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Molecular biological analysis of single nucleotide polymorphisms in the D*D3
domain of von Willebrand factor
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The D*D3 domain of von Willebrand factor (VWF) plays an important role in
binding to coagulation factor VII1 (FVIII). We searched for gene variants that could cause
functional enhancement of the D" domain of WF by in silico analysis. (1) Wild-type VWF protein was
expressed in HEK293T cells by using a plasmid transfected with human VWF cDNA
(pPG-CAG-huVWF-PGKpuro) and the normal functions of the expressed protein were confirmed. The type
2N VWD mutations in the D" domain and neighboring single nucleotide polymorphisms were selected by
in silico analysis to identify candidate variants with enhanced function of VWWF. We generated VWF
variants and analyzed its FVIII binding ability, but could not identify a variant that showed higher
FVITI1 binding ability compared to wild-type VWF.
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sROW_ [PROTEIN SEQUENCE CHANGE]| PROVEAN PREDICTION SIFT PREDICTION PolyPhen-2

A NO. |posiTioN :IST'DUE’ :ff OUE. |score :;E:"T::) #SEQ [#CLUSTER [SCORE mm) N'E':'AN" #SEQ  [HumDiv ]wora sensitivity specificity o
rs1247993965 1 784|E K -0.09|Neutral 30[ 0.502|Tolerated 2.87] 71[BENIGN with a score of 0.192 (sensitivity: 0.92; specificity: 0.87) T84 EK
rs61748473 2| 785|G E -7.71|Deleterious 30| 0.002|Damaging 2.87 71|PROBABLY DAMAGING with a score of 0.993 (sensitivity: 0.70; specificity: 0.97) 785G E
rs61748474 3 787|E K -3.36|D 30( 0.004|Damaging 2.87] 71|PROBABLY DAMAGING with a score of 1.000 (sensitivity: 0.00; spec:i 787 EK
rs61748475 4 788[C R -11.67|D lous 30 0[Damaging 2.87 71|PROBABLY with a score of 1.000 (se 0.00; 788CR
1361748476 B 788|C Y -10.69|Deleterious 30| 0[Damaging 2.87| 71|PROBABLY DAMAGING with a score of 1.000 (sensitivity: 0.00; specificity: 1.00)  [788CY.
151063856 6) 789[T A 0.94|Neutral 30| 1[Tolerated 2.87|  71|BENIGN with a score of 0.000 (sensitivity: 1.00; specificity: 0.00) 789 TA
151063856 7] 789[T P -1.26|Neutral 30| 0.038|Damaging 2.87]  71|BENIGN with a score of 0.117 (sensitivity: 0.93; specificity: 0.86) 789 TP
151565841707 8 790(K N -3.71|Deleterious 30( 0.003|Damaging 2.87 71[BENIGN with a score of 0.100 (sensitivity: 0.93; specificity: 0.85) 790 KN
rs767559740 9 7911 A -2.19|Neutral 30( 0.004|Damaging 2.87| 71|PROBABLY DAMAGING with a score of 1.000 (sensitivity: 0.00; specificity: 1.00) 791 TA
rs61748477 10 791(T M -3.7|Deleterious 30| 0.001|Damaging 2.87] 71[PROBABLY DAMAGING with a score of 1.000 (sensitivity: 0.00; speci .00) 791 TM
rs1407663422 11 793|Q R -2.29|Neutral 30( 0.007|Damaging 2.87] 71|PROBABLY DAMAGING with a score of 0.999 (sensitivity: 0.14; specificity: 0.99) 793 QR
rs759648147 12 794N T 0.28[Neutral 30( 0.228|Tolerated 2.87] 71[PROBABLY DAMAGING with a score of 1.000 (sensitivity: 0.00; specificity: 1.00) 794NT
rs61748478 13 795[y C -1. | 30| 0.006|Damaging 2.87 71|PROBABLY with a score of 1.000 (sensitivity: 0.00; 1.00) 795YC
15771423537 14 796(D N -4.39D; ious 30| 0.017|Damaging 2.87| 71|PROBABLY with a score of 0.999 (sensitivity: 0.14; 099)  |796DN
15763386439 15 796D E -3.17/Dx ious 30| 0.197|Tolerated 2.87| 71[POSSIBLY with a score of 0.767 (sensitivity: 0.85; specificity: 0.92) 796 DE
rs1219013109 16 797|L R -4.4|Deleterious 30| 0.001|Damaging 2.87| 71|PROBABLY DAMAGING with a score of 1.000 (sensitivity: 0.00; specificity: 1.00)  |797 LR
15954273691 17 799|C Y -10.69|Deleterious 30| 0.001|Damaging 287 71 799CY
rs61748479 18 800|M L -0.21[Neutral 30| 0.232|Tolerated 2.87|  71|BENIGN with a score of 0.036 (sensitivity: 0.94; specificity: 0.82) 800 ML
rs61748479 19 800(M Vv 0.11(Neutral 30 1|Tolerated 2.87 71|BENIGN with a score of 0.000 (sensitivity: 1.00; specificity: 0.00) 800 MV
rs1028377754 20| 800(M T -1.9|Neutral 30| 0.015|Damaging 2.87] 71 800MT
rs1361735958 21 802(M L -0. 30( 0.774|Tolerated 2.87] 71|BENIGN with a score of 0.000 (sensitivity: 1.00; specificity: 0.00) 802ML
rsl 22 802(M T 2.81|Neutral 30( 0.619|Tolerated 2.87| 71|BENIGN with a score of 0.000 (sensitit 1.0 0.00) 802MT
rs1158509169 23] 803[G D -1.12|Neutral 30| 0.023|Damaging 2.87] 71 803G D
rs62643630 24 804[C F -10.64|Deleterious 30| 0.001|Damaging 2.87] 71 804 CF
151418273953 25| 805|V 1 -0.54[Neutral 30| 0.315|Tolerated 2.87|  71|BENIGN with a score of 0.333 (sensitivity: 0.90; specificity: 0.89) 805V
151565841678 26/ 806(S F -5.23|Deleterious 30| 0.003|Damaging 287 71 806 S F
rs779902513 27| 811(p S -7.77|Deleterious 30| 0.005|Damaging 2.87 71 811PS
151478975030 28 811(p L -9.72|Deleterious 30| 0.001|Damaging 2.87] 71 811PL
rs62643631 29| 812(P L -5.54|Deleterious 30| 0.034|Damaging 2.87| 71 812PL
rs62643631 30! 812(p R -4.13|Deleterious 30| 0.021|Damaging 2.87] 71 812PR
rs778299428 31 813[G D -5.38|Deleterious 30( 0.055|Tolerated 2.87] 71 813G D
rs753783777 32| 814(M vV -1.29|Neutral 30| 0.033|Damaging 2.87 71[BENIGN with a score of 0.111 (sensitivity: 0.93; specificity: 0.86) 814 MV
rs753783777 33| 814|M L 0.15|Neutral 30| 0.291[Tolerated 2.87|  71|BENIGN with a score of 0.136 (sensitivity: 0.92; specificity: 0.86) 814 ML
rs777607730 34/ 815V 1 -0.97|Neutral 30| 0.009|Damaging 2.87| 71|PROBABLY DAMAGING with a score of 0.999 (sensitivity: 0.14; specifi 815V 1
15121964894 35 816[R w -4.38|Deleterious 30| 0.001|Damaging 2.87|  71|PROBABLY DAMAGING with a score of 1.000 (sensitivity: 0.00; specifi 816 RW
rs62643634 36 816|R Q -1.46|Neutral 30( 0.013|Damaging 2.87 71[PROBABLY DAMAGING with a score of 1.000 (sensitivity: 0.00; specificity: 816 RQ
rs752443680 37 817[H R -3.36|Deleterious 30( 0.008|Damaging 2.87 71|POSSIBLY DAMAGING with a score of 0.938 (sensitivity: 0.80; specificity: 0.94) 817THR
rs57950734 38| 817(H Q -2.14|Neutral 30( 0.011|Damaging 2.87] 71|BENIGN with a score of 0.211 (sensitivity: 0.92; specil 0.88) 817HQ
rs1314686139 39| 818([E G 2.67|Neutral 30( 0.382]|Tolerated 2.87] 71|BENIGN with a score of 0.006 (sensitivity: 0.97; specificity: 0.75) 818EG
40 826(R u -1.6|Neutral 30| 0.012|Damaging 2.87] 71 826RT

41 826[R K -0. 30( 0.131|Tolerated 2.87 71|POSSIBLY with a score of 0.953 (sensitivity: 0.79; ificity: 0.95) 826 RK

15374958989 42 826[R s -0.84[Neutral 30| 0.013|Damaging 287 71 826 RS
151285074430 43 828|P s -7.48|Deleterious 30| 0.02|pamaging 287 71 828P S
151289549922 44 830|F s -3.52Deleterious 30| 0.008|Damaging 287 71 830 F S
rs750911635 45 830(F L -1.05|Neutral 30| 0.059(Tolerated 2.87] 71[BENIGN with a score of 0.000 (sensitivity: 1.00; specificity: 0.00) 830F L
151250869827 46 831[H R -7.74|Deleterious 30 0|Damaging 287 71 831HR
rs151048762 47, 833|G S -1.37|Neutral 30[ 0.096|Tolerated 2.87 71|PROBABLY DAMAGING with a score of 0.996 (sensitivity: 0.55; specificity: 0.98) 833GS
rs1365536987 48| 835|E K -0. 30 0.23|Tolerated 2.87] 71|POSSIBLY DAMAGING with a score of 0.682 (sensitivity: 0.86; specificity: 0.92) 835 EK
49 837|A u Neutral 30| 0.13[Tolerated 2.87|  71|BENIGN with a score of 0.162 (sensitivity: 0.92; specificity: 0.87) 837AT

rs75645183 50 837(A v Neutral 30| 0.037|Damaging 2.87] 71 [837AV.
1575645183 51 837|A D 2|Neutral 30| 0.155|Tolerated 2.87|  71|BENIGN with a score of 0.015 (sensitivity: 0.96; specificity: 0.79) 837AD
151185130206 52/ 838[P s Deleterious 30| 0.207|Tolerated 2.87| 71 838PS
15149520234 53] 838[P L Deleterious 30| 0.003|Damaging 287 71 838 P L
51373658393 54/ 839|G R Deleterious 30| 0[Damaging 287 71 839 GR
rs1364274607 55 841(T R Deleterious 30| 0.061|Tolerated 2.87] 71 841 TR
15759248794 56 842(v M Neutral 30| 0.002|Damaging 2.87] 71 842VM
rs773921894 57 842(v E D i 30| 0|Damaging 2.87] 71 842 VE
rs1023013245 58 843[K R Neutral 30( 0.372|Tolerated 2.87] 71|POSSIBLY with a score of 0.791 (sensitivity: 0.85; ificity: 0.93) 843KR
rs1023013245 59 843(K T Neutral 30( 0.561|Tolerated 2.87] 71|BENIGN with a score of 0.024 (sensitivity: 0.95; specificity: 0.81) 843KT
rs1311903183 60 843[K N Neutral 30| 0.062|Tolerated 2.87| 71[POSSIBLY with a score of 0.651 (sensitivity: 0.87; specificity: 0.91) 843KN
151448624351 61 8441 F Deleterious 30| 0.015|Damaging 287 71 8441 F
rs1377189930 62 845|G D Neutral 30| 1[Tolerated 2.87|  71|BENIGN with a score of 0.000 (sensitivity: 1.00; specificity: 0.00) 845G D
5200106723 63 846[C G Deleterious 30| 0[Damaging 287 71 846 CG
rs748704250 64 847N S Deleterious 30 0|Damaging 2.87] 71 847N S
rs772796741 65 849|C F Deleterious 30| 0|Damaging 2.87 71 849CF
rs772534075 66 852|Q E Neutral 30( 0.568|Tolerated 2.87] 71|BENIGN with a score of 0.000 (sensitivity: 1.00; specificity: 0.00) 852 QE
5216321 67 852|Q L 45| Deleterious 30| 0.019|Damaging 2.87|  71|BENIGN with a score of 0.011 (sensitivity: 0.96; specificity: 0.78) 852 QL
5216321 68 852|Q R 1 30| 1|Tolerated 2.87|  71|BENIGN with a score of 0.000 (sensitivity: 1.00; specificity: 0.00) 852 QR
1361748482 69 854[R w -7.37[Dy ious 30| 0.001|Damaging 2.87| 71|PROBABLY with a score of 1.000 (sensitivity: 0.00; 854 RW
1541276738 70| 854[R Q -3.58|Deleterious 30| 0.062|Tolerated 2.87| 71|PROBABLY DAMAGING with a score of 1.000 (sensitivity: 0.00; speci |s54RQ
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