Supplementary materials

Supplementary Table S1. Summary of the calculated random match probability (RMP) values for a

single source donor (1692) at each locus and complete genotype using the HWE, NRC 4.1, and NRC

4.2 recommended formulae in Microsoft Excel spreadsheet and MaSTR™ to assess accuracy.

Locus Genotype Excel MaSTR Excel MaSTR Excel MaSTR
HWE HWE (Rec. 4.1 (Rec. 4.1 (Rec. 4.2 60 (Rec. 4.2 6
F=0.01) F=0.01) =0.01) =0.01)
D351358 | 14,16 20.2370 2.02x 10" | 20.2370 2.02x 10" | 18.4094 1.84 x 10
D1S1656 | 16,16.3 51.6087 516 x 10" | 51.6087 5.16 x 10" | 44.1061 4.41x 10!
D25441 10, 15 62.9509 6.30 x 10" | 62.9509 6.30 x 10" | 50.0913 5.01 x 10!
D10S1248 | 14, 14 11.4250 1.14x 10" | 11.1594 1.12x 10" | 10.1969 1.02 x 10
D13S317 | 10,12 27.8841 2.79x 10" | 27.8841 2.79x 10" | 24.2145 2.42 x 101
Penta E 12,16 61.5728 6.16 x 10" | 61.5728 6.16 x 10" | 50.7644 5.08 x 10!
D165539 | 9,10 28.4365 2.84x 10" | 28.4365 2.84 x10" | 25.7375 2.57 x 101
D18551 14,17 29.0223 2.90x 10" | 29.0223 290 x 10" | 26.3015 2.63 x 101
D251338 | 19,23 28.4472 2.84x 10" | 28.4472 2.84x 10" | 25.7952 2.58 x 101
CSF1IPO | 10,12 6.2505 6.25x10° | 6.2505 6.25x 100 | 6.1167 6.12 x 100
Penta D 11,11 41.1493 4.11x10" | 39.0357 3.90 x 10" | 32.0588 3.21 x 101
THO1 6,6 26.0441 2.60 x 10" | 25.0175 2.50 x 10" | 21.4930 2.15x 10!
vWA 14,17 19.9653 2.00x 10" | 19.9653 2.00x 10" | 18.2753 1.83 x 10t
D21S11 31,31.2 80.8163 8.08 x 10' | 80.8163 8.08 x 10" | 66.7105 6.67 x 101
D75820 11,12 15.5985 1.56 x 10 | 15.5985 1.56 x 10" | 14.6354 1.46 x 10
D5S818 11,11 10.0685 1.01x 10 | 9.8543 9.85x 100 | 9.0732 9.07 x 100
TPOX 8,8 4.6006 4.60 x 100 | 4.5485 4.55x 100 | 4.3520 4.35 x 100
D8s1179 | 12,13 13.1320 1.31x 10" | 13.1320 1.31x 10" | 12.4185 1.24 x 10!
D12S391 | 19.2,21 2056.7947 | 2.05x10° | 2056.7950 | 2.05x 10° | 378.5465 | 3.78 x 102
D195433 | 14,16.2 70.9739 7.10x 10" | 70.9739 7.10x 10" | 50.2824 5.03 x 101
FGA 20, 26 114.9955 | 1.15x102 | 114.9956 | 1.15x 102 | 90.0018 9.00 x 101
D2251045 | 15,16 5.2400 5.24x10° | 5.2400 524 x 100 | 5.1644 5.16 x 100
2.73x10%2 | 2.73x10%2 | 2.35x10% | 2.35x10%2 | 2.90 x 10% | 2.90 x 10%

Supplementary Table S2. Random match probabilities (RMPs) for each of the true contributor

genotypes used calculated by hand and using MaSTR™ with the NRC 4.1 equation.

Contributor Random Match Probability Random Match Probability
calculated by hand calculated by MaSTR™
1653 1.45x 1034 1.45x 1034
1657 8.57 x 10 8.58 x 10




1658 2.30 x 1026 2.30 x 10
1659 5.39 x 1032 5.39 x 102
1660 2.72 x10#% 2.72x 10®
1665 7.18 x 107 717 x 10
1666 1.64 x 103 1.63 x 103
1668 9.57 x 1030 9.57 x 10-%0
1669 244 x 10 244 x 10®
1670 9.91 x 103 9.90 x 103
1678 9.23 x 1034 9.22 x 103
1679 6.06 x 10-% 6.05 x 1030
1681 5.08 x 1034 5.08 x 1034
1682 3.61 x 1031 3.61 x 103
1683 4.86 x 10 4.85x 102
1686 1.52 x 103 1.52 x 103
1690 7.95x10® 7.95x10®
1693 4.53 x 1030 4.52 x 1030

Supplementary Table S3. Manual calculations to evaluate LR for the major contributor given the

weighted genotypes from MCMC in the MaSTR™ software. Mixture 2-person_1v10m_1660_1693

(~6:63 pg) was selected to manually test concordance. The mixture had two persons with high allele

sharing, and the reference (POI) was defined as genotype 1693 (alleles 10, 11; major contributor) while

the minor contributor genotype 1660 (alleles 10, 14) was defined as a known. The calculations were

performed without co-ancestry adjustment and incorporated the possibility of Drop-out alleles,

defined as Q alleles. The results from the D25441 locus are shown as an example analyzed using the

All Data allele frequencies from the Hill ef al database [35]. The upper panel shows the manual setup

of the LR and the hand calculations for 1693 given the four combinations of genotypes with the

highest weights. The lower panel shows the results from MaSTR™ for 1693 in the highlighted locus.

Additional loci demonstrated concordant LRs when treated in the same way.



LR = Pr(E|Hp) / Pr(E|Hd)

Pr(E|Hp) — all the evidence can be explained by victim and person of interest genotypes
Pr(E|Hd) — evidence can be explained by victim and an unknown person (DNA originated
from either 10,11 0r 11,11 0or 11,14 or 11,Q

Pr(E]Hd)=0.9463 x 2 x fiox f11+ 0.0445x f11x fi1+ 0.0092 x 2 x f11 x fia+ 0.0001 x 2 x f11x fa
fa=1 - sum of the frequencies of non-dropout alleles (alleles detected in the mixture)
1-(0.20319 + 0.34025 + 0.22683) = 0.22973

Pr(E]Hd)= 0.130845653 + 0.005151768 + 0.001420092 + 0.0000156531

Pr(E|Hd)= 0.137433146(denominator in result table from MaSTR at top)

Pr(E|Hp) = weight of the 10,11 genotype from MCMC above (would be 1 in binary
method)

LR =0.9463 / 0.1374 =6.89
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Supplementary Table S4. Comparison of LR calculations performed by hand using the MaSTR™
weighted modeled probabilities, LR calculations performed by MaSTR™, and LR calculations
performed by hand using unweighted probabilities from the intuitive major contributor. Mixture 2-
person_1v10m_1660_1693 (~6:63 pg) was selected to manually evaluate concordance. The mixture
had two contributors with high allele sharing, and the major contributor reference (POI) was defined
as genotype 1693 while the minor contributor genotype 1660 was defined as a known. The
calculations with weighted probabilities were performed without co-ancestry adjustment and
incorporated the possibility of Drop-out alleles, defined as Q alleles. The calculations using

unweighted probabilities considered only the most intuitive major contributor.

Locus Contributor 1693 | LR calculated by | LR calculated by | LR calculated by
Genotype hand using MaSTR™ using hand using




weighted weighted unweighted
probabilities probabilities probabilities

D3S1358 15,17 7.61 x 100 7.61 x 100 8.04 x 100
D1S1656 11,14 3.36 x 10! 3.36 x 10¢ 6.74 x 10!
D25441 10,11 6.89 x 100 6.89 x 10° 7.23 x 100
D10S1248 14,15 8.13 x 100 8.13 x 10° 8.39 x 100
D13S317 11,12 5.40 x 100 5.40 x 10° 5.65 x 100
Penta E 12,14 4.75 x 101 4.75 x 10t 4.75 x 101
D16S539 9,12 1.20 x 10t 1.20 x 10t 1.20 x 10t
D18S51 14,17 2.90 x 101 2.90 x 10t 2.90 x 101
D2S1338 16, 20 9.40 x 10! 9.40 x 10t 9.40 x 10!
CSF1PO 10,11 7.70 x 100 7.68 x 100 7.87 x 100
Penta D 9,13 1.66 x 10t 1.66 x 10t 1.66 x 10t
THO1 7,93 8.25 x 100 8.25 x 10° 8.25 x 100
vWA 14,17 2.00 x 101 2.00 x 10t 2.00 x 101
D21S11 27,30 5.23 x 10! 5.23 x 10t 5.23 x 10!
D75820 9,10 1.04 x 10 1.04 x 10t 1.40 x 10t
D5S818 10,13 3.90 x 101 3.90x10! 3.93 x 101
TPOX 88 4.60 x 100 4.60 x 10° 4.60 x 100
D8S1179 13,14 7.89 x 100 7.89 x 100 7.98 x 100
D125391 23,24 1.58 x 102 1.58 x 102 1.42 x 102
D195433 12,15.2 1.05 x 102 1.05 x 102 1.05 x 102
FGA 19,24 5.88 x 10! 5.88 x 10! 6.30 x 101
D22S1045 11,16 1.28 x 101 1.28x 101! 1.30 x 10t
Profile LR 2.43 x 10 2.43 x 102 8.02 x 10%

Supplementary Table S5. Summary of LRs calculated for the same two-, three-, and four-person
mixtures using MaSTR™ and EuroForMix to assess accuracy. The listed order of each contributor
indicates its position in the mixture ratio, smallest to largest. The two- and three-person mixtures
show results for both low allelic sharing (1678 & 1653/1679 & 1683 & 1657) and high allelic sharing
(1660 &1693/1668 & 1658 & 1659) combinations. Data shown is for undiluted mixtures and the
approximate quantity of amplification DNA template in picograms is listed for each contributor.
MaSTR™ values shown are overall (sub-sub-source) LRs. Analysis parameters were kept as close as
possible between the two systems; only backwards (N-1) stutter was considered, no degradation

options were selected, and equation NRC 4.2 was used for both.

Mixture Condition Contributor MaSTR™ LR EuroForMix LR
2 Person 1:1 (~500:500 pg) 1678 5.54 x 1014 5.48 x 10V
1653 2.45x 10 1.87 x 1016
2 Person 1:3 (~160:500 pg) 1678 8.13 x 102 9.11 x 107
1653 5.26 x 10%! 1.58 x 10%
2 Person 1:1 (~500:500 pg) 1660 9.50 x 1012 2.97 x 1013




1693 7.63 x 1013 1.87 x 10"

2 Person 1:3 (~160:500 pg) 1660 7.46 x 10% 6.30 x 1020

1693 8.87 x 10% 7.12 x 10%8

1679 3.21 x 107 7.99 x 103

3 Person 1:1:1 (~500:500:500 1683 9.55 x 103 4.00 x 100

Pg) 1657 1.00 x 1016 6.82 x 101

1679 3.60 x 10 5.12 x 1012

3 Person 1:1:2 (~250:250:500 1683 7.54 x 1010 1.46 x 105

rg) 1657 5.82 x 10% 6.62 x 1016

1668 4.48 x 1010 2.53 x1010

3 Person 1:1:1 1658 2.02 x 10° 9.16 x 108
(~500:500:500)

1659 2.54 x 103 2.97 x 10

1668 247 x 1012 1.41 x 10°

3 Person 1:1:2 1658 5.04 x 1010 3.28 x 108

(~250:250:500) 1659 7.80 x 10" 2.66 x 1015

1668 2.72 x 104 2.44 x 102

3 person 1:3:5 (~100:300:500 1658 1.33 x 102 7.19 x 108

pg) 1659 7.33 x 1022 5.09 x 108

1669 3.90 x 101 3.33x 104

4 Person 1:2:2:5 1682 3.98 x 1015 9.07 x 108

(~100:200:2000:500 pg) 1683 1.58 x 10° 4.55 x 105

1690 8.53 x 102 1.84 x 101

Supplementary Table S6. Summary of differences in average LR values (N=5 MaSTR™ runs)

between three amplification replicates in a representative range of mixtures. The LRs shown are for

each of the contributors to each of the mixtures with the position (*) and approximate quantity (pg)

of the contributor denoted for the replicates’ values. Mixture ratios were 1:1 for the two-person, 1:3:5

for the three-person, 1:1:3:10 for the four-person, and 1:2:2:5:10 for the five-person.

Mixture Condition Amplification 1 Amplification 2 Amplification 3

Average LR Average LR Average LR
Contributor 1678 2 2.09 x 1016 1.37 x 1013 2.61 x 1012
Person ~500*:500 pg




Contributor 1653 2
Person ~500:500% pg

1.34 x 10"

8.43 x 1013

1.72 x 1013

Contributor 1679 3
Person ~25*:75:125 pg

1.34 x 102

1.34 x 10

1.41 x 10

Contributor 1683 3
Person ~25:75*:125 pg

1.11 x 1010

8.65 x 1012

4.01 x 10®

Contributor 1657 3
Person ~25:75:125* pg

8.24 x 108

2.28 x 10%0

1.07 x 103

Contributor 1682 4
Person ~13*:13:38:125 pg

4.42 x 102

1.23 x 10¢

4.89 x 107

Contributor 1683 4
Person ~13:13*:38:125 pg

2.84 x 104

6.10 x 103

3.31 x 100

Contributor 1690 4
Person ~13:13:38*:125 pg

1.61 x 103

4.34 x 10"

1.46 x 107

Contributor 1669 4
Person ~13:13:38:125* pg

5.35 x 10%

5.64 x 102

4.66 x 10%

Contributor 1665 5
Person ~13*:25:25:63:125

pg&

1.96 x 102

6.45 x 101

1.69 x 101

Contributor 1681 5
Person ~13:25%:25:63:125

pg

4.88 x 103

1.02 x 102

1.03 x 100

Contributor 1686 5
Person ~13:25:25*:63:125

%3

2.01 x 100

2.18x 10°

3.23 x 103

Contributor 1666 5
Person ~13:25:25:63*:125

%3

5.36 x 101

4.29 x 1013

9.41 x 10™

Contributor 1670 5
Person ~13:25:25:63:125*

%]

3.56 x 107

9.85x 10"

2.29 x 10
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Supplementary Figure S1. MaSTR™ generated variance factor plot for 50 RFUs analytical threshold

showing the expected peak heights (RFUs) on the X axis plotted against the log of the heterozygous

peak balance on the Y axis.
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Supplementary Figure S2. MaSTR™ generated variance factor plot for 30 RFUs analytical threshold
showing the expected peak heights (RFUs) on the X axis plotted against the log of the heterozygous

peak balance on the Y axis.
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Supplementary Figure S3b.
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Supplementary Figure S3. Modeling performance of MaSTR™ using a two-person mixture
(contributors 1660 and 1693). The average LRs (N=5) from the major contributor (1693) are
shown in panel 3a and minor contributor (1660) in panel 3b. The DNA template quantities were
consistent for the major contributor across the mixture ratios and are indicated in approximate
picograms by color and shape on the right in panel 3a. The DNA template quantities for the minor
contributor changed with the specific mixture ratio used and so are indicated in approximate

picograms next to each data point



Supplemental Figure S4a.
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Supplemental Figure S4c.
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Supplementary Figure 4. Electropherograms for the five-person mixture with a contributor ratio of
1:1:5:5:10, diluted 1:2 (~25:25:125:125:250 pg). Panel 3a shows the allele peaks for amplification
replicate #1. Panel 3b shows the allele peaks for amplification replicate #2. Panel 3c shows the alleles
peaks for amplification replicate #3. The positions for allele drop out in contributor 1665 are
indicated. Contributor 1665 full genotype: (D351358 16, 19), (D1S1656 14, 16.3), (D25441 12, 12),
(D10S1248 15, 15), (D13S317 11, 12), (Penta E 8, 10), (D165539 9, 12), (D18S51 18, 20), (D251338 19, 21),
(CSF1PO 12, 13), (Penta D 7,9), (THO1 7, 7), (WA 15, 15), (D21511 27, 30), (D75820 10, 10), (D55818

11, 13), (TPOX 8, 12), (D8S1179 15, 17), (D125391 15, 23), (D195433 13, 15), (FGA 23, 25), and (D2251045

17,17).
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Supplementary Figure S5. The log10 of the average LRs (N=5) versus average peak height (APH)
for individual contributors that were present in low template amounts (<100 pg). Each data point
represents the average peak height in RFUs representing all alleles detected for selected individual
low-template contributor, regardless of allele sharing or specific mixture ratio, for three-person high
share (H), three-person low share (L), four-person, and five-person mixtures. 20 — 25 values of each
were selected for the three-, four-, and five-contributor mixtures that demonstrated the range of LRs

observed in the study.
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Supplementary Figure S6. The log10 of the average LRs (N=5) versus DNA template quantity (pg)
for individual contributors that were present in low template amounts (<100 pg). The approximate
quantities of DNA for individual low-template contributors, regardless of mixture ratio are shown.
20 — 25 values each were selected for the three-, four-, and five-contributor mixtures that

demonstrated the range of LRs observed in the study.
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Profile Popuisiion

1669_053018_AlleleReport.txt (Reference)  x = All data x
Overall Likelihood Ratio
Calculstion Numszatar Denomirater Uikslihosd Ratio
Overall LR (v= Random) 2010105 128088 162017
Marker-Specific Likelihood Ratios
Meker Genotype Humesator Denominator Likelihaod Retio
Dasiase 15,15 33203 14203 234040
151656 183,183 24207 9.4708 25602
D2san 10,14 19324 10722 18321
DI0s1248 12,14 25602 29%03 121601
i3s3y ma2 1085 11904 20562
Penta £ 01 12507 25485 29262
D653 12 35804 53405 669640
Dress) 15,1 17804 34305 517e40
besias 17,24 32208 61308 52501
csFIPO 10,71 41503 10883 385000
Fonta,0 8,12 $.0608 12905 7.0801
HOT 23,93 1570e 33601
vwa 15,17 19088 409¢1
21511 50,382 14823 25685 s7911
07820 811 17168 S8ded 204640
Dss818 1,18 42788 10163 423040
TPOX 29 22506 13365 16961
Des1179 1,14 2853 53625 287e41
125391 17,18 1470 77406 1.50es1
Drosass 14,14 16802 14003 120041
Fea 18,21 19625 77508 253840
02251045 15,15 71803 59764 1.20041
Simple LR (Multiply Markers) 401284 a13e-ee s.72004

Supplementary Figure S7. Reported LRs for contributor 1669 in a four-person mixture with a 1:2:2:5

ratio (~100:200:200:500 pg) as displayed in MaSTR™ when analyzed with N-1 true contributors. The

LR values for 1669 shown are for one of the five replicate analyses conducted and so differ from the

averaged values shown in Table 5. Contributor 1669 occupied the first position in this mixture,

[1]:2:2:5 (~100 pg), and no allele drop-out was observed for it.

Profile Populztion
1682_053018_AlleleReport.ixt (Aliemats) x - Al data % -
Qverall Likelihood Ratio
Galcuation Numerator Denominator Likefineod atio
Ouverall LR (v Random) 173078 120038 1400412
Marker-Specific Likelihood Ratios

Marker cenctype rumerator Danominator Likelinoog Ratio
0851358 15,17 14002 14268 287e10
0151636, 12,18 77106 84706 s1e
o2seel m 58828 10768 354840
21081248 13,14 35662 295¢3 121841
0138517 12,12 25784 ARCE 21640
FantaE 7,12 23705 25406 533040
DI6S53Y 10,14 58 53485 ag7ert
18851 13,15 37204 543e5 1.08e+1
281338 78 30084 81306 489041
csFIFO 10,12 28123 190823 261640
Penta0 51 18504 12965 1,058+
Ot 7,93 24065 46264 2041
win 17,19 11208 46505 2ateet
ozisn 30,312 631ed 25865 2é6e41
o7sE20 91 17168 S6aed 304840
055818 10,12 74588 1018 741er0
o 79 2593 13825 19502
0881179 1212 17385 29585 1746
125391 17,18 14764 TT4e6 1.90e+1
Digsess 13,13 55488 14083 33640
Fen 2,2 52004 77566 [RTE
02261045 15,17 1.0082 59764 1,831
simple LR (Multiply Markers) 222e69 413689 538619

Supplementary Figure S8. Reported LRs for contributor 1682 in a four-person mixture with a 1:2:2:5

ratio (~100:200:200:500 pg) as displayed in MaSTR™ when analyzed with N-1 true contributors. The
14



LR values for 1682 shown are for one of the five replicate analyses conducted and so differ from the

averaged values shown in Table 5. Contributor 1682 occupied the second position in this mixture,

1:[2]:2:5 (~200 pg), and no allele drop-out was observed for it.

Profile Population
1683_053018_AlleleReport tit (Altemate)  x ~ Alldata % -
Overall Likelihoad Ratio
cel
averall LR (vs Random) 129094 124288 10406
Wiarker-Specific Likelihood Ratios
Marker Genoiype Numerator Denomingtor Ukefinaod Ratio
pastase 16,17 23105 razms 163850
Disisss 13,173 91328 Qa7 Ere
Das4d1 10,10 1552 1o7es 148621
1051248 1315 2122 2.95e-3 721680
pi3sa? a1 1178 1104 979250
Panta E 78 10286 25486 40581
D16S539 1 28604 53485 535620
018551 16,17 15486 2435 “aTe?
pastaze 18,2 13104 61308 704851
CSFIPQ miz 17183 1.088-3 158840
Penta D 9,12 90808 12065 70561
THO1 6,93 85103 16204 184041
ia 1819 10765 46585 23181
21s11 29,30 1326 25605 51962
75820 10,12 1243 5.64e-d 2.20e%0
Dsssiz 13 42703 10103 423050
TPOX 10,11 17e4 1.338-5 1.298#1
Des1179 133 14507 99505 14563
D12sa91 17,23 621t 72404 so2en)
D188433 1414 16202 14082 120821
FGA 21,23 82084 EEL 414e11
D2zsiods 1517 1092 s87ed 183811
simple LR (Multply Markers) 1.45e-62 4713083 35266

Supplementary Figure S9. Reported LRs for contributor 1683 in a four-person mixture with a 1:2:2:5

ratio (~100:200:200:500 pg) as displayed in MaSTR™ when analyzed with N-1 true contributors. The

LR values for 1683 shown are for one of the five replicate analyses conducted and so differ from the

averaged values shown in Table 5. Contributor 1683 occupied the third position in this mixture,

1:2:[2]:5 (~200 pg), and no allele drop-out was observed for it.
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Frofie Population

1690_053018_AlleleReport.ixi (Altermate) £ All data L
Overall Likelihood Ratio
Calculation Numerator Denominator Likelihood Ratio
Qverall LR (v= Random) 224063 124088 1816125
Marker-Specific Likellhcod Ratios

Marker Genotype Numerator Denominator Ukslibaod Raio
0351358 15,16 82303 14283 580820
0151656 16,173 3.17¢4 9.47e6 3.35e¢1
Dzsdd 1,14 66363 10783 422020
01051248 13,12 35602 29503 1218
Dizs3IT 10,12 33263 11900 278051
PentaE 14,14 16864 25408 741801
165539 12 3.50e4 53085 569850
018851 15,17 77164 34965 225641
0251336 20,25 2.70e-4 61326 4d1ett
csFiPa nm 16902 10803 157621
Penta b 10,13 3.68ed 12565 288001
THOT 66 57883 as2e 125081
viva 13,18 18783 26505 294881
21811 29,29 59184 25685 231881
075820 0,1 6.096:3 556404 108841
D818 112 63063 10123 626680
TPOX 8.8 5.980.5 13305 4.50e:0
D8S1178 12,15 24363 9565 250851
0128391 16,19 62004 77406 £090s1
195433 1474 1.6862 14002 120841
FoA 18,23 17203 EEETS 222052
02251045 15,15 71863 59764 120841
simple LR (Multiply Markers) 62161 21389 1.50¢+28

Supplementary Figure S10. Reported LRs for contributor 1690 in a four-person mixture with a 1:2:2:5

ratio (~100:200:200:500 pg) as displayed in MaSTR™ when analyzed with N-1 true contributors. The

LR values for 1690 shown are for one of the five replicate analyses conducted and so differ from the

averaged values shown in Table 5. Contributor 1690 occupied the fourth position in this mixture,

1:2:2:[5] (~500 pg), and no allele drop-out was observed for it.
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