Primers for spider/arachnid phylogenetics
This is a non-exhaustive summary of primers used, or with potential for use, in spider phylogenetics. “Utility” comments refer to our project on biogeography in the Caribbean, the utility of each primer will depend on the question at hand. 

MITOCHONDRIAL PRIMERS
For additional information see web resource of Masta et al (2008):  http://web.pdx.edu/~smasta/primer_pages/Primer_front.html
COI Mitochondrial Cytochrome Oxidase I ~ 1250bp (1490-2776)

Utility: Medium-High - Standard gene in phylogenetics used in most spider studies. Relatively high rate of divergence, useful mostly for lower levels. Saturation problems with deep divergences.
Primers
Gene

Direction
Sequence

LCOI1490 
COI

F

GGTCAACAAATCATAAAGATATTGG
C1-N-2776 
COI

R

GGATAATCAGAATATCGTCGAGG

HCOI2198 
COI

R

TAAACTTCAGGGTGACCAAAAAATCA

Jerry

COI

F

CAACATTTATTTTGATTTTTTGG

1490-2776 work very well for most taxa for PCR. For many taxa they also work well for sequencing, but with it is sometimes necessary to sequence using internal primers (1490-2198 and Jerry-2776), getting the entire sequence in two parts (with a gap of about 10-15pb in the middle). 
Protocol: 
94 (2:00 min)
94 (30 sec)
48 (up to 50) (35 sec)
65 (90 sec)
34 times to step 2
72 (10:00 min)
10 (24 hours)
End
Success rate: HIGH-VERY HIGH

12S Mitochondrial, ribosomal RNA ~ 350bp (12S-ai and bi), ~270bp (12S-ai and StL)

Utility: Medium-Low - Standard gene in phylogenetics but used in relatively few spider studies. Relatively high rate of divergence. Main limitation is the short length of the sequence obtained with the existing primers

Primers
Gene

Direction
Sequence

12S-ai

12S

F

AAACTAGGATTAGATACCCTATTAT
12S-bi

12S

R

AAGAGCGACGGGCGATGTGT 

12S-StL
12S

F

GGTGGCATTTTATTTTATTAGAGG
Protocol: 
94 (2:00 min)
94 (20 sec)
48-53 (35 sec)
65 (30 sec)
34 times to step 2
72 (3:00 min)
10 (24 hours)
End
Success rate: MEDIUM-HIGH
16S, 16S + ND1 Mitochondrial, 16S ribosomal RNA ~ 1.1kb (16SA-SPID-ND1), 400-500bp (16SA-B), ~800bp (16SF-R)
Utility: High - Standard gene in spider phylogenetics and many other groups. Relatively high rate of divergence. Works well for lower level phylogenetics, among species and genera.

Primers

Gene

Direction
Sequence

16SA/12261 

16S-ND1
F

CGCCTGTTTACCAAAAACAT

16SB


16S-ND1
R

CCGGTTTGAACTCAGATC 

SPID-ND1/13398
16S-ND1
R

TCRTAAGAAATTATTTGAGC
16SF


16S

F

CTAAGGTAGCATAATCA;

16SR


16S

R

ATGATCATCCAATTGAT;

16SA with SPID-ND1 (12261-13398) gives a long sequence including partial 16S, Tleu, and partial ND1, but these primers may not work with all taxa. 16SA and B work well, but amplify a short segment. 16SF-R were designed for Anelosimus, and may have limited utility.
Protocol: 
94 (2:00 min)
94 (20 sec)
48 (35 sec)
65 (30 sec)
34 times to step 2
72 (3:00 min)
10 (24 hours)
End
Success rate: longer segment MEDIUM-HIGH, short segment VERY HIGH

CO2 Mitochondrial Cytochrome Oxidase 2 ~ 900bp

Utility: unknown – A gene not previously used in spider phylogenetics.

Primers
Gene
Direction
Sequence

CO2spid
CO2
D

GCTGTTATAGAACAGTTAATT

AT8spid
CO2
R

ATTCCTCAATTGATACCTTTA AATTGA
These primers, designed by Agnarsson based on Masta et al. (2008) potentially get partial CO2, a couple of Ts and partial ATP8

Success rate: untested

CO3 Mitochondrial Cytochrome Oxidase 3 ~ ?bp

Utility: unknown – A gene not previously used in spider phylogenetics.

Primers
Gene
Direction
Sequence

Cox 3 F
CO3
F

TTTGGATGATGGCGGGATGTAGTTCCTAGAAGAACA
Cox 3 R
CO3
R

GCTGCTTGATATTGACATTTTGTAGATGTAGTATGGT
Primers not tested yet, these are potentially conservative sequences for primer design.
Cytb Mitochondrial Cytochrome b, ~1kb

Utility: unknown – A gene not previously used in spider phylogenetics.

Primers
Gene
Direction
Sequence

CytbspidF
Cytb
F

tgcctgaHtaaagggttaatttg
CytbspidR
Cytb
R

ttcgaagagtagcHcaaatg
GLU

Cytb
F

TGCATTGAAAATGCATTGTAT

CB6THR
Cytb
R

ATCTTATTTTTGRTTTACAAG
Cytbspid primers developed by Agnarsson.
Success rate: untested

Control Region, D-loop, Mitochondrial  Control Region

Utility: unknown – A locus not previously used in spider phylogenetics.

Primers
Gene

Direction
Sequence

ControlspidF
Control 
F

CACAATCAACCAGAATGATATTT
ControlspidR
Control 
F

TAGGGTATCTAATCTAGTT

Primers developed by Agnarsson.
Success rate: untested

NUCLEAR PRIMERS

18S Nuclear, 18S ribosomal RNA ~760-800bp.
Utility: Low - Standard gene in spider phylogenetics and other groups. Very low rate of divergence. Works OK (well?) for higher level phylogenetics, old divergences. Probably too slow for groups like theridiids, possibly useful for deeper clades like Loxosceles, mygals?
Primers
Gene

Direction
Sequence

18Sa

18S

F

ATTAAAGTTGTTGCGGTTA;

9r

18S

R

GATCCTTCCGCAGGTTCACCTAC;
5f

18S

F

GCGAAAGCATTTGCCAAGAA;

18Sb

18S

R

GAGTCTCGTTCGTTATCGGA;

Amplify with 18Sa/9r. Sequence with 18Sa-18Sbi, 9r-5f

18Sa>-----------------------------------------------------------------------------------------------<9r

                                                   (~800bp)5f>-------------------------------------------------<9r
18Sa>---------------------------------------------------------------------<18Sbi (~700bp)
Protocol: In some cases using ‘touchdown’ seems to help.
94 (2:00 min)
94 (20 sec)
48 (35 sec)
65 (30 sec)
34 times to step 2
72 (3:00 min)
10 (24 hours)
End
Success rate: VERY HIGH

28S  Nuclear, ribosomal RNA ~760-800bp (28SO and C), ~1.1kb (28S-B1-2).
Utility: High-Medium - Standard gene in spider phylogenetics and other groups. Works very well for genus level and higher in theridiids and several other spider groups. Alignment problems in Loxosceles due to high sequence divergence
Primers
Gene

Direction
Sequence

28SC

28S

F

GGTTCGATTAGTCTTTCGCC;

28SO

28S

R

GAAACTGCTCAAAGGTAAACGG;
28S-B1
28S

F

GACCGATAGCAAACAAGTACCG;
28S-B2
28S

R

GATTAGTCTTTCGCCCCTATA 3′
Most studies use 28SO and C, which amplify very readily. 28S-B1 and 2 were used successfully in a study on pholcids.

Protocol:

94 (2:00 min)
94 (20 sec)
50 (35 sec)
65 (30 sec)
34 times to step 2
72 (3:00 min)
10 (24 hours)
End
Success rate: VERY HIGH (28SO and C), unknown (28S-B1 and 2)
ITS2 Nuclear, internal transcribed spacer 2, ~350-500bp.
Utility: Medium-Low - Standard gene in phylogenetics, the most commonly used nuclear gene in plants and animals, limited use in spiders. Works well for low-level phylogenetics. Probably useful for the shallower groups (e.g. Argyrodines, Eustala, Salticids), but may not be useful for deeper groups (Loxosceles). Alignment can be difficult for divergences older than a few my, but secondary structure is fairly stable and helps with alignment. 
Primers
Gene

Direction
Sequence

ITS5.8

ITS2

R

GGGACGATGAAGAACGCAGC;

ITS4

ITS2

F

TCCTCCGCTTATTGATATGC;

Protocol: 

94 (2:00 min)
94 (30 sec)
47 (35 sec)
72 (30 sec)
34 times to step 2
72 (3:00 min)
10 (24 hours)
End
Success rate: VERY HIGH

ITS1-5.8S-ITS2 Nuclear, ITS1, ITS2, and 5.8S ribosomal genes

Utility: Possibly high – Highly conserved primers, but target sequence is long (>2kb?). 
Primers
Gene

Direction
Sequence

18d

ITS1-2, 5.8S
F

CACACCGCCCGTCGCTACTACCGATTG;

28z

ITS1-2, 5.8S
R

AGACTCCTTGGTCCGTGTTTCAAGAC;

Success rate: Not tested
H3 Nuclear, Histone subunit 3 protein coding gene, ~300bp.
Utility: Medium-Low - Standard gene in spider phylogenetics. Limitations based on short length, and at least in Theridiidae, presence of pseudogenes. Yet, one of few primer pairs in spiders obtaining readily amplified nuclear protein coding genes.

Primers
Gene

Direction
Sequence

H3aF

H3

F

ATGGCTCGTACCAAGCAGACVGC 

H3aR

H3

R

ATATCCTTRGGCATRATRGTGAC
Protocol: 

94 (2:00 min)
94 (30 sec)
56 (35 sec)
72 (30 sec)
34 times to step 2
72 (3:00 min)
10 (24 hours)
End
Success rate: HIGH

Actin 5c Nuclear, Actin protein coding gene, ?bp.
Utility: Medium-Low – Recently developed for spider phylogenetics. Limitations due to relatively low success of amplification.

Primers
Gene

Direction
Sequence

ActMBF2
Actin

F

GCTCCYTTRAATCCHAAAG 

AR1B

Acrtin

R

TTNGADATCCACATTTGTTGGAA

Protocol:
95 (2:00 min)

95 (45 sec)

50-52 (45 sec)

72 (1:00 min)

35 times to step 2

72 (10:00 min)

10 (24 hours)

End

Success rate: Low
Wingless, Nuclear, wingless protein coding gene, ?bp.
Utility: Medium-Low – Recently developed for spider phylogenetics. Limitations due to relatively low success of amplification.

Primers
Gene

Direction
Sequence

Spwgf1
Wingless
F

GYAAATGCCAYGGWATGTCMGG 

Spwgr1
Wingless
R

ACTTGRCAACACCARTGAAAWG


Protocol:

94 (4:00 min)
94 (30 sec)
52-56 (35 sec)
72 (30 sec)
34 times to step 2
72 (3:00 min)
10 (24 hours)
End
Success rate: Medium-Low
EF1 alpha, Nuclear, protein coding gene, ?bp.
Utility: Unknown
Primers
Gene

Direction
Sequence

EF0

EF1α 

F

TCCGGATGGCAYGGCGAGAACATG

EF2

EF1α

R

ATGTGAGCGGTGTGGCAATCCA
i2-ef1a-F
EF1α

F

GC CGA GTT GAR ACT GGT RTG 

i2-ef1a-R
EF1α

R

CCA CGA CKA AGT TCC TAT

EF1aDysF 
EF1α

F

GGTGGCTCCATGGCATCCA

EF1aDysR 
EF1α

R

CCACGTTCCCGCTCAGCCTTGA

Success rate: Untested
Arginine kinase, Nuclear, protein coding gene, ?bp.
Utility: Unknown
Primers
Gene

Direction
Sequence

SpidAKF
Kinase
F

GATCACCTCCGCATCATCTCZATG 

ARK7

Kinase
R

GTGCCAAGGTTGGTDGGGCA

Success rate: Untested

INT, Nuclear, protein coding gene, ~600bp.
Utility: Unknown
Primers
Gene

Direction
Sequence

SpidINTF
Int

F

AATCTGCACAACAACGAGGC
SpidINTR
Int

R

TTGCACTCCTGICGCATYTC

Success rate: Untested
Beta tubulin, Nuclear, protein coding gene, ~600bp.
Utility: Unknown
Primers
Gene

Direction
Sequence

SpidTubF
Beta tubulin
F

CAGGCCGGICAGTGCGGCAACCA
SpidTubR
Beta tubulin
R

ATGCGGTCIGGGTACTCyTCNCG
Success rate: Untested
References

Masta, S.E., Longhorn, S.J., and McCall, A. D. 2008. Chelicerate Primers. An Online Primer Resource for Chelicerate Mitogenomics.
Palumbi, S.R. 1996. Nucleic acids II: the polymerase chain reaction. In Hillis DM, Moritz C, Mable BK, eds. Molecular Systematics. Second edition. Sinauer.
