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HHE. WSS, RAMER AR TRZEME (SNP)
[38] 1 F MAZ o PR EE o} 2508 HhAar il SNP, - I de 28 % H 4%
2> SNP Hi .
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B 1. AT AR SRR . (@ FHRIEG (b)) ZEFRA ST MBS RHEE R RE; (¢o) SARPLLMAEAY; (d) QSMOTENH%; (o) WiTIKHE
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BT REAEA AR R 251 . Wil 3 s, SARPLLM
HE=ASPIRA . BRSNS TR @Bmeor, L
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Gene1 Gene2 Gene3

Remove core genes Sample 1 0 1 1
—_—

Sample 2 1 0 1

Accessory genes existence matrix

MAFFT - SNP-sites

Core SNP matrix

Antimicrobial resistance matrix
Antimicrobial 1

Antimicrobial 2

Gene 1 Gene 3
Sample 1 0 1 1 Sample 1 S R
Sample 1 0 1
Sample 2 1 0 1 Sample 2 R S
Sample 2 1 1
v v

Chi-square test

€y [

information maximization

Key accessory genes
existence matrix

Conditional mutual

(Eq.(2))

Core SNP matrix

(b)

Key core SNP matrix

B 2. iz E A AT MRS F RIS . () ZRERAGTTRTAERE: (b) PPRILEEN TIERE. MAFFT: Tl Rt H 2 7

HILLRS .

RUAESE AT 55 I s R CL R . AEAESS T, FRATIR AL
PARFE7R, {8 SARPLLM B fifas A KicHs (5 SCRTiU i ot -

“Prompt”: “You are an expert in Sa/monella antimicrobi-
al-resistance prediction, and you will receive gene feature se-
quences. Please output the prediction results.”

AT R SRR RERT R 1E N RS B4 5 4
TR, I HLH A% 0 SNP RFAE AT B Ja A DR A4 8 R 21T F) A5
HKAE L PRI ERATT PR X P AR AE AR U 0 B AR
SRR BIE RS fEIXHE, JRATKEZ O SNPRHE
MG R “*7 “A” “G” “C” 1 “T”, Wil RmR
TR BEFEA HIRZ 0 SNP AL RPN “BRARAE” “ BRI
LIRS CRIMEE B R . FRATTIE R i B A R
FAERHET R T RME R E N “17 8L “07, LARRFEER R
T HBEVD T T IR B AR IR A

HI T SE AT I TE [41-42]48 K SRR T 1k
AESE 2 MU T IERA B, TOASRRRAEAARR, RUb AT
FeAH T M PUER A, REUA (2) PP
A5 21 (R 2 IR A7) b 1D B T 24 1 A A )R
FE G, BRATAE 20 455 5 R 8] BR A 5] (T 245 5 A - 2
“Input”: “AMP: A C * 1 ... JEILIXF 720, FRATE HE
B 545 SARPLLM 1] LU )T

2.3.2. AN

SARPLLM #& % T Qwen2 A iE 5 #i7[28]F1 LoRA [29]
FERI . HEAAMYL, SARPLLM Kl 44 Qwen2 [28]11)
FNZRRTE 5 B N Ay K88 . ARG, AR
PP i 24 P B30 4 3@ it LoRA 77V I 25 SARPLLM, LA
R WS U MW NN T TR G ORI s o e O B
BE. b, LoRAZ—FMZSHmiol ik, KAERER
BT PR R AR [29]. SARPLLM Itk fr) T0 0 14 REAE &
REWS M H LI 25 Qwen2 rh g AL FE 132 R, R B AN 75 2
DBV R ST R 25 FR 10 Bl

1T 15 5 AR A DA SR s 4 2% B ) 15 L R e AR
B S AT S AT RO A AL B [41], DA IRAT 16 A BRI RIS X
PR [321 R SARPLLM . 5T I T Bl i8] (4 4 A )1l 4
FEAS, JATE SCINZRBAR AN -

“Prompt”: “You are an expert in Salmonella antimicrobi-
al-resistance prediction, and you will receive gene feature se-
quences. Please output the prediction results.”

“Input”: “AMP: AC * 1 ... 0”, “Output™ “1”.

2.3.3. SARPLLM il
TEfH SARPLLM 2 J&, FATM SARPLLM f# 47 &1
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Antimicrobial resistance matrix

Antimicrobial 1
Sample 1 S
Sample 2 R

Antimicrobial 1

R :
N :

T Data consolidation

Key accessory genes
existence feature

Gene 2

Key core SNP feature

--- il : :
--- et : i

Gene 1

Step 3: SARPLLM prediction

“Prompt”: “You are an expert in
classification, and you will

output the classification results.”

“Input”: “Antimicrobial: SNP 1

Test datasets/ SNP 2 Gene 1 Gene 2...”
answer ’

“Output”: “1”

Test datasets/question

receive feature sequences. Please

Step 1: data consolidation and prompt engineering

Prompt engineering

=,

________________ 1-

Salmonella antimicrobial
resistance training datasets

“Prompt”: *You are an expert in
classification, and you will receive
feature sequences. Please output the
classification results.”

“Input”: “Antimicrobial: SNP 1
SNP 2 Gene 1 Gene 2...”

“Output”: “1”

Step 2: modeling and fine-tuning

{a Qwen 2
, LoRA fine-tuning

SARPLLM

/

3. SARPLLM AR EIE=AP T, BIREA MR TR, @FEMH0HE, L& SARPLLM Tl .

B NFEA T A 5 SR . pR TR R A T A

Z AR T IE B BB, T R RFAE 44 PR [41-42], BRI
SARPLLM R FEHH “17 8L “0” SRiERFEAR TS AA
ZGPEEREURE, AT EH “resistance” BY “sensitivity”
FISCAR T4 . i, Witk SARPLLM#id “17, 4%
TS 1 B 4 T 485 ST A B PR R 241k

2.4. QSMOTEN 1%

FEAA T, FRA1HE T SMOTEN 53 My 2 7 A0 4k 5532
QSMOTEN, JFHR M 1 — 2k i 1] A0 FH 2k B WSt 7 vk sk
I QSMOTEN $3%, M Ay 2% fige 470 A2 2% 1 24 4 o ] v i
ZIFURID T IR B FE A SR I 0 2 22 Rt TR oT %

SMOTEN BiE[ 18] 2 £ 4 T J7 2 4fs (1) SMOTE .32 1)
Utk . T AR RV T IR R R AR (1 SMOTEN 53 11
WIS e B, A4 75T & 1 5 1 QSMOTEN
Bk, ZEEE AU kA R R,
FHIER AR FIE GRS N B T2, 6 SWAP IiK[33]4k
A SREA 22 T B B . QSMOTEN S92 J Ho e 14k
%03 L 1A 4 53R

H3%1 QSMOTEN ik

Input: Original dataset 7= {(xl,yl),(xz,yz), ...,(xN,yN)}, x, is the sample

feature, y, is the classification label, N represents the total sample size, and i

is the ith sample. m is the multiple of new sample, and ‘¢>i is the quantum

state of the minority class sample characteristic x,.

Output: Generated dataset G

1: Use the SWAP-test circuit to obtain the similarity between quantum
states ‘ ¢>[ and ‘ ¢>j, and then find the top k£ nearest neighbor of each sam-

ple (x,., y,.). K is the set of nearest neighbors, and j is the jth sample.

K= {(x“,y,.),(xiz,yi), .,.,(x,k,yi)}
2: Randomly select m nearest neighbors in set K to get a set M:
M= {(xil’yi)’(xiZ’yi)’ “"(‘xim’yi)}
3: Interpolate between each sample (x!.,., y,.) in (x,, y,) and M to obtain a new
class sample y,. « is a coefficient:
Xpew =006, + (1 =) xx;,a~Bernoulli (0.5)

4: Add all generated samples to 7 and obtain generated dataset G
G={(x1.9)(x23,) - (xy02) |

2.4.1. BTG
X T REAREE S={4|i=0.1,...(N-1)}, A FEA
FARRAEA R, BAFIERZ WA TAME 4=



Quantum state

} SWAP-test
encoding

[0y H®
0)* b'¢
|0)j8a H®3

|0)J®b X

Auxiliary H H

Bl 4. QSMOTEN Sy 1 & 72k i th B il /- 4 . 7 4Rl SWAP I
Wo in HIMER; ji BAMER; a: BTMMEE: b BTAEE.

00 =0, 1o F=13x,=0,1, ., T- 1, F> 1, T> 1) X L,

NFETRBBEARR; ¢ RERESTIEINTE; x24T
FIEF N FEASFIE . QSMOTEN B AR (3) K45k g L
KU FRETE:
8),= 3 Sl ®)

KX, a=[log,F] b=[log, T}, I H |x,) e {l)]t=
0,1,2,... b=1)}o aEmFMMIERE, bH2ETFIME
B, vERESEVMSERRE: Yv2FI, |x,) =100,
X RTF MR . |9) SERER ¢, T4

EXE, BAVER T B TA0H &R,

(1) AT BT ARIE 107",

(2) A1 Hadamard [] (A N T a i &1 LAk

(AR D ], PERFFMELHREIL. Hlhn, [0110)FR
FEANAS (R R 0110 %78 1.

a+ 1 a@_
H™0)" = S 10y )

(3) RATNHZHEHEHINOTIT (MCX) ¥ afii T
PeRs s EoNIERIAL. A5, AT Pauli-X T TR T b=
FHAFURERE. ETSHERTUHAAR (5 FR,
Ban, HafimE T HRFRRVR, b2 T R R

%j'\j x[v>°
6 =MCX(1 32107 )= 215 5wl )

2.4.2. WITTIRBEFEAZ A H AR AL
QSMOTEN S TSR 2 8] FR AR ABLEE R I i
kA AL AR FEAEAS o ARADLE 3 ST

Sim(¢.4,) = > (x.0x,) 6)
Ay x, NTEFREARRIE: O RSN EAE: ¢, WAL
SHIME N ITER .

mE 4, RATKRHSWAP 4%, @l T
AP EALUE AL 6) :
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BB izéﬂi%Uﬁﬁﬁ‘%?%ﬂ@ﬁﬂ\@jﬁﬂﬁﬁﬁﬁ
EWE T WRHE AN, RIS — A& 7 LR 4G
4107,

FB’2: %4 Hadamard [] (FD N T4 &1
Fedr, FFAEHT B & 7 L A1) B, S A Fredkin [
(CSWAP) LASZHe|¢) Hg) .

IR 3. %L T O B & LURE i I Hadamard
1 CHD, SRJEXT R E 7 LR AT I & .

IR s A TR S S3 T o, Wl A R I LR 5 A AL
PEZ AR R ATUHAR (7)) Skfiiik .

Sim (4. 4,) :F—Z”(l— 1—2P(\1>)) (7)

XA REAS 2 TRV AR AR RE A U B P (1D ) i
BEART I AN . DRIE,  PIASFREAS Z 18] RARALLE 7T LA I I
2P (1)) RMfE . XHE, PRRIE B ACRE 1

2.4.3. QSMOTEN Sy [ iy 6] 52 2% 8 43 #r

B EIE NAIFEAR, BAFEA G FAS P SRR
B, IF B SVRHE R DUA TN ATkl . SMOTEN &
T BT AR AR 2 () R PR B 3L NP2 IR, R
FEATH R FIR. Rk, FEES RN M RERN
O(N*F).

QSMOTEN H3E H el AP A i h & T KEA
[log, F|+[log, T| W& T2, Kk fr % i 7] &2 44 B Ay
O(N*(log F+logT)). #&J5, SMOTEN % vk ffi il i 45
([1og, £+ [log, T7) A" Fredkin I 1] SWAP Ik £ # kit 5%
PEAZ TR B o XA FE A I (] B 44 B O (N2 (log F +
log 7)) DAk, QSMOTEN HiJih B i 5 I it 1) 5 4% &
NO(N*(log F+log T))e

BRI FEAEE B T=4M4RE, b, BAMRFIEM
HRECA” “T” “G7E“C”s FTLL, log T2 — A BAB/MER
WA, W SW AN, R, 5SMOTEN HiLMHL, QS-
MOTEN # i 1] LUt i i) & 2% ¥ 1 O(N?F) % % 51
O(Nz(logF+log T))

2.5. 1M ZHEFUHIT-6

ST SRR AT 5 R SARPLLMBEY, 12
ST AT AT (29170 ) I B 26 1 7 T
f. VI T2 P (LT £ R Diango (431/F /5
SHOMRZS 0, LASCILRE P i MR 3
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Echart #EAT AR FTALAL . 0171 BRI 25 1 PRI A2 261 &
AT VAR P _EAR VD ] T S RS AR SR X 2 MU
M 2 PEREATAE LR T . BeAh, AR B AL BRI TR
BRI SR 2T 86 2R, B PRt 7 — R R
BIFIR AN T B RS T e 2P G 4D BRI

(1D PUERTR 2 MR 2oy Rt 7
A EARVD TR B S DR SR ST s 9 L, s
e fit SARPLLM BERYHEAT Vb 1] R BT 245 1 A 24 Ul A 2R
AL IR 55

(2) ZERHZHPEEREI: IZBEICRID TR E 5T
Az ZK M 2 PR HE SR 2 B R L e G v R T AL

(3) EFEEATEAREBR: I E T
18], FARFER . BEARPUERZFERR, e
I IR R

(4) B BB A Z B AL SR R Az 2 R 4
FOIHT BRI N BRI e .

3. 44

3.1, A F i 24 1 T AR ) st 4k

N EIZERATR B R AR, AR T
BRI S Mt B2 D RRAE I BRI R AN A 21T 24 1 T
MRS LR IR I EE e B0k, @I PATER 2.2 T R 1Y)
ZHERA A R, FRATFE S A 38 S4.1 15 ok
HIR B Ja ik AR A R . LR, FRATTE S AR5 S4.2 15
R IREU A% 0 SNP AR [ . ARG, B P RRE R 3%,
BAVIEIE T 4y BT M PLA R (B AUG. AXO.
CHL. AMP FIFOX) HI¥b |7 I i 245 55 D] () 5 AH DG ARFALE
1% G AH SC R AIE LE B 5% A B 28 S4.3 T RIS S4.4 Tih 21,
AR PAT PSR IR R EL, FRATE SRR S A A Ny
fEFEMT R AR S3h /R, Bk, FA1{EH SARPLLM,
BHEIE (LR FEHNLARM (RF) [44]. B BR A B 16 50
(XGBoost) [45]. =N (SVM) [46]. £ 2K
(MLP) T 24 14 T #h 22 X 4% (RPNND #2731 (i IL
Bbs A RIS S5 7)) XS MR (AUG. AXO. CHL.
AMP FIFOXD HEATHUAE R 25 4 #Uill . LR, RF. XG-
Boost. SVM HI RPNN (1) it & 2= 0L B 5% A R 26 S6.1 719
M S6.275,

SARPLLM K HH#tAb B~ =), Hr, BN N4,
HINZGAM N4, N AdamW R1LE$[47], FTFA
107, 2 AR RM R E N Z 0. SARPLLM FAY )
EZ M SHAEM T AT I S6.3 TR FIERVDITIR
PRI 2 i 24 RN U BT B AR A AN AT, DA ORI B A

RULE TN 25 i i F I ZR B VR 845, FRATEEFH FoF 53
SR DAk AR 2R (10 T 14 R

XU AEE, FRAT 4 K HT N =10, 20, 30, 40,
5050 T B i 25 VE AR OC I RFIEAE BN . SR, FR
ATHEAT 4 IRE MR = B A2 IGAF, FFGeihafie 7 il
febriFIME. 5 ERT AUG. AXO. CHL. AMP 1
FOX I Tt 45

BI5 R, ERA 10/ 25RHIERS, BT A A 0 Fiuil 14
REFBR T 85%. WbAL, BHAGTN ZRHIE IR A 104~ b
501, A TR R ITAG R bR ER 2 I s, AR e
THEE, XRUITA R B P R 5 n] DA b
AR ER SPUAE RN AR DR IRIE, AR NN BT 75 1)
T 2R AE 250, [R) IR DR AR BT B2 £ v 1 e Tl e

T 43 BT SARPLLM 5 HAth R 78 22 ] f Pk i
S, RAVERXE SFRBUAE R, R EA 50 A i 25 RFAE 1)
SARPLLM 5 H A A A 2 [ 34T | THG 55 [48-50]. Tl &
BIIGHE BALREM T AP ST . Bihs B 1
MR AFRES4. R1ER, ERKZHIENT, SAR-
PLLM ] F, P43 BH AR T LR RF. XGB. SVM. MLP A
PRNNHERH (p <0.05), FBIFLATHE H ) SARPLLM £ 7Y
TEZANPUERBARET, HprAE R 25 7 77 2 A &
EHWERE S, UL RA R IZARE ). IbAh, BT
TN B AP AR —E B AE, {5 SARPLLM /544
BARAER MRS, XEWA SARPLLM fef% Botf B A
BRI GO, B O SRR .
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Mean Variance p value Mean Variance p value Mean Variance p value
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Antimicrobial resistance prediction

Input a “ jsonl” file that describes the genetic features of
Salmonella strains, and use SARPLLM model to predict
the resistance of the strains.

The input file is as follows:
{“Input: AMP:00001100000000T001000000
100100000G0A000GOTO000001G"

The numerical range of the prediction results is 0/1, and
when the value is 1, it is considered that the strain is
resistant to the antimicrobial.

(a)

The Salmoneila characteristic file is unavailable.
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Statistics on the number of pan-genomics genes

Core genes
{99% = strains < 100%)

Soft core genes
{95% < strains < 99%)
Shell genes

{15% < strains £ 95%)

Cloud genes
(0% < strains < 15%)

W Core genes W Soft core genes (100 Shell genes WM Cloud genes

(b)
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[ select file ’ ‘ Q Predict
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“Gene—sample—antimicrobial” knowledge graph

File name Description

Salmonella_resistance_data_samples.csv  Antimicrobial resistance data of Saimonella dataset

SAMN2GCA ixt

pseudo_core_reference.fasta

pan_genome_reference.fa

gene_info.csv

Correspondence between BioSample and GeneBank numbers in the Salmonella dataset

Pseudo core genome reference sequence generated from Salmonella dataset

Pan-genomics gene reference sequences of Salmaonella dataset

Pan-genomics gene information of Salmonelia dataset, including gene annotation and other information
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+Download

+Download

[ & Download
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