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1000NA F o Hotin, 2017 4E5F%F 8 /4t ~7 B BRI
MG NFEBAS 22 518 MAEA R LS 2400 ) B 1
63 1~ MPB I} 2 CHR A7 5 (6 M T X e fafk I,
ST TR Yk ), [FHE R T & AT
PREAE T2 AT 55 170 22 U N 28 3 B A AR DG M
(), IANRTE B R 2R A TN 55 . S AT
FIAL 5z K A9 MPB 15t 1% 53 #72k [ 2018 45 Visscher
4 190 35 UK Biobank 205 327 /> B Y 5 4 (1 B 5%,
it GWAS EBEH T 624 I I S7 A 5 (5984
NFHERGK L, 26X Efk L), FFE—
TG EE X 7 05 BN B A GWAS fIFZE 6B H T 71 4
MSE BN Y, AR R RE I 38%, T,
MPB B R JE Z IR 43R, (05 5 &5 55 R A
e, AT RAFH AR X85 /0 Y SNIP I i T 45 K F 1] il g
1. i, i SNP A i 37 v 1k 5 i
MPB i3t & F AR & i 471

CL A 1 MPB 3 £% T AR 7 R 22 % F T 322 4 1]
A543 . Hagenaars 55 " fii F 287 /1> SNP v/ i ##: 57,
ZouB AR, AR AUC (ROC £k
T MmN, area under curve) 5 0.78, {H#%
JEE 5 % A eb RS G & B AUC L RE % 5] 0.68 F110.61,
Liu %5 7 BFXF 2 725 A8 R far 22 55 ME R BF 9T 251K
N7 T 254 SNP By 48 A IH B AL, 4UC=0.74.
Marcifiska %5 ' fifi F 305 4~ 50 % 2 L) (BRI AR
FEAS KA 2 T 20> SNP FORIRY X & ) 3 A% fift FE
F1°835%, AUC=0.86.

SRR AE MPB R st 4 BB 58 M EE, BE X
ARG ARE A X b . EAR SIS0 2 B AT
Mo, WA 13 E o [ A RO TR A AR
ST WA MPB BUAR AL, —FP DLAERS . BMI A 25
A SNP NHUM A T, AUC=0.82; 75—Fh&LIAFEIE .
BMI #1684~ SNP A Fitill| (Kl -, AUC=0.89, X Piff
TR RS AR SR R AP PERE, (BAE SO AR AE N
PR 7 RN AUCEsE T LAGAE) 0.77, AT L
ZROAR IRt 5, SNP A S TR R 1A 15
PR

ARG BRI T 3 AR & R T MPB F5E
) 16 F SCHK 1 486 A~ B ¥ A BE OC BX SNP fif
s e i e 310 44 Hp U REAS A T
IR UEA AT, FFEE T 5 A B 2 G
SNP {3 ;5 57 T MPB 2 4R M BOMA Y, [R]EXT k
IT4R 254 (k-nearest neighbor classifier) . Bf#LER
M (random forest) . SZ4F [ fE Al (support vector
machine, SVM) 5% WAY/r 2Rt A ' £ MPB

AL W A PR BE BEAT T R PEAR 7ok 4k F)
MPB F0 A M e v B A )7

1 MR

1.1 BB E RBAIREUR 5 EARE

Hamilton-Norwood (H-N) i % 70 2brifE 1 AR
i K B 4 0 B8 B B DA R Sk T3 6 ks i A
MPB I WA A (125) . 6 FMPB 3257 (11 %
VIIZE) 5RO (IIA 2 VA L% 1T vertex) .
ZMzbrifE, ARG RS WA (B 1)
a. MPB R4, RISK 00 ) ULBA b Jii & H & bRk
PEEJER (IV, IVa, V., Va, VIFIVID); b. X1
T, RIS ik R R PR 5 % (TR
). FAZERT, 3 RIWERE,
S X — 7 R B MPB SR E TS, HERR
FAVHIRA RAMERIREA , DL 3 NP3 A b
TR BN R e 2 MPB 452 .
1.2 HZAKDNARE

PR 11 BRI bR, ARSI ILIE T
ER [ MR DU B AR 312461, B 7 BIREA Ny
FODUR (DUNl6, YEVE 1) Ab, HAH AL
W (iR 4, 175296, m[Fg5) RER, H MPB
FHU 143 1], XFREFRAIL 169 5], EATA WA
TRTCN I DI RE RSB . Rzt B R AR
J7 . FEFAERR N R X MPB BY52 R 12, MPB M
HAFIETE 28~69 % Z[H], “FIJAFEIR2Y 53, ikt HEE
RIS HL T s A & B &, AFIRTE 55 % LU
b, FAERE 59 B e A . TRANA AR BRI AR
Y UL 1 A& 1, i ] Canon EOS 5D Mark 11 (f£
e, HAS) mil AL 3R A A I Sk B 2]
IE TR AT 35k — 4R R o A9 N L IE
K LREERSYE, TASSENEETH
T A Rl
1.3 ERESBEREEH

fif F Ilumina HiSeq X Ten Jll5~F %5 (Illumina,
) XFEAREAT IXARIRIE I, B4
FEZA 15 3] -2 10G Raw data, X 28 3 7% 5 46 1l
(variant calling) A5 A%HE , fi A SR =
FE B ICER DY 2 S10 0 FEA I 7L R SRR
FHPLINK v1.9 2 X} SNP #E A7 451l , £045 50 Al
W (call rate)>0.97, Ml IE[AK M (Hardy-
Weinberg equilibrium, HWE) P> 0.000 1 YK 557
FER S5 (minor allele frequency, MAF)>0.01, 4>
RFEA BT AR IR A, SR OC R AN K
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Table 1 Sample information
Sample information MPB Controls
n 143 169
Age (mean=SD) 52.7+8.3 59.243.8
Age range 20-69 55-73
Level of MPB IV (9, 1va (31D, V (300, Va (8), VI (37), VII (28) I (169

Controls
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Fig.1 Diagram of MPB

ArE IR . LT N S PR A B 5 — B e (1000
Genomes Project Phase 3) A4l NS % 3L N 4,
fii I IMPUTE 70 %o G (8 R E A 7 25 DR SRR 2ok 308
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14 FitoHh
141 R SCHR T

A5 3 FH S T RO R OCHK H1 11 486 1~ SNP
it ¥l 7R, RO B LR
S1. fiif Plink vI.9 i (@b, detit, o
BRI FEM , SEED) AT T — M vk e
(general linear model, GLM) Fl — G 4 [n] 5 43
Br, WK 486 41~ SNP 15 MPB [ 5614 . SR ALY
IRAE A PR AY | BB AR B S BRI 4K
G RBKHEA BRSO . T T A SNP AL
# I (odds ratio, OR) . AH N [ 95% W] {5 X [i]
(confidence interval, CI) FlP{E. ¥ P<0.051\H
TERHR A B g2 o [R)Ish a8 i 4R
() OR 5 OR=1 W FH L, DATTAk 31 1 & JRURS: 38 Jin 4%
$e. fiFH wANNOVAR ) X} 5 MPB A K i e 1)
i 201~ SNP ZEATAH G X IR ] . 2@ it
BRI S A IR BN 0 2 DGR PR A, O A
FEHAT W 2 B R R S AL IE .

1.4.2 TN AA
W AE I A3 AT b B Ge 2 3 U SNP v i
YRR B, TR R A O B o T e X A
Froab B, Sk AR S ik “17 (MPB 3R
ALY F 07 (KRR ), FRARIE U BS540 R 4
H X SNP JE R RUHE AT 4 i . HoA 2 NI A S
gifdh <27, HA I DRESAER SR <17,
AN EGUEEN AR “07 RF, KW
XA s HE TR e, — AR T R {4 STEP ek %L
X AIC {5 BARMEIATZ AL 500, I3 —Fgidat Rk
4 glmnet f 8 37 Lasso [F1AERY - AT X SNP il
R A T e 2 B AHE T -

AR TS T A s (BPOAI1), ik
T o0 R [ PO AL T . AR R
PRIAS 5 il AN — 3055541, BRI IE R

log. (1= )=put D} B, (1)
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IR bR E . AUCERITEEI 0551 1.0, 055K
REALTIN, 1.0 2R/ 5¢ 2 fERG B S . Gn S Fuim 43k
R>0.5, Mg LZi#H i MPB, & WA A .
{5 R TR VA R R LA P R R (g B AR, FEA5
REGEEFFRESE, P EEERE0R] 1 2], Fr
A5 35 SNP 3B A0 43 A7 #RFE R v4.0.2 (htp://
www.r-project.org/) H#T,
1.4.3  ZHANS HIEAY

FE R B 3 5% k4B 43 25 4% . BEPLARAK
TAF AL 3 FhHLAR 25 S Bk A T AL I, AR
A ()RS TR (%) o 000 5 A DA T XoF L A 28 ) 9 0 e
AE o AEBIIT AR A R A 32 2 A4 class A1 |
kknn i, . randomForest fi . €1027 {145, HEFHLEY
RGBT 10k, SKRHEAEFHIME . KT 2k
55, ARSI UEREAS B B SE U E e bnife, X
A B UEFEAR BB R oy A 25 RN S AR LS H o
B, MNIMPAS ISR IRVE TG . iy
MRS BURIE . FRREE . FIPESE . BAMEm
WA DA S A58 IR uE B et . DL B e e sy
PR A AR HUE S A R 0~1, [EBRR, FRom

IrNERER .

2 FHRE5HMH

2.1 BEXBESWER

i 3 K 312 S REA Y 486 4 SNP BEAT K BE 4y
Mr, &PL1741 SNP 5 MPB i F ¢, MM
WEM 2042, 755 MPBAHISCHY SNP 1, {if
T chr20 LRI s %, A 1454, chr5 fl chr6 I
%4 6/~ SNP, chrl 4 4/~ SNP, chr9 flchr10 |
%4 31 SNP, chr2 " 24 SNP, chr3. chr7,
chr8. chrl5. chrl9 445 14 SNP. #2041
LA RS K 4300 EBF1, TFAP2C. PAXI
L K RUNX3, fii T EBF1 i rs17643057 1 chr5 |-
() A AT e S A2 X GEAR ITE SCHR ST
OR=0.479, 95% CI=0.321~0.714, P=3.42x10") .
(BRI, Y0 — Mgt Rl S A3 BT BT
HIF9/1 SNP [ MER & PEfilit, #5717 rs985546-C
S FE R A 5B 1 R MPB A JXURS: 2 5 T 45 (37 i (A
BrEM 34145, WNORXE, HApx315 MPB 5
Pk AH ¢ i 3 A9 SNP 2 1s17643057-G (chrs) |
rs1422798-G (chr5) Flrs6113382-A (Chr20), fiff
MPB [ XU 2334 m 2.1, 2.0 F11.94% .

Table 2 Top 20 SNPs most significantly associated with MPB in Han Chinese (P<0.05)

Chr SNP ID Genes Effect/ MAF OR (95% CD P
Other
Cases  Controls LR GLM LR GLM

5 rs17643057 EBF1 G/A 0.15 0.28 0.479 (0.321-0.714) 0.465 (0.312-0.693) 3.09E-04  1.42E-04
20 985546 TFAP2C C/T 0.04 0.12 0.288 (0.146-0.569) 0.309 (0.159-0.599) 3.42E-04 2.69E-04
5 rs1422798 EBF1 G/C 0.15 0.26 0.508 (0.341-0.757) 0.482 (0.321-0.724) 8.89E-04  3.72E-04
20 1s6137444 PAX1 C/T 0.27 0.39 0.547 (0.384-0.779) 0.558 (0.397-0.785) 8.18E-04  7.54E-04
20 rs6047683 PAX1 A/C 0.30 0.42 0.595 (0.425-0.833) 0.594 (0.462-0.828) 2.49E-03  2.02E-03
20 rs6047684 PAX1 G/A 0.29 0.41 0.587 (0.416-0.828) 0.595 (0.426-0.832) 2.39E-03  2.27E-03
20 2180439 PAX1 C/T 0.30 0.42 0.607 (0.435-0.848) 0.603 (0.433-0.841) 3.46E-03  2.76E-03
1 rs11249243 ~ RUNX3 T/C 0.15 0.24 0.544 (0.360-0.821) 0.537 (0.356-0.811) 3.80E-03  2.82E-03
20 rs6113382 PAX1 A/C 0.15 0.24 0.537 (0.354-0.815) 0.537 (0.356-0.811) 3.46E-03  2.82E-03
20 rs6113393 PAX1 C/T 0.29 0.40 0.592 (0.418-0.839) 0.607 (0.434-0.849) 3.23E-03  3.45E-03
20 rs4815081 PAX1 G/A 0.29 0.42 0.592 (0.417-0.840) 0.610 (0.437-0.853) 3.29E-03  3.67E-03
20 152328645 PAX1 C/G 0.30 0.42 0.604 (0.430-0.849) 0.608 (0.436-0.848) 3.64E-03  3.29E-03
20 152328646 PAX1 G/A 0.30 0.42 0.604 (0.430-0.849) 0.608 (0.436-0.848) 3.64E-03  3.29E-03
20 1rs6047682 PAX1 C/A 0.30 0.41 0.617 (0.442-0.860) 0.611 (0.438-0.851) 442E-03  3.50E-03
20 rs1535199 PAX1 G/A 0.29 0.41 0.596 (0.422-0.844) 0.610 (0.437-0.853) 3.51E-03  3.67E-03
20 6082524 PAX1 C/T 0.29 0.41 0.596 (0.422-0.844) 0.610 (0.437-0.853) 3.51E-03  3.67E-03
20 rs6082532 PAX1 C/T 0.29 0.41 0.596 (0.422-0.844) 0.610 (0.437-0.853) 3.51E-03  3.67E-03
20 6035970 PAX1 C/T 0.29 0.41 0.596 (0.422-0.844) 0.610 (0.437-0.853) 3.51E-03  3.67E-03
20 rs6075849 PAX1 T/C 0.29 0.41 0.596 (0.422-0.844) 0.610 (0.437-0.853) 3.51E-03  3.67E-03
20 156047664 PAX1 G/T 0.29 0.40 0.597 (0.421-0.848) 0.615 (0.440-0.860) 3.91E-03  4.36E-03
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BRI 174 1 MPB A 5 SNP K fiif 2 22 4~ SNP H T
FUFBA I ST . U AIC IR B B/ IME, 5
JE X ] hy 322.38~305.81 ([&]2) . 45— B 71
T E WK 2% (variance inflation factor, VIF) 33
INT10, AFAEZ LR AR,

Lasso [1] 5 35 T K51 2 5502 X 28 3% R - 54 7
e, BEEETIRBARIE R, BRI R 5 BB
BT 0, RAERHO0 (K 3a, b), K 3aZ MLk
X 7 AR R 52 22 e /N A, A 0 Rl % o A
R THRZZAE A 2 J N Y A, AR A0 e v 2350 )

BN AR B AR A, ATk 254
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Fig. 2 Characteristic variable screening based on stepwise

regression
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Fig. 3 Characteristic variable screening based on Lasso regression
The figure shows the process of selecting the most appropriate value of parameter A in the Lasso model by cross-validation. The numbers on the
upper horizontal axis represent the amounts of SNPs that can be incorporated into the model. (a) Cross-validation plot for the penalty term; (b) Plots

for Lasso regression coefficients over different values of the penalty parameter.
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HRAE LIRS B AL SRS, B T
ANV AR BT 7 B L 3, TN
AR fF B LR S2.

BF — AN B AR ) 5 3 3 328 A [ 43 B 07 2 1
22/ SNP, ZBIAL i BE T 8 MPB 2 XU 1) 48%
(R=0.48) . 5 /MBI H53E 1T Lasso [ 5 51 H
1251~ SNP, ZBLAYfERE T 2 MPB G U 1Y 45%
(R=0.45) ., MPB Fl A A HAT SRR B, X
I3 FE A& FR 43 5 AUC=0.85 Fl AUC=0.84, ROC i
UL 4. R 50% (AR {8, 22-SNP il A5
T TE AR FIN 9 A 80h 76% (236/309), 45 3 A
FEGEI . BRI, 65% MAABE [0 (L 1Y L T I o2 21)
75% (234/311), A1 DAWEL R, FFE, N
50% FAOARE R B (R, 25-SNP FII AL 7R 1 Ay F90 000 £ s

Bk 74% (228/309), £ 3N AHELER . 1M 65%
V1A HEE 3 3L %) I L AR AR AR L ATk 74%  (226/
307), A SAAHELER . PRI Hr3E X
ok kAT IR, SRS Y AUC 53 5] R 0.81
M0.77. TEMAAEREAE R B0 R 72— 5, S0l
BPES> SR T2 T 80% (251/312) F181% (252/
312), WAAHESR ., MELImS, #id Lasso
[ 01 i 35 1 R 67 a5 A 4738 LB IE Rt R 4UC
AR TW, HAMN A 2 v
[A]T, 22-SNP FilMAE 75 1 25-SNP il 5 BI7E 18 4~
SNP L AHIR], ANAELE 4~7 AN 255, {H 22-SNP
T ASE A AE 25 W6 br 08T 25-SNP A5 A
FEIMAAFE A A TN R FI5 , PRASSHR (%) TT 0 A R
X BB AR, BAEEKH AUCH N
0.89 (F£4),
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Table 3 Information of 22— and 25—-SNP used in predictive model building

22-SNP 25-SNP
111249243 1s6982226 111249243 1rs9398035
rs17185996 rs12686549 rs17185996 rs17350355
rs13405699 rs2416699 rs13405699 1rs6982226
1s9878451 rs3118470 rs16862069 rs3781452
15335145 rs3781458 159878451 rs2028122
rs17643057 152028122 15335145 517318596
1577239429 1517318596 1517643057 rs6137444
rs11243290 rs6113382 1577239429 56113382
1579032435 1575434917 rs4959410 rs6047683
159398035 15199791 1511243290 1375434917
517350355 15985546 rs9380830 1s199791
1579032435 rs6072223
15985546
Non-repeating SNPs showed in bold text.
1.0p
0.8F
z 0.6
2
0.2F
O s . , . . : : . , . ) :
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0

1-Specificity 1-Specificity
Fig. 4 Receiver operating characteristic (ROC) curves for 22—SNP (left) and 25-SNP (right) MPB prediction models

The ROC curves have sensitivity as the ordinate.

Table 4 Prediction performance for MPB with different SNP-sets and factors

Model type ~ Age" Accuracy/% AUC  Sensitivity ~ Specificity ~ PPV (positive NPV (negative =~ AUC of 10-fold ~ R?
predictive value)  predictive value) cross-validation
22-SNP 0 76% 0.85 0.71 0.80 0.75 0.77 0.81 0.48
1 80% 0.89 0.77 0.83 0.80 0.83 0.89 0.57
25-SNP 0 74% 0.84 0.71 0.76 0.71 0.76 0.77 0.45
1 81% 0.89 0.79 0.82 0.79 0.82 0.89 0.56

DThe 0 and 1 in the second column represent age was exclude or included in the model.

24 SRIB[EBIEREITE 22-SNP [ S BEHL P gAY, (Hd AU RER) ik
HATVRVE RIS A o AR BRI BRI W3R 68%, L 0 I A% R AR 50 000 o it 1 32 A 4an 322 % [l 19
5. TE3 R AR, Fem B MER R RS T AU
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Table 5 Performance comparison of k—NN, random forest and SVM for MPB prediction

Model type ~ Accuracy Sensitivity Specificity PPV~ NPV  prediction accuracy of
validation (k=5)
k-Nearest neighbor classifier (k-NN) 22-SNP 0.59 0.57 0.60 0.63 0.55 0.60
25-SNP 0.60 0.64 0.55 0.63 0.56 0.59
Random forest 22-SNP 0.63 0.44 0.78 0.59 0.66 0.70
25-SNP 0.59 0.52 0.64 0.55 0.62 0.63
SVM 22-SNP 0.68 0.51 0.80 0.65 0.69 0.72
25-SNP 0.60 0.50 0.69 0.57 0.63 0.69
3 i i VE R B0 K 15 &0 T, T 22-SNP 1 25-SNP JIit
0y

AHFFE B R AE P EDOE A T3 RS
MPB A G Sk AT, IR e it 5 E A
¥ MPB FHAH SC 11 SNP A 5, [R] B A4y 4 1 B A
T PR EAR 4 AR MPB TR0 A5

MBI EE R F, chr20 EAYZ S SNP 5
MPB EA 58 CH M, X WA chr20 A2 RO AT
MPB [ EZERE XK >, & E DU A MPB
) Bl X, XN TR AN A A IR R
MPB I e FE AR Ll st A LT o ASBFF 5% v DG
B & SNP AV 5 (rs17643057) FFfESE N X 2
PRI TR IESE 5 B AR AERAEA OC ™, Z 5B
40 o F 1 (early B cell factor 1, EBF1) ¥ #5,
EBF1 &1 B 41 il & & MR Wi 2 il fr o 7 B 3%
K7, shpioe R UIHAE /MR . AE KB
Fik. BREBF1AN, TEARMIGEHT 20 4 035 A 5
. H 75% DL B A 5 PAX1 (paired Box 1,
PAX1) X—HEH XA, PAXITER K. kA&
kR, SR SRR MPB Sy 1T 2 xR
78 T PAXTAE Ay v FE 0 L RE MPB 6 358 2[R
WM AR BRI, ASBIFGT I HE 1 S A
(rs2180439) 7£ o — Wi 5& - v [& L% A 9 F 5
Hh D TR IE S S M B AR DG, RN T T S AR
T —2, M T SR BB (P<3.13x
107) o X TR L I R AR A SNP, A SCEF R TC
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Abstract Objective Male pattern baldness (MPB), or androgenetic alopecia (AGA), is a common type of hair

loss in men, with an estimation that approximately 80% of the phenotypic variance can be explained by genetic
factors. Most prediction models were developed in European and few MPB associated (single nucleotide
polymorphisms, SNPs) have been validated in East Asian population. In this study, MPB associated SNPs in
European were verified in Chinese population, and MPB risk prediction models were built based on those SNP
data. Methods We examined 486 genetic variants previously reported associated with MPB, and assessed their

impacts on hair loss in 312 Chinese individuals. Different sets of SNPs were selected by stepwise regression and
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Lasso regression. Logistic regression algorithm was used to construct the prediction models and the evaluations
were conducted by the method of 10-fold cross validation. We further compared the prediction accuracy among
logistic regression, k-nearest neighbor classifier, random forest and support vector machine. Results 174 SNPs
demonstrated significant associations with MPB (P<0.05). Among those SNP markers, 22 SNPs and 25 SNPs
were selected by different screening methods. Two logistic regression model considering the genotypes of 22 and
25 SNPs demonstrate that the risk of MPB were predictable at AUC (area under curve) level of 0.85 and 0.84.
Prediction accuracy was slightly reduced after performing 10-fold cross validation, 0.81 and 0.77 respectively.
Moreover, the AUC of both models reaches maximum (0.89) when age was added as a predictive factor. From the
running results, the logistic regression prediction model had obvious advantages. Conclusion Overall, although
the accuracy obtained here has not reached a clinically desired level, our model still has great potential for genetic
prediction of MPB, which may assist decision making on early MPB intervention actions and in forensic

investigations.
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