinensis (Gray) TWGO1~TWG12 HI5R
e H Trachemys scripta elegans (Wied ) BJO1~BJO7 L3

2.3

JER R Bl SR R U R R AR e,
A DWR PR SRR, HS1 mg » mL 7 AR
s, AR B 2 kP90

2V RBEC ] . B %R S B R, FH0.22
o mGFLUEMET g, SR 100 WL, B g
ANHH, IIAJREE B L0 wL, $85), 7837 C
ZeAF N HIRBHF12 h,

BT RO . RSB PRERAS HEIR TS0 ¢,
J7K500 mL, Z&HI8 h, #IUE, MR TR .
SRIGBURCIR K K01 g, S0 mLEF, MA1%
TRIR DB A0 mL, HEFSAEEE (D)% 500 W,
Wi 40 Hz) 30 min, LA 190f R S8 1 WM B
B2, 5, H0.22 p migALuERRE Gt uk, Hsk
JEWR100 wL, BERUCEIEFERT, R A T
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B 3R 7k A TR A TR i P LA (5 1 1E
PRI
2.4 UHPLC-QTOF-MS*F

WABSAT . R HWaters Acquity™ UPLC BEH
Cig (2.1 mmx 100 mm, 1.7 pm) AR5k, HEHR
40 C, FEARERE RS C, #FHERAS wl; Wil
FHARO0 1% IR, TWAHB RN NG, Tdh

y@CRR i i ciunc

03mL + min~', FREVERIFEFIEILR2.

FEiE A B STy, BRI
F120 C; BYEHRIEN3.0 kV, HfLHEEH20
Vi BRIAFIEE K450 °C, REFISIERHE S 600
L+ h''s #dl RN R 2R mHER (LE) 517
SERF R A IR, A RIE OSSR A A et
FEEM., RHAMS® ContinuumR4ET X, i
50~1200 Da, FIHERHE]H0.2 s5 REAESA N FHATE
R, B R (R BE R I s B R A TS B A
2 BAMEA P FB F R B F . (RAE i
FIRETERE M8 V, e I A RlEE AE R 10~40
VIESEE RE 2

2
fffE] /min Tl A% TEhAH B/%

0.00 95 5
25.00 80 20
40.00 50 50
41.00 1 99
45.00 1 99
45.10 95 5
55.00 95 5
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QU™ MXSHEMWT : ESI+, i FA i [a]
(Rt) : 1~45 min, A7 IE R 3 B B 5 (H 15

AR T 0.1 9% 85 i W 9 B2 o LIRS RE G I RS IEAR
M, R LC-MSJTE rh 4B s 2 i FRORS Ay o i
% B3mtE] ( Exact Mass Retention Time, EMRT)
VER LM ENR, B9 e b E BT, #4550
LR ) AR A Orange 044 (2.3.5004% )
FHUAEH R A, BEX b5 Y B Aiis . 7EOrange
Bt R Rank D BE P 45 0 45 SRR T vk
SR TIRE , JF AT RIS AR R TR
DIEMRTAZZ B4R FR, B[R] 50 A5 H AR
TEOrange AT I Modelfbit iy, HEFERFF I HE N HE
PR, JF i BRI PP A B AT (Ace ) |
iz (P) . & T (AUC) E48hniEtT
BEAIVEMY, I R T A B A7 A B ik 4 5
VI
3
3.1
3.1.1 Ljmss

LIRS R ME R, 78 “2.47 T5rHr
SN, AU, BRI R F X ] A 2R
25 RO PR TC W BT, SRR R
PERGE
3.1.2 K EHBELIR

TE T P AR 8 B 0 (A
568.7946, B: 745.8721, C: 449.7609, D:
504.7789, E: 789.9175, F: 780.7051, G:
620.3572, H: 735.3932) BEATHEHL, FCLR B ]
BT L ATRSDIE /N T0.60% , 1 W3 F154,
SRR B LA

38
PREAISE] /min
A B C D E F G H

1 3.02 7.05 9.02 12.89 14.57 16.42 21.46 23.93

2 3.01 7.03 9.03 12.92 14.59 16.42 21.43 23.93

3 3.01 7.00 8.96 12.87 14.54 16.39 21.41 23.90

4 3.01 7.03 9.02 12.88 14.56 16.38 21.46 23.93

5 2.98 7.03 9.05 12.92 14.60 16.43 21.44 23.94

6 2.99 7.03 9.03 12.90 14.59 16.43 21.46 23.93
SEH(E /min 3.00 7.03 9.02 12.90 14.58 16.41 21.44 23.93
RSD/% 0.50 0.23 0.34 0.16 0.15 0.13 0.10 0.06
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4 8
it (m/z)
HEFEUCEL
A B C D E F G H
1 568.7946 745.8721 449.7609 504.7789 789.9175 780.7051 620.3572 735.3932
2 568.7950 745.8729 449.7606 504.7796 789.9164 780.7047 620.3580 735.3929
3 568.7950 745.8729 449.7607 504.7790 789.9175 780.7046 620.3574 735.3922
4 568.7956 7458716 449.7610 504.7786 789.9174 780.7048 620.3577 735.3932
5 568.7946 745.8733 449.7609 504.7783 789.9171 780.7052 620.3568 735.3921
6 568.7953 745.8729 449.7605 504.7792 789.9171 780.7054 620.3575 735.3918
T 568.7950 745.8726 449.7608 504.7789 789.9172 780.7050 620.3574 735.3926
RSD/% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3.1.3 HEMHLLS B. C. D, E, F. G, H) B84 E) AT ff LI

TEHC AR R A I S 8 ik i (A THARSDIA . HAR BA B ) A2 3 BERSDAE H/ N T
745.8716, B: 449.7603, C: 776.8912, D: 794.8913,  0.30%, {EWFESHIEE, 4RI LN TEEIER
E: 7959104, F: 727.3761, G: 971.4752, H: I, FFAEER,

991.5135 ) #EATHEHL, ids% L8 fagkig (A,

5 8
LR AFE] /min
FEAh L
A B C D E F G H

1 7.20 9.26 10.43 12.85 14.16 20.02 25.74 28.24
2 7.24 9.26 10.45 12.87 14.16 20.02 25.74 28.24
3 7.23 9.28 10.46 12.86 14.17 20.03 25.77 28.24
4 7.20 9.23 10.45 12.86 14.22 20.01 25.76 28.26
5 7.21 9.25 10.43 12.87 14.17 20.03 25.74 28.24
6 7.24 9.29 10.45 12.86 14.17 20.04 25.76 28.24
FHE /min 7.22 9.26 10.45 12.86 14.18 20.03 25.75 28.24
RSD/% 0.26 0.23 0.12 0.06 0.16 0.05 0.05 0.03
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6 8
JFamr kL (m/z)
R AL
A B C D E F G H
1 745.8716 449.7603 776.8912 794.8913 795.9104 727.3761 971.4752 991.5135
2 745.8723 449.7604 776.8901 794.8907 7959111 727.3762 971.4744 991.5136
3 745.8728 449.7603 776.8907 794.8900 795.9109 727.3762 971.4743 991.5129
4 745.8720 449.7603 776.8918 794.8915 795.9108 727.3765 971.4752 991.5132
5 745.8718 449.7601 776.8911 794.8914 795.9106 727.3755 971.4747 991.5130
6 745.8724 449.7601 776.8909 794.8914 7959110 727.3761 971.4747 991.5127
SEIE 745.8722 449.7603 776.8910 794.8911 795.9108 727.3761 971.4748 991.5132
RSD/% 0.0001 0.0000 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000
3.1.4 REMEHER C.D. E. F. G. H) 712 hW¥ni k. id%
EH T 8% (A: 745.8725, B: RS0 T I A4 B BF TR) DL R B P, 3SR SD
449.7600, C: 697.3407, D: 771.8804, E: i . HAR B LR B 7o FE A RSDE Y /NT
892.9515, F: 727.3770, G: 981.5090, H: 3.00%, TEULFETFES, 45 RV IHEE 5

1064.5565 ) JEF742H, iR @ikl (A, B, R 4f,

7 8
LR EA B ] /min
HERERT ]
A B C D E F G H

0h 7.09 9.11 9.50 10.89 13.24 19.87 28.84 31.87

2h 7.11 9.14 9.51 10.91 13.27 19.86 28.86 31.88

6h 7.11 9.11 9.50 10.88 13.25 19.87 28.86 31.88

8h 7.09 9.11 9.50 10.89 13.22 19.89 28.86 31.89
12h 7.12 9.08 9.51 10.89 13.27 19.90 28.85 31.88
SFAME /min 7.10 9.11 9.50 10.89 13.25 19.88 28.85 31.88
RSD/% 0.19 0.23 0.06 0.10 0.16 0.08 0.03 0.02
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B (1)
HERERT[E]
A B C D E F G H

Oh 898249 2741230 1322880 1295780 1818500 6643020 15997400 2373120
2h 914343 2749940 1323710 1292140 1928350 6906220 15311300 2301340
4h 877763 2642990 1270690 1284380 1828550 6986910 15310800 2273150
8h 893475 2661390 1286430 1213270 1842490 6722830 15560400 2299910
12h 918228 2608700 1298410 1297820 1804080 6728760 15879300 2351440

S 900411.6 2680850 1300424 1276678 1844394 6797548 15611840 2319792

RSD/% 1.82 2.32 1.77 2.81 2.66 2.10 2.04 1.77

TEHAT IR AN, 2% T (ks
TEFE I ) DA K A= PR o 3 BT ik Bk
o0 ), BENERME, BRE, B,
FOEMEIL T % %S, SRRV ) kL m
RUF . AR ME S R, REMEHE L i
T, TEIEAEZ LT, AR B8 min, 20 min
FEGy, BARBERAD T IS ER (RE
Fisk 1] — Joi Ay bE 535 OR BA F 1] — B R BE ) iE 47 i 5
(BAXEBANNERENLIER ) |, EIEEReA S, Jf
T HRSDIE., Jriks# B 5 R T I TEA [ i 2=
KRR — Bk, RIMIFARIATHERRE %S, +
BN LEAE A LockSpray A SEHF 347 i &A% 1,
AT R AG 0 235 SR e A e
3.2

BT “2.37 WURAEATIALBEA “2.47 TR ik
oA s, TEAEI R TR, BUCRERIN
12 h, FRECT 6 I A R Y B E E, =
FI L NTRI afe F A R g o sl (B Ja k) T
A1

WEIR, R, A5 e ) i
W 8 Yt PRI A e 22 5, R WA I 1) 22 IR 4
SEANIR], ik AR 2 S R B TR AT R A AR
O SEBE T XD A ST AT
AGETTEEILLT, AT LA R 256 1 % . (B
BEE FE G RN AR 2 S 0 e, ARG AT
TEEIEER, MERSCRIEIR, HETARZE AR
BTG AU oA, TE o AR . i1

P& b NS

B—B0rE, RERERRAC. Wik, AOEf SR
i BB E LS
FEUHPLC-QTOF-MS™ 1, B dh Ak #
B2 T (PR NRILFE 258 ) 202048 hig PUiaE
3405 Bk IR A AR 450, IR 225 T B
[ S5 ] TN A BRAR A5 1, o T A &t
R T EEER 100 w LA IR A A W10 p L
AR Bt iE] 12 hUO7 i H A T R AR 4 A
10 ~30. 10 ~ 407110 ~ 50 VI, £ty B g

R, ZPRRVIAHERE V10 ~ 40 VIRF, I
BENFE.
3.3

e FIRRRIE G e AL A v, SR T TR B Y
TR AERIE A B O R TR B 2T
AR . A7 B 2 Sk 2 il ) T MU 2 1
TS, ARG AIZFIEAS SRS L, & IE X
— )AL, AT SR A i e N R R I e G 3 2 R
¥, BETAFREE AT R Z T, BT
AT MM T2 B s A TR A, S B TR R
ERMEZRE T Fitl, SAEEZA I TR
i 1

PIRARES NS, XSO HE A [ i R
ol BT B TR 1, M RIE A se %
R 531623 N EMRTAE X, Horp Al 55 A ) 3
Ji e AR S 2 I B A 1 22 IR 8
W BB S A Orange MF (2.3.504 ) , it
Rank ) A5 B3 65 R AR IR e 50, AR T
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0.6 M ErRAE, TSR T X AR SR W%,
FE RTINS R (EMRTEE N ), HAARE
I I
1007 EH 100+ . 36,5?6'86 BiEA
1 1 028 2005 2348
] 311 11.07
1386
] ] 110 3201
ar, il 1447 2824 3713
3930 49 59
231 F0 _
0 ‘l‘.ul‘.“‘.‘J.—ll‘—‘(.“...lu.“.u. t/min UV A POVARREL e tmin
10.00 20.00 30.00 40,00 10.00 20.00 30.00 40.00
I
100 %55 i)
128 701 am 200 o,
& 37.11
4078
0= AN B AR RS SRS R t/min
10.00 20.00 30.00 40.00
I I
1004 2882 "
10.00 20.00 30.00 40.00
1
9 71
RIS A W55 RAH HFNEAS 5 3R FRFAS L]
14.63min_884.9539m/z 0.835 15.54min_758.3643m/z 0.673 1.31min_450.7314m/z 0.628
1.03min_465.4207m/z 0.813 17.84min_1011.7288m/z 0.670 13.47min_936.9782m/z 0.628
15.02min_884.9540m/z 0.764 17.84min_1011.9798m/z 0.669 1.39min_171.1134m/z 0.627
4.37min_673.9952m/z 0.755 15.10min_962.4753m/z 0.667 4.43min_621.8022m/z 0.627
11.78min_958.4691m/z 0.755 8.46min_278.6646m/z 0.667 16.00min_855.7395m/z 0.625
11.78min_958.8033m/z 0.755 8.80min_734.6900m/z 0.665 9.66min_615.3233m/z 0.625
20.27min_838.7611m/z 0.755 9.29min_579.9566m/z 0.659 4.91min_197.1292m/z 0.622

zhgysh

ceaics A S



1016 2024 9 38 9
FHIEAS BLETENIE] FHIEAS S EENE] FribAz i BETENIE]
28.82min_981.8430m/z 0.755 9.29min_580.6249m/z 0.659 4.20min_523.5595m/z 0.620
9.65min_932.4413m/z 0.753 4.37min_673.6611m/z 0.658 9.06min_425.2096m/z 0.619
28.65min_725.4564m/z 0.736 28.82min_981.5086m/z 0.658 7.75min_869.9058m/z 0.618
12.73min_578.6248m/z 0.732 5.37min_730.3726m/z 0.656 12.38min_580.9616m/z 0.614
15.98min_1282.6057m/z 0.732 14.04min_593.2984m/z 0.652 20.47min_795.9348m/z 0.613
13.32min_798.9033m/z 0.731 7.67min_1088.0208m/z 0.650 8.43min_769.8832m/z 0.610
2.10min_523.7603m/z 0.723 9.70min_646.8397m/z 0.650 7.72min_530.2933m/z 0.605
11.20min_575.2924m/z 0.714 20.27min_838.0940m/z 0.644 12.38min_870.9383m/z 0.604
1.12min_328.1748m/z 0.712 15.74min_629.9932m/z 0.643 1.73min_448.2153m/z 0.604
1.03min_581.5244m/z 0.710 12.06min_754.4089m/z 0.641 10.09min_883.1003m/z 0.604
14.68min_534.9338m/z 0.706 11.47min_734.3618m/z 0.639 11.47min_1100.5366m/z 0.604
21.70min_1047.7575m/z 0.705 22.93min_1043.7592m/z 0.634 4.22min_641.3137m/z 0.603
11.00min_771.8801m/z 0.704 15.60min_849.4041m/z 0.630 12.46min_750.3613m/z 0.603
15.74min_629.6597m/z 0.696 8.46min_425.2083m/z 0.629 8.64min_816.4094m/z 0.602
9.66min_250.1537m/z 0.692 11.74min_574.6247m/z 0.629 29.98min_781.5181m/z 0.602
11.20min_574.6247m/z 0.690 23.97min_650.3390m/z 0.628 35.01min_385.1910m/z 0.602
9.88min_937.1181m/z 0.689 15.75min_943.9855m/z — — —

SRSk E, LLlA%ﬂ S ( EMRTEIE

X)) SRR G M NS, Sl IEARIE SR
Ff5 B \ﬁﬁﬁ%%ﬁﬁF FEIRYRFAE AR, I
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