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WE BN AVPIERORAS S E FENBEEL, RPN PR ZEE (SAP). SR, SAP/MT THA
=z, TPEGIAT SAPFEA LI RN H . ARUFGE H BN T IR BEREAR TR AL SAP B 4 T 19 N R oK
Tk R 3R SAP A H S AL AT . BB B B T A ARER WLARR U IR 28 (nsSNP) 5., 5
il NAI S L HTHE 4 nsSNP — R4 1 SAP 2 1507 A e . Bk A R RS HR B A4 A1) SAP 2K 11T e 9 B 2, )8 FH st
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4 imputed nsSNP), Ff- 551 A IS 5 T2 nsSNP 0 BUZE S Lud, AR bt st o A 2 44 P MR I A0 i 741 nsSNP 28
A 2RETEATHEE, 45594 H pFind 55 Maxquant 38 2 5 | ASEA TR, 3 H SClk A AN AN RV,
FASRETHEATAEGE, 2% pFind 8 R5 1N, IF 5 S0RAIES RTINS, &R DI A A g4
Pt 5541 UL Y nsSNP S5 5 M H A SO, il SAPZE A . MIRZE SR R, (PR 25 3 15 2 SAP 2558, Jf:
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R A BT S 8 1 B ) 6 oM T e PR R
PEoE I8 T BT 38 o 5 T 3 9 A5 RS R AR
SRR B R 5 AR S HEE TR R (dn
UniProtKB/Swiss-Prot) 25 il i lif§ 1] 15 i 24 5 40 iy
AR TS EI A TVCEL, i T oA
ATREMIRKEL TS . SR, ORI ERRMEE T, R
REVUIN B A MR AR T .

HHET, X% SAP A s i 4 AT Bk T 20 A LA
JURf . — P SR BR 2B SAP 7% S5 4 B — b G2 JL R 1Y
AL, — IR A 52 A T U R R
W, (HZRIRB I ot e tlm B PR, L
ZEi596.7%, NIL, XK T SAP % 5E
T3 TP R AT AT ) SR A A SAP [ B Y
FEHE B P AVEBEE . B R AR S A
P HNZ A, T E A SAP A8 S 1 8 )7 51 4L
P . SAP AR SRR TR 41 nsSNP {7 B &0t A= )
FRAERAE N, EIEBEBR G2, Parker 5255
TR RUR AR o AJEE T SAP, L
DRV B W N o g /) 4 A B R BT 42 20.5% 1Y
nsSNP i 5. b4k, HRaj% ' R T —1EHAHR
2] e rp AR S KT A 25 A PE A T PgxSAVy, K
BE LR SRAR B SRR A & A SAP i SRR EL
B g5t 4% A% S Ik Bt (genetic variant peptide, GVP)
RIFT AR 22, DI XT GVP i 28 52 28 kAT 25 6
PG, S SAP BIHER IR HL TR

SRINT, S ATAT L T 1] A5 B 7 2 1 o
2 SAP SrHr AR A4, XELL B T A~ 1 5T 15 D i 5]
H R R SAP 15 B o 31X — R UFE 5 BEAE A BA A
WEFEP I sy, BB i 205 BE R 4 SAP
D AR A DGR A0 . A Sl Sk B 8 2
SAP /M HTHIN T K, G56 AR WAL RE, JF
KT —45 SAP H B L% o BT i/ SAPTyper, %
BAFAN T T i 1% DDA J5 bR 254 [ sl SAP,
I RENE TR 25 SR SR I A S0 - 2H D 5 e 3]
(4 nsSNP HEAT HEXF, AT XS SAP Y A P #E 1T &
GTAE S 5GUE. 5 Parker SEH0 2 [ 7] KK 36 A FETT A&
(3 W SREmE A e, SAPTyper i ot 48 WM 2 45 W7\
FEPEAL SAP Bl I 548 R 45 R i B sh Ak it
e, T TR ENE A 5 SR R A
SAP Z AT YRR Sk FHPE .

1 LWHZE

1.1 SREBEIET
B BRI ORI L (-

D) BETIE AR (A). SAPJFIIEL
PEPEF A (B) . DL RES R SAP it 5
FRR (C). T, M A M B EEdE s
VER AT S, Sl A A s RS 1%, 5%
WA R R S, B BAEA Sk F AW AREA S
B8 (1) nsSNP {5 B LA R ST AR AR i o o1 bk 721
DU B 48 nsSNP 7 s, Az APk SAP R 1 T 7
YRR, TR A T8 20 AT T (1 2
ZRARIE . IS, BEH C R A SRS Z KT
HEAT SAP LS B . AU R, AShHEZE
FRE A5 7E 55 SAP v, VA2 SAP r AUZE R, ki
HE-S H X R 9 imputed nsSNP., 36 7E— 4 [ S HHL
% nsSNP 75 51 A FM i 1408 Fp % 25 52 356 AU A
B, ENEAZE S DNAZZ I T
1.2 #EHigIT 53

AR ) EARFE L) Perl M EE . 40 M3 4
B,

BRA: RN AR . AR
T YA A SR IR R S 1 B
MaxQuant 7 F1[E N 1Y pFind ¥, —E ¥ L FE LR
Fris s X . P T f B MSRefine # 4 ©) Xf
Bk X G H A . TIRBITAT, 7
MaxQuant 5§, pFind F9SBEC & SCH, P Al AR 4 52
Pras =R T H o B . IR i i R 5%
TR Z2 IR 105 2.

B B: SAPFIVEEERIA . SAP JF 514K
P A3 h [ 5 v AR R4y o [ B4 2R AT
W UL SAP JFHNVEE I . HARAE T AT SR E
ExACHJEE (http: //exac.broadinstitute.org) 174
N HF /NS HE KA (minor allele frequency,
MAF) KT4T 0.1% i SNP {5 ., A 44
LK SNP v/ #5 . i i AnnoVar  (20190ct24) [
JE W nsSNP FIXt . SAP, LA hg19 F [K 21 A b e
S bR 41 — B0 nsSNP X I ) SAP & LS %
AL (ref) #, 5HRUETT 5 A [F] B nsSNP X 3 1)
SAP & SUREAERY (mut) Y, AR ref A SAP A%
1 FARER AT S . B mut B SAP AR 1 45748
SEAFTY, MsvoTFiRg s . SILkes, K4
#H#—5K SAP 5 nsSNP [ XF i & A2 %, {7 SNP Al
SAP W EAF S . A RUEE . Fr)E 3 A HAEAR T
N AR SR RN 25 . SAPTyper N & 19 4 I
AR W SAP U PEAL 75 88 856 555 % HE H I T
Y FN 247 390 5578 S H P o W] AR ER A AR A
A WIEN T2 P25 5, AL BE BB 1S 1Y nsSNP £/
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Fig. 1 Overall framework of the SAPTyper software

The workflow of SAPTyper consists of three main modules:

SAP sequence database; module C is SAP identification and annotation.

R, RS 7 i 8 SR LS A SAP AR R M
A, AR

e C. IR0 SAP A S5 ER. iRk
DI A1 309 2 K5 8 5 B A S,
SAP i 5 AT i A 5 T Re v R . HAARTR A 2 2
SAP IR R 25 M s AR A DL KR DR
FERHPIME—7 o AT . IKBOET 7 55 SAP
B (SRR TR ) 3 DCECS % A A AR
SR FHERRINAE R AR RN (IR R A
MR EERIER BT i 22260, TorE I R o 728
2R E M S 22 5 ) 5 VERCAY AR S 40 SR o 3
EZANEAY, SR TERA LR —AM 5
AL S 25 R KB IR g 2, ek (K
2). R¥E B SAP 5 nsSNP X R B,
P B9 SAP 431 B f nsSNP - (imputed nsSNP)
R, ZJE S5 A RSN AR B X,
2 1 SAP 5 AR o
1.3 MREHES S %E

VERES g F ARSI, A 24

module A is automated search engine invocation;

module B is construction of the

AR (M1, M2), BARET (A B) G
K 5, LA M1 5 M2 5 LR 21 5.5 2000 7 25
R K H SAPTyper #1443 #r . 43 %I ¥ JH pFind
v3.2.1 5 MaxQuant v2.6.7.0 84 47 5098 2 18 2R
K FH R 45 44 45 2R A P 1 %8 (false discovery
rate, FDR), ¥R & NIRRT, 2 iF34
IV, BB Ao o 25 0 +10 ppm, BRAES
FAVE R il 2= A+20 ppm, FDR<1%. (&R
I FAL B (carbamidomethyl [C] ) M[FEE
i, #E B N 4G O B fk (acetyl [ProteinN-
term] ) FIHFGLZR AL (oxidation [M] ) f&Hi
Rl AR 4EM . pFind H Open Search ANAJ1E o Xl ik
B0y SAP S A AT 51T

HEHLT Parker ST 2 2020 4F SCHK 12 A T 5L
P, RIFETF LM (E1) 51409EA (A2),
BEA KD 3R ETHEAS . R H] SAPTyper {441
M, JHH pFind v3.2.1 BT EE E I &R, S48
WE R E o Gt 4 B SAP 451, JF 53
Hkrh SAP 455 5384040 AL P 45 R e
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Ref and Var type | | only Var | | only Ref
* result.mix.txt type type
. @ @
Ref and Var type only Var type only Ref type Yes No No Yes
*.result.mix.blan *.result.var.bl *.result.ref.bla
k.txt ank.txt nk.txt
*.result.var.m *.result.ref.m
ulti_line.txt ulti_line.txt
*.result.var.si *result.ref.si
ngle line.txt ngle line.txt
\
Var_uni ref uni
Mix
4
| M_var mul | M_ref mul | ref mul | I Var_ mul |
For a certain nsSNP site, there may be different peptide matches. Each peptide can be classified
into the above 6 types, and the genotype of the nsSNP can be determined by the following process.
| nsSNP |
ref uni is ref_uniis Na, and ref_uni, ref_ mul,
ture ref_mul or M_ref mul are
M ref mul is ture all Na
4 var_uni is Na, var_uni, var_mul 2 var_uni is Na, and || var_uni, var_ mul A var_uni is Na, and
‘i,:;ﬂlrzl and var_mul or M_var_mul are ‘i,:rtﬂjrzl var_mul or M_var_mul are ‘;::’J'r:' var_mul or
M var mul is ture all Na M var mul is ture all Na M var mul is ture
A 4 \
[ on | [om] | oo | Lo | | o | [01/[0] [ | [owm
Fig.2 Logic diagram of SAP screening and genotype annotation for search results
) 7E Windows 10 B & ML L4 (BLE : CPU-
2 #R

2.1 HEFIET

X ARG (49 Raw 30, 244 9b vef X

Intel Xeon E3-1231; M77F: 8 GB). filifik i H %
S TR A A . WA CPUR
H, P SGafrifla) FEREARAERG1E . Dk
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HlE, %: FEZEARASAPHE AU DG 5.

AnnoVar #2 F YT 3K o i B AR E A 24 62 min,
FEER B IR E C 2 min, [RIG, %84 B IEAE
PTG T RS 1 R, Hesid b
FEIRAAXFAR D

22 MHXFEARSAPHBEIER

%A i 1 SAP 5 imputed nsSNP 437 4%

AT BT R DA 1562623375 {37 45 B 43 I 2 R 5
B . 162623375 i T hgl9 %L A 2 17 5 4L {5, 14
39183304 i B, N KRTAPI-5 3L K |- —> nsSNP,
ZOL SRR NP A 2 Fp oy R, 28 0y it
WE B EAZ TR (C), A8 5 70 Sy it i i g J3t 4 A%
iz (T). XA S EKRTAPL-5 & 1 H P51 4
35 L4 6 N T R (Cys 5 C) il 2 iR
(Trp B Y) o KRTAPI-5 FERIXI R T 1G5 A, B
ENST00000361883 (1), %24 A4 8 1
nsSNP i 1., 1$62623375 fir S HEAESE 54>, RIeAR

S 1 5 o O I <9 s o = W1 & 1 s i <
ENST00000361883.sv4, 7F pFind ## FEZ5 5 1, M1
M2 MR KR 1R BT KRR OME R B R
“CGYPSFSISGTCGSSCCQPSCCETSCCQPR” (&
3a, b), UEfi ENST00000361883. LA M sv0, svl.
sv2. sv3. sv5. sv6. sv7IT8FHE A, {RIT
Bl osvd; o5 b — SRR MO BOR
“CGYPSFSISGTCGSSCCQPSCCETSCYQPR” ( &
3¢, d) W{YPCHEZ ENST00000361883.sv4, HRIEE 2
Wb, KB A XTI T SAP S ] Cys,
JK B B X1 T SAP AR H AU R Trp, BIF M1 AT M2 B4
FEATEZ SAP (ENST00000361883/C35Y) #4746 i
CY 72, #ES 1 nsSNP R CT 43, M1 5 M2 #
AR 1562623375 3 13 AE 44N 2L P 4 SR A A5 3
T CTHYRER AL, 5 SAPHESAYRER 0 —3%

Table 1 1rs6262375 site information

SNP SAP
Gene Chr: position . .
rsID Ref  Alt Freq of Alt Transcript Position Ref Alt
(hgl9)
KRTAPI-5 1s62623375 17: 39183304 C T 0.168 9 ENST00000361883 35 Cys (C) Tyr (YD

MRYEK 2 P ¥ E 25, SAP R RV Ma G
B0/, ZEAEM00 5% Fai 58 1/1, £ SAP
UK th 225, A FE B R 0/05  [RIREA (UK
AR SR AL, T E BRI AR 11,

TEMNFEA M1 5 M2 th, i /] pFind 1 & 51
25, 00 R B R, A 103 E] 1314 0/1 7
B, RTENA 11 B B R 16 B 194
(FR2). XU SR E K | T # #rY A 5
i, A 2 3 342k A F M2 MR A 7 2
gh L i F Maxquant $# & 51 # 0% /> F pFind 1Y 45
B, 0/0 BUK B 93 #1154 0/1 ALk 438
A5 1R 163214 ($62).

R T 2 T A S I, AR A
W7SCE Y BT AGE, T 10N 6 1R 1
DDA i ah s, MR BIARS Hbr . 4
53R AR o BT a5 R — 3
2.3 MRS nsSNPLERTEE R

MR ZAE H A Bk B T F— MK,
M1 A, BIANEHRE R, 63 R
SAP 5 imputed nsSNP 25 %, 1540 i F nsSNP L
XF o B A 3 AR L imputed nsSNP 5 4h i 74
nsSNP /- ISR O el . VERC A —BU 45 A5 ol

WHEF VC L (half-match) , B nsSNP 4 2% & i
imputed nsSNP ()G £ L i —Ff 7378 5 DL KA
il (mismatch), Bflimputed nsSNP £} T nsSNP A
FELEM T

TEMEAFEA T, i pFind 8 R 51 %, &7
MIAIM2IT A, BPIREE R . M1AMAILAG I F] 171
ASSAPAS, 158N TEANE FAlh g 2], Hrp
LA R 5EAVERE, 37 2FILRE, 104512 VEHRE
M2 AMAESEAG IS 210 4~ SAP A7 5, 194 NESN 1
g IR, Hrp 1524 k5 e Pthd, 35420t
Bic, 7AMEEIRICEL (323). Maxquant {8254 SAP
K BRI T pFind, M1 /MA 139> SAP v 5 15
S gk R, L 87 AN A VCREL, 45
APCEL, 7T ASERICES . M2 MK 1544~ SAP v 45
SN BT AR E), b 108 4> R 78 4 UE L,
414FICRD, SAMERIRIEHD (K3).
24 H NBEEARRIZHHENK

iR SAPTyper HCA4%F F HAth N FFEFEAS 1) 3%
M, ] Parker 52 565 % SCHE ™ 1 AN BRI
(E1) 5141 EMA (A2) B3 WAk i
A T, ELAEAKS Y SAP A 550 157 /1~ F
1674, Horbo/0 8% 126 3] 13445 0/1 %14 15 3|
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Fig. 3 Fragment mass spectrogram of peptides including
SAP using pFind search engine

(a, b) The reference peptides containing Cys for M2 and M1. (c,
d) The variant peptides containing Trp for M2 and M1.

Table 3 Statistics of imputed nsSNP from SAP comparing

with nsSNP genotyping from exome sequencing in test sam-

ples
Half-
Search en- Match#
) Sample match Mismatch# Total#
ine
£ 0/0 01 11 #

MI-A 78 4 8 26 7 123
MI-B 70 3 9 30 6 118

Ml 97 4 10 37 10 158

pFind

M2-A 98 6 7 29 6 146
M2-B 94 5 7 28 4 138

M2 134 8 10 35 7 194
MI-A 65 2 8 31 6 112
MI-B 56 2 11 35 6 110

Ml 73 2 12 45 7 139

Maxquant

M2-A 78 6 4 34 5 127
M2-B 68 4 6 38 6 122

M2 95 6 7 41 5 154

Three types of comparison results between SAP and nsSNP: match/

half match/mismatch. Match means that SAP and nsSNP are com-

pletely consistent. Half match means that nsSNP is heterozygous and

SAP only detects one of the types. Mismatch means that SAP detects

a type that does not exist in the nsSNP.

22 3334, B Z R 2 SCHER A S H (1 nsSNP v A5,

Table 2 Statistics of SAP typing results in test samples

SAP genotype
Search engine Sample

0/0 0/1 1/1 Total
MI-A 103 7 19 129
MI-B 105 8 16 129

pFind
M2-A 131 11 18 160
M2-B 118 8 17 143
MI-A 93 4 19 116
MI-B 94 4 20 118
Maxquant

M2-A 115 8 16 139
M2-B 107 6 21 137

2340 V1R 16 2] 181 (FR4) . A2 FEAK:
SAP 37 520 120 131 148 4>, Hirb 0/0 UK H 4 91
F 11045 0/1 &Ik 15312045 1/1 Bk 14 3 19

(R4

189 F| 1364~ (F5). STk HATH TPk
A 55 BT A K Y SAP XTI 140 B T2 3 45 4
I, SAPTyperfiili T B Z 19 SAP i s, {HiZ2H T
WA ML, ToIEHIWHX L SAP A HERATE

HR 4 SCHkH SAP SE 2 45 1, /M il
EVCHEL (F6) o FESCHR T 58 A VE FL A7 a5
SAPTyper £ H I E AL S A S FEN (F6). X
TAVCEA 5, HlnsSNP 424 4371, SAPTyper
55 SCHR 5 AR AEAE TR ) XU o

Table 4 Statistics of SAP typing results of European and

African samples with pFind

SAP imputed nsSNP genotype

B R AAS: HH SAP X 1 A9 imputed nsSNP 43
A5 SCEk R A A I P2l SR Ee . BTk R
B ATRAN RIS R, S 237 4> nsSNP A 5 1Y
ISR, ik, 540 A UCEL A SRy

Sample

0/0 0/1 11 Total
El-1 126 15 16 157
El1-2 131 18 18 167
El-3 134 23 18 175
A2-1 95 20 17 132
A2-2 110 19 19 148
A2-3 91 15 14 120
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Table 5 Statistics of SAP typing results of European and
African samples from the literature with SAPTyper (
pFind ) compared with the nsSNP genotype

Half-
Match#
Sample match Mismatch# Total#
0/0 0/1 1/1 #

Not detected*

0/0 0/1 1/1 Total

El-1 19 3 7 7 1 37 102 10 8 120
E1-2 21 4 8 4 1 38 106 13 10 129
E1-3 23 7 9 4 2 39 111 16 9 136
A2-1 12 5 5 5 3 31 79 12 10 101
A2-2 13 5 7 7 4 37 91 11 9 111
A2-3 12 6 6 4 2 31 75 7 7 89

#It is the number of imputed nsSNP that is listed in the article’ s
exome sequencing result. *It is the number of nsSNP imputed from
SAP but not listed the DNA sequence in the article (PMID:
32505640) .

Table 6 Parker’ s result of imputed nsSNPs compared

with nsSNPs from exome sequencing

Sample Matched Half-matched  Total
0/0 and 1/1 0/1
El-1 59 (22) * 3 (D 10 72
El1-2 60 (22) 2 (D 11 73
E1-3 62 (200 3 (D 9 74
A2-1 47 (12 7 (4 13 67
A2-2 42 (13) 6 (3) 13 61
A2-3 37 (12) 5 (3 13 50

*The first number is Parker’ s result and that with () is the num-
ber of SAP also detected by SAPTyper.

3 iwtig

ARBAFSL I T B+ H T4 DDA 5 £
2 SAP &5 54 i A sk b, AR E > A
SRR SR T, TR B T T A R A B AL
., SAPTyper Nk &8 H SAP W s #2441 —
AMESEA R TH, AT R T &k 528
e, B BRI ARREEA
PLUF LA —RIE G R ARE . SR AR
UL nsSNP 7 5 (MAF=0.1%), 3% T R AH#E
UL SAP AR S, R 43 BT 25 SR 0 R A IE I A R
Witk . —JRFIRHRSI S %R 55 SAP, 4l
WA R A AL P s e 2 8 EE B . — )& SAP
Rk e L R Y e K R LN L T A S|
JP 48 FE A AT B B nsSNP N s e, 3R A s
LA IV 1 SAP A8 S 8 117 81 I 45 i 2 45 P2 £ a0 e
H, FTFRET. PO L T EETHIH SAP

BHIF T E . BRTARMCAEB TREA 3T T 5%
WE. MERIS EUE, Rt mT i T A S B A
AG3HT, GRS . E RS BB, (BT R
JE T ZFEAR Y Y SEUEIF Y DA — 2P i oA S
PEo HRHIESLPREMN Y5 R R K,
EN S ERR Se e S LB RSN MINE 20 & e Iitd ki€
25, IF 5 Z AW ARSI A T T —
F 3l Lo I R 45 SR, o SR A TR B AL B
X FE.

M SAP ik AR A, pFind B9 H 80
i 2 F MaxQuant, X5 W IR 0 KB EA7
TEZERA Ko AR R 515 SAP Kt 45 1 1Y
FEE, WTLIE—E R LR TE SAP () S A H £k
i, (AR FEURE R E T AR,
PR IR A5 SR A, R T BE SRR K SAP By
g, (HRERE A SHE = SAP U 45 SR v {7 B
SErtE. R, AESCBRN T, AR AR
H AU SR 5 S, B G E A RS
M

K FAIRAFAE HAD T2 AR 38 M, A
XFSCHR T ok B BRI AHE SAE AR & 3 &
T RIS EE AT TR S 5 E . K SAPTyper (1943
B & R 5 Sk v A ) SAP KGN 25 SR AT L X &
B, FBr f1 SCHR T 2 R {H SAPTyper oK £ Hi )
imputed nsSNP i i, HAEAR W AR A MAF LT
0.1%, DH I AR G0 A A B A EE 10 R 0 A B DL
nsSNP 45 e . ABAE T8 FEA R 5 TR W
ABER R G R, BRTICE AR R il
A BA R R R A WS AL, BT A]
PUNX S NHES AR A A 1) SAP i . it
SAPTyper H fijf 32 238 ] T AW A0 & H 4
SAP /3T ASRATELTIAAEM . MY A5 AR
PR S nsSNP Jdls , K AR I Y SAP 28 H 41
B, ISR, S 2R RIS
W, o, XFFZ444 % (heterozygous) nsSNP
f s, SAPTyper 5 SCHR 7 i 344 7E — 2 1 T o R
%o AlGel I AE T DDA Fidli R AR SR g A B HA —
SEMBERLYE, BT RGeS bk A TR S 7]
et ] T4t — S B R SRR R KB, AT 523K
T3 BRI, 520 SAP A A A TR

ATRA: > i AT [F] A R B A A XL S AR Y
TEOLHEATALH, PRt JCV IR 2 SAP 2 . Hy
T S A SR IR B A BE — R 6~40 4>
g, HE b KB A B 7% P> SAP I HE R4
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%, PR o3 28 A8 B A H X HE AR 3 BT 285 SR 1) 52
M A7 FR o Parker 5256 28 4 HE 119 SAP $508 i 7E— 1 R
HEFIh S TR RS, #ig B AR TR
WAL . SR, 24w JeFoe it DA R —
JRBE EAEAERUSAP BYAE L o PRI AT DAHE ,  H A
W AN ARG AR 5% i Ira e se g e 48
1M, AGEAZFRB G RS2 B 2R, A
A5 B A A SR 2 VT AE OG (4 SNP A3 s Y 3
PR R ), B2 B BRI . A
AR LTS S R WL R 2. BERE T A A
JERREAE R T, AR I UGS 8 258 7%
FREG AR D i, XSSP 81 B TEOIAHE A
PUISRAL T w1 E R . AR & A Y
N TR 4H b B i A5 2 (micro-haplotype) ,
FH LGB — SAP AT R HETE m A5 B & i . ARG
5% H AT 2 SRR R SR W DL T X X 22 5 AR 1 Ui fig
J1o ARV , BRSS S MARY SN T 4
R, TEBEEE P I LSRR AR Y 22 58718
SAP P, $EFAPEACTUNAERE . o528 0ims, RN
T UL SAP 4G M A 22 587 i 1 2R 1 B
G, BCATGEIICE 0T, RERR T REAEENZE
FRAFREL

Ja o, EEXNEEE RN s 2 A, B
SR AT DTS e 8 M R S . Y
B, RESKETHITER, TIRGEIIEE S LR
WM E Y. Aok, ATLGE BRI,
N B B Y Uk A 5 28 P TP REAR () Y 2
M2 5, RABAEESEIRAE RN T, F7iE
ST R s R S TS Qe B I (s DL g A
MR . M XY E A, TERER T By
BBV T Y55 BME , SCBE WG A E

BEX R ANBEFF & T —F0 H 3l ik SAP 23 B
%, IR A SAPTyper, AN Ry i B 25 1 i
40 SAP Bt 5% 5 FHER AL T —AMEEE | =R 4Bt
T H, FEHET SAP HEAT AR TH I 5 SRR HE W 55 5
T ELA JE 2 A

(4]

(3]

(6]

[10]

[11]

[12]

[13]

S %

IREL BRAN, TT K, 4 P 6 % BT DNA B STR 23 24 4
7% SR, 2011,36(5): 3-7

TuZ,ChenS,LiW S, etal. Forensic Sci Technol, 2011,36(5): 3-7
TRV, K, A TR TR A B R R 1Y
ST S AW SR Y PR, 2019, 46(1): 81-88
Feng L, Jiang L, Li S F, et al. Prog Biochem Biophys, 2019, 46(1):
81-88

Parker G J, McKiernan H E, Legg K M, et al. Forensic proteomics.
Forensic SciInt Genet, 2021, 54: 102529

Salz R, Bouwmeester R, Gabriels R, ef al. Personalized proteome:
comparing proteogenomics and open variant search approaches
for single amino acid variant detection. J Proteome Res, 2021, 20
(6):3353-3364

Parker G J, Leppert T, Anex D S, et al. Demonstration of protein-
based human identification using the hair shaft proteome. PLoS
One, 2016,11(9): 0160653

Raj A, Aggarwal S, Singh P, et al. PgxSAVy: a tool for
comprehensive evaluation of variant peptide quality in
proteogenomics — catching the (un)usual suspects. Comput Struct
Biotechnol J,2024,23:711-722

Tyanova S, Temu T, Cox J. The MaxQuant computational platform
for mass spectrometry-based shotgun proteomics. Nat Protoc,
2016,11(12):2301-2319

Chi H, Liu C, Yang H, et al. Comprehensive identification of
peptides in tandem mass spectra using an efficient open search
engine. Nat Biotechnol, 2018,36(11):1059-1061

Tang M, Huang P, Wu L, et al. Comprehensive evaluation and
optimization of the data-dependent LC-MS/MS workflow for deep
proteome profiling. Anal Chem, 2023, 95(20): 7897-7905

Wang K, Li M, Hakonarson H. ANNOVAR: functional annotation
of genetic variants from high-throughput sequencing data. Nucleic
AcidsRes,2010,38(16): el164

S, LA, TAI F R TEABETHEATREAERE
ARG T7 s 1N A AR T . A WAk 5 A i 3 i
Ji,2022,49(9): 1774-1784

WulL,JiAQ,Ding DS, et al. Prog Biochem Biophys, 2022, 49
(9):1774-1784

Goecker Z C, Salemi M R, Karim N, et al. Optimal processing for
proteomic genotyping of single human hairs. Forensic Sci Int
Genet, 2020,47: 102314

Wu J, Liu J, Ji A, et al. Deep coverage proteome analysis of hair
shaft for forensic individual identification. Forensic Sci Int Genet,
2022,60: 102742



XXXX; XX (XX) g, %. FEZAKRESAPHE B IS TEGE ‘9.

Development of an Analytical Software for Forensic Proteomic SAP Typing®

HU Feng"”", WANG Meng-Jiao”", WU Jia-Lei”, DING Dong-Sheng”, YANG Zhi-Yuan®,
JI An-Quan®, FENG Lei”, YE Jian""™

("Graduate School, People's Public Security University of China, Beijing 100038, China;
DNational Engineering Laboratory for Forensic Science, Institute of Forensic Science, Ministry of Public Security, Beijing 100038, China;
ISchool of Basic Medical Sciences, Henan University, Kaifeng 475004, China;
DPublic Security Bureau of Jiangyin, Jiangyin 214431, China)

Graphical abstract
Input files SAPTyper software ‘ Output files 7
Hair shaft MS-Raw data Module A: Search

SAP results
™\  Lc-MsMs

- engine automated Module C: .,
s =/ly caling \ sapscarch | (NPT

—

result ENST..095 126C>S chr21_4..711G>C 0.052
p ENST...095 158V>M chr21_4..806G>A 0.664
Screenlng ENST..286 970A>V chrll_6..213C>T 0.315
Module B: SAP and
odule b: .
annotation

Exome sequencing

— | sequence database
results

construction

Abstract Objective The proteome of biological evidence contains rich genetic information, namely single
amino acid polymorphisms (SAPs) in protein sequences. However, due to the lack of efficient and convenient
analysis tools, the application of SAP in public security still faces many challenges. This paper aims to meet the
application requirements of SAP analysis for forensic biological evidence's proteome data. Methods The
software is divided into three modules. First, based on a built-in database of common non-synonymous single
nucleotide polymorphisms (nsSNPs) and SAPs in East Asian populations, the software integrates and annotates
newly identified exonic nsSNPs as SAPs, thereby constructing a customized SAP protein sequence database. It
then utilizes a pre-installed search engine—either pFind or MaxQuant—to perform analysis and output SAP
typing results, identifying both reference and variant types, along with their corresponding imputed nsSNPs.
Finally, SAPTyper compares the proteome-based typing results with the individual's exome-derived nsSNP profile
and outputs the comparison report. Results SAPTyper accepts proteomic DDA mass spectrometry raw data
(DDA acquisition mode) and exome sequencing results of nsSNPs as input and outputs the report of SAPs result.
The pFind and Maxquant search engines were used to test the proteome data of 2 hair shafts of 2 individuals, and
both obtained SAP results. It was found that the results of the Maxquant search engine were slightly less than
those of pFind. This result shows that SAPTyper can achieve SAP fingding function. Moreover, the pFind search
engine was used to test the proteome data of 3 hair shafts from 1 European person and 1 African person in the
literature. Among the sites fully matched by the literature method, sites detected by SAPTyper are also included;
for semi-matching sites, that is, nsSSNPs are heterozygous, both literature method and SAPTyper method had the
risk of missing detection for one type of the allele. Comparing the analysis results of SAPTyper with the SAP test
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results reported in the literature, it was found that some imputed nsSNP sites identified by the literature method
but not detected by SAPTyper had a MAF of less than 0.1% in East Asian populations, and therefore they were
not included in the common nsSNP database of East Asian populations constructed by this software. Since the
database construction of this software is based on the genetic variation information of East Asian populations, it is
currently unable to effectively identify representative unique common variation sites in European or African
populations, but it can still identify SAP sites shared by these populations and East Asian populations.
Conclusion An automated SAP analysis algorithm was developed for East Asian populations, and the software
named SAPTyper was developed. This software provides a convenient and efficient analysis tool for the research
and application of forensic proteomic SAP and has important application prospects in individual identification and
phenotypic inference based on SAP.
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