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Stacks

Angel

iINnterface

30,000 Lines of C++
6,500 Lines of PHP
8,000 Lines of Perl

|. Stacks Is implemented in C++ with Perl wrappers

2. Core programs are shared-memory parallelized

3. Data visualization provided by MySQL / PHP web
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Stacks: an analysis tool set for population genomics
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Cited by 7 - Related articles - All 4 versions







Stacks

GENOTYPES
Locus 1 Locus 2 Locus N
TGCAGGCAGGAGCTGAGCCCCTGC%GCTCCCGACCAA TGCAGGACACGGACTG I'VCAGCCCCTGCGGCACCAC/ AAC TGCAGGACACACAGCTATTCCTGCGGCCCG qICCAAAC
Haplotypes: A Haplotypes: Haplotypes: [€]
Genotypes: A B Genotypes: A B Genotypes: A B
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Stacks

Locus 1 Locus 2 Locus N

TGCAGGCAGGAGCTGAGCCCCTGC%GCTCCCGACCAAACGTA TGCAGGACACGGACTG A/c AGCCCCTGCGGCACCAQ AACGTTTG TGCAGGACACACAGCTATTCCTGCGGCCCG%CCAAACGTTTG

Haplotypes: A Haplotypes: Haplotypes: [€]

PopulationA  PopulationB  PopulationC PopulationA  PopulationB  PopulationC PopulationA  PopulationB fpp_u_l_a_t_ ionC .
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A string c7

TACCACATC
TACCACAT(
ACCACAT(
CCACAT(
CACAT(
ACAT(
CAT(

AT(

T(

(

Matching stacks using k-mers

1 1 O I _1e1 o O I

|. Replace an n? algorithm with linear hash
table lookup

2. Further reduce the search space:

|. Given a number of allowed mismatches
calculate the maximum useful k-mer size

2. For each sequence: lookup matching
<-mers and record associated reads

3. For pairs of sequences with minimum

:

L

TCCTTT
TCCTTT

AA
number of k-mers, align reads. {22
dl
ﬁTC
ACGTGTGAAAAATCC ACGTGTGAAAAATCC
CGTGTGAAAAATCCT CGTGTGAAAAATCCT
GTGTGAAAAATCCTT GTGTGAAAAATCCTT

TGTGAAAAATCCTTT TGTGAAAAATCCTTT



Building loci using minimum spanning trees

TGCAGGTACCCCGTCCCCAGCGGAGGACCTGTTACC
TGCAGGTACCCCGTCCCCAGCGGAGGACCTGTTACC
TGCAGGTACCCCGTCCCCAGCGGAGGACCTGTTACC
TGCAGGTACCCCGTCCCCAGCGGAGGACCTGTTACC
TGCAGGTACCCCGTCCCCAGCGGAGGACCTGTTACC

TGCAGGTACCCCGTCCCCTGCGGAGGACCTGTTACC
TGCAGGTACCCCGTCCCCTGCGGAGGACCTGTTACC
TGCAGGTACCCCGTCCCCTGCGGAGGACCTGTTACC
TGCAGGTACCCCGTCCCCTGCGGAGGACCTGTTACC
TGCAGGTACCCCGTCCCCTGCGGAGGACCTGTTACC

(0)s
-



Building loci using minimum spanning trees

ACG ACC

CTC CTT
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' S
1 Homozygote Likelihood N
L(l/l)=P(n1,n2,n3,n4|1/1)=nl!nz!”,;!m! _% 12 2414
Heterozygote Likelihood
L(1/2) = P(ny,n,,ny,n,[1/2) = nl!n:’;!M 05-% ‘

Locus 2
Haplotypes:

Locus 3

Haplotypes: Consensus

Locus X

Haplotypes: [¥N [l

TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCCGACCAAACGTTTG

O

Locus X

ACCAAACGTTTG
ACCAAACGTTT G
ACCAAACGTITT G
ACCAAACGTTT G
ACCAAACGTTTG
ACCAAACGTTT G
ACCRAAACGETITT G
ACCRARAAACGETIT G
ACCAAACGTTTG
ACCAAACGEGTTTG

ACCAARCGETTTTT G
ACCAAACGT[®IT G
ACCAAACGTTT G
ACCAAACGTTTG

GGCTCC%GACCAAACGTTTG

TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCCGACCAAACGTTTG

TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCCGACCAAACGTTTG
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Differentiating SNPs from error

Restriction enzyme recognition sitej

Reterence TTCAGGTTGGGTGAGT TGTCATCAGT CGGAAT GCGCAGGTCACTTACCTGCABGCAGCTCTCTGARGCGCAGGTACTCCATCGACCGGGTGGTGACTAL
enome NNNNNNNNNNNNNNNNNNNNAT CAGT CGGAAT GCGCAGGTCACTTACCTGCAGGCAGCTCTCTGAAGCGCAGGTACT CCANNNNNNNNNNNNNNNNNN
9 ATCAGTCGGAATGCGCAGGTCACTTACCTGLA
ATCAGTCGGAATGCGCAGGTCACTTACCEGLA
seqguence ATCAGTCtgAATGCTCAGGTCaCTT =cctBeA
ATCAGTCGGAATGCGCAGGTCACTTAcetGeA
ATCAtTCGGAATGCGCAGGTCACTTAzctecA
ATCAGTCGGAATGCGCAGGTCACTTACCTGLA
ATCAGTCGGARTGCGCAGGTCACTTACCEGEA
ATCAGtCGGAAT2CGCAGGTCACTTACCEGCA
ATCAGTCGGAATGCGCAGGTCACTTAcctgeh
-agttggARtgcGCAggTcalTTceetgeA
AtCAGTCGGAATGCGCAGGTCACTTAcetech
ATCAGTCGGAATGCGCAGGTCACTTAcetecA
ATCAGTCGGAATGCGCAGGTCACTTAcctgch
ATCAGTC2GAATGCGCAGGTCACTTAcctech

seguence ATCAGTCGGAATGCGCAGGTCACTTAzctech
ATCAGTCGGARTGCGCAGGTCACTTaletech
reads ATCAGTCGGAATGCGCAGGTCACTTacctech

ATCAGTCGGRATGCGCAGGTCACTTACeEGeR

Tecage CAGETCTCTGAARZCGCAGGEACELCCA
Tegcageg CAGCTCTCTGAARGCGCAGGEACTCCA
TeCaggCAGCTCTCTGAAGCGCAGG=ACEtcCA
TGCAGGCAGCTCTCTGAARGCGCAGGEaCTCCA
TegcageCAGCTCTCTGAAGCGCAGGEACTCCA
tecagecAGCECTCTGARG g 2aGgtalTCca
TeCage CAGCTCTCTGARRGCGCAGGEACTcCA
TecageCAGCTCTCTGAAgCGCacGtaCtel
TgcagecAG-TaTCTGAAGeczCAgGTActcca
TGCagegCAGCTCTCTGAARGCGCAGGEACTLCCCa
TeCageCAGCTCTCTGAARGCGCAZGEACT A
TGCaGg CAGCTCTCTGAARGCGCAGGTACTCCA
tegcageCAGCTcTaTGARzcGCAGGEActcca
tecageCagCtCTCTgaRGezragheACtccA

=4 E CAGCECTCtGaaGele Qggf actcca
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Differentiating SNPs from error

LT CAGGTTRGGTGAGTTGTCATCAGTCGGRAATGLGCAGGTCACTTACCTGCAGGCAGCTCTCTGARARGCGCAGGTACTCCATCGACCGGGTGGTGACTAG
NNNNNNNNNNNNNNNNNNNNNATCAGTCGGARAATGCGCAGGTCACTTACCTGCAGGCAGCTCTCTGAAGCGCAGGTACTCCANNNNNNNNNNNNNNNNNNN
ATCAGTCGGRATGCGCAGGTCACTTACCTGCA
ATCAGTCGGRATGCGCAGGTCACTTACCEGCA
ATCAGTC-gRATGCTCAGGTCaACTT scctGeA
ATCAGTCGGARAATGCGCAGGTCACTTAcctGeA
ATCRLTCGGRATGCGCAGGTCACTTACctzcA
ATCAGTCGGAATGCGCAGGTCACTTACCTGCA
ATCAGTCGGARARTGCGCAGGTCACTTACCEGERA
ATCAGECGGRAT2CREQAGGTCACTTACCEGCA
ATCAGTCGGRATGCGCAGGTLACTTAcctze
ggARtzcGCAgeTecatll cocotec
AtCAGTCGGRATGCGCAGGTCACTTACeLg
ATCAGTCGGRATGCGCAGGTCACTTACE
ATCAGTCGGRATGCGCAGGTCACTTAccte
ATCAGTCz2GRATGCGCAGGTCACTTAcctze
ATCAGTCGGRATGCGCAGGTCACTTAcctze
ATCAGTCGGRATGCGCAGGTCACTTaCctze
ATCAGTCGGRATGCGCAGGTCACTTaccte
ATCAGTCGGRATGCGCAGGTCACTTACcEGE
‘ o CAGeTCTCTGARAZCGCAGEEACECCA
gCay AGCTCTCTGARAGCGCAGEEACTCCA
TeC AGCTCTCTGAAGCGCAGa=ACtcCA
TGCAGGCAGCTCTCTGARAGCGCAGAEACTCCA
TecazeCAGCTCTCTGARGCGCAGAEACTC R
- >cAGCLtCTCTGARGazaakktaCTCea
oo CAGCTCTCTGRAGCGCAGRERCTeCA
CAGCTCTCTGARAgCGCacataCtel
AG-T=TCTGRAGczCAzETActcca
AGCTCTCTGARAGCGCAGHEACTCCa
CaceCAGCTCTCTGRAGCGCAzZEACTecA
GgCAGCTCTCTGARAGCGCAGATACTCCA
> oCAGCTcTaTGARAzcGCAGREActcca
oo CagCtCTCTegaRGoeraghefCtee
CAGCtCTCtGaaGeGoAzktactoca
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Differentiating SNPs from error

The readsare 141 and 2 G:

GIT heterozygote!
GG homozygote with error?
AA homozygote with lots of error?

Needed a rigorous method to call genotypes



Bardicters to control stack iermmaiEs

Parameter denovo map.pl  Pipeline Component Default
Description Parameter component Parameter Value
Minimum stack
depth / minimum -m ustacks -m 3

depth of coverage

Distance allowed

-M ustacks -M
between stacks 2

Distance allowed
between catalog -n cstacks -n 0
locCi




Parameters to control stack formation, cta.

-m <min stack depth>

T

Stack 1 Stack 2 Stack 3 Stack X




Parameters to control stack formation, ctd.

-M <distance allowed between stacks>

/

Locus 1

AJVNOILDI(]

Locus 2

~

O

Locus X




ISM

Polym(irph

Parameters to control stack formation, ctd.
-N <secondary read distance>

}Stack 1
}Stack 2
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Parameters to control stack formation, ctd.

-n <distance between catalog loci>

SampLel ° ¢ [ ¢
< gme, E
g 0:: =i
SAMPLE2 *° ° (Y
o ‘ L E
e g O.... m.b
SampLeX ¢ Y ¢

CATALOG

Locus 1

TECAGGACACACACGEGACCTEACOCATTCCTGOGEGCTCCCGACCARACGTTTG

Haplotypes: A

Locus 2

TOCAGGACACACAGGAGCTGAGCOCATTCCTCCGGCTCCCGACCAAACGTTTG

Haplotypes:

Locus 3

TOCAGGACH

Haplotypes: Consensus

TTCCTGCGEGCTCCCGACCAAACGTTTG

Locus X

TECAGGACACACACGGACCTEACOCATTCCTGOGECTCCCGACCARACGTTTG

Haplotypes: LY [€9




Stacks

e®no Stacks Analysis Pipeline: RAD-Tag Catalog Viewer
[ <« l = ] [ﬁ}] [ + l@ http://genome.uoregon.edu/stacks /catalog.php?id= 1&db=gartut_radtags&p=1&pp=10&filter_type[]=cata&filter_cata=103&filter_alle_|=1¢ G] (_Q' Google 3
1 (1 tags) tags perpage |10 | 4
Id SNP Consensus 'g:f,:':'it"sg Progeny | Marker| Ratio | Genotypes
aa: 25 (27.5%)
a r: n%)(t)gt B leri]i] TGCAGGAGCCCTCCCACTCCCTCATCCCCACTCCATTCAGTCCACCCACGAGCGCAAAGCAACACTTCACATTCCC 2 92 /91 ab/ac ab: 24 (26.4%) 91
bc: 24 (26.4%)
SNPs Alleles Matching Samples
Eg::rr:: 3(2)" ?;é b: GG View: M Haplotypes [ Allele Depths [_] Genotypes
c:AG
/GG | AG/ AG/GG | GG/AG GG/ GG/ AG AG /GG | AG/
GG/ /AG | GG/AG / AG /GG | GG/ GG /AG
/AG | AG /GG /AG AG/ GG/AG  GG/AG GG/ GG/AG GG/
/ GG / GG | AG AG/
/GG | GG/ GG/ GG/ AG /1 GG
/AG GG/ /GG | AG/GG AG/ /AG | GG/
/ GG /1 GG /AG | GG/AG | GG/ GG/ GG/ AG
GG/AG AG/GG GG/ AG / GG GG/AG | GG/AG / GG
/ AG /AG | GG/AG /1 GG / GG GG/ AG GG/ AG
AG / GG /AG | AG/GG GG /AG

tags per page

(1 tags)



Stacks Analysis Pipeline: RAD-Tag Catalog Viewer

—1 " | ("3 i A hutp:/ /genome.uoregon.edu/stacks /catalog.php?id= 1&db=gartut_radtags&p= 1&pp= 10&filter_type[]=catad&filter_cata=103&filter_alle_I=1& & | [Q~ Google
170 (1tags) tags per page [ 10 %)
Id SNP Consensus ';:m Progeny | Marker Ratio Genotypes
aa: 25 (27.5%)
ar:nt?:te [2Yr:15c] TGCACGAGCCCTCCCACTCGCTCATCGCCACTCCATTCAGTGCACCGAGACCACAAAGCAACACTTCACATTCCC 2 92/91 | ab/ac 80: 24 (204%) 91
bc: 24 (26.4%)
SNPs Alleles Matching Samples
Column: 52; G/A .
Column: 70 T/G b: GG 7 View: ¥ Haplotypes 4 Mlgle Depths Genotypes'
c:AG Male Female Progeny 1 | Progeny 2 | Progeny 3 | Progeny 4 | Progeny 5 | Progeny 6 | Progeny 7 | Progeny 8
- /GG AG/CT AG/GG | GG/AG GG/ GG/AG  AG /GG AG/
/13 12/1° 8/16 | 26/14 15/11 | 14/8 29 | 22/11 12/

Progeny 9

Progeny 19

" 1AG
513
Progeny 29
/GG
/3

Progeny 40
Progeny 50

Progeny 60

1GG
2118

Progeny 71

GG /AG
15/1

Progeny 10

Progeny 20
AG /GG
6/9

Progeny 31

Progeny 41

Progeny 51

Progeny 61
1GG
22129
Progeny 72
AG /GG
9/6

Progeny 11-.'»Jrogn:my‘ 12
GG/ / AG
32/ 2211

Progeny 21| Progeny 22

/AG AG/
/9 4/

Progeny 32| Progeny 33

Progeny 42| Progeny 43
/ GG
112

Progeny 52|Progeny 53

[AG GG/
/5 10/%

Progeny 62|Progeny 63

/AG GG /AG
/23 15/11
Progeny 73| Progeny 74
GG/ AG

31/29

Progeny 13|Progeny 14
GG/AG CT/AG
7/8 ‘18
Progeny 23|Progeny 24
GG/AG GG/AG
7/6  8/10
Progeny 34 |Progeny 35

/ GG
' 113
Progeny 44| Progeny 45
GG/
3/
Progeny 54 Progeny 55
/GG AG/GG
/6 8/10
Progeny 64 Progeny 65
GG/
+ BI : ‘
Progeny 75|Progeny 76
/ GG
/22

Progeny 15 Progeny 16
1GG GG/
2/3  19/14
Progeny 25|Progeny 26

' GG/l
10/
Progeny 36| Progeny 37
/ AG
1214
Progeny 46| Progeny 47

GG/ GG/ AG

4/11 311
Progeny 56| Progeny 57
AG/
17/

Progeny 66| Progeny 67
GG/
23/

Progeny 77| Progeny 78

GG/AG GG/AG
14/17 25/17

'P’OC_]'Z."‘,' 17
GG /AG
9/4

'P.’OQ('.’T‘,’ 27
GG /AG
3/3

Progeny 38
Progeny 48

Progeny 58|
/ AG
/24

Progeny 68

Progeny 79
/GG
/14

/
14/

Progeny 18

Progeny 28

GG/

4/
Progeny 39
AG/

12177
Progeny 49

/ GG
/6

Progeny 59

GG/

25/13

Progeny 70

GG/ AG
13

Progeny 80

Progeny 81

/ AG

¥ ] IZE -

Progeny 91

AG /GG

1 14/13

Progeny 82
/ AG
/24

Progeny 92
/ AG
216

Progeny 83| Progeny 84

GG/ AG

16/25

Progeny 93|Progeny 94

AG/GG GG/AG
7/1 3/2

Progeny 85|Progeny 86
/ GG / GG
14124 /4

Progeny 87 |Progeny 88
GG /AG
2/11

Progeny 89

Progeny 90
GG /AG
/17

1

(1 tags)

tags per page [ 10 %)

S



Stacks Analysis Pipeline: RAD-Tag Catalog Viewer

A hutp:/ /genome.uoregon.edu/stacks /catalog.php?id= 1&db=gartut_radtags&p= 1&pp= 10&filter_type[]=cata&filter_cata=103&filter_alle_|=1&

(1 tags)

¢ Q- Google

tags perpage | 10 B

Consensus

Matchi
l’arent:':s9

Marker

Ratio

Genotypes

v103
annotate

Yes
[2nuc)

TGCAGGAGCCCTCCCACTCGCTCGATCGGCCACTCCATTCAGTGCACCGAGACCGCAAACCAACACTTCACATTCCC

ab/ac

bc: 24 (26.4%)

2a: 25 (27.5%)
ab: 24 (26.4%) 91

Alleles

Column: 52; G/A

Column: 70; T/G

b: GG
c:AG

Progeny 9

Male

IGG AG/
/13 12/

Progeny 10

aa aa
Progeny 19| Progeny 20
/AG AG/GG

/3 6/9
ac bc

Progeny 29| Progeny 31
/ GG

/5
ab - aa

Progeny 40| Progeny 41

aa aa
Progeny 60|Progeny 61
/ GG / GG

12 /18 /29
ab  ab
Progeny 71| Progeny 72
GG/AG AG/GG

15/7 9/6
bc bc

Progeny 81| Progeny 82

/ AG / AG

aa

Progeny 21
/ AG
/9
ac

'
Progeny 32

Progeny 42

aa
Progeny 52
I AG

/5
ac

Progeny 62
/ AG

/23
ac

Progeny 73

aa

Progeny 83

GG /AG

Matching Samples

Female Progeny 1 | Progeny 2 | Progeny 3

View: ¥ Haplotypes ¥ Allele Depths ™ Genotypes

Progeny 4

AG/GG GG/AG GG/
8/16 26/14 15/

bc
Progeny 12

AG
7
1)

;) l?

/
¥,
AG/
4/
ac

Progeny 33

aa

Progeny 43
/ GG
/12
ab

Progeny 53
GG/

10/
ab

Progeny 63
GG/ AG

15/11
bc

Progeny 74
GG/ AG

31/29
bc

Progeny 84

bc

Progeny 13
GG /AG
7/8
bc

Progeny 23

GG /AG
1/86
bc

Progeny 34

Progeny 44

GG/
3/
ab

!
Progeny 54
/ GG

/6
ab

Progeny 64

GG/
13/.
ab

Progeny 75

/ GG
/22
ab

Progeny 85

/ GG

ab
Progeny 14
! AG

/8
ac

Progeny 24
GG /AG
8/10
bc

Progeny 35
/ GG

/3
ab

Progeny 45

AC

Progeny 55

AG /GG
8/10
bc

Progeny 65

Progeny 76

aa

Progeny 86

/ GG

Progeny 5
GG/AG
14/8
bc

Progeny 15
/ GG

13
ab

Progeny 25

AC

Progeny 36

Progeny 46

GG/
4/
ab

Progeny 77

GG/ AG
14/17
bc

Progeny 87

Progeny 6 | Progeny 7
AG / GG
29 22711

AC ab
Progeny 16| Progeny 17
GG/ GG/AG

19/ 9/4
ab bc

Progeny 26| Progeny 27
GG/ GG /AG

10/ 3/3
ab bc
Progeny 37 |Progeny 38

/ AG

214

ac aa
Progeny 47 |Progeny 48
GG/ AG

3/7
bc . 2a

5| Progeny 57 |Progeny 58

AG/ / AG

17/ /24
ac ac
6 | Progeny 67 | Progeny 68

GG/
23/ 17
ab = aa
Progeny 78(Progeny 79
GG/ AG / GG
25/17 /14
bc = ab
Progeny 88| Progeny 89

GG /AG

Progeny 8
AG/
12/
ac

Progeny 18

Progeny 28
GG/

a4/
ab

Progeny 39
AG/

12/
ac

Pr':gf.ﬂ‘_v’ 49
/GG

/6
ab

Progeny 59
GG/

25/
ab

GG/ AG
14/13
bc

Progeny 80

Progeny 90

GG /AG

——————————————————————————————————— >

NEL
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Stacks Analysis Pipeline: RAD-Tag Viewer

SEE

hitp://genome.uoregon.edu/stacks /tag.php?db=gartut_radtags&batch_id=1&sample_id=2&tag_id=73

Stacks

¢ Q' Google

version 0.998

Batch #1 [2011-08-10; 80bp Lepisosteus oculatus F1 Genetic Map RAD-Tag Samples]

RAD-Tag Sample #2 [femalel

v Sequence #73

Catalog ID Depth SNPs Alleles Deleveraged? Lumberjackstack? Blacklisted?
#103 26x Column: 52 G/A AG 46.15% False False False
Column: 70 T/G GT 53.85%
Relationship Seq ID Sequence
DI2BASENNN0123456789 DISBASENNN0 123456769 DIRBASENNN0 123456789 DISBNSENNN01234

consensus TGCAGGAGCCCTCCCACTCCCTGATGCCCACTCCATTCAGCTGGACCCGAGAGCGCAMGCAACACTTCACATTCCC

model ©0000000000000000000000000000000000000000000000000000ECO0000C0000000000ECO00
1 primary CAGTC_2_0018_768_1365_1[35245] [ TGCCAGGAGCCCTCCCACTCGCTGATGGCCACTCCATTCAGTGCCGACCCGAGAGCACAAAGCAACACTTCACAGTCCC
2 primary CAGTC_2_0029_1628_1751_1[35245) | TGCAGGAGCCCTCCCACTCGCTGATGCCCACTCCATTCAGTCGCACCCACAGCACAAAGCAACACTTCACAGTCCC
3 primary CAGTC_2_0053_1692_1388_1[35245) | TGCAGGAGCCCTCCCACTCGCTCGATGGCCACTCCATTCAGTGCGACCCGAGAGCACAAAGCAACACTTCACAGTCCC
& primary CAGTC_2_0058_1588_1038_1[35245] | TGCCAGGAGCCCTCCCACTCGCTGATGCCCACTCCATTCAGTCCACCCACGAGCACAAAGCAACACTTCACAGTCCC
5 primary CAGTC_2_0059_1524_1186_1(35245) | TGCAGGAGCCCTCCCACTCGCTGATGGCCACTCCATTCAGTGCACCCAGAGCACAAAGCAACACTTCACAGTCCC
6 primary CAGTC_2_0094_1356_1854_1[35245] | TCCAGGAGCCCTCCCACTCGCTCGATGCCCACTCCATTCAGTCCACCCAGAGCACAAAGCAACACTTCACAGTCCC
7 primary CAGTC_2_0096_1791_1246_1[35245) | TGCCAGGACCCCTCCCACTCCCTCATCCCCACTCCATTCACTCCACCCACACCACAAACCAACACTTCACAGTCCC
8 primary CAGTC_2_0021_877_296_1[35245] | TCCAGGACCCCTCCCACTCGCTCGATCCCCACTCCATTCACTCCACCCACACCGCAAAGCAACACTTCACATTCCC
9 primary CAGTC_2_0024_307_735_1(35245) | TCCAGGAGCCCTCCCACTCCCTCATCCCCACTCCATTCACTCCACCCACACCGCAAAGCAACACTTCACATTCCC
10 primary CAGTC_2_0025_108_810_1[35245] [ TGCCAGGACCCCTCCCACTCGCTCGATCCCCACTCCATTCACTCCACCCAGACCGCAAAGCAACACTTCACATTCCC
11 primary CAGTC_2_0039_1252_1764_1[35245) | TGCCAGGAGCCCTCCCACTCCCTCATCCCCACTCCATTCACTCCACCCACGACCGCAAAGCAACACTTCACATTCCC
12 primary CAGTC_2_0061_596_159_1[35245] | TGCAGGAGCCCTCCCACTCGCTGATGGCCACTCCATTCAGTGCGACCCGAGAGCGCAAMGCAACACTTCACATTCCC
13 primary CAGTC_2_0068_1310_997_1[35245] | TGCCAGGAGCCCTCCCACTCCCTCATGCCCACTCCATTCACTCCACCCACACCGCAAAGCCAACACTTCACATTCCC
14 primary CAGTC_2_0070_644_2040_1[35245] [ TGCCAGGAGCCCTCCCACTCGCTCATCCCCACTCCATTCAGTCCGACCCAGACCGCAAAGCAACACTTCACATTCCC
15 primary CAGTC_2_0074_328_659_1[35245) | TGCCAGGAGCCCTCCCACTCGCTCATCCCCACTCCATTCAGTCCACCCACAGCGCAAAGCAACACTTCACATTCCC
16 primary CAGTC_2_0075_1668_1862_1[35245] | TGCAGGAGCCCTCCCACTCCCTCATCCCCACTCCATTCAGTCCACCCAGACCGCAAAGCAACACTTCACATTCCC
17 primary CAGTC_2_0079_1481_505_1[35245] | TGCCAGGAGCCCTCCCACTCGCTGATGCCCACTCCATTCAGTCCACCCAGAGCGCAAAGCAACACTTCACATTCCC
18 primary CAGTC_2_0084_805_1974_1(35245) | TGCAGGAGCCCTCCCACTCGCTGATGGCCACTCCATTCAGTGGACCGACAGCGCAAAGCAACACTTCACATTCCC
19 primary CAGTC_2_0100_481_1043_1[35245] | TCCAGGAGCCCTCCCACTCGCTGATGCCCACTCCATTCAGTCCACCCAGAGCGCAAAGCAACACTTCACATTCCC
20 secondary CAGTC_2_0014_728_1008_1[35245) [ TCCAGGAGCCCTCCCACTCCCTCATCCCCACTCCATTCACTCCACCCACACCACAAAGCCAACACTTCACAGACCC
21 secondary CAGTC_2_0016_86_1022_1[35245] [ TGCCAGGACCCCTCCCACTCGCTCGATGCCCACTCCATTCACTCCACCCGACAGCGCAAGCAACACTTCACATACCC
22 secondary CAGTC_2_0042_426_1001_1[35245) [ TGCCAGGAGCCCTCCCACTCCCTCATCCCCACTCCATTCACTCCACCCACAGCACCAAGCAACACTTCACAGTCCC
23 secondary CAGTC_2_0052_867_1387_1[35245] [ TCCAGGACCCCTCCCACTCCCTCGATCCCCACTCCATTCCCTCCACCCACGAGCACAANGCAACACTTCACAGTCCC
24 secondary CAGTC_2_0012_221_1043_1[35245] [ TGCCAGGAGCCCTCCCACTAGCTCATGCCCACTCCATTCACTCCACCCACGAGCACAAAGCAACACTTCACAGTCCC
25 secondary CAGTC_2_0095_120_1067_1[35245] [ TGCAGGAGCCCTCCCACTCGCTGATGGCCACTCCATTCAGTCGACCCGAGAGCGCAAAGCCACACTTCACATCCCC
26 secondary CAGTC_2_0077_1003_356_1[35245] [ TGCAGGAGCCCTCCCACTCCCTCATCGCCCACTCCATTCAGTCCACCCAGAGCACAAAGCAACACCTCACAGTCCC
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* When you disconnect from a remote session all jobs are
killed

e Screen allows you to connect/reconnect from any machine
* Type screen to start a new screen
screen -Is lists all screens you have running

ctrl-a sends commands to screen instead of the
terminal

e ctrl-a ctrl-d disconnects

* type exit to destroy a screen
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