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Amplification of PCR products

Unless otherwise noted all applied protocols refer
to manufacturers advices. All used primers are
given in Additional file 9 and 10 [1–18]. Splitting
the 18S rRNA of apterygote hexapods and myria-
pods in three or four fragments following primer
settings were used: A) 1F/5R, 3F/18Sbi, 5F/9R
B) 18SL 0001/18SR 0532, 18SL0466/18SR 1100,
18SL 0922/18SR 1524, 18SL 1362/18SR 2090 C)
18S 1L/18S 1R, 18SL 500/18SR 1470, 18SL1210/
18SR 1790, 18S 3 L/18S3R D) 18SV0000/18Sbi5.0,
18Sai/18Sbi or alternative 18Sai/18SR1900, 18Sbi-
rev/18SR1900. We combined primer pairs of pri-
mer sets A, B, C and D to amplify the com-
plete 18S. The 18S in crustaceans was amplified
in one PCR product (18A1/1800) and sequenced
with eight primers (700F, 1000F, 1155F, 1250FN,

700R, 1000R, 1155R and 1500R), see Addi-
tional file 8. The PCR-Multiplex-Kit (Qiagen)
was used to prevent pooling of weak PCR prod-
ucts. HotstartPCRs [19] for 18S apterygote hexa-
pods and myriapods were more successfully (Ad-
ditional file 12). The nuclear 28S rRNA gene of
crustaceans, apterygote hexapods and myriapods
was amplified in nine overlapping fragments us-
ing following primer combinations: CS632/D1b2,
D1a/D3b, D2a/D3a.rev, D3a/D5b1, D5a/D7b,
D7a1/28f, D7b.rev/28w.rev, 28v–28jj and D12aN/
D12bN or alternatively D12aN/ D12bPLANB,
D12aN/D12bMYR or D12aN/MallatRv1. Differ-
ent primer combinations were used whenever
necessary for specific taxa. This was essen-
tial for the divergent domain D12. Alternative
combinations for crustaceans are: D3b.rev/D5b2,
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D3b.rev/D5b1, D1a/D5b1, D1a/D5b2, D2a/D5b1,
D2a/D5b2, D3a/D5b2, D7aN/28f, D7b.rev/28f,
D7brev/D10bN, D10aPC/D12bN and D12aN/
D12b.PLANB. To complete the 28S for Eosento-

mon sakura following primer combinations were
necessary: D1a/D1b2, D2a/D3a.rev, D2a/D3b and
28ee.mod/D7b (Additional file 9). Based on two
sets of universal primers [10, 12], specific primers
were designed to amplify 28S sequences of Odo-
nata in seven overlapping fragments. The conserved
part of the 5’–end was covered by the universal
primer sets Rd1.2a/rD3.2a and 28A/28B (Addi-
tional file 10), interrupted by the highly variable
regions D2 and D3, for which three specifically
adapted primer sets were used: AnsBfor/AnsBrev
for standard, CB1.2a/CBrev for Libellulidae and
PB1.a/PB2.b for some taxa in Aeshnoidea. The
domains II – IV were covered by three specific
primer sets: Ans2.1a/Ans2.2b, Ans3.1a/Ans3.2b
and Ans4.1a/Ans4.2b, respectively. At the 3’-
end the primers N4Lfor/N4Lrev amplified the con-
served region before the variable D12 domain (Ad-
ditional file 7). 28S PCR-products for Pterygota
were amplified with following primer combinations:
28S rD1.2a/28SRd4.2b, 28S rD3.2a/28SB, 28SA/
28SRd6.2b, 28y/28z, 28ll/28hh and 28w/28jj (Addi-
tional file 10). The amount of Taq polymerase (Bio-
line) was increased to 0.3µl, respectively the amount
of sterile H2O was diminished for the two last men-
tioned primer settings (Additional file 13). For
the primer pairs 28ee/28hh and 28ll/28jj reagents
(Roche) were used with a different composition of
PCR-mix (Additional file 13).

Purification and Sequencing reactions

Unless otherwise noted all applied protocols refer
to manufacturers advices; weak PCR products were
pooled for purificaton. 18S rRNA of apterygotes and
myriapods, 28S rRNA of crustaceans and odonates:
Products were purified with the NucleoSpin Extract
II (Macherey-Nagel) or with enzymes ExoI/SAP.
0.12µl ExoI (20 u/µl,Biolabs), 0.45µl SAP (Shrimp
Alkaline Phosphatase, 1 u/µ, Promega) band 2.43µl
RNAse-free sterile water was mixed on ice. 3µl
of the mixture was added to 10µl of PCR prod-
uct and incubated for 15min. at 37 ◦C following
20min. 75 ◦C incubation time and cooling down to
12 ◦C. Purified products were checked on agarose
gel. To estimate the DNA concentration a mass

marker (BioRad) and Nanodrop Spectrophotome-
ter ND-1000 (peqLab) was used. Cycle sequencing
reactions of the 28S Odonata were carried out us-
ing BigDye ReadyMix (Applied Biosystems). After
standard ethanol-precipitation sequencing products
were analyzed on an ABI 377 sequencer (Applied
Biosystems). Cycle Sequencing reactions of aptery-
gots, myriapods and crustaceans were performed us-
ing DNA Quick Start Mastermix (Beckman Coul-
ter). CS products were ethanol-precipitated or pu-
rified with CleanSeq magnetic bead system (Agen-
court) followed by sequencing on Beckman Coul-
ter capillary sequencers CEQTM 8000 and CEQTM
8800.
28S rRNA PCR-products of apterygote hexapods
and myriapods were purified loading samples on a
1% agarose gel (TBE buffer 1x). Bands were cut and
purified using peqGOLD Gel Extraction Kit (peq-
Lab Biotechnologie GmbH). Sequencing was carried
out on ABI 3130xl Genetic Analyzer. Sequencing
of the 28V/D10bPAUR fragment of Pauropodidae
sp. required cloning. Purified PCR products were
cloned into pCR 2.1-TOPO and chemically trans-
formed into TOP10F’ competent cells (2µl TOPO
Cloning reaction, 25µl component E. coli cells).
15µl of transformation product were spread on se-
lective plates (500µl ampicillin (50µg/ml), 40µl
(40mg/ml) X-gal, 40µl (100mM) IPTG and incu-
bate over night. Twelve colonies were picked and af-
ter checking five of them were sequenced using vector
primer (M13 Rv, M13Fw, TOPO TA Cloning Kit,
Invitrogen) on an ABI 3130xl Genetic Analyzer.
PCR-products (28S) of Pterygota were precipi-
tated for purification (2µl 4M NHAc, 240µl 98%
ethanol, washing: 1ml 70% ethanol, resuspended
in 20µl HPLC H2O) for the primer combina-
tions 28S rD1.2a/28SRd4.2b, 28S rD3.2a/28SB and
28SA/28SRd6.2b. PCR-Products amplified with
28ee/28hh were purified with MultiScreen PCR
Plate (Millipore), purified products were sequenced
at Macrogen (Korea). All PCR primers were used
for sequencing also, 28mm was used as reverse se-
quencing primer. Fragments amplified with primer
combinations 28ll/28jj, 28ll/28hh and 28w/28jj were
cleaned with MultiScreen PCR Plate (Millipore)
System. Cycle Sequencing was carried out using
DYEnamic ET Dye Terminator Cycle Sequencing
Kit (Amersham Bioscience). The sequencing reac-
tions were purified again with the Montage SEQ
Kit (Millipore) and sequenced on a MegaBACE 1000
system (Amersham Bioscience). 28y/28z fragments
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were precipitated (see above). Using BigDye Ter-
minator v3.1 Cycle Sequencing Kit (Applied Biosys-
tems) cycle sequencing products were purified with
Sephadex G-50 Superfine (GE Healthcare) and se-
quenced on a ABI PRISM 310 Genetic Analyzer
(Applied Biosystems).

References
1. Giribet G, Ribera C: A review of arthropod phy-

logeny: New data based on ribosomal DNA se-
quences and direct character optimization. Cladis-
tics 2000, 16(2):204–231.

2. Chalwatzis N, Baur A, Stetzner E, Kinzelbach R, Zim-
mermann FK: Strongly expanded 18S rRNA genes
correlated with a peculiar morphology in the
insect order of Strepsiptera. Zoology (Jena) 1995,
98:115–126.

3. Giribet G, Carranza S, Baguñà J, Riutort M, Ribera C:
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