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Abstract

Heritability of Blood Pressure in Families from Southwest Coastal Bangladesh

By Ryan Threlkel

BACKGROUND

High blood pressure is a leading cause of morbidity and mortality, but it is a complex trait that
can be attributed to high sodium intake, other environmental factors, and heritable genetics.

METHODS

Pedigrees were constructed with the RStudio package <Kinship2> and were analyzed alongside
phenotype data collected in a cohort study in southwest coastal Bangladesh. The pedigree and
phenotype data were run in the statistical software package SOLAR-Eclipse with the pedigree
variance-component linkage method, generating heritability estimates for systolic blood pressure
and diastolic blood pressure for this population.

RESULTS

This analysis included 1186 individuals with both relationship and phenotype data. This included
467 first degree relationship pairs (sharing about 50% genetics), 152 second degree relationship
pairs (25% shared genetics), 152 third degree relationship pairs (12.5% shared genetics), 497
relationship pairs of fourth to seventh degree, and 90 pairs classified as “Other.” However,
females in these families tended to be much less related due to patrilineal marriage practices.
Heritability analyses demonstrated a significant heritability value of 0.176 (SE 0.089) for
unstratified DBP. Other estimates were not statistically significant, but unstratified SBP was
estimated at 0.113 (SE 0.087). DBP among females was estimated at 0.439 (SE 0.280) and SBP
among females was estimated at 0.131 (SE 0.302). Male SBP and DBP heritability estimates
were unable to be calculated.

DISCUSSION

The differences between males and females in relatedness were unsurprising since this is a
patrilineal society. However, the lack of normality among males was surprising. This could
indicate inaccurate relationships in the study’s pedigree data. The only heritability estimate that
was significant was overall DBP, providing evidence that among this population, about 17.6% of
the variation in DBP was explained by heritable genetics.
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BACKGROUND

Hypertension is a major cause of mortality and morbidity worldwide with complex
etiology (1). Hypertensive individuals are thought to have a genetic predisposition along
with exposure to certain environmental influences, and increased salt intake is a possible
risk factor for increased blood pressure (2). A global burden of disease study in 2014
collected sodium intake data from surveys and conducted a comparative risk assessment
to determine that 1.65 million deaths due to cardiovascular causes in 2010 were attributed
to high sodium intake (3). However, blood pressure is a complex trait with numerous
genetic and environmental factors (4). Previous studies have estimated the heritability of
blood pressure to be about 40%, and the phenotypic variance due to genetics has been
estimated between 30% and 70% (4, 5). For the purposes of this study, the focus was on
blood pressure traits in families from the southwest coastal region of Bangladesh.

The study region consists of three districts of Bangladesh: Bagerhat, Khulna, and
Satkhira (6). These are rural districts with fewer than 750 people per square kilometer (6).
In rural areas such as these, people primarily live in villages. Generally, households in
these villages are extended with married sons occupying the same household as their
father and remaining under his authority throughout his lifetime (7). When daughters
marry, they will relocate to the household of their husbands (7). These households
usually stay together until the head of the household dies, after which the sons within the
household will divide into their own respective households (7). The aim of this study was
to determine the heritability of systolic blood pressure (SBP) and diastolic blood pressure

(DBP) among this population.



METHODS

Study Population

The blood pressure and relationship data that were the foundation for this study were
collected in a cohort study in the southwest coastal population of Bangladesh.
Participants were surveyed to collect demographic data as well as family relationships,
which were used to develop family trees for each family. An intervention was also
conducted that reduced salt intake from drinking water in some participants. Households
were visited five times during the study period to measure SBP and DBP between
December 2016 and April 2017. This cohort included 1186 individuals from 297 families

with both heritability and blood pressure data available (8).

Data Collection Protocols

For this study, the five longitudinal measures of SBP and DBP were used to estimate a
person-level random intercept to be used as the outcome for this heritability analysis.
These person-level random intercept predictions were extracted from a multilevel model
for longitudinal blood pressure, which included random effects for person, household,
and community, adjusted for participant age and whether the blood pressure was

measured during a community-level salt-intake-reduction intervention

The previously collected family trees were summarized as a pedigree file using RStudio,
version 1.2.5033 (Boston, Massachusetts), with R, version 3.6.2 and the R package
<Kinship2> (9, 10). This pedigree file was used alongside the blood pressure phenotype

data for analysis using SOLAR-Eclipse: An Imaging Genetics Software version 8.5.1.



(11). SOLAR-Eclipse was initially used to produce counts of relationship types in the
study. Overall relationships were shown as well as stratified by sex because there was a

suspected difference in relationships between males and females.

Statistical Approach
Next, the heritability estimates were produced for SBP and DBP (overall and stratified by
sex). This was performed with SOLAR-Eclipse as variance-components analysis, per the

formula Q = 2®g; + 1oz (where Q is the phenotypic covariance between relatives, ®
is the kinship matrix, g/ is the phenotypic variance due to additive genetics, I is the
identity matrix, and o2 is phenotypic variance due to the environment) (11). This resulted

in estimates for the phenotypic variance due to additive genetics (g;) and residual

variance (¢2), allowing the program to calculate h? (heritability) by dividing phenotypic
variance due to additive genetics by total phenotypic variance (h? = Z—% ). Outcomes that
14

were identified as non-normal by SOLAR-Eclipse were transformed via inverse

normalization prior to variance-component heritability analysis (12).



RESULTS

Table 1 summarizes the relationship types and number of pairs for the cohort. There were
1186 individuals participating in the study, but additional individuals without blood
pressure trait data were included in the pedigree file as placeholders to preserve reported
family relationships between the study participants (e.g. grandparents may be included to
show that the grandchildren are related, but the grandparents may not have been
participants in the study or included in the final analysis since they lack phenotype data).
There were 467 first-degree relationship pairs (relationship coefficient of 0.5), 152
second-degree relationship pairs (relationship coefficient of 0.25), 152 third-degree
relationship pairs (relationship coefficient of 0.125), 177 fourth-degree relationship pairs
(relationship coefficient of 0.0625), 148 fifth-degree relationship pairs (relationship
coefficient of 0.0313), 112 sixth-degree relationship pairs (relationship coefficient of
0.0156), 60 seventh degree relationship pairs (relationship coefficient of 0.0078), and 90

relationship pairs designated as “Other.”

Tables 2 and 3 indicate differences in the structure of family relationships among the
male (N=483) and female (N=703) participants in the cohort. Males in these households
tended to be more related to each other while females tended to be unrelated (e.g., women
have married into families). The male-male relationships in Table 2 seem similar to the
overall relationships in Table 1, but the females in Table 3 tend to be unrelated. Despite
the larger number of participants, the 703 females constitute only 58 relative pairs (Table

3), whereas the n=483 males in constitute 910 relative pairs (Table 2).



The distribution of family sizes in the cohort are shown in Table 4. Family sizes can
range from 3 members (two parents and an offspring) to 69 members. However, these
numbers include family members that do not have phenotype data. For example, the
pedigree plot of the largest family (N=69) is illustrated in Figure 1, and the relationships
counts are shown in Table 5. This family consists of 37 individuals that participated in
the study and had phenotype data collected, while the other 32 individuals were included
in the pedigree to show relatedness between the participating family members. Some of
the three-person families (example in Figure 2) only included one study participant and

two parents that did were not participants.

Heritability estimates are shown in Table 6. Analyses were conducted for the overall
cohort as well as stratified by sex. The unstratified analysis showed a DBP heritability
estimate of 0.176 (SE of 0.089 and p-value of 0.022) and an SBP heritability estimate of
0.103 (SE of 0.087 and p-value of 0.332). Females had a DBP heritability estimate of
0.439 (SE of 0.280 and p-value of 0.057) and an SBP heritability estimate of 0.131 (SE of
0.302 and p-value of 0.332). SOLAR-Eclipse was not able to generate heritability

estimates for males.



DISCUSSION

The difference in relationships between males and females are unsurprising, since
Bangladesh is a patrilineal society. Brothers tend to stay together in the same household
clusters, while sisters leave the village and join another household after getting married.
This can be seen in Figure 1, where the descendants that are still part of the family are
males, while the females are spouses of these individuals. This also explains why the
females in households tend to be less related to each other as shown in Table 3. However,
one surprising finding was the random effect estimates being non-normal. As shown in
Table 6, many of these had to be inverse normalized during the analysis to account for a
non-normal outcome variable. This could be due to inaccurate relationships in the

pedigrees.

The heritability estimates in Table 6 seem to imply that DBP is more heritable than SBP,
and both are more heritable among females. However, this is not conclusive because
most of the heritability estimates had insignificant p-values. The only heritability estimate
that was significant was overall DBP, providing evidence that among this population,
about 17.6% of the variation in DBP was explained by heritable genetics. However, these

findings are conditional on the reported pedigrees.

Strengths and Weaknesses
This study has a large sample size, which provides a lot of power to the analysis. Being a
cohort study with multiple blood pressure measurements, the likelihood of biases and

measurement errors are also reduced. However, the lack of a normalized heritability



outcome here is concerning, although it was addressed with inverse normalization. The
heritability outcomes here are also much lower than previous studies, which usually
report SBP and DBP heritabilities of ~ 40% (4). This could be due to information bias
from a few sources of error; one of which being data entry error in the pedigrees. Non-
paternity is also possible, which has been estimated by previous studies to occur at rates
ranging from 0.8% to 30%, (median 3.7%) (13). Additionally, pedigree data used in this
study did not identify identical twins, so treating any identical twins who may have
participated in this study as siblings with relationship coefficients of 0.5 would

underestimate relatedness of these pairs.

Future Directions

Given the concerns of pedigree accuracy, the next steps are to verify the pedigree
accuracy for the study population through genotyping. Pedigrees can be validated by
laboratory detection of genetic markers to verify relationships in the pedigree (14). If
inconsistencies are detected, the pedigree could be corrected, and this heritability analysis

could be conducted again.
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TABLES

Table 1. Overall relationships of study participants (N=1186)

10

Degree  Shared Genetics Relationship Numk?er Totals
of Pairs
First 1/2 Siblings 150 467
Parent-offspring 317
Avuncular 131
Second 1/4 Grandparent-grandchild 17 152
Half-siblings 9
First cousins 136
Third 1/8 Grand avuncular 13 152
Great grandparent or half avuncular 3
First cousins, once removed 163
Fourth 1/16 Half first cousins 11 177
Half grand avuncular 3
First cousins, twice removed 14
Fifth 1/32 Half first cousins, once removed 11 148
Double second cousins, once removed 6
Second cousins 117
Second cousins, once removed 100
Sixth 1/64 Half first cousins, twice removed 6 112
Double second cousins, twice removed 2
Half second cousins 4
Third cousins 32
Seventh 1/128 Half second cousins, once removed 2 60
Second cousins, twice removed 26
N/A N/A Other 90 90
Total relative pairs 1358




Table 2. Relationships between male study participants (N=483)

11

Number

Degree  Shared Genetics Relationship i Totals
of Pairs
First 1/2 Siblings 116 212
Parent-offspring 96
Avuncular 114
Second 1/4 Grandparent-grandchild 5 123
Half-siblings 4
First cousins 108
Third 1/8 Grand avuncular 11 121
Half-avuncular 2
Fourth 1/16 First cousins, once removed 122 130
Half first cousins or half grand avuncular 8
First cousins, twice removed 12
Fifth 1/32 Half first cousins, once removed 9 102
Double second cousins, once removed 3
Second cousins 78
Second cousins, once removed 84
Sixth 1/64 Half first cousins, twice removed 6 94
Double second cousins, twice removed 4
or half second cousins
Third cousins 24
Seventh 1/128 Half second cousins, once removed 2 47
Second cousins, twice removed 21
N/A N/A Other 81 81
Total relative pairs 910
Table 3. Relationships between female study participants (N=703)
Degree  Shared Genetics Relationship Numk?er Totals
of Pairs
First 1/2 Siblings 12 41
Parent-offspring 29
Second 1/4 Avuncular or grandparent-grandchild 4 4
Third 1/8 First cousins 7 /
Fourth 1/16 First cousins, once removed 1 1
Fifth 1/32 Second cousins 4 4
Eighth 1/256 Third cousins, once removed 1 1
Total relative pairs 58




Table 4. Distribution of pedigree sizes

Number of family members

Counts of families

3 36
4 112
5 18
6-10 72
11-15 22
16-20 11
21-25 8
26-30 3
31-35 5
36-40 5
41-45 2
46-50 1
51-55 0
56-60 0
61-65 1
66-69 1
Total number of families 297

Table 5. Relationships of study participants in largest family (N=37)

12

Number

Degree  Shared Genetics Relationship . Totals
of Pairs
First 1/2 Siblings 6 18
Parent-offspring 12
Second 1/4 Avuncular 14 14
Third 1/8 First cousins 7 7
Fourth 1/16 First cousins, once removed 6 6
Fifth 1/32 Second cousins 11 11
Sixth 1/64 Second cousins, once removed 18 30
Half first cousins, twice removed 12
Seventh 1/128 Third cousins 10 10
N/A N/A Other 48 48
Total relative pairs 144
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Table 6. Heritability analysis of adjusted random intercepts, stratified by sex

Model N Heritability P-value Standard error Inverse normalized
Overall DBP 1186 0.176 0.022 0.089 No
Female DBP 703 0.439 0.057 0.280 Yes
Male DBP 483 0.000 0.500 -- No
Overall SBP 1186 0.103 0.113 0.087 Yes
Female SBP 703 0.131 0.332 0.302 Yes

Male SBP 483 0.000 0.500 - Yes
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Figure 1. Pedigree plot of largest participating family (69 total, 37 with phenotype data).
The shaded individuals are the ones with phenotype data. The unshaded ones were only
included in the pedigree to make relationship connections.
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13471

Figure 2. Pedigree plot of one of the smallest participating families. The shaded individual is
the only one with phenotype data.



APPENDIX: Pedigree plots of all families

02A01

02G02 02G01

——O ——O O

2032 2031 2042 2041 2052 2051




02A02

02G03

02G04

2062

2061

2064

2063

99001

16



02A03

17

99002

2122

99003

2121



02A04
9%}5 9&%4
. .
99007 9%6 99012 9%3
99009 99008 99015 9%4
99010 991 02G07 O%B
02G05 2<523 9%}7 2441
N .
2581 99016 25082

18



02A05

99018

02G08

2402

2401

2403

19



02A06

20

02G10

02G09

99019

2591



02A07

02G11

02G12

99020

[

2182 2181

02G14 02G15
2162 2161 99029 2551 2513 2512 2541 2512 2492
2192 2191 2202 2201 2511

02G18

99021

02G19 02G20

—O

2502 2501

o

2491 99027 2572

99028 2571



02A08

O

99030 99031

99032 99033 02G21 02G22

O

02G23 02G24 2523 2532

—0 —0 [0

2452 2451 2522 2521 99034 2531




02A09

23

02G25

02G26

2223

2222

2221



02A10

02G27

24

02G30

02G31

2143

02G29

2142

O

2141



02A11

02G32

2135

2134

2132

2133

2131

25



02A12

26

99035

99037

O

2381

99036



02A13

02G33

02G34

2262 2264

2261 99038

2263

27



02A14

02G35

02G36

28

2351

2352

02G37

2362

2361



02A15

29

99039

99041

O

2231

99040



02A16

99042 99043

99047

02G41

99050

99045 99044 99046
02G39 02G38
2333 2332
| O |
99048 2331 99049

2601

2311

O

02G40



02A17

31

99051

2271

99052

2272



02A18

02G42

02G43

2393

2392

2391

32



02A19

99053

99054

99056

99055

il

99057

99058

\[C/

02G45

|

02G44

[}

33

99060

A

99059

990

| i;l__l

99061

;

02G46

O

2562

2561

02G47



02A20

99063

99064

2092

2091

2101

2112

211

34



05B01

99081

99082

05G01

5122

35

5121

5123



05B02

05G04

05G03

5113

05G02

36

5112

5111



05B03

37

99083

99085

O

5021

99084



05B04

38

99086

99088

O

5011

99087



05B05

39

99090

99089

5041

99091



05B06

05G06

05G05

5093

5092

40

5091

5102

5101



41

05B07

05G08 05G07

5035 05G09

5034 5036

5033 5032 5031



05B08

99092

99093

05G28

05G27

05G24 5194 05G26 5253 5153 99096 5232

5193 5191 5192

5172

5171 5182 5181 5252 5251 5152

## Did not plot the following people: 5201 5202

5231

5151

5162 5161 5204 5203

99097 5141

42



05B09

43

99098

99100

O

5081

99099



05B10

44

99101

99103

O

5071

99102



05B11

99104

99105

99106

5382

45

99107

5381



05B12

46

99108

99110

O

5361

99109



05B13

47

99111

99112

99113

5371



05B14

99114

5372

99115

48



05B15

99116 99117

05G12 05G11

5722 5721

5712 5711

05G14 05G13

[

5301 99120 5314 5313

5312 5311

49



05B16

99122

5342

5341

50



06C01

99132

99133

99134

99135

51

6032

6031



06C02

52

99136

99137

6082

6081



06C03

99138

99139

99140

6103

53

6102

6101



06C04

99141

99142

06G01

6012

6014

6011 6052

6051

54



06C05

99143 99144

—O

99145 99146

99152 99151 06G04 06G05 06G06 6G07

06G08 06G09 6062 9149 6073 607. 6072 6286 6285

6091 6092 06G10 6022 06G11 06G12 99150 6061 6075 6071 6284 6281 6283 6282

6021 6042 6041



56

06C06

99153 | 99154 99162 | 99163 99169 | 99170

06G13 | 06G14 99164 ) 99165 99166 | 99167 99172 99173 | 99174

06G15 6452 06G26 ) 06G27 06G35  06G36 06G39 | 06G38 06G42 | 06G43

6441 06G16 | 6462 6231 99168

6222 6221 06G33 | 6183 06G30 | 06G29

6452 6451 06G34 | 6542

6503 | 6502 06G37 | 6493 6511 06G40) 06G41

6461 6182 6181 6211 6541 6501 6492 6491 6532 6531



06C07

57

99155

99157

O

6561

99156



06C08

06G19

6643 99158 99159

58




06C09

59

06G21

06G20

6162

6161



60

06C10

06G23 06G22

O O O

6141 6142 06G24 06G25 6133

O — O 0

6143 6152 6151 6131 99161 6132 99160 6111




06C12

61

99175

99177

O

6271

99176



06C13

62

99178

99180

O

6261

99179



07D01

0—0

99181 99182
99183 ] 99184 99189 99190
0 —0
99185 99186 0 07G01 07G04 07G03
S
726! 07G05 7284 7283 07G06 7183 07G07 7273

0 [0

99188 7251 7262 7261 99191 7282 99192 7281 7182 7181 7272 7271



07D02

64

07G09

07G08

7062

7061

7204 7203

7202 7201



07D03

O

65

07G10 7053
7012 7011 7052 7051 7033 7032

99195

O

7031

——O

99194 7021




07D04

7082 7081 7 7161
7072 7071 7172 7171

7124

7122

7123

7121

7143

7142

07G16

7141

L

07G15 7113

s

7112 7111

AN

7132 7131

66



07DO05

07G18

07G17

7302

7301

07G19

7231

7232

67



07D06

99202

7041

99203

68



07DO07

99204

99205

7352

7351

69



70

07DO08

07G26 07G27

7484 7483 7514 7513 7522 7521

7482 7481 7512 7511



09X01

71

09G01

09G02

9012

## Did not plot the following people: 99216

9011



09X02

99218

O

09GO 09G04

O

9312 9311

99217
09G05
9302 9301

9292

9291

72



09X03

O

99220 99219

O

09G06

09GO07

O

9212 9211

O

9192 9191

O

9202 9201

9182

O

9181

73



09X04

99222

99221

09G09

09G08

74

9634

9633

9632

9631



09X05

O

09G10 09G11

O

9145

9144

O

9132 9131

—

9143 9142

——O

99223 9141

9112

9111

75



09X06

09G13

09G14

9123

09G12

9122

76



09X07

09G15

9121

09G16

77



78

09X08

99224 99225

99228 99229 99234 35

09G17 9923 99231 99233 09G27 | 09G26

9102 09G 09G22 9054 9053

9033 99236 9022 9092 9052 9051 9062 9061 9042 9041 9072 9071 9082 9081

9032 9031 99237 9021 23391



09X09

99238 99239

99240 99241 09G32 09G31 09G33 09G34

—O

09G30 09G29 09G95 09G28 09G35 9272 9271 99242 99243

9252 9251 9262 9261 9152 9151 9232 9231 9162 9161 99244 9281



10F01

O

99246 99245

O

10G02 10G01

10244; 10243 10G03 %10233

-0 [0 [0

10242 10241 10252 10251 10232 10231

99247

——O

10411

80



10F02

99249

10172

99248

81



10F03

99251

10171

99250

82



10F04

99253 99252
10G05 10G04
| S |
10056 10055 10082
| O |
10053 10052

10054

10051

10081

83



10F05

99255

99254

10G07

10G06

10662

10661 10652

10651

84



10F06

O

99257 99256
O [ O
99258 99259 99260 10G08 10G09
10G10 10G11 10222 10221 10312 10311

10672 10671



10F07

99262 99261

O

10G15 10G14 10G17

O [0 O [0

99266 10431 99267 10461 10G16 10423 10292 10291 10472 10471

10013 10G12

10422 10421 10011

86



10F08

10034

10032

99269 99268
[+
99272 99273
99276 99277 10G20
10033 10031 99278 10021 10631

10042

10041

87



10F09

88

10G24

10G23

10641

10642



10F10

89

10G26

10101

10G25



10F11

90

10G27

10204

10202

10201

10203



10F12

91

10G32 10G31
| O | O
10322 10321 10G29 10G28
| |
10333 10G30

10334

10332

10331



10F13

92

99280

99281

O

10401

99279



11RO01

99282

11821

99283

93



11R02

99284

11081

99285

94



11R03

99286

11101

99287

95



11R04

99288

11811

99289

96



11R05

99290

99291

11G10

__C)

11G09

uilie

11102 99292

11GO. 11G03

11353

11352 11832 11831

99293

-0

11G06

o

11802

11801

11G05 11G12 11G11

—O

11G08 11G07

o0 B0

11792 11791 11362 11361

11022

## Did not plot the following people: 11351

11G13

11021

11073

11072

11G14

11071

11G15

11032

11031



11R06

99294

99295

11G96

11G97

11182

11181 11162

11161

98



11RO07

99296

11171

99297

99



100

11R08

11G16 11G17

O O —O

11133 11132 11774 11773 11782 11781

O

11131 11772 11771




11R09

99298

99299

11G18

11243

101

11242

11241



102

11R10

11G19 11G20

O 5 O

11212 11213 11G98 11222

99300 11221



11R11

99301

99302

11G21

11843

103

11842

11841



11R12

104

11G22

11G23

11152

11151



11R13

105

99303

99305

O

11891

99304



11R14

106

11G24

11G25

99306

## Did not plot the following people: 11852

11851



11R15

107

11G26

11113

11112

11111



108

]

99311

11R16
99307 99308
99309 99310
11G30 11G29
11712 11711 11G27

N

O

11642

11641

99312
11G31 11<6)73
11672 191
.
11G99 192

99313 11721



109

11R17

99314 99315

11871



110

11R18

11G32 11G33

11881



11R19

11G34

11G35

11482

99316

111

99317

11481



112

99319

11R20
99318
99320 99321
11G36 11G37 11G42
11512 11511 11G38 11G39 11453

11522 11521

99322

11G43

11452 99326

99323 99329

99324 99325 11G40

99327

11493 11492

99328 11461



11R21

11G44

11G45

11633

11632

99331

113

11631 99332

11861



114

11R22

99333 99334

11191



12HO01

12G01

12G02

12133

12132

115

12124

12G03

12123

12122



12HO02

116

12G04 12G05
12143 12142 12G06 12163 12G07
12162 12161 12152 12151

## Did not plot the following people: 12171 12G08



117

12HO03

99335 99336

12251



12H04

12G10

12G09

12235

12G11

118

12232

12231



119

12HO05

99338 99337

12233



120

12HO06

99339 99340
993, 99341 99343 99344
- =
99346 99345 12G12 12086 12G14 2G13
—O O
09347, 09348 12G16 12G15 12G18 2G17 12082 12081 12085 12084 12092 12091
0 —o
12G19 12G20 12201 12182 12181 12192 12191

12211



121

12HO07

12553

12552 12551 12583 12581

12851



122

12HO08

99354 99355

12582



123

12HO09

12G26 12G27

12563



124

12H10

99356 99357

12561



125

12H11

99358 99359

12852



126

12H12

99360 99361

12771



127

12H13

99362 99363

12391



128

12H14

99364 99365

12401



129

12H15

99366 99367

12411



130

12H16

99368 99369

12701



12H17

131

12G28

12G29

12704

12703



132

12H18

12G30 12612

12812 12811 12611



133

12H19

99370 99371

12702



134

12H20

99372 12804

12G31 12803

12802 12801



135

12H21

12G32 12713

12712 12711 99373 12721



136

12H22

99374 99375

12751



137

12H23

12G33 12G34

12742 12741 12733 12732

12731



12H24

12G41 12G42
12G43 12G37 12G38 12G39
12781 12G35 12G36 12842 12841 12822 12821 12832 12831

12792 12791

12G40

12862

138

12861



13101

99376

99377

13G02

13G01

139

13702

13701



13102

13G04

13G03

13344

13343

140

13342

13341



141

13103

13G06 13G05

——O ——O ——O

13642 13641 99378 99379 99380 99381




13104

142

13G07

13662

O

13661

13663



13105

143

O

13361

99382 99383
13G09 13G08
99384 13451 13312 13311

13651



144

13106

99385 99386

13461



145

13107

99387 99388

13471



146

13108

99389 99390

13681



13109

147

13G11

13G10

13692

13691



13110

13414

148

O

13G13 13G12
13413 13403 13402 13G14
13412 13411 13401

13432

13433

——O

13431



149

13111

99391 99392

13441



150

13112

13G16 13G15

13362 13392 13391 13372 13371



151

13113

99393 99394

13381



13114

99395

99396

99397 99398

13G17 () 13273

13272 13271

99399

152

99400
13672 13G18
| <%>
13532 13531 13671



153

13115

13G20 13G19

13294 13293 13292 13291



13116

154

13G22

13G21

13302

13301



13117

155

13G24

13G23

13242

13241



13118

156

13G26

13G25

13232

13231



13119

157

13G28

13G27

13542

13541



13120

158

99401

99402

99403

13221



13121

159

99404

99405

99406

13171



13122

160

13G30

13G29

13262

13261



13123

161

13G32

13G31

13502

13501



162

13124

13G33 13572

13571 99407 13581



163

13125

99408 99409

13131



13126

164

99410

99412

O

13121

99411



165

15J01
99999 99998
15G01 15754
15753 15752

15742

## Did not plot the following people: 15751

15741



166

15J02

99413 99414

O

15G04 15G05

O [0 [—O [0

15762 15761 15772 15771 15802 15801 99415 15781 15G06 15813

15714 15713

15712 15711 15812 15811



15J03

O

99416 99417

O

15G07

15623

O

15612 15611

O

15602 15601

O

99418 15621

99419

167

O

15651



168

15G08 15G09
I
15664 15663 1 5G,1 0 15083
7’
7
’
4
4
4
’J_‘ d
O (] O
15662 15661 15702 15701 15671 15092 15091 15083 15082

15362 99421 99420 15351

## Did not plot the following people: 15361



15J05

99422

99423

15G14

15183

169

15182

15181



15J06

99424

99425

15G15

15G16

15212

170

15211 99426

15231



15J07

171

15G17

15G18

15202

15201



15J08

15G19

15G20

15122

15121

172

99427

15143

99428

15141



173

15J09

O

15G21 15G22

O —0 [—0

15163 15164 15132 15131 15152 15151

O

15162 15161




15J10

174

15G23

15G24

15102

15101



175

15J11

99429 99430

156G25 15023

15022 15021 99431 15011



15J12

176

15G26

156G27

15052

15051



15J13

177

15G28

15G29

15072

15071



15J14

99432

99433

99434

15722

178

99435

15721



19KO01

179

19G01 19G02
19063 19062 19G03 19012
99437 19061 19014 19011 99436 19071



180

19K02

19G04 19G05

19816 19815 19042 19041

19814 19812 19813 19811 19817



19KO03

181

99438

99440

O

19051

99439



19K04

19G06

19G07

19034

19033

182

19032

19031



19KO05

19G08

19G09

19884

19883

99441

183

19881 99442

19882



19KO06

99443

99444

19G10

19872

184

19863

19862

19861

99445



19KO07

185

99446

99448

O

19871

99447



186

19KO08

99449 99450

19G11 19831

19832



19KO09

187

99451

99452

19851

99453



19K10

188

19G12

19G13

19802

19801



19K11

19G14

19G15

19454

19G16

189

19494

19493

19492

19491



19K12

190

99454

99455

99456

19452

19841



19K13

191

99457

99459

O

19453

99458



19K14

192

19G17

19G18

19502

19501



19K15

193

19G19

19G20

19582

19581



19K16

194

99460

99462

O

19571

99461



19K17

195

19G21

19G22

19842

99463



19K18

196

99464

99466

O

19843

99465



19K19

197

99467

99469

O

19791

99468



19K20

198

19G23

19G24

19762

19761



19K21

199

19G25

19G26

19622

19621



19K22

200

99470

99472

O

19641

99471



19K23

201

19G27

19G28

99473

19753 99475

99474

19751

19752



202

19K24

19G29 19G30
19G31 19772 19692 19691

19771 99476 19712 19711



203

19K25

19G32 19G33

19473 19472

19471



19K26

204

99477

99479

O

19822

99478



19K27

205

99480

99481

19821

99482

99483



19K28

206

99484

99486

O

19823

99485



19K29

19G34

19G35

19652

19651

207

19782

19781



208

19K30

19G36 19G37

19082 19081 19112 19111



209

19K31

19G38 19G39

19612 19611

O

19741 19742




19K32

210

99487

99489

O

19481

99488



22101

211

99490

99491

99492

22041



22L02

212

99493

99494

99495

22071



22L03

213

99496

99497

99498

22081



214

22104

22G01 22112

22111

## Did not plot the following people: 99499 99500



22L05

215

22G02

22G03

99501

22121

99502

22351



22L06

216

99503

99505

O

22131

99504



217

22L07

O

22G05 22G04

22492 22491 22G07 22G06 22G08 22G09

99506 22361 99507 22143 99508 22251

—

99509 22142




22L08

218

99510

99512

O

22161

99511



22L09

219

99513

99515

O

22391

99514



22L10

220

99516

99518

O

22581

99517



22L11

221

99519

99521

O

22611

99520



22L12

222

99522

99524

O

22621

995623



22L13

99525

99526

22631

99529

223

99527

22431

22432

99528



22L14

224

99530

99532

O

22441

99531



22L15

225

99533

99535

O

22471

99534



22L16

226

99536

99538

O

22481

995637



22L17

227

22G10

22G11

99539

22501

22572

22571



228

22L18

99540 99541 99542 99543

22412 22411



22L19

229

99544

99546

O

22451

99545



230

22L20

99547 99548

O

99549 22342

99550 22341



22121

231

99551

99553

O

22321

99552



22L22

232

99554

99555

22282

22281

22G12 22G13

O

99556 22211




233

22L23

99557 99558

22273 22272

22271



22124

234

99559

99561

O

22291

99560



22L25

235

99562

99564

O

22191

99563



22L26

236

99565

99567

O

22461

99566



237

22L27

99568 99569

O

99570 22562

99571 22561



22128

238

99572

99574

O

22261

99573



22L29

239

99575

99577

O

22241

99576



22L30

240

99578

22421

O

22422

99579



241

22L31

99580 99581 99582 99583

22091 22092



22L32

242

99584

99586

O

22591

99585



22L33

243

99587

99589

O

22101

99588



23Mo01

99590 99591

23G02 23G01

O O

99597 23034 23033 99596

_O

23G05 23G04 99598

23192 23191 23G06

9597 23533

23202 23201 23182 23G03 23152 23532 23531 23421 23032 23031 23012

I 5o

23181 23151 23172 23171 23584 23583

23582

244

23681

23011



245

23MO02

9960 99602 99604 99606 23G14 23G13

23313 23G09 99609 23251 23252 23242 23241
23312 23311 23322 23321 23G15 23604 23333 23671

0 o0

23562 23561 99610 23602 23331



23MO03

246

99612

99611

23432

23G16

23422

23G17 23463

99613

23431 23462 23461



247

23Mo04

99615 99614

99616 99617 99618 99619

23G19 23G18 23G21 ; 23G20

— —

23382 23381 23302 99620 23301




248

23MO05

23G22 23G23

23692 23691 23396 23395

23394 23393

## Did not plot the following people: 23392



23MO06

249

23G25

23G24

23402

23401



23MO7

99623

99622

23G27

23G26

250

23272

23271



251

23MO08

23263 23262

23261



23MO09

99624

99625

O

23G29 23G28

—O

23062 23061

O

23G30

O

23081

23082

252

23G32

23G31

—O

23132 23131

—O

23162 23161




253

24NO01

99626 99627

O

24G05 24G06

O

24G03 24G04 24094 24093 24114 24G07

24G01 24G02

—O

24065 24064 24032 24031 24092 24091 24102 24101 24112

o o

24063 24061 24062 24182 24181 24142 24141 24132 24131

24111 24183 24133




24N02

254

99630

99632

O

24121

99631



24N03

255

99633

99635

O

24171

99634



24N04

256

24G11

24G12

24432

24431



257

24N05

24G13 24G14

24493 24G15 24541 99641

24491 99642 24492



258

24N06

99636 99637

24G16 24442

24441



24NO07

259

24G17

24G18

24422

24421



24N08

260

24G19

24G20

24482

24481

24G21 24472

24473



24N09

261

99638

99640

O

24021

99639



24N10

262

99643

99645

O

24011

99644



24N11

263

99646

99648

O

24641

99647



24N12

264

99649

99651

O

24471

99650



24N13

265

99652

99654

O

24461

99653



24N14

99655

99656

24G22

99693

24294

24293

266

24296

24295

24292

24291



24N15

267

99657

99658

99659

24297



24N16

268

99660

99662

O

24451

99661



24N17

269

24G23

24G24

24652

24651



24N18

270

99663

99665

O

24681

99664



24N19

271

99666

99668

O

24661

99667



272

24N20

24G25 24323

24322 24321 24312 24311



273

24N21

24G26 24232

24231



24N22

274

24G27

24G28

24252

24251



24N23

275

99669

99671

O

24241

99670



24N24

276

99672

99674

O

24531

99673



24N25

277

99675

99677

O

24522

99676



24N26

278

99678

99680

O

24521

99679



24N27

279

99681

99683

O

24301

99682



24N28

280

99684

99685

24561

99686



24N29

281

99687

99688

24562

99689



24N30

282

99690

99692

O

24041

99691



25Q01

99696

283

99694 99695
25273 99697

99699

O

25271

99698



25Q02

284

99700

99702

O

25272

99701



25Q03

25G01

25G02

285

25494

25493

25492

25491



25Q04

99705

99704 99703

25G03

286

25174 25G04

25173 25172

25G05

25812

25811



287

25Q05

99706 99707

25G06 25482

25481



288

25Q06

O

99708 99709

9971 0: 99711 25G07 25G08

25G09 25113 25122 25121 25133 25132

—0O [—0 [0

25102 25101 25092 25091 25112 25111 99712 25131




25Q07

289

99715

99719

O

25141

99716

99718

99713 99714
99717

O

99720 25151



25Q08

290

25G10

25G11

25302

25301

25G12 25G13

O

99721 25381




25Q09

291

99722

99724

O

25321

99723



292

25Q10

25G14 25G15

25053 25052

25051



25Q11

293

99725

99727

O

25061

99726



294

25Q12
99728 99729
25G16 25G17 25G18 25G19
25012 25011 25234 25233 25G20 25212

25232 25231 25192 25191



25Q13

295

99730

99732

O

25211

99731



25Q14

296

99733

99735

O

25221

99734



297

25Q15

gy) O
25 25G22 3

| |
0O |

O

25602 25601 9974 25252 25616 25615
25G24 25243 25614 25611 25613 25612

0O

25242 25241




25Q16

298

99736

99738

O

25251

99737



25Q17

299

99739

99741

O

25071

99740



25Q18

300

25G25 25G26
| O | O
25354 25353 25403 25402
25362 25361 25823 25822

99743 25821



25Q19

301

99744

99746

O

25352

99745



25Q20

302

99747

99749

O

25351

99748



25Q21

303

99750

99752

O

25401

99751



25Q22

304

99753

99755

O

25291

99754



305

26P01
99756 99757
26GQ 26G02 26G0; 26G03 26G05 26G06
26504 26503 26543 26542 26533 26532 26G07 26462
26502 26501 26512 26511 99758 26531 26461



306

26P02

26G09 26G08

26132 26131 26G10 26123

26122 26121



307

26P03

99759 99760

26G11 26G12 26G13 26493

— — —

26482 26481 26471 26472 26492 26491




26P04

26G14

26G15

26143

26142

308

99761

26141



26P05

O

99762 99763

26G 26G16 26G19 i 26G18

O O

26104 26103 26093 26G20

—0 10O

26101 26102 26092 26091

309

26114

26112

O

26113

——O

26111



310

26P06

99764 | 99765

99767

99774 | 99775

99776 | 99777 99778 79

26432 26431 99780 99781 26G23 | 26G24 26G27 X6G28  26G29

26042 26041 26443 | 26442 26012 26011 26622@ 26424 26G25/ 26G26 26414

26441 26422 26421 26452 26451 26411 99782 26412 26062 26061 26052 26051

0 26022

26021 26032 26031

413 26082 26081 26072 26071 3 26053

## Did not plot the following people: 26423



311

26P07

99783 99784

26551



	threlkel thesis
	appendix 2



