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Abstract

Currently, studies on major ampullate spidroinMaSpJ genes of non-orb weaving spiders are few, and it is not clear whether genes of
these organisms exhibit the same characteristics as those of orb-weavers. In addition, many studies have profaSpdttigit be a single
gene with allelic variants, but supporting evidence is still lacking. In this study, we compared partial DNA and amino acid seqiafeps of
cloned from different spider guilds. We also cloned paialSplsequences from genomic DNA and cDNA of the same individuals of spiders
using the same primer combination to see if different molecular forms existed. In the repetitive region oMaE®fidsequences obtained,
GGX, GA and poly-A motifs were present in all Araneomorphae and Mygalomorpae species examined. An extreme simila8pin
non-repetitive portions was found in sequences of ecribellate, cribellate and Mygalomorphae web-builders and such a result suggested that
this sequence might exhibit an important function. A comparison of sequences amplified from the same individual showed that substitutions
in amino acids occurred in both repetitive and non-repetitive regions, with a much higher variation in the former. These results suggest that
the MaSplof Araneomorphae spiders exhibits several forms in an individual spider and it might be either a multiple gene or a single gene
with a multiple exon/intron organization.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction functions are quite diver¢s,20-23] Recent studies on alim-
ited number of taxa suggest that dragline silks have evolved
Currently, most relevant studies on spider silks focus on into a diverse array of molecular structures and physical prop-
orb web spiderd30,32] However, orb web spiders only erties. Gatesy et gl10] found that the poly-A, GA and GGX
comprise a small portion of the order Araneae and there motifs repeatedly appeared in the major ampullate spidroin
are many other spider guild§,9]. According to web struc- 1 (MaSpJ gene of nine orb web spiders. They also found
ture and prey-catching behavior, spiders could be categorizedthat some of the motifs (poly-A and GA) were present in the
into different guilds such as orb web spiders, space web spi-dragline silk of the primitive suborder Mygalomorphae. So
ders (three-dimensional), wandering sheet weavers and wanfar, studies on the dragline silk genes of the space web spiders
dering spiderg29]. Besides, according to the presence of and Mygalomorphae are few, and there is no study comparing
a spinning structure called cribellum, Araneomorphae can the dragline silk genes of cribellate and ecribellate members
be divided into cribellataes and ecribellatd@3]. Cribel- of the same spider guilds. In this study we first compared
lum is homologous to the anterior median spinneret of the theMaSpZtlike gene sequences of Mygalomorphae and orb-
suborder Mesothelae, and is considered a primitive charactemweavers and space web builders of Araneomorphae. Within
[17,21,25] In many spider guilds, both cribellate and ecribel- each guild we also compared the sequences of the cribellate
late species coexist and their silk physical properties and weband ecribellate members.
So far, the molecular architecture and organization of
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argentatafed on different types of prey. They proposed that 2.2. Genomic DNA preparation and sequence
such aresult might be generated by differential expression ofamplification
amultiple gene system or a different way of post-transcription
editing. Beckwitt et al[2] found that different forms of par- Genomic DNA was extracted from the muscle of the
tial MaSplsequences could be amplified from cDNA and cephalothorax or legs using PUREGENE DNA isolation kit
genomic DNA ofNephila clavipesThey suggested that dif-  (Gentra Systems Inc., Minneapolis, MN, U.S.A.). We used
ferent sequences obtained from different individual spiders PCR primers reported by Beckwitt et ], which were de-
represented allelic variants &daSpl rather than different  signed from the sequences reported in Xu and LEd$and
members of a gene family. Recently, a spider silk gene hasBeckwitt and Arcidiacondl]. Most sequences of this study
been found to exhibit a multiple exon and intron organiza- were amplified from the primer combinations PALA’-5
tion. Hayashi and Lewi§l3] reported that the flagelliform GCGCCATCCATGGCAGCAGCAGCAGCAGCT 3 with
silk of orb-weaving spiders is expressed by a single locus S1R: 3-GGCGAATTCACCTAGGGCTTGATAAACTGA-
(the Flag gene) with multiple exons and introns. Whether TTGAC-3or S1L: 3-CCCGGATCCGGAGGTGCCGGAC-
MaSplandFlag have similar molecular architecture is not AAGGAGGATATGGAGGT-3, with some from the combi-
clear because the full length sequence of the former is still un- nations ABR: 5GGGAAGCTTGTGCGGCTGGAGTAG-
known[12]. However, if different forms oMaSplsequences =~ TAGGTCCACTA-3 with SALA: 5'-GCNGCNGCNGC-3
are obtained from the genomic DNA of the same individual, The conditions of PCR were as follows: the denaturing tem-
then this gene may be a multiple gene system or a singleperature was initially 94C for 5min. The reactions were
locus with multiple exons. Therefore, in this study we ampli- subjected to 35 cycles of the following temperature regimes:
fied, cloned, sequenced and comparedvila&plpartial se- denaturing at 94C for 1 min, annealing at 50-6 for
guences from the same individual spider for several different 3 min, and elongation at 7Z for 5 min. The final extension
individuals to understand the organization features of this silk step was increased by 10 min to insure a full-length double-
gene. stranded product. After these reactions the samples were held
at 4°C awaiting further treatment.

2. Materials and methods 2.3. cDNA preparation and sequence amplification

2.1. Taxa examined In this part of the study we usel. pilipes and C.
moluccensiswhich were large spiders and thus easier to
handle. Total RNA preparations followed the protocol by
ambrook et al[26]. Reverse transcription polymerase
hain reaction (RT-PCR) was performed to obtain cDNA
of dragline silk gene. The primers of RT-PCR were PALA,
S1R and oligo-dT. Conditions of the RT-PCR were initially
50°C for one hour, then the denaturing temperature was

: . . : ) 94°C for 5min. The reactions were subjected to 35 cy-
censisN. pilipes(Tetragnathidae) is the largest orb-weaving cles of the following temperature regimes: denaturing at

spider in Taiwan and it builds a vertical orb web at the edge 94°C for 30s, annealing at 5Z for 30's, and elongation
of forests. The diameter of the orb web can reach 1 m and at 68°C for 1 min. The final extension step was 8 for

the height is about 2 m above ground vegetajibh28] C. min.

moluccensigAraneidae) constructs a space web composed

of a horizontal orb and vertical tangle lines above and below

the orb. The space webs constructedbynoluccensisnay 2.4. Cloning, sequencing and sequence analysis

exist in the field for more than one morjit8]. For cribellate

spiders we use@ctonoba varianand Psechrus sinensis PCR and RT-PCR products were cloned into Invitro-
0. varians(Uloboridae) is a small orb weaving spider and it 9en pPCRII-TOPO cloning vector and sequenced. The liquid
builds a horizontal orb (diameter about 10 cm) a few cm about culture products were sequenced using the BigDye termi-
ground in the forest under stofg1] P. sinensigPsechridae) ~ nator cycle sequencing kit and analyzed on an ABI 3100
builds a funnel-web composed of a tube retreat, a horizontalor 3700 automated DNA sequencer (Applied Biosystems,
tangle web and vertical supporting lines. The webs built by Foster City, CA). Chromatograms and contiguous align-
this genus have been reported to lastin the field for wigks ~ ments were edited using Seqman version 4.00 (DNAstar
For the suborder Mygabmorphae, we uddadcrothele hol- Inc., Madison, USA) DNA and amino acid sequences
sti (Hexathelidae), which also inhabits low elevation forest Were analyzed using the DNASTAR computer programs
under storyM. holstibuilds a funnel-web which structure is  and the SeqWeb version 2 Web-based Sequences Anal-
similar to that ofP. sinensignd the web may last for months ~ ysis program in GCG (Genetics Computer Group) pack-
(P.L. Tai personal observation). age.

MaSptlike genes of species from two suborders of
Araneae were examined in this study. In the suborder Ara-
neomorphae, we examined two species of orb-weavers an
two of space web builders. All these species inhabit forest
understory and the specimens used in this study were col-
lected from low elevation forests in central Taiwan. For the
ecribellate species we usidpilipesandCyrtophora moluc-
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3. Results repetitive-region-containing sequences were amplified from
cDNA of N. pilipesusing the primer combination PALA-
3.1. DNA sequences amplified from genomic DNA PALA. The lengths of these three sequences ranged from 242

to 273 amino acids, containing no non-repetitive C-terminal
Most of the sequences amplified from genomic DNAwere region Fig. 4. GGX, GA and poly-A motifs repeatedly ap-

obtained from the primer combinations S1L-S1R and S1R- peared in the repetitive region of sequences amplified from
S1R (Table ). Nine sequences were obtained from thkee  all species. Although sequences amplified from species other
pilipesindividuals, with lengths ranging from 298 to 505 bp. thanN. pilipeshad a very short repeat region, they all con-
Three sequences were obtained from th@eevariansin- tained these three motif§igs. 2 and 3 In N. pilipes the
dividuals, with lengths ranging from 298 to 346 bp. Four repeat unit was usually composed of two or three GGX mo-
sequences were obtained from th@emnoluccensisdivid- tifs followed by GA and poly-A motifskig. 4). In the three
uals, with lengths ranging from 346 to 381 bp. There were longest sequences amplified from cDNAN pilipes there
four sequences amplified from tw@ sinensisndividuals, was a continuous region with a length of 30 peptides which
with lengths ranging from 298 to 346 bp. There was only one did not contain any repeat motifig. 4).
sequence amplified froM. holstiand the length was 357 bp.
The length of the aforementioned DNA sequences did notin- 3.5. Inter- and intra-individual variation of sequences
clude the primers used. Among the repetitive region of all the amplified
sequences amplified, there were very few prolines. Since pro-

line is an important and characteristic componeniafSp2 When sequences amplified from Araneomorphae species
[15], all the sequences obtained in this study should be partialwere aligned and compared, differences in those amplified
sequence of thMaSplgene. from differentand same individuals were found. Among these
sequences the repetitive region exhibited numerous differ-

3.2. DNA sequences amplified from cDNA ences. INN. pilipes, NP02-PS02 and NP02-PS08 were two
sequences amplified from the same individual by the same

Ten sequences were amplified from tWapilipesindivid- primer combination. The non-repetitive region of them was

uals, with lengths ranging from 343 to 819 Hable 3. Most identical but the repetitive region was very differefiy. 1).

of the sequences were amplified from the primer combina- For example, compared with NP02-PS02 in the aligned sites
tions PALA-PALA and PALA-S1R and with lengths greater 612 to 618, those in NP02-PS08 did not have one GGQ and
than 500 bp. Four sequences were obtained from two individ- two GA motifs Fig. 1). Moreover, in the same region there
uals of C. moluccensisising the primer combination S1R- were four deletions in NP02-PS08. The same phenomenon
S1R (Table 3. The length of all these sequences was 346 bp. also occurred in the two sequences amplified from the same
The length of the aforementioned DNA sequences did not N. pilipesindividual NP11. Compared with NP11-SS08, in

include the primers used. the aligned sites 624 to 631, there were eight deletions in the
sequence NP11-SS01. The repetitive region of sequences am-

3.3. Non-repetitive C-terminal region of sequences plified from cDNA of N. pilipesalso showed intra-individual

amplified variations. Among the five sequences obtained, four were

identical. However, the other sequence (NP072-RTPSO01) in
Allthe sequences amplified from genomic DNA contained the align sites 596 to 600 had additional GA and GGA mo-
the non-repetitive C-terminal regiokifs. 1-3. There were tifs (Fig. 1). Also, in aligned sites 559 to 567 the peptide
about 90 amino acids in the non-repetitive C-terminal region, of NPO72-RTPS01 was also different from those of the other
which correspond to the amino acids 648 to 747 in pub- four sequences. Inthe non-repetitive C-terminal region, there
lishedN. clavipes MaSp133] (Fig. 1). The non-repetitive  were also intra-individual differences in sequencesNof
C-terminal amino acid sequences obtained from five speciespilipes, C. moluccensisandP. sinensisFor example, in the
were very similar to each other, but with some substitutions aligned site 687 iN. pilipes NP02-PS02 has leucine and
between different species or individualids. 1-3. There NP02-PS08 has valind=ig. 1). In the aligned site 652 in
were 30 variable sites in which substitutions occurred in the the two sequences obtained from the same individu&.of
form of glycine switching to serine, histidine to glutamine, moluccensisCM05-PS09 has arginine and CM05-PS11 has
leucine to proline, and proline to serine. In all the variable histidine Fig. 2). In the three sequences amplified from the
sites switching only occurred between two types of amino same individual ofP. sinensisPS02-SS03 and PS02-SS11

acids. had leucine and PS02-SS03 had proline in aligned site 653
(Fig. 3.
3.4. Repetitive region of sequences amplified When the DNA sequences of the partiéhSpllike gene

of four Araneomorphae species were compared, the inter-and
Except those oN. pilipes sequences of the other four intra-individual variations were even greatemMNrpilipes the
species only contained a very short repetitive region with a align sites 1486 to 1885 in the repetitive region were very dif-
length of about 30 amino acidbi@s. 2 and 3 The longest ferent from the corresponding region Nf clavipes MaSpl
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Table 1
Primers used, nucleotide length and accession numb&iaspllike sequences amplified from genomic DNA extracted from different spider species
Species Number Primers Length Accession number
Nephila pilipes NP02-PS02 PALA-S1R 502 AY666049
NP02-PS08 PALA-S1R 478 AY666050
NP11-SS01 S1L-S1R 397 AY666051
NP11-SS05 S1L-S1R 325 AY666052
NP11-SS08 S1R-S1R 463 AY666053
NP13-SS01 S1R-S1R 355 AY666054
NP13-SS04 S1L-S1R 298 AY666055
NP13-SS05 S1R-S1R 346 AY666056
NP13-SS07 S1L-S1R 505 AY666048
Octonoba varians OV01-SS06 S1L-S1R 319 AY666057
OV02-SS01 S1L-S1R 298 AY666058
OV10-SS16 S1L-S1R 298 AY666059
Cyrtophora moluccensis CMO06-SSA04 SALA-S1R 381 AY666060
CMO05-PS09 S1R-S1R 346 AY666061
CMO05-PS11 S1R-S1R 346 AY666062
CM07-SS01 S1R-S1R 346 AY666063
Psechrus sinensis PS01-PS02 PALA-S1R 298 AY666065
PS02-SS03 S1R-S1R 346 AY666064
PS02-SS06 S1R-S1R 346 AY666066
PS02-SS11 S1R-S1R 346 AY666067
Macrothele holsti HO149-PS06 PALA-S1R 357 AY666068

In the non-repetitive C-terminal region, there were also nu- are not phylogentically closely-relat¢8]. An examination
cleotide substitutions between sequences amplified from theof the repetitive region of sequences obtained in this study
same individual. IrD. varians where three sequences were shows that GGX, GA and poly-A are found in tMaSpZt
amplified from three different individuals, there were 13 vari- like sequences of both Mygalomorphae and Araneomorphae
able sites. IrC. moluccensisCM05-PS09 and CM05-PS11 species examined. Gatesy effa0] also examined the repet-
were the sequences amplified from the same individual butitive region of the dragline gene of the Mygalomorpliae

8 variable sites were found between themPlisinensissix agrus(Dipluridae) and reported the presence of poly-A and
variables sites were found between three sequences amplified A motifs. Results of this and prior studies suggestthat GGX,
from the same individual PS02. GA and poly-A motifs are plesiomorphic molecular traits and

are already present MaSpZlike genes of the primitive sub-
order Mygalomorphae.
4. Discussion Results of this study also show that between ecribellate
and cribellate members of orb and space web builders, the
Results of this study show that the repetitive regions of se- non-repetitive C-terminal region of theMaSpZtlike gene
guences are similar between all the species examined. Thesbas very high similarity. Although in cribellate and ecribel-
species build different types of webs to catch prey and they late web spiders the catching threads are produced in quite

Table 2

Primers used, nucleotide length and accession numbdagpllike sequences amplified from cDNA dfephila pilipesandCyrtophora moluccensis

Species Number Primers Length Accession number

Nephila pilipes NP-RTPDO1 PALA-PALA 728 AY666069
NP-RTPDO3 PALA-PALA 731 AY666070
NP-RTPDO8 PALA-PALA 819 AY666071
NP072-RTPS01 PALA-S1R 538 AY666072
NPO72-RTPS02 PALA-S1R 595 AY666073
NP072-RTPS35 PALA-S1R 595 AY666074
NP072-RTPS39 PALA-S1R 598 AY666075
NP072-RTPS40 PALA-S1R 727 AY666076
NP072-RTPS10 S1R-S1R 346 AY666077

Cyrtophora moluccensis CMO091-RTPS02 S1R-S1R 346 AY666078
CMO091-RTPS06 S1R-S1R 346 AY666079
CMO091-RTPSO07 S1R-S1R 346 AY666080

CM092-RTPS01 S1R-S1R 346 AY666081
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different wayg24], theirMaSpllike gene seems to be sim- 630 679
ilar to each other. Beckwitt and Aracidiacofid suggested  Spidroin-1 AAGGAGQGGY GGVGSGASAA SAAASRLSSP QASSRVSSAV SNLV
that the evolutionary mechanism generating the characteristic - > >

02-PS08
molecular structure dlaSplhad occurred before the phy- /| <o

logenetic separation of the two major orb-weaving families, yp1;.ss05

Araneidae and Tetragnathidae. In this study, the C-terminalnpi1-ssos
NP13-$S01
NP13-$S04
NP13-SS05
NP13-5507
NPO72-RTPSO1

480 529
Spidroin-1 GLGSQGAGRG GQGAGAAAAA AVGAGQEGIR GQGAGQGGYG GLGSQGSGRG
NP02-PS02

v N v v wen n

NP02-PS08 i
NP11.S501 NP072-RTP§02 -----
NPL1-S505 NP()?Z-RTPS}() -----
NP11-SS08 NPO72-RTPS35 %% oo oA oo Booion cooiSeiane
\P13.5501 NP072-RTP§39 -----
\P13.5504 NPO72-RTPS40 %= ocoon coon¥Acs coiiiiiiis Boooon cooiSinne
NP13-8805 680 729
NP13-5507 Spidroin-1 SAALSSTISN VVSQIGASNP GLSGCDVLIQ ALLEVVSALI QILGSSSIGQ
NPO72-RTPSO1 NP02-PS02  ----- |\ P SR S e Ve aee- Le-n-- s PO
NP072-RTPS02 G-A-Q- NPO2-PSO8 ~ ----- Newon wann- §Smnn e Ve weeeanas Heoeme
NP072-RTPS10 NP11-SSO1  ----- |\ SS-en e Voomeeeeaes S .
NPO72-RTPS35 G-A-Q- NP11-SS05  ----- PR P Seen e |
NP072-RTPS39 G-A-Q- NP11-SS08  ----- N---- Loeo-- Semm meeen |
NPO72-RTPS40  -G-G--GYG- LG-Q-SG--- SGAGQGGYGG LG-QGA-AAA AAAAG-A-Q- NP13-SSO1  ----- Necoo eamn- S§Seen cmmeaaan Ve emeieeas Heommemme-
530 579 NP13-SS04 ----- Newos Lonn-- S - Ve ane-
Spidroin_l GLGGQGAGAA AAAAGGAGQG GLGGQGAGQG AGAAAAAAGG VRQGGYGGLG NP13-SS05  ----- \CEREIS RPPP R R Ve -ees Lonnn mmmmneeees
NPO2-PSO2 PR NP13-SS07  ----- |\ §nn e | R
NP02-PS08 e AGennee- NPO72-RTPSO1 ~ ----- |\ SSnn cme- | Heeeomnnn
NP11-5S01 NPO72-RTPS02 ~ ----- |\ §Snn cee- | s R
NP11-8805 NPO72-RTPS10 == --PN---- --cux . | s R
NP11-5S08 SI* NPO72-RTPS35  ----- |\ §Snn cee- | R
NP13-8501 NPO72-RTPS39  ----- |\ SSnn cme- | S P
NP13-5504 NPO72-RTPS40  ----- |\ §Snn cee- | s R
NP13-5505 730
NP13-SS07 L¥S-or omemiee AG------- ¥ Spidroin-1  VNYGSAG
NPO72-RTPSO1 ~ eeeee - YeoL#Smon S-#%oiGann AG---nnn * NPO2-PS02
NPO72-RTPS02  -Y--L-GQG- G--GA----- -Y--L¥S-uc —coonennn AG--nn--- NPO2-PSOR  woemeemee oot
NP072-RTPS10 NPLI-SSOL e
NPO72-RTPS35  -Y--L-GQG- G--GA----- -Y--L*§--- —-cocoooo- NPL1-SSO5 e o
NPO72-RTPS39  -Y--L-GQG- G--GA----- -Y--L*S--- —-coceooo- NPLI-SS08 oo o
NPO72-RTPS40  -Y--L-GQG- G--GA----- -Y--L¥S=un -ccmmennn NPI3-SSOT e
580 NP13-SS04  ceeeeooen -a-
Spidroin-1 SQGAGRGGQG AGAAAAAAGG AGQGGYGGLG GQGVGRGGLG NP13-SS05 ~ cmmmmcmeme oe-
NP02-PS02 L S R £ P A-AA-AA AAAVG---QG NP13-SS07  ceeeeme —a-
NP02-PS08 AR L Gl SRR L R-DT-##%5A AAAVG- - -QG NPOT2-RTPSO1  wmcemeeme oo
NP11-SSO1 e e A-AA-AA AAAVHF k% NPO72-RTPS02  cccmmmmeme —mn
NP11-5805 NPO72-RTPSI0  ~--eeommee -
NP11-SS08 ki SQLS CTSGSGH#% - —mmemeean an A-AA-AA AAAVG- --QG NPO72-RTPS35  cemmemmene -
NP13-5501 SISSL SGTS* s NP072-RTPS39  ----FCWD** RLLKSF
NP13-S504 NPO72-RTPS40 - cmmemmemm we-
NP13-SS05
NP13-SS07 S P A-AA-AA

Fig. 1. Continued.
NPO72-RTPSO1
NP072-RTPS02
NP072-RTPS10
NP072-RTPS35
NP072-RTPS39
NP072-RTPS40

---------- Genm mmmeemmmee —o-A-AA-AA
L VR A-AA-AA
AA

P VR A-AA-AA
LS R A-AA-AA
HHH L Tecocoaaan oon A-AA-AA AAAVHs s

region of theMaSpZtlike gene of the Mygalomorphae funnel-
web buildeMacrothelae holstis highly similar to that of the
Araneomorphae web builders examined. This result shows
that such molecular traits might have already been present
before the separation of Araneomorphae and Mygalomor-

Fig. 1. AI?gningt_thIaSplIikegene_partial:_:lminoacid seque_ncesan”l_plified phae about 240 million years 3@7]- On the other hand,
from N. pilipeswith the corresponding portion of that Nf clavipes While

sequence from NP072 was obtained from cDNA, all the rest were amplified Psechruss ClOSEIy'related tolomedesind both are mem-

from genomic DNA. Dash line represents that the amino acid was the same P€r'S Of the superfamily Lycosoidd48]. Despite the close
as that of the spidroin-1 protein. Star symbol represents gap. phylogenetic relationship betweBsechrusandDolomedes
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623 672 623 672
Spidroin-1 AGAAAAGGAG QGGYGGVGSG ASAASAAASR LSSPQASSRV SSAVSNLVAS Spidroin-1 AGAAAAGGAG QGGYGGVGSG ASAASAAASR LSSPQASSRV SSAVSNLVAS

(HO3-PS09 R e Berosn comeses - OVO1-8306 D Keomnon-  Aceeen e Broeoe commnns 5-
CHO5-PSL1 E OV02-8501 S W Ervoon mommeee 5-
CH06-SSA04 £ OVI0-$S16 S VO Bevnne weeeoees s-
Qu07-5501 E PSO1-PS02 S T s-
CMO91-RTPS02 E
(M091-RTPS06 E PS02-8S03 “A---Veee e A E--oom e S-
CMO91 -RTPSO7 E PS02-SS06 ettt Y P---Eeeeer mmeeee S-
CM092-RTPSO1 E PS02-SS11 “A-eeVeee et R Eeeeee meeee- S-
673 1 HO149-PSO6  -A---Vomee =ommeen- Y P P - SG
Spidroin-1 GPTNSAALSS TISNVVSQIG ASNPGLSGCD VLIQALLEWV SALIQILGSS 673 722
CMO5-PS09 -e-P-e PN -ooeooes S §eecmiean -- Voooooon one H----- Spidroin-1  GPTNSAALSS TISNVVSQIG ASNPGLSGCD VLIQALLEWV SALIQILGSS
NO5-DS o N oo S Srmammnn oo Ve e
oSt oo S o VOIS0 —-eea N oo e Vereoee P-te--
CMO7-SS01  —-mmeee- |\ T R Vermoooe ooee He---- 0\t02-3301 """"" N ooomoeeee § Seomomooos o \ """""" ooeee
CMO91-RTPS02 ~ -S------ PN oo P Vemomeon omen He---- OVIO-SST6  -eeeeoes Nl Seomeeees o Voooes Lo mmmmeeees
CMO91-RTPS06 ~ -S------ PN eeemnan S Secmeeennn ot Vemomaen man He---- PSOL-PS02  -----e--- No-eeoooen- D Vomooomn oo H-----
CM091-RTPSO7 ~ -S------ o\ S Semmmmenn - Veomomon oee H----- PS02-8803  -------- PN ---eoeee- S Seemeeieen - Voromon oo H-----
(M092-RTPSO1l ~ -S------ PN -ceecen-- S Sememaean - Vesmoeme aes H----- PS02-SS06  -------- PN --covono- S 8--eoo-- PV H-----
3 - PS02-SSI1  =eeece-- PN -cemoenn S Seemmcmnen o- Veoomoon conn H-----
Spidroin-1 SIGQVNYGSA GOATQIVGQS VYQAL HO149-PS06  -S------ PN --ooeoes 8 Seemmeiens - Vomooonn oeee H-----
CMO5-PS09  --meeeie e 723 747
QMOS-PSIT  -memmimme omeee Spidroin-1  SIGQVNYGSA GOATQIVGQS VYQAL
CMO6-SSAO4  =mmmmmmee e aaoos GEFA o
OMO7-SSO1  mmmmmmmmee mmemmes OV01-5506
CM091-RTPS02 0V02-5501
CM091 -RTPS06 0V10-5516
CMO91-RTPS07 PSO1-PS02
CM092-RTPS01 PS02-SS03
PS02-SS06

Fig. 2. Aligning theMaSpzlike gene partial amino acid sequences ampli-  ps02-SS11
fied from Cyrtophora moluccensiwith the corresponding portion of that
of N. clavipes While sequences from individuals CM091 and CM092 were
obtained from cDNA, all the rest were amplified from genomic DNA. See
Fig. 1for symbols used.

HO149-PS06

Fig. 3. Aligning theMaSpllike gene partial amino acid sequences amplified
from Octonba variangOV), Psechrus sinensi®S) andVacrothele holsti
(MH) with the corresponding portion of that &f. clavipes SeeFig. 1for

. . .. . . .. symbols used.
their sequences in the non-repetitive C-terminal region dif- Y

fer considerably Kig. 5. These results indicate that the
C-terminal sequences oMaSpl are similar between  mine why this portion has been so conservatively maintained
distantly-related species exhibiting similar foraging behavior during evolution.
but are different between closely-related taxa having different  In this study, inter- and intra-individual variations in
foraging modes. MaSplsequences are found in four Araneomorphae species
The high similarity of MaSpllike gene in the non-  examined. The variations are especially pronounced in the
repetitive C-terminal region of a phylogenetically diverse repetitive regions oN. pilipes The repetitive motifs oN.
array of web spiders suggests that this region might be main-pilipes are the same as those of the published sequences
tained by strong selection pressures and has important func{2,10,33] but the arrangement pattern is very different. In
tions. During the spinning process when the water soluble silk addition, there are some inter- and intra-individual variations
protein is transformed into water insoluble fibers many chem- in C-terminal region amino acid sequences. Although some
ical reactions such as disulfide bond formation, cation inter- of the amino acids were identical between sequences, an ex-
action and glycosylation occyi6,19] The non-repetitive  amination of their DNA sequences shows that there are many
C-terminal sequence might serve as a signal to stimulate thenucleotide substitutions. Such results provide important in-
secretion of certain glands involved in those reactifs sight about the genetic architectures of MaSplgene. In
Also, the maintenance of a high concentration of soluble pro- this study, we obtained several forma\é&dSpllike gene se-
tein in the silk gland involves axial alignment and interaction quences from genomic DNA of different and same individ-
of polypeptide$32]. Beckwitt and Arcidiacon§l] proposed uals. Since a great majority of sequences contained the con-
that the C-terminal sequence may be involved in these pro-servative C-terminal region, such variation in sequences can-
cesses to maintain the soluble or liquid crystalline state of silk not be interpreted as amplified from different portions of the
while it is still in the gland. So far there is no evidence for highly variable repetitive region. Therefore, in Araneomor-
these hypotheses and functional studies are needed to detephae spiderMaSplexhibits several forms in one individual,
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1 50
GGAGQG GYGSLGGOGR GGIGGTRSL
GGAGQG GYGSLGGOGR GGIGGTRSL
TAGGAGRGGY GGLGGOGAGA AEAAGGAGQG GYGSLGGOGR GGIGGIRSLG

Sequence 1
Sequence 2
Sequence 3

51 100
Sequence | ANSGEADAAG DRGFRVTYEA TLODARQGGY GGLGGOGTCA GAT. GG
Sequence 2 ANSGEADATG DRGFRVTYEA TLODARQGGY GGLGGOGTGA CAT. GG
Sequence 3 ANSGEADAAG DRGFRVTYEA TLODARQGGY GGLGGOGTGA GAT GG

101 150
Sequence 1 AGOGGYSGLD RORSGA ASVAAQGGYG GLGGQGAGAA GAAAAGGAGR
Sequence 2 AGQGGYSGLD RORSGAAAAG ASVAAQGGYG GLGGQGAGAA GAAAAGGAGR
Sequence 3 AGQGGYSGLD RORSGA ASVAAQGGYG GLGGQGAGAA GAAAAGGAGR

151 200
Sequence 1  GGYGGLVGQG AGAAAAGAGE AGQGGYGSLG GQGTGAGGE TGGAGQG
Sequence 2 GGYGGLVGQG ACAAAAGAGE AGQGGYGSLG GQGTGAGGE TGGAGQG
Sequence 3 GGYGGLVGQG AGAAAAGAGE AGQGGYGSLG GQGTUAGGE TGCAGQS

201 250
Sequence 1 GYGGLGGOGA SAAGSAGQGG YGGLAGQRAG TGGLFDG SRDVGGESFA

Sequence 2 GYGGLGGOGA SAAGSAGQGG YGGLAGQRAG TGGLFDG SRDVGGFSFA

Sequence 3 GYGGLGGOGA SAAGSAGQGG YGGLAGQRAG TGGLEDG SRDVGGESFA
251 273

Sequence 1 VSGSSGGYRR GGYVGN

Sequence 2 VSGSSGGYRR GGYVGNS

Sequence 3 VSGSSGGYRR GGYVGNST.

Fig. 4. Repetitive region of sequences amplified from cDNA offéngilipes
individual.

indicating that it is either a multiple gene system or has
multiple exon/intron organization.

301

genes of the motintheraea pernyand suggested that the
former might have a genetic architecture similar to the latter,
which was made up of two exons. If this is the case, differ-
ent sequences obtained from same or different individuals of
spiders in this study might be amplified from different exons.
Full-length gene sequences obtained from genomic DNA are
needed to be able to determine the genetic architecture of
MaSpl
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