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Overview

Goal: 
To produce the most 

comprehensive multispecies 
genomic dataset ever assembled to 
help manage and protect regional 
biodiversity in the face of climate 

change.

Dataset: 
230 species of 150 samples each, 
~20,000 whole-genome samples

Problem:
Generate reliable variants for 

20,000 samples across non-model 
organisms:

• Reproducible and portable
• Fast and scalable

• Quality control

Snakemake Variant Calling Pipeline
Reproducible and Portable

Species 1 

Species n 

Cloudified
Fast and Scalable (1-2 days)

Genomic PCA

Fig. 1: The first step is to run a principal component analysis of the genotypes to identify broad clustering patterns in
the data. In order to aid the visualization of sample groupings throughout the document, a k-means clustering of 3 is
applied. This means that throughout the document the three colors in each plot refer to the three clusters identified in
the genomic PCA. This is a good first pass to look for outlier samples, which may either be problematic or interesting
samples. The following analyses help to distinguish among these possibilities. Note these 3 clusters may or may not
have any meaningful biological relevance!.

Depth and PC Correlation

Fig. 2: Sometimes if there are batch effects, the PCA groups will correlate with
sequencing depth, which may indicate there is some technical signal in the
data. An R2 value (depth ~ PC) is shown for each component and a large
value here may suggest there is a technical signal in the data. The percent
variance explained by each PC is also shown as the amount of variance
explained by one PC out of 10 total PCs.

SNP Depth

Fig. 3: There is typically a relationship between how much
missing data there is and total sequencing depth. Use this plot
to identify a potential cutoff for how strictly you want to filter your
individuals by sequencing depth and/or individuals. For
example, one might remove individuals with a sequencing
depth < 4 if the rate of missingness per SNP is higher than
seems reasonable.

Mapping rate

Fig. 4: The percent of reads mapped is calcuated from the
mapping rate to the reference genome. A lower mapping rate
may indicate there are contaminants in your reads or the
sample is from the wrong species. For example, a mapping rate
<80% means either the sample is of the wrong species (so
many reads did not map) or 20% sample comes from another
species (such as bacterial contamination).

Heterozygosity

Fig. 5: The inbreeding coefficient is an estimate of excess
homozygosity or heterozygosity. Values close to +1 indicate
extensive homozygosity in the sample and values cluse to -1
indicate excess in heterozygotes. Check for samples that are
outliers in the PCA plot that have very negative F values, as
these could indicate cross contamination among samples.

Tree

Fig. 6: A very simple neighbor joining tree is built from a simple distance matrix among all samples in the dataset. The leaves are colored by the clusters identified in the PCA.

Relatedness matrix

Fig. 7: We build a king relatedness matrix using Plink to evaluate if there are closely related samples. Samples with a relatedness of 0.5 indicate they are identical, values close to 0.25 indicate parent-
child or sibling relatedness, and second degree relatedness are ~0.125. You may want to remove samples with > 0.354 if you want to remove very closely related sample which can bias population
genomic estimates.

Map

Fig. 8: Here, an interactive map is produced if there is a coordinate file available with latitude and
longitude in decimal degrees. See the project README for how to setup this file for analysis.

Terrain Map

Fig. 9: Here, a terrain map is produced using the google maps API

Admixture

Fig. 10: Admixture was run on the dataset for k = 2 and k = 3. These are arbitrarily selected and no cross validation is done. Because these groupings are made seperate from the clusters in the PCA, they
are colored by the admixture assignments and not the PCA groupings.

Authors Erik D. Enbody, Cade Mirchandani, and Russell Corbett-Detig

113
Individuals  12

Mil. SNPs  0.1%
Estimated diversity  9.1

Mean depth 

-0.1 0.0 0.1

-0.2

-0.1

0.0

0.1

PC1: 27.8% variance

P
C

2:
 1

2.
2%

 v
ar

ia
nc

e

R2 =  0
0

10

20

R2 =  0

-0
.4 0.
0

0.
4

0

10

20

R2 =  0

R2 =  0

-0
.4 0.
0

0.
4

R2 =  0.13

R2 =  0.19

-0
.4 0.
0

0.
4

R2 =  0

R2 =  0.05

-0
.4 0.
0

0.
4

R2 =  0.09

R2 =  0.01

-0
.4 0.
0

0.
4

S
N

P
 D

ep
th

PC1 (28%) PC2 (12%) PC3 (11%) PC4 (9%) PC5 (8%)

PC6 (7%) PC7 (7%) PC8 (7%) PC9 (6%) PC10 (6%)

10 20

0.0

0.1

0.2

0.3

SNP Depth

M
is

si
ng

ne
ss

0 25 50 75 100

10

20

% Reads Mapped

S
N

P
 D

ep
th

-0.1 0.0 0.1

-0.4

0.0

0.4

0.8

PC1

F
 (

in
br

ee
di

ng
 c

oe
ffi

ci
en

t)

B
22

07
B

16
34

B
25

91
B

21
94

B
24

90
B

21
97

B
25

75
B

22
75

B
16

22
B

22
96

B
24

32
B

24
66

B
20

50
B

17
04

B
06

58
B

17
84

B
19

33
B

20
02

B
17

39
B

18
29

B
25

54
B

21
12

B
22

73
B

23
38

B
26

38
B

25
15

B
24

22
B

24
53

B
16

77
B

16
23

B
26

31
B

26
06

B
17

78
B

05
41

B
18

12
B

19
72

B
18

88
B

18
48

B
19

32
B

09
62

B
11

36
B

25
13

B
22

52
B

20
15

B
19

68
B

24
64

B
23

40
B

16
04

B
20

14
B

21
64

B
23

41
B

13
95

B
06

88
B

18
10

B
18

35
B

16
46

B
24

78
B

06
33

B
17

17
B

22
72

B
12

86
B

24
68

B
18

54
B

22
66

B
25

41
B

06
24

B
22

13
B

26
44

B
26

29
B

24
85

B
16

06
B

18
28

B
20

74
B

18
03

B
08

73
B

25
19

B
04

50
B

13
50

B
19

06
B

21
39

B
25

58
B

16
68

B
11

48
B

06
04

B
18

34
B

06
40

B
10

73
B

06
38

B
08

51
B

17
22

B
24

88
B

25
82

B
25

88
B

23
79

B
08

70
B

06
22

B
24

01
B

22
00

B
11

19
B

17
94

B
07

51
B

05
72

B
16

10
B

13
47

B
13

55
B

07
40

B
22

21
B

25
67

B
13

16
B

06
35

B
08

64
B

17
00

B2207
B1634
B2591
B2194
B2490
B2197
B2575
B2275
B1622
B2296
B2432
B2466
B2050
B1704
B0658
B1784
B1933
B2002
B1739
B1829
B2554
B2112
B2273
B2338
B2638
B2515
B2422
B2453
B1677
B1623
B2631
B2606
B1778
B0541
B1812
B1972
B1888
B1848
B1932
B0962
B1136
B2513
B2252
B2015
B1968
B2464
B2340
B1604
B2014
B2164
B2341
B1395
B0688
B1810
B1835
B1646
B2478
B0633
B1717
B2272
B1286
B2468
B1854
B2266
B2541
B0624
B2213
B2644
B2629
B2485
B1606
B1828
B2074
B1803
B0873
B2519
B0450
B1350
B1906
B2139
B2558
B1668
B1148
B0604
B1834
B0640
B1073
B0638
B0851
B1722
B2488
B2582
B2588
B2379
B0870
B0622
B2401
B2200
B1119
B1794
B0751
B0572
B1610
B1347
B1355
B0740
B2221
B2567
B1316
B0635
B0864
B1700

-2.0

-1.5

-1.0

-0.5

0.0

0.5
relatedness

cluster_1 cluster_2 cluster_3

0.00

0.25

0.50

0.75

1.00

B
12

86
B

13
16

B
13

55
B

06
33

B
05

72
B

06
35

B
06

22
B

06
24

B
07

51
B

08
64

B
11

36
B

08
73

B
07

40
B

16
06

B
16

10
B

25
19

B
24

01
B

25
82

B
25

88
B

25
13

B
17

22
B

17
17

B
18

54
B

18
03

B
18

35
B

18
28

B
19

68
B

20
74

B
22

21
B

22
00

B
22

07
B

22
72

B
22

13
B

26
29

B
24

78
B

26
44

B
16

46
B

24
88

B
24

68
B

25
41

B
24

85
B

22
66

B
13

47
B

09
62

B
20

15
B

08
70

B
22

52
B

17
94

B
25

67
B

11
19

B
21

64
B

24
64

B
18

10
B

23
40

B
23

41
B

20
14

B
16

04
B

23
79

B
24

90
B

21
94

B
06

88
B

17
00

B
22

75
B

21
97

B
25

75
B

13
95

B
16

34
B

25
91

B
22

96
B

24
66

B
24

32
B

10
73

B
16

22
B

05
41

B
08

51
B

21
12

B
16

68
B

22
73

B
21

39
B

04
50

B
06

38
B

20
02

B
25

15
B

25
54

B
24

22
B

19
72

B
18

12
B

11
48

B
13

50
B

06
04

B
06

40
B

06
58

B
16

77
B

16
23

B
26

06
B

25
58

B
17

04
B

17
39

B
18

29
B

17
78

B
18

48
B

18
34

B
17

84
B

19
32

B
19

33
B

19
06

B
18

88
B

20
50

B
26

31
B

23
38

B
26

38
B

24
53

0.00

0.25

0.50

0.75

1.00

2
3

QC Dashboard Individuals

Variant Dashboard
Quality Control

Genomic PCA
PCs loading 
with depth

Missingness, 
depth, and 

heterozygosity

Simple neighbor- 
joining tree

Relatedness 
matrix

Maps

Structure

Black Bear QC on 
100k SNPs:

Reads from 
your species

Your CCGP 
reference 
genome

Trim 
sequencing 

adaptors 
fastp

Map reads to 
reference 
genome
BWA -mem

Remove PCR 
duplicates
sambamba

Intervals 
split by N’s

GATK4 

Interval 1 
variant calling

Interval 1 
variant DB

Interval 1 
joint genotype

Interval 1 
Variant filters

Your favorite 
species’ 

genotypes 
(VCF)

Sentieon engine

Reads from 
your species

Your CCGP 
reference 
genome

Trim 
sequencing 

adaptors 
fastp

Map reads to 
reference 
genome
BWA -mem

Remove PCR 
duplicates
sambamba

Intervals 
split by N’s

GATK4 

Interval 1 
variant calling

Interval 1 
variant DB

Interval 1 
joint genotype

Interval 1 
Variant filters

Your favorite 
species’ 

genotypes 
(VCF)

Sentieon engine

Reads from 
your species

Your CCGP 
reference 
genome

Trim 
sequencing 

adaptors 
fastp

Map reads to 
reference 
genome
BWA -mem

Remove PCR 
duplicates
sambamba

Intervals 
split by N’s

GATK4 

Interval 1 
variant calling

Interval 1 
variant DB

Interval 1 
joint genotype

Interval 1 
Variant filters

Your favorite 
species’ 

genotypes 
(VCF)

Sentieon engine

Reads from 
your species

Your CCGP 
reference 
genome

Trim 
sequencing 

adaptors 
fastp

Map reads to 
reference 
genome
BWA -mem

Remove PCR 
duplicates
sambamba

Intervals 
split by N’s

GATK4 

Interval 1 
variant calling

Interval 1 
variant DB

Interval 1 
joint genotype

Interval 1 
Variant filters

Your favorite 
species’ 

genotypes 
(VCF)

Sentieon engine

Reads from 
your species

Your CCGP 
reference 
genome

Trim 
sequencing 

adaptors 
fastp

Map reads to 
reference 
genome
BWA -mem

Remove PCR 
duplicates
sambamba

Intervals 
split by N’s

GATK4 

Interval 1 
variant calling

Interval 1 
variant DB

Interval 1 
joint genotype

Interval 1 
Variant filters

Your favorite 
species’ 

genotypes 
(VCF)

Sentieon engine

Reads from 
your species

Your CCGP 
reference 
genome

Trim 
sequencing 

adaptors 
fastp

Map reads to 
reference 
genome
BWA -mem

Remove PCR 
duplicates
sambamba

Intervals 
split by N’s

GATK4 

Interval 1 
variant calling

Interval 1 
variant DB

Interval 1 
joint genotype

Interval 1 
Variant filters

Your favorite 
species’ 

genotypes 
(VCF)

Sentieon engine

 GitHub Repo:
https://github.com/cademirch/ccgp_workflow

See also:
https://github.com/harvardinformatics/snpArcher

 

A portable, scalable, and user-friendly pipeline for 
high-throughput genomic variant calling with interactive 

output for quality control

Interactive, 
try it!


