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AL s AR A I T8 R TR Ul B T
S MR P.OEN, B> SAP A s ARTE DNA |
£ X R 1 AE [W LSNP (non-synonymy SNP,
nsSNP) {37 15,, 7] FH SNP 37 s 7E 7 WA FHE R 451 2%
TSR W AT AU RE T B T8 o

ARSI 6 24 AR S IR B TR T 1
WK R T B . B, S Sk
MSEEE PR, B TREAhE g, mH
i ad F AR B SAP & 17 9B 4 A 4
JE R AR SAP 4p AL, ] TR RIS T
[ SAP 22 51k

1 #M#EFZE

11 EFEARAMNE FRERN

AT AR AE PR ASR IR TR B A R
W T 6 44 DU TE G AR RN SR Sk &
AT, Bk, AARRETERL TA
LB YIIE S TP e R R SR s A, JF HAE
BT AEBEENAGRE . SRR L L,
EBRTEE KRR, 35BSk & 1)L & AR 2 em
YER I TFEA

B FAAR C12Im-Cl ] LR IR 85 1 5 Hp 10
R2% , TSR L4 b A 3R 1 5 B AR A i i i
PEo B2 em BT HARMEAH FH 50% & B /7K 75 WG
VEMIIR, HTRBRL ERIMAR S5 sk
JE BB T I3 = 29 1~2 mm, fiIlA 100 pl 24
it (0.1 mol/L Tris (2-carboxyethyl) phosphine
(TCEP, SIGMA), 10% CI12Im-Cl (m/v) & F
0.1 mol/L Tris, pH 7.6) ">, JK¥##E A 20 min )5 ,
AR 7 2% N 4k 2k 37°CHR % 7%, i B I
£ L P U AR ) 3 28 T M s i 28 PRLIR AN W]
UL o BT HE AR 95°C/AKIE 5 minJ&, A
B O IL 16 000xg B0 40 mine UL WE R E A
FASP .0 N (10 k,  Sartorius AG), 16 000xg
B 0> 30min, J5 F§ ABC ¥ ¥ (50 mmol/L
NH,HCO;, pH8.0) 5 ¥k, ¥ ¥k o8 B Jm fn A
30 mmol/L L f€ & Wt B% (iodoacetamide, IAA,
SIGMA) 1 ABC ¥ ¥ " 3 O ) )i 20 min, J5
16 000xg 250> 20 min. 5.0 58 U5 A ABC %
THUE3 W . B4 FASP I N AJ4E . #EME B imA 2 pl
JREE R (2.5 g/L), 37°C/K#4h, FRUMA2
JEE B (2.5 g/L), 37°C/Kif 12 ho B¢ S
16 000xg 5.0> 20 min, Jf ] Qubit & i (F 1 i
iR M #&, Invitrogen, Thermo Fisher) FrfgfkEL .

1.2 SRk

B3 i Thermo Easy-nLC 1000 & AH {33 F1
Q-Exactive 2l & 54 PUA AT Orbitrap J5 i 5 FH A
REL, FHEEA L pg.

Nano RPLC 1 & 3% 7 85 5% 4 . W ah#H A Ny
98% H,0+2% ACN+0.1% FA (¥ RIRF%50) ; W
A B H 98% ACN+2% H,0+0.1% FA (3 Rk
SO s B 10 pl 100% B9 A FREE C18 ik
(3 cmx0.15 mm), J& /74300 Bar, ZRJG1ECI8 &
AN (15 emx0.1 mm) _E LA 600 nl/min ()37 3% 5
BIMKBL, BEEEUNR: 2% B (0 min)-5% B (0.1 min)-23%
B (55 min)-40% B (70 min)-80% B (72 min)-80% B
(85 min), Q-Exactive FY it S #: 1E& 7H L,
FRIEARBE S e 88 . R T oy B AR K
#2445 (Full MS/DD-MS2, TOPN), —%%H]
i 35 B A m/z 300~1 800, — L 4> P R oh
70 000, MBSl (AGC) M 1x10°, & i
KBNS H 4 60 ms; g 47453 B2 17 500,
AGCH5x10°, BFEAKRFUNELY 60 ms, TOPN=20
(HT2058%), MREIHE M A m/iz2, RifERE (NCE)
28,

1.3 FITABSAPEARFIEBEME

4 AnnoVar #4157 (20190ct24) H' hgl9
FEP2H P g 2 DK 1 Ensembl 11 FE, FRAG40 & 430
Z: 5 B SAP AR 1 BT P 4 o A 11 0T G B DX )
nsSNP 25 515 BOR VR T ExAC 05 % (http:/exac.
broadinstitute.org) , £ 84 45 WA 28 AR % 5 T
0.1% [ nsSNP, %E4~ nsSNP X i 1 425 4 & A8 Al
SAPEH BT . BIFSHEATTII MR E
FSRE S8 E , 3045 45 0 A BE SAP 28 1 5 ¥ 51 4K
PP

TEE PR B nsSNP JER 2 (g B L 43T A
TEARENRE R B SRR . XPR; Y SAP 431 . SAP
FrE R L, HA05 60 551 AN E A EAY 255
A SAP A,

14 HIEEMNEESSAPERE

NAEE H BB PR 2R B A 45 B i 41
P (*raw) %JH pFind Studio (JRA<3.1) (T
AR R . N2E AW E 20T UniProt,
Jfi A< g proteome UP000005640, H:f1 5 74 470 4~
BT A, R R 45 45 00 B BE R
(FDR). pFind /4% PEV N 3 NIV, 4],
RS T VP B 22 +10 ppm, #E R B RiF
i i 2% ~+20 ppm, FDR<1%, Open Search /4]
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o 2B R & FE LA &1 (carbamidomethyl
[C]) MEEBM, &N mLBEA (acetyl
[ PronteinN-term | ) F1 H i % fi2 A ft  (oxidation
[(M]) &Mk a] 28 i

R NTE SAP EE H TP AN B FE R . B
PEEL 6 ARSI 0 7 345 19 438 nsSNP, - i
AnnoVar ERASXT I ) SAP R B, JFImAZ A
SAP & [ i 51 it e B B B9 % o {81 pFind
XPREREA T, S8 E R L, R A R EdE
G AT TR DN A A S IR B AR S % SAP ikBe, 2
WCSAP (7 s A5 B, IFAR £ % I Y SAP 5 nsSNP
XN FERERR, RIS B0y SAP A s 5 8 . XTh
[ SNP 37 515 S DL B SNP 7 5 75 N BEHR I =728 &
A ARG SAP 55 i hg19 HE [A 2 25 % SAP —
HEHE, HINSHRFRAR,
1.5 SNBFUF

B 6 A AR BT 4 B4 BRI 2H DNA,
2% NanoDrop 2000 % f HX 500 ng, ¥ B =5 pg/L
DNA, ZHEHEFEAEDRHE (dtat) ARA A
AT AN FIF . 248 F4MF (whole
exome sequencing, WES) F| VAR E & 51
TIX I DNA FFA1, A6 IR 56 DX 58 Mb, il
WRE=100%, MJF 4R E>9 G
1.6 FMEHCEBEERITE

SAP i g % b Z2 AH W Y SNP . s f5 . % SNP
7 P ERE R BRR LT . a. 28748 7 SNP
PSR E>0.1%; b, JE[F— YLk 1 SNP {7
SRS A s e Al — e ik TR ES >2x10° bp f
WRAEST 5 d. 4P LB A BB A 2% 10° bp
PR, BRI B I SNP A 5 Fit58 . BlEMLIC L
HE  (random matching probability, RMP) K145
il AR 5N . LA SNP AS[R] 43 BUAE 7R W v 55
THIRAE AR BRI, (B S AR R 57 HE PRI A
R p, S RGENFEF GO FEF RN g, W%
ARV T RS RBUR A p?, SRS I B
KA R ¢, 245 B BRI 0 2pg, el
25 7 p A 5 DR AR 0 258 T A A AR B L DG E A 3
RMP=3EH BUATI % (SNP 1) x K&K BUAT# (SNP
2) }FEIIAR (SNP3) «-ne .

et M E R AN Graph Pad.

2 & R

21 EFEARKHEBER
ff AR AL B v, 2 em BB A

KB A (48.19£10.12) pg (n=12, H{f=49.36 pug).
HIET 6 AR 12 B THREAS, PR T
T A AR BRI, A LA — R R R
A, BAUWE MR EAEA . ALl 6 AR
BeA A 1 826~2 6711 (2 180+345), #H H A
RN 216~400 1 (28471), 45 S5k Ik BeAG: H
B 771~1 0124 (885+112) . B 6 MEEARK)
R BEAS HE A 1 406~2 524 4~ (1 874+389), %
K B A 212~366 1~ (267+68) , RSP K B R
B R 569~951 1 (744+128) . WHIEIR 12 4V HE
ARG IR BB A 1 406~2 6714 (2 027+385),
AR 212~400 1> (276+67) o FFESFPEREL
Bkt 569~1 0124 (814+136) ., AAEAS K 45
RVEWER 1. It BT EA A R Ife,

Table 1 The number of peptides, protein groups and

unique peptides identified in 12 samples

Sample ID  Group Peptide  Protein group Specific

numbers numbers peptide numbers

F3 A 1826 216 771

B 2 064 366 772

F202 A 2457 400 974
B 1 867 218 775

F203 A 1935 255 787
B 1765 212 732

Ml A 1900 226 792
B 1617 238 662

M2 A 2292 270 972
B 2524 342 951

M3 A 2671 339 1012
B 1 406 228 569

AT GO W XFA, B P i Z R
IS KEATER, EMHANE TREZM5LEN
Biornlhy: MMM MR ZER . T
EH . BEWEA . AN EREA (KD, A
THAHEMA (keratin) FIA & HFHLCHE A (keratin-
associated protein, KAP) J&E & I Z A7,
PR AT T . A 12 REATR, R A
Ff1ER R DG 2R A 3 T A ARG T B R R 2 Y
25%~44% ([&12a), Ho ARG MAEEA
40~51 %, MAEEMKCER41~51F (K2b), 12
AFEAC IS H S2 R R, Hh A 32 M mEE
TEFTAREARIIRG Y, 5 61.5%; HLA 1 KAP 58 Filr,
FT G REA A K B KAP S 30 Fh, 5 51.7%, H
TRHY A 2R 8 KAP A H A 0 L2 S1AITS2,
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(a) Cellular compnent of Group A (b) Cellular compnent of Group B
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Fig.1 The main cellular components of the proteins detected in hair shaft

(a) Proteins extracted from hair shafts in Group A were analyzed by GO. Cellular component sorted by —lg (P value) and the 5 most significant

components were displayed respectively. (b) Proteins extracted from hair shafts in Group B were analyzed by GO. Cellular component sorted by

-1g10 (P value) and the 5 most significant components were displayed respectively. The 5 most significant components in Group A and Group B are

the same.
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Fig.2 The proportion and numbers for keratins and KAPs detected in hair shaft

(a) Proportion of keratins and KAPs in all hair shaft proteins identified in Group A and Group B. (b) Numbers of keratins and KAPs in all hair shaft

proteins identified in Group A and Group B. There are no significant differences between Group A and Group B in the proportion and numbers of

keratins and KAPs.

Syt — BRI AR 25 R i 22 5%, XF
A, BPAHEIR A S5 45 RBEATRCRT ek 5, A i
kBt (P=0.24) . HEHB (P=0.75) RaHtbikiE sy
ToEMZER . WAL 2] 5 2 1HT S 2
80, BERHES BB TR E TR A gL R
AT R e e R Af . R, XFA. BPAMA
H VR B A DG ER PRI AR P Rt A 1
B B L AR R B AR R R DG AR R H 4K
HUETEON (K5 (P=0.75; P=0.80), &KIXFIZHLY
WA 2R

R 53 ) — AR BRI R, X Rl —A~
NA. BWHLRKS 8 H B AR T bR, A
J A ROl 54.7% ., 61.3%. 63.5%.

60.7%. 67.8% F167.6% ([¥3a). XFEASF202A Fl
F202B 73 AT IR Bt BN B4, AR ke B
52RO H N 64.4% F166.2%. i Hb AT R R #
HMFEATEZ R M ERRNEE SR, RIRHEA
F3AHZEME T, HA 5 AR B LR H 2 1 o
SR B A A R AR B A R, X [R]—
AP G IR — A, AR
R & R — o B RBIRE (A
3b), KMREEHAMIG IR (BRI B
HEHEEGE S FIHEE, Bl (RREEE) &
FI R R R, o 6 MREAS LA A
7314, WK A 175
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Fig.3 Protein groups identified in hair shafts from 6 individuals

(a) Overlap of protein groups identified in both 2 samples from the same individual. (b) Number of protein groups identified in 2 samples from the

same individual. Protein groups identified from different individuals are accumulated and analyzed the number of cumulative protein groups and

cumulative overlapped protein groups.
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Fig.4 Fragment mass spectrogram of peptides including SAP

(a) Fragment mass spectrogram of peptide containing reference SAP. (b) Fragment mass spectrogram of peptide containing mutant SAP. These two

peptides contain the same SAP which are different types.
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ASK ([E14b) . HHEEEE Y SAP 5 nsSNP X
PERERESR, S HAHR ) nsSNP 435, RIEE 15
% A I 2] () nsSNP_pro, 5 4 & 10 3 4K 45 1Y
nsSNP 73 B 47 Lh 8 53 A, Hiv —Z) SAP
validated SAP,

M6 AN AR B 12 B A e 0 #) 321 A
SAP, VHEAFEARLES] (132+17) 4~SAP, £
Fro(19x4) ANRAAA (113£14) NS HA (%
2), Hrh A H R FEA Y E B SAP 7 S e 41
Bk (137£16) 4>, B4R (126£18) 4~ A4
validated SAP & (127+13) />, B4 N (118+17)
o BHREBR, A B K2
SAP, RAAMMZB LR SAP R L EELS (P
>0.05). I SAP BYA 1 EAI{F B LK S3,

Table 2 The number of SAP identified in 12 samples

Sample ID  Group SAP SAP Validated Validated
(mut) (ref) SAP SAP
(mut) (ref)
F3 A 14 105 5 91
B 12 123 4 111
F202 A 19 128 7 120
B 21 108 10 100
F203 A 18 109 9 103
B 18 117 11 110
Ml A 16 107 11 100
B 21 108 12 100
M2 A 21 127 12 118
B 21 117 12 112
M3 A 28 130 12 122
B 14 77 7 71

J A FEAR SAP I £ R, RBR ek
M —E WS B SAP 7 5, U AFAE Sy T 25 57
() SAP v 5 (BIAEAE —HFEAS ip ks Hh 58 48 8 SAP)
AT TR (ES), 724 SAPf &, Hpfy
10 7 s FEFT AT 12 S REAS B8 A e, X oz 7Y
nsSNP 75 A= WA A% 53 41 B 0.008 3] 0.353 5,
K F 0.005 1Y 55 {7 L B FR O w0 AE 7 3k
(common allele), TEREARHRREBE HAFAE &
AR ZE FEVE L 3% 101> nsSNP v 5 15 Sy i UL 45 o7 3k
K, AT MR 2 S AT

XoF [] — A AR AR A TRt A R o3 A AR E
TR B, WA DIREATATEZE S . By
T rs2071560 F1 % 1) SAP, F3. F203. M1, M2 Al
M3 B A YRR ARG 1 4 BT — By, (H

F202 9 BFEACKS T4 500 AL, 1 A FEAS A
2 T HRARRY

X 12 A nsSNP_pro 55 4h i -1l ¥ nsSNP
GER RS, SR N a SEAVLE Y 67%, Al
nsSNP_pro 55 nsSNP 58 &= —5%, fIERAE (Frl) .
A (bRf) . SH M (FiE); b, JUCHE
27%, BIinsSNP RZ%4A %Y, 1fii nsSNP_pro HAG N %)
Ho—Fpr R JEAE T S — R (BREE) 5 o 45
PRVCAL (5 6%, Bl nsSNP_pro ¥ i T nsSNP A FETE
M40 (BRgg), U nsSNP & Z 44,
nsSNP_pro ki ) 1728481, 5l nsSNP hy 28 A8 H 4fi
&, MinsSNP_profiih T &%M (K]5).

23 MKIRBIFEN CERRERLE R

SR VAL ARAT Y SAP A5 1 6 AR B X 4
A1, K5 SAP XN nsSNP f% 5 K 45 % Ff T it AL T
BoAER A8 . T eI, (U 2sNGIE
TEHf 1) validated SAP i S5 715 RMP (£3). A4
RMP 2} 3.5x107~1.0x107, H{f } 1.1x10*; B4
RMP Jj 1.4x1072~1.5x107°, F{E N 1.6x107, &t
Bt R e, A, B4 RMPIA B EMER (P
>0.05) . BB EEE AL BIHLKKS H 0 SAP &
I B RMP, A PAHE IR A 45 S B ARR 1~2 %l
P, PEIEH] 1.3x10°, M 104 12 FEA
I ) SAP (] 5 H ) TOP10) #E4T RMP Y4
WA, F3. F202. F203. M1. M2. M3 [# RMP %
8 3.4%107, 9.9x107, 8.0x102, 2.0x10™, 7.2x
102, 1.6x107,

5 2 DE e A R DU il 2R ALY, AR AFRIE I
K, AR — AN BT HMFRTS AT nsSNP_pro, 5
[7] A~ N B A TG 5E AR 9 1 1 nsSNP B ik L
B, RV T [Rl— A B 75 2 (1) validated nsSNP_pro
(self) B %, MM RMP (self) 18t
. HFUEMERK, AxEREESAW
nsSNP_pro 24 5L 5 HAlh 5 4~ A B0 )7 45 SR IC L 5 43
ST RMP (other), Z5RE/R, MEHFKE AN
() DNA 47 PR RCET, KI5 W] —A~ AR & A 5Tl
DNA #; i1 ) validated nsSNP_pro${ i £ . BREEAS
F3 L4k, %E-F validated nsSNP_pro (self) 15 A%
RMP (self) tHigfik, HRMP (self) AL, 5
HAth />4 DNA VE L5453 2 1) RMP (other) (1922
PR, RN R b, R nlMZE 64
Bomde (M3FEA) (FR4). XTREAF3, mTHK
WRAF) SAP A S E AR /D, THA RMP (self) {H
LR 107, RERMP (self) {HIFARKRE, HE
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F3 | F3 | F202 [F202 | F203 | F203 | M1 | M1 (M2 | M2 | M3 | M3
Freq | Gene name sID SNP A ‘ B A B ‘A B Al Bl Al Bl AlSB
0. 2031 KRT83 rs2852464 chr12_527107216>C
0.1491 KRT39 r$17843021 chr17_391167286>A
0.0281 KRTAP1-5 5148850772 chr17_391829456>A
0.1689 KRTAP1-5 r$62623375 chr17_39183304C>T
0.163 KRTAP4-12 5623410 chr17_39279921A56
0.3388 KRTAP4-6 5146882220 chr17_39296361A5G
0.0368 KRT33B 15143499346 chr17_39521751C5G
0.1098 KRT32 rs2071560 chr17_39622385A5G
0. 3535 KRT35 5743686 chr17_39637244A>6
0.008 KRTAP13-2 5146985381 chr21_31744473C5T
0.0919 KRT39 rs17843023 chr17_391166036>T
0.1227 KRT32 rs72830046 chr17_39620565C5T
0.0342 KRT39 rs7213256 chr17_39114962C5T
0.9315 TGM3 r5214803 chr20_2290333C>A
0.8096 | KRTAP10-8 rs411254 chr21_46032094A5G
0.2954 DSP rs2076299 chr6_7580958A>6
0. 1694 KRTAP1-3 r$62622849 chr17_39190830C>T
0.4559 | KRTAP4-11 rs9897031 chr17_39274518C>T
0.421 KRTAP1-4 r 8074887 chr17_39186168A>C
0.1104 KRTAP1-1 r 5149188249 chr17_391974776>C
0.9486 KRTAP4~1 r$2320231 chr17_39340910T>C
0. 6593 KRTAP9-2 r$9902235 chr17_393830736>C
0.0914 KRT36 rs75790652 chr17_396439346>C
0.0941 NEU2 r$2233385 chr2_2338975036>A
0.216 KRTAP10-5 r 5464391 chr21_45999653C5G
0.0567 KRTAP1-1 1146863522 chr17_391975386>T
0.2317 | KRTAP4-16 rs79454827 chr17_39258293C>T
0.9996 KRT38 r 897416 chr17_39593768A5G
0.0156 KRT9 rS77688767 chr17_39724592A5G
0.0778 TaN3 rs214814 chr20_229779065A
0.4624 | KRTAP11-1 r$9636845 chr21_32253513A5T
0.5596 KRTAP12-2 r 2838622 chr21_46086377A5G | |
0.3763 KRTAP4-5 rs1497383 chr17_393059566>A
0.2795 KRT35 rs12451652 chr17_39633354C>T
0.6476 | KRTAP10-9 r$9980129 chr21_46047857C>T
0.3292 KRT6A 15201142403 chr12_52885316A>G
0.1825 KRT6A 199613662 chr12_52885339C>T
0.182 KRT6A 15201663666 chr12_52885340C>T
0. 2487 KRTAP3-2 r$3829598 chr17_391560276>A [
F202/M2 KRTAP1-1 rs768488910 chr17_39197618A5T |
0.3755 | _KRTAP16-1 r$2074285 chr17_394644876>C [ |
0.2277 | KRTAP105 r 5464424 chr21_45999753C>G | |
0.1012 TRAP1 rs1136948 chr16_37217736>C
0.1414 KRTAP4-6 5200470462 chr17_39296412T>A
1 TCHH 152515663 chr1_152085505A5C ] [ ]
0.0056 KRTAP1-3 5200148920 chr17_39190733C>T
0.0103 KRTAP1-1 5748281420 chr17_39197549G65C e
0.9421 KRTAP4-2 5389784 chr17_39334133T>C
0.6522 KRTAP9-8 rs71383390 chr17_39394674A5G
0.6348 KRT32 rs2071561 chr17_396220686>T [ ]
0.5291 ZSCANT r$2241406 chr19_58549593C>G
0.8176 BIP2 r 5235768 chr20_6759115A5T
0.5051 KRTAP10~1 5233320 chr21_45959918G>A [ |
0.3486 KPRP r 516834461 chr1_152732567G>A
0.4198 KPRP r 54329520 ohr1_152733301T>A | ]
0.4803 CROCC rs4463721 chr1_1726492065T
0.1754 FAAH 5324420 chr1_46870761C>A
0. 7664 KRT84o 15951773 chr12_52774235A5G
0. 6927 KRT75 15298104 chr12_52818504T>G
0.5945 KRT1 rs14024 chr12_53069014T>C [ |
3 DNASE1L2 - chr16_2287835T>A
0.3562_| _KRTAP4-11 r 349771 chr17_392740696>C
0. 1644 KRTAP4—11 rs113376601 ohr17_39274491C>T [ ]
w2 KRT35 151343809489 | _chr17_396371176>T
w2 PLD3 r 5750417438 chr19_40880464G>A
0.0131 KRTAP10-1 r5116872980 chr21_45959280A>G
0.7343_| _KRTAP10-3 15233252 chr21_45978090C>T
0.4806 SPINK5 r52303063 chrb5_147480027G>A |
0.7175 PERP 5648802 ohr6_1384133336>C |
0.0909 PTPRN2 rs3752368 chr7_157931091C>T
0.0357 CLIC3 12292923 chr9_1398901306>T ]
0.0634 PRSS3 5200709040 chr9_33796799A5T

I : Mutant homozygous
: Half-matched heterozygote

I : Reference homozygous

I Heterozygote

I : Wrong-matched SAPs

Fig. 5 All mutant SAPs identified in 12 samples

Imputed nsSNP from mutant SAPs were validated with genotype resulting from whole exome sequencing for 12 samples. rs ID=SNP accession

number, Freq=population allele frequency of mutant nsSNP. Correctly imputed mutant homozygous are indicated by a black square. Correctly

imputed reference homozygous are indicated by a blue square. Imputed alleles that were incorrectly predicted are indicated by green squares.

Correctly imputed heterozygous are indicated by an orange square. Alleles identified by whole exome sequencing were heterozygous while the

proteomic results only match one type of heterozygote are indicated by yellow squares. Alleles not identified in the proteomic results by white squares.
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Table 3 RMP calculated by nsSNP_pro validated correctly by exome sequencing in 12 samples
RMP
Sample ID
Group A Group B Group A&B
F3 3.5x107° 1.4x107? 8.5x107
F202 2.9x107 8.6x107° 7.8x107
F203 3.4x107* 3.5x10™ 1.4x10™*
Ml 1.1x107° 1.5%107 7.0x107
M2 2.2x107 1.3x107° 1.9x10°°
M3 1.0x107 2.0x107° 1.0x107°
Table 4 Supposed RMP calculated by nsSNP_pro in accordance with different exomes in 12 samples
Sample ID RMP calculated with different exomes/Number of validated nsSSNP_pro
F3 (DNA) F203 (DNA) M2 (DNA) M1 (DNA) F202 (DNA) M3 (DNA)

5.9x107/121
1.4x107/145
3.2x107162
7.1x107123
6.8x107%/131
9.5%x107/123

8.5x107*/127
3.1x107%/124
7.8x1079/161
1.2x107/127
1.9x107%/135
5.8x107/126

F3 (protein)
F203 (protein)
M2 (protein)
M1 (protein)
F202 (protein)
M3 (protein)

2.0x107%/120
1.1x107/124
1.9x107°/175
4.9x107%/128
1.3x1075/132
2.4x1073/120

4.2x107%/115
4.2x107%/119
7.5%107/151
2.0x107%/120
2.8x107%/131
1.0x107°/135

4.4x107/124
2.5x107/124
1.6x107/157
1.3x107/126
7.8x1074/151
3.8x107/124

2.75%107/122
4.3x107/127
2.8x107/165
7.0x1077/145
5.2x107/135
1.7x1073/123

5 RMP (other) JL-FHRAER— i, %45 R
WEB T B 128 1 SAP 43 7546 I (1) 75 B4 77 1
Z5, (ARl SN DNAFFS M e,
HIZYRMP (self) BARES, 2T REFAMA
X ARSI .

3 i@

ASCUABT HIFFEN S, AT TR AR
SR, T ELAEL T SAP K S0 HE ST T AL ARSI ik
JEXTE I . R EAT T, SRS T BT
SAP MR BIAE ST, 2 em KA BT RER
Yynl LIRS 05 WA e, AR 5 B 1 52 g
MR Ak 5 D iaE i 28 2 7 SAP i/
o e ORTR]  ORAR T 28 A8 B SAP, fii H.
WHHT ZHRSAP, £ RMP IR, SH R
SR P BEA R I 25 58, FRAK T
RMP HUE, MIHETH T RUNEE T . A K
FRE ABOA N E B T EZEH R . it
GO M, BTHERAFRMA MRS, RiE
e MM IARS T, HIRA B AEAZ4EA
X, IR TR LEASE . SRR, diffsh
B AR FARF N E AT, B THEN
RS ZREN, X R 2R R RS E SAP Y
[iE7

BT A 2K B 1 SAP {7 8 7 #1211 A

BEACE AT Y AT RS CHE R A
L e e s SAP RS RE ) WE R . AOURE R
ARITEIMA T 2% 8 SAP, B AV 23 #r 5 728 1Y
SAP, T 12 FEARILAE H T 73 N5 A8 RISAP (5
— RN SAE ST REA AL, 2T
Parker 25 M"Y K5 HY 9 33 /S Fil Mason &5 1 f6 HY A9 57
DRASHYSAP, AT AT LA R LA
a. BT WA B K PR R B A A BRI U R
J3 et ] AR R AR B A BRI, i S e R Y
A, W — DR T frae )y, IRTEETIRER
vk ™R B O5 M B (DDT) & A H B a1
(SDD) #&HE s SAHF S 4L i 11 FH IR 3R 2467
g5 R PV R, BT A B B R
AR S IR R8T Nano-LC 52 1 QE 5t 3% 4 46
M, JREFE T (937£262) ANRRBE, 18 F
WK Y (2 027+385) AMAKEE. b, LT 2R
TEHEE () SAP U i SAP {7 5 Ay TR 5 55 2 A 4 %F
P, AR R T SAP A Sk o e Z il ANk 4
AN T nsSNP 285 5L 55 50 U5 T A HE5H 9 4 I AR
SAPHEHEIAT THA, MR AETE T AR
W SAP 3 S AS AR K, W KRTAPI-1 FE R I
rs768488910 i s (K14), FEARFEAE T A LB FE
H, (HRE RSN PR RS, T RAEREA
F202A . F202B FIEEASM2A . M2B FRgifs H .
ARICRI, Rl — AR HE RSB B T REA
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e, A R PR SAP B AR AE 25 5, (HIX R 2%
S MR ELZ 25808, BoRBHERE T X
AT AR BN IR 22 S 0 F 2 e R 2R . AR Sl
FH |y 5T 3% ok 4 J7 X BOHE O AL R 4R (data-
dependent acquisition, DDA), A KEE TopN i
TR, BT — 2 MBENLEE 22, RECT PRI
o 0 A 2 BT S SAP AR —E 22 7 o A S 4
SN Y B UE R I, A RORUE TR A7 A HER
P, B A T VE RS &L, B —#R 45> SNP
P ARG R, SAP XY SNP_pro {34 i H i —
Moy, BLEas K BT RS> SAP 5 SNP 7 B 5E 4
AN—E O . HA B ICEC NS 5, BR DDA ik
R R E LIS, A P RE SR R 4 Py — SR e (iR
S EEIGER, I ) — AR e A b S i R SRl
e I | TITD O Rt o Npc L N = phTve Lo
N E AR, 2R AEMENSE, XES AT
BERNTF RN -

FEARBIN T, — N AR 75 B AT
ME—, AR BT A A 4 A A — R ) 22 1k
ASCE AR AR b, il R B2 SAP
1 nsSNP_pro 5 3& K 21 H nsSNP VT it —EL #9157
SOTTHEBENLICRCAE S, MITRE 8 1 Pl 5 5L R 21
AL R AR o X B2 A PR DR R T [R]— 1>
N, THESAT LT RO R R L (R 11 R A
SAP L D LASN) o AU 5 1 e 2k
BB TR SR T — A R R SR s
A s, BAHEEEEA N E. A
—IRER, A 5AHEEATT AR, AJEATL
25 SAS NABUMEHERE AT o8l e AR IEG )
T A, AKETELETERI ik L, R
TER B I BRs , iE—2D et T ER R
D7 ORI 1 o 2H A 0 7 56 B, ARG i SAP K
AR

4 & i

RIS T — AT E TR BT EA R
HTA B K SAP ORI T7 3%, IF R T MR
SRR, ZONERATBAMED R EE,
Kol SAP i £ | S X AR AT SF L3, BE
HLVC BC A3 45 Rk R BA B iR U fiE
1o BITHEA BRI B DNA /MATUIEAR A
JIRNFE, T RABUHAR AL R~ GO HAT R4
TR o

M WA SCMZE AR (www.pibb.ac.cn 2¥ www.cnki.
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Establishment of Single Amino Acid Polymorphism Detection Method for Hair
Shaft and Individual Identification Application in East Asian Population”

WU Jia-Lei'?, JI An-Quan”, DING Dong-Sheng”, FENG Lei*™, YE Jian"*"
(VGraduate School, People’ s Public Security University of China, Beijing 100038, China;
DNational Engineering Laboratory for Forensic Science, Key Laboratory of Forensic Genetics of Ministry of Public Security,

Institute of Forensic Science, Beijing 100038, China)

Abstract Objective Hair shaft is one kind of common biological evidences at the crime scene. However, it
fails to play an important role in the crime investigation due to lack of effective method of individual
identification. The single amino acid polymorphisms (SAPs) in the hair shaft proteome contain information of
individual genetic differences. Methods In order to study SAPs in the hair shaft, the proteome of single 2 cm
hair shaft samples (6 people, 2 hairs per person) were extracted using ionic liquid following with LC-MS/MS
detecting. The protein composition of the hair shaft was analyzed. A custom SAP protein sequence database was
built for East Asian population as the searching database. Based on the custom SAP and SNP corresponding
annotation table information, the nsSNP profiles were imputed corresponding to SAP. The accuracy of SAP was
verified by comparing the imputed nsSNP profiles from SAP with nsSNP profiles obtained from the whole exome
sequencing. The validated SAPs were used to calculate the random matching probability. Results In 12 samples,
321 SAPs were obtained, with an average of (131+17) for each sample. The value of random matching probability
for 6 people ranged from 1.4x10™ to 1.0x107°. Conclusion In this paper, a method for detecting SAP in hair
shaft proteins of East Asian populations was established, and the ability of individual identification application
was verified, which provided a powerful tool and new ideas for individual identification of hair shaft in forensic

science.
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