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Supplemental Tables 

Table S1. List of in-silico mixtures. A.) two person mixtures; B.) three person mixtures.  Both tables list 

contributor ID, contributor haplogroup, the number of unique and shared haplogroup defining SNPs, and our 

determination of whether the mixture was considered to consist of similar or dissimilar haplotypes.  

A.) 

 

B.) 

 

  

Contributor 

1 

Contributor 1 

Haplogroup 

(Haplogrep2)

Contributor 

2 

Contributor 2 

Haplogroup 

(Haplogrep2)

Unique 

Haplogroup 

Defining SNPs

Shared 

Haplogroup 

Defining 

SNPs

Percent Shared 

Haplogroup 

Defining SNPs

Similar (S) or 

Dissimilar (D) 

Haplotypes

20 K1a1b2a1a 235 L1c1d1 58 3 4.92 D

20 K1a1b2a1a 832 L1c2b1a'b 64 3 4.48 D

27 X2+225+@153 445X2b+226+16192 4 9 69.23 S

28 M7c1c2 776 Z4 26 4 13.33 S

45 D1 1219 D6a1a 15 7 31.82 S

51 J1c2 433 T2 25 4 13.79 S

51 J1c2 77 T1a1 29 4 12.12 S

57 G2a1c1 885 D1 20 5 20.00 S

97 V7 585 H7a1 9 0 0.00 D

97 V7 296 H1a3 9 1 10.00 S

97 V7 489 H3g1 11 0 0.00 D

97 V7 614 H4a1a1a 15 0 0.00 D

97 V7 516 H4a1a1a2 16 0 0.00 D

97 V7 1355 R11 17 0 0.00 D

234 L2a1a2 307 L2a1a2a1a 3 25 89.29 S

234 L2a1a2 471 L2a1c3b1 12 18 60.00 S

307 L2a1a2a1a 471 L2a1c3b1 16 18 52.94 S

351 B2r 1282 D1 34 0 0.00 D

433 T2 484 J1c3 23 5 17.86 S

787 B2o 832 L1c2b1a'b 53 1 1.85 D

399 A2g1 918 A2+64+16129 6 15 71.43 S

Contributor 

1

Contributor 1 

Haplogroup 

(Haplogrep2)

Contributor 

2

Contributor 2 

Haplogroup 

(Haplogrep2)

Contributor 

3

Contributor 3 

Haplogroup 

(Haplogrep2)

Unique 

Haplogroup 

Defining SNPs

Shared 

Haplogroup 

Defining 

SNPs

Percent Shared 

Across All 

Contributors 

Haplogroup 

Defining SNPs

Similar (S) or 

Dissimilar (D) 

Haplotypes

20 K1a1b2a1a 787 B 832 L1c2b1a'b 76 4 5.00 D

20 K1a1b2a1a 235 L1c1d1 471 L2a1c3b1 73 9 10.98 S

27 X2+225+@153 445 X2b+226+16192 489 H3g1 9 9 50.00 S

27 X2+225+@153 343 A 489 H3g1 25 2 7.41 D

27 X2+225+@153 97 V7 471 L2a1c3b1 35 2 5.41 D

45 D1 1219 D6a1a 1282 D1 10 12 54.55 S

45 D1 57 G2a1c1 1282 D1 16 12 42.86 S

45 D1 235 L1c1d1 787 B2o 60 2 3.23 D

51 J1c2 433 T2 484 J1c3 16 14 46.67 S

51 J1c2 77 T1a1 484 J1c3 20 14 41.18 S

51 J1c2 77 T1a1 433 T2 22 14 38.89 S

57 G2a1c1 1219 D6a1a 1282 D1 25 9 26.47 S

65 L 235 L1c1d1 787 B2o 64 4 5.88 D

97 V7 296 H1a3 585 H7a1 12 1 7.69 D

97 V7 489 H3g1 585 H7a1 14 0 0.00 D

97 V7 489 H3g1 614 H4a1a1a 18 1 5.26 D

97 V7 343 A 885 D1 31 1 3.13 D

97 V7 516 H 1355 R11 26 1 3.70 D

234 L2a1a2 307 L2a1a2a1a 471 L 8 25 75.76 S

235 L1c1d1 787 B2o 832 L 44 25 36.23 S

399 A2g1 886 A2+64+16129 918 A2ap 7 15 68.18 S
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Table S2. List of in-silico mixture contributors with haplogrep2 generated haplogroup and GM HTS generated 

haplotype and heteroplasmy information. Heteroplasmy is presented as rCRS nucleotide-nucleotide position-

alternative nucleotide- frequency (%). 

 

 

Haplogroup Haplotype Heteroplasmy

20 K1a1b2a1a

73G,114T,152C,263G,315.1C,497T,750G,1189C,1438G,1811G,2706G,3480G,3777C,4769G,7028T,

7278C,7729G,8860G,9055A,9698C,9800C,10046C,10398G,10550G,11299C,11467G,11719A,11914

A,12308G,12372A,13326C,14167T,14766T,14798C,15326G,15758G,15924G,16093C,16224C,1631

1C,16519C T16093T 16.26

27 X2+225+@153

73G,195C,225A,263G,315.1C,750G,1438G,1719A,1888A,2706G,2772T,3483A,4769G,6221C,6371

T,7028T,8860G,8966C,9438A,11293G,11719A,12705T,13966G,14470C,14766T,15326G,16182C,16

183C,16189C,16223T,16248T,16278T,16519C

A153G 18.79 

T11254C 19.72

45 D1

73G,196C,263G,315.1C,489C,729C,750G,1438G,2092T,2706G,3010A,3918A,4769G,4883T,5178A,

7028T,8414T,8701G,8860G,9443C,9540C,9739T,10097G,10398G,10400T,10822G,10873C,11410C,

11719A,12705T,14668T,14766T,14783C,15043A,15301A,15326G,16223T,16325C,16362C none

51 J1c2

73G,185A,188G,228A,263G,295T,315.1C,462T,489C,750G,1438G,2706G,3010A,4216C,4769G,70

28T,8860G,10398G,11251G,11719A,12612G,13708A,14766T,14798C,15326G,15452A,16069T,161

26C T152C 29.76

57 G2a1c1

73G,263G,309.1C,315.1C,489C,709A,750G,1438G,2706G,4769G,4833G,5021C,5108C,5601T,7028

T,7600A,8701G,8860G,9377G,9540C,9575A,10398G,10400T,10873C,11719A,12705T,13563G,137

80G,14200C,14569A,14766T,14783C,15043A,15301A,15326G,16093C,16183C,16189C,16194C,16

195C,16223T,16227G,16278T,16362C,16519C none

65 I2

73G,152C,199C,204C,207A,250C,263G,309.1C,315.1C,750G,1438G,1719A,2706G,4529T,4561C,4

769G,7028T,8251A,8860G,10034C,10238C,10398G,11353C,11719A,12501A,12705T,13780G,1429

0C,14766T,15043A,15326G,15758G,15924G,16129A,16223T,16391A,16519C none

77 T1a1

73G,152C,195C,263G,309.1C,309.2C,315.1C,524.1A,524.2C,709A,750G,1438G,1888A,2706G,421

6C,4769G,4917G,7028T,8697A,8860G,9899C,10463C,11251G,11719A,12633A,13368A,14766T,14

905A,15326G,15452A,15607G,15928A,16126C,16163G,16186T,16189C,16294T,16519C none

97 V7

72A,93G,263G,309.1C,315.1C,750G,1438G,2706G,4580A,4769G,5054A,7028T,7444A,8860G,153

26G,15904T,16298C none

234 L2a1a2

73G,146C,152C,195C,263G,309.1C,309.2C,315.1C,750G,769A,1018A,1438G,2416C,2706G,2789T,

3594T,3918A,4048A,4104G,4769G,5285G,7028T,7175C,7256T,7274T,7521A,7771G,8206A,8701G

,8860G,9221G,9540C,10115C,10398G,10873C,11719A,11914A,11944C,12693G,12705T,13590A,1

3650T,14566G,14766T,15244G,15301A,15326G,15629C,15784C,16223T,16278T,16286T,16294T,1

6309G,16390A,16519C

T8908C 10.16 

C16286C 6.39

235 L1c1d1

73G,151T,152C,182T,186A,189C,195C,198T,247A,263G,297G,309.1C,315.1C,316A,523del,524del,

750G,769A,825A,1018A,1438G,2395del,2706G,2758A,2885C,3594T,3666A,3796T,3843G,4104G,4

500C,4769G,5108C,5460A,5951G,6071C,7028T,7055G,7146G,7256T,7389C,7521A,7948T,8027A,

8468T,8655T,8701G,8860G,9072G,9540C,10321C,10398G,10586A,10688A,10810C,10873C,11719

A,11899C,11914A,11984C,12705T,12810G,13105G,13485G,13506T,13650T,13789C,14000A,1414

8G,14178C,14560A,14766T,14911T,15301A,15326G,15626T,16038G,16108T,16129A,16187T,1618

9C,16223T,16278T,16284G,16293G,16294T,16311C,16360T,16519C C16108C 35.84

296 H1a3

56.1C,73G,263G,309.1C,309.2C,315.1C,750G,1438G,3010A,4769G,7444A,8860G,11242T,14560A,

15326G,15757G,16051G,16162G,16288C

T16288T 23.84 

T16519C 20.12

307 L2a1a2a1a

73G,146C,152C,195C,263G,315.1C,750G,769A,1018A,1438G,2416C,2706G,2789T,3594T,3918A,4

104G,4769G,5285G,7028T,7175C,7256T,7274T,7521A,7771G,8206A,8701G,8860G,9211T,9221G,

9540C,10115C,10398G,10454C,10873C,11719A,11914A,11944C,12693G,12705T,13590A,13650T,

14566G,14766T,15211T,15244G,15301A,15326G,15421G,15629C,15784C,16092C,16223T,16278T,

16286T,16294T,16309G,16390A,16519C C16286C 11.83

343 A2

73G,146C,152C,153G,235G,263G,315.1C,523del,524del,663G,750G,1438G,1736G,2706G,4248C,4

769G,4824G,7028T,8027A,8794T,8860G,11009C,11719A,12007A,12705T,14766T,15032T,15326G,

16111T,16223T,16290T,16319A,16362C,16519C none

351 B2r

73G,152C,189G,200G,263G,309.1C,315.1C,499A,750G,827G,960.1C,1438G,2706G,2833G,3547G,

4769G,4820A,4977C,5492C,5899del,6473T,6752G,7028T,8281del,8282del,8283del,8284del,8285del,

8286del,8287del,8288del,8289del,8860G,9950C,11177T,11719A,12372A,12904G,13590A,14374C,1

4766T,15326G,15535T,16183C,16189C,16217C,16278T,16456A,16519C none

399 A2g1

64T,73G,146C,153G,235G,263G,309.1C,315.1C,523del,524del,663G,750G,1438G,1736G,2706G,42

48C,4769G,4824G,4970G,7028T,7724T,8027A,8794T,8860G,11719A,12007A,12705T,13855T,1476

6T,15326G,16111T,16223T,16290T,16319A,16362C,16391A none

433 T2

73G,146C,263G,309.1C,315.1C,709A,750G,1438G,1888A,2706G,4216C,4769G,4917G,7028T,8697

A,8860G,10463C,11251G,11719A,11812G,13368A,14233G,14766T,14905A,15326G,15452A,1560

7G,15928A,16126C,16294T,16296T,16519C T152C 11.5

445 X2b+22+16192

73G,153G,195C,225A,226C,263G,524.1A,524.2C,750G,1438G,1719A,2706G,4769G,6221C,6371T,

7028T,7052G,8393T,8860G,11719A,12705T,13198A,13708A,13966G,14470C,14766T,15326G,159

27A,16189C,16192T,16223T,16265G,16278T,16519C 16265A 47.02

In-silico Mixture Contributors
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471 L2a1c3b1

73G,146C,195C,263G,309.1C,315.1C,750G,769A,1018A,1438G,2416C,2706G,2789T,3010A,3594T

,4104G,4769G,6663G,7028T,7175C,7256T,7274T,7521A,7771G,8206A,8701G,8860G,9221G,9540

C,9824C,9932A,10115C,10398G,10410C,10873C,11719A,11914A,11944C,12693G,12705T,13203G

,13590A,13650T,14566G,14766T,15301A,15326G,15784C,15924G,16093C,16148T,16223T,16278T

,16294T,16355T,16390A,16519C none

484 J1c3

73G,185A,263G,295T,309.1C,315.1C,462T,489C,750G,1438G,2706G,3010A,4216C,4769G,5530T,

7028T,7855T,8860G,10398G,11251G,11719A,12063T,12612G,13708A,13934T,14766T,14798C,153

26G,15452A,16069T,16126C none

489 H3g1

152C,263G,315.1C,750G,1438G,3992T,4418C,4769G,6776C,7967T,8860G,10235C,10754C,15326

G,16223T,16325C,16519C none

516 H4a1a1a2

73G,228T,263G,309.1C,315.1C,523del,524del,750G,1438G,3992T,4024G,4688C,4769G,5004C,561

8C,8185C,8269A,8348G,8860G,9123A,10044G,11173T,13545T,14325C,14365T,14582G,15326G none

585 H7a1 263G,309.1C,315.1C,750G,1438G,1719A,4769G,4793G,8860G,12063T,15326G,16261T,16519C T152C 9.16

614 H4a1a1a

73G,263G,309.1C,315.1C,523del,524del,750G,1438G,3992T,4024G,4769G,5004C,8269A,8860G,91

23A,10044G,14365T,14582G,15326G A215G 29.56

787 B2o

73G,159C,263G,315.1C,499A,750G,827G,1438G,2706G,2804G,3547G,4769G,4820A,4977C,6473T

,6647C,7028T,8281del,8282del,8283del,8284del,8285del,8286del,8287del,8288del,8289del,8292A,88

60G,9950C,11177T,11719A,13590A,13879A,14766T,15326G,15535T,16092C,16182C,16183C,161

89C,16217C,16519C none

832 L1c2b1a'b

73G,150T,151T,152C,182T,186A,189C,195C,198T,247A,263G,297G,315.1C,316A,750G,769A,825

A,1018A,1438G,2220G,2395del,2706G,2758A,2885C,3591A,3594T,3666A,4104G,4769G,5495C,58

99.1C,5951G,6071C,6150A,6253C,7028T,7055G,7064C,7076G,7146G,7256T,7337A,7389C,7521A,

8027A,8468T,8655T,8701G,8784G,8860G,8877C,9072G,9540C,9861C,10031C,10321C,10398G,10

586A,10589A,10688A,10792G,10793T,10810C,10873C,11164G,11654G,11719A,12049T,12477C,1

2705T,12810G,13105G,13149G,13485G,13506T,13650T,13789C,14000A,14178C,14560A,14766T,

14911T,15067C,15326G,16129A,16166G,16187T,16189C,16223T,16230G,16265C,16278T,16284G,

16286A,16294T,16311C,16519C,16527T none

885 D1

73G,263G,315.1C,489C,750G,1438G,2092T,2706G,3010A,3816G,4659A,4769G,4883T,5178A,702

8T,8414T,8701G,8860G,9540C,10398G,10400T,10873C,11719A,12705T,12771A,13320T,14668T,1

4766T,14783C,15043A,15217A,15301A,15326G,16223T,16325C,16362C none

886 A2+(64)+16129

64T,73G,146C,153G,235G,263G,309.1C,315.1C,499A,523del,524del,663G,750G,1438G,1736G,270

6G,4248C,4310G,4769G,4824G,6249A,7028T,8027A,8794T,8860G,10045C,10373A,11719A,12007

A,12705T,14766T,15326G,16111T,16129A,16223T,16290T,16319A,16354T,16362C,16519C T16093C 25.94

918 A2ap

64T,73G,146C,153G,235G,263G,309.2CC,315.1C,523del,524del,663G,750G,1438G,1736G,2706G,4

248C,4769G,4824G,7028T,8027A,8794T,8860G,9809G,11719A,12007A,12705T,14766T,15326G,1

6111T,16189C,16223T,16290T,16319A,16362C none

1219 D6a1a

73G,263G,315.1C,489C,709A,750G,1438G,1719A,2706G,3714G,4769G,4883T,5178A,6701G,7028

T,7424G,7879G,8020A,8618C,8701G,8860G,8895C,9540C,10398G,10400T,10873C,11719A,12654

G,12705T,13194A,14766T,14783C,15043A,15301A,15326G,15553A,16182C,16183C,16189C,1622

3T,16274A,16362C none

1282 D1

5C,61T,73G,131C,146C,263G,309.1C,309.2C,315.1C,489C,524.1A,524.2C,750G,1438G,2092T,270

6G,3010A,4769G,4883T,5178A,7028T,8414T,8775T,8860G,9540C,10398G,10400T,10873C,11719

A,11830C,12705T,14668T,14766T,14783C,15043A,15301A,15326G,15924G,16223T,16325C,16362

C none

1355 R11

73G,185A,189G,263G,309.1C,315.1C,709A,750G,1438G,2706G,4706G,4769G,5186C,5301G,6338

G,7028T,8860G,9071T,10031C,10398G,10978G,11061T,11719A,12358G,12950G,13681G,14696G,

14766T,15326G,16183C,16189C,16311C,16519C none
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Table S3. List of biological mixture contributors with haplogrep2 generated haplogroup and GM HTS 

generated haplotype and heteroplasmy information. Heteroplasmy is presented as rCRS nucleotide-nucleotide 

position-alternative nucleotide- frequency (%). 

 

 

  

Biological Mixtures 

Contributor ID Haplogroup Haplotype Heteroplasmy

1J J1c8a

A73G,G185A,G228A,A263G,C295T,C315insC,C462T,T489C,C524insAC,A750G,A

1438G,A2706G,G3010A,T4216C,A4769G,C7028T,A8860G,T10084C,A11251G,G

11719A,A12612G,G13708A,C14766T,T14798C,A15326G,C15452A,C16069T,T16

126C,G16319A,T16368C none

2K K1a1b2a1a

A73G,T152C,A263G,C315insC,C497T,C524insAC,A750G,C770T,T1189C,A1438G,

A1811G,A2706G,A3480G,T3777C,A4769G,C7028T,T7278C,A7729G,A8860G,G9

055A,T9698C,T9800C,A10398G,A10550G,A11053G,T11299C,A11467G,G11719

A,G11914A,A12308G,G12372A,T13326C,C14167T,C14766T,T14798C,A15326G,

A15758G,A15924G,T16093C,T16224C,T16311C,T16519C 16093 11.77

3K K2a

A73G,T146C,T152C,A263G,C315insC,G709A,A750G,A1438G,A1811G,A2706G,A

3480G,T4561C,A4769G,C7028T,A8860G,G9055A,T9698C,T9716C,A10550G,T11

299C,A11467G,G11719A,A12308G,G12372A,C14167T,C14766T,T14798C,A153

26G,T16224C,T16311C,T16519C

234G 7.53 

7050G 34.5

4D D4e2

A73G,A263G,C315insC,T489C,A523del,C524del,A750G,A1438G,A2706G,G3010

A,A4769G,C4883T,C5178A,C7028T,C8414T,A8701G,A8860G,T9540C,A10398G,

C10400T,T10873C,C11215T,G11719A,C12705T,C14668T,C14766T,T14783C,G15

043A,G15301A,A15326G,A15874G,C16223T,T16362C none

5U U5a1a1

A73G,A263G,C309insC,C315insC,A750G,A1438G,T1700C,A2706G,T3197C,A476

9G,T5495C,T6351C,C7028T,A8860G,G9477A,A11467G,G11719A,A12308G,G12

372A,T13617C,C14766T,A14793G,A15218G,A15326G,A15924G,C16256T,C162

70T,A16399G

251A 3.23 

6351T 41.12

6J J1c2c2

A73G,T146C,G185A,A188G,G228A,A263G,C295T,C315insC,C462T,T489C,A750

G,A1438G,A2706G,G3010A,T4216C,A4769G,C7028T,A8860G,G8865A,A10398

G,G10685A,A11251G,G11719A,A12612G,T13281C,G13708A,A13933G,C14766

T,T14798C,A15326G,C15452A,C16069T,T16126C,T16519C 16286T 15.0

7D D4b2a1

A73G,A263G,C280T,C315insC,T489C,A523del,C524del,A750G,A1382C,A1438G,

C1662T,A2706G,G3010A,A4769G,C4883T,C5178A,C7028T,G8020A,C8414T,A87

01G,A8860G,C8964T,T9540C,T9824A,A10398G,C10400T,T10873C,G11719A,C1

2705T,G13708A,C14668T,C14766T,T14783C,G15043A,G15301A,A15326G,A15

524G,C16223T,C16355T,T16362C

200G 4.66  

4883C 2.42

8J J1c4

A73G,G185A,A263G,C295T,C315insC,C462T,T489C,A750G,A1438G,A2706G,G3

010A,T4216C,A4769G,A6503G,C7028T,A7271G,A8860G,A9632G,A10398G,A11

251G,G11719A,T12083G,A12612G,T13641C,G13708A,C14766T,T14798C,A153

26G,C15452A,C16069T,T16126C none

9A A2ac1

A73G,T146C,A153G,A235G,A263G,C309insC,C315insC,A523del,C524del,A663G

,A750G,A1438G,A1736G,A2706G,T3083C,T4248C,A4769G,A4824G,C7028T,G8

027A,C8794T,A8860G,G9055A,A9377G,A9473C,G11719A,G12007A,C12705T,A

14687G,C14766T,T15074C,A15326G,C16111T,G16213A,C16223T,C16290T,G16

319A,T16362C none

10U U5a1a2a1

A73G,A263G,C309insC,C315insC,C573insCC,A750G,A1438G,T1700C,A2706G,T3

197C,A4769G,A5319G,T6293C,A6629G,T6719C,C7028T,A8860G,G9477A,T1115

2C,A11467G,G11719A,A12308G,C12346T,G12372A,T13617C,C14766T,A14793

G,A15218G,A15326G,C16256T,C16270T,A16399G none

11A A2k1a

C64T,A73G,T146C,A153G,A235G,A263G,C309insC,C315insC,A523del,C524del,A

663G,A750G,A1438G,A1736G,A2706G,T3202C,T4248C,A4769G,A4824G,C7028

T,G8027A,A8460G,C8794T,A8860G,G11719A,G12007A,C12705T,C14766T,A15

326G,A15924G,C16111T,C16223T,C16290T,G16319A,T16362C none
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Table S4. List of biological mixtures. A.) two-person mixtures; B.) three-person mixtures.  Both tables list 

contributor ID, contributor haplogroup, the number of unique and shared haplogroup defining SNPs, and our 

determination of whether the mixture was considered to contain similar or dissimilar haplotypes.  

A.) 

 
B.) 

 
 

 

 

Figure S1. Screen shot images of the MixtureAce MT™ user-friendly interface. A. Sample 

identification and run status, B. Data type selection, C. Data file upload, D. Advanced 

options, E. Contributor detection options. 

A. 

 
 

Contributor 

1

Contributor 1 

Haplogroup 

(Haplogrep2)

Contributor 

2

Contributor 2 

Haplogroup 

(Haplogrep2)

Unique 

Haplogrou

p Defining 

SNPs

Shared 

Haplogroup 

Defining 

SNPs

Percent Shared 

Haplogroup 

Defining SNPs

Similar (S) or 

Dissimilar (D) 

Haplotypes

4D D4e2 7D D4b2a1 10 10 50.00 S

5U U5a1a1 10U U5a1a2a1 10 12 54.55 S

1J J1c8a 6J J1c2c2 11 14 56.00 S

6J J1c2c2 8J J1c4 11 14 56.00 S

1J J1c8a 8J J1c4 9 13 59.09 S

9A A2ac1 11A A2k1a 10 14 58.33 S

9A A2ac1 10U U5a1a2a1 39 0 0.00 D

5U U5a1a1 7D D4b2a1 32 0 0.00 D

7D D4b2a1 10U U5a1a2a1 38 0 0.00 D

Contributor 

1

Contributor 1 

Haplogroup 

(Haplogrep2)

Contributor 

2

Contributor 2 

Haplogroup 

(Haplogrep2)

Contributor 

3

Contributor 3 

Haplogroup 

(Haplogrep2)

Unique 

Haplogroup 

Defining SNPs

Shared 

Haplogroup 

Defining 

SNPs

Percent Shared 

Across All 

Contributors 

Haplogroup 

Defining SNPs

Similar (S) or 

Dissimilar (D) 

Haplotypes

3K K2a 10U U5a1a2a1 2K K1a1b2a1a 32 14 30.43 S

10U U5a1a2a1 2K K1a1b2a1a 5U U5a1a1 30 13 30.23 S

1J J1c8a 6J J1c2c2 8J J1c4 12 15 55.56 S

4D D4e2 5U U5a1a1 9A A2ac1 45 1 2.17 D

9A A2ac1 10U U5a1a2a1 4D D4e2 50 1 1.96 D
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B. 

 
C. 

 
D. 

 



 

7 

E.

 
F. 

 
 


