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Synopsis

A subgenomic library created from genomic DNA of Latimeria chalumnae was screened for 28S ribosomal
RNA (rRNA) clones. The resulting clone was subcloned into a plasmid vector, and over 2 kb of the 288
rRNA region was sequenced. Sequences of 285 rRNA genes were also obtained for Rhineura floridana
(Squamata), Cyprinella lutrensis (Actinopterygii), and Lampetra aepyptera (Petromyzontiformes) by clon-
ing and/or amplification by the polymerase chain reaction. The 288 rDNA sequences were aligned for all the
above species as well as for the previously published 285 rDNA sequences of the genera Mus, Rattus, and
Homo (Mammalia), Xenopus (Amphibia), and Drosophila (Insecta). Phylogenetic analysis of these species
(using both the insect and lamprey sequences for outgroup comparison, or using only the lamprey sequence
in the outgroup) produced a single optimal solution: (Outgroup(Cyprinella{ Latimeria( Xenopus(Rhineura-
(Homo(Rattus(Mus))}))))). Bootstrap analysis indicated that the placement of L. chalumnae on this tree was
significant at p << 0.01. Previously published alternative hypotheses of relationships of Latimeria require at
least 19 additional steps compared to the optimal solution; the rDNA data are sufficient to reject the
hypotheses that place Latimeria in groups other than the sarcopterygians.

Introduction esis for the relationship of this group to lungfishes,

tetrapods, actinopterygians, and chondrichthyans

There have been more diverse hypotheses about (see Forey 1988).

the relationships of coelacanths {Actinistia) than
virtually any other major group of vertebrates. In-
terest in actinistians has been great not only be-
cause of the key position they hold in the problem
of vertebrate transition from water to land, but also
because of the persistence to the present of but a
single living member of this group, Latimeria cha-
{umnae. The existence of a living species (in addi-
tion to the fairly extensive fossil record of coela-
canths) permits the collection of a diversity of bio-
logical data that can be used to infer relationships.
However, past studies on coelacanth phylogeny
have generated virtually every conceivable hypoth-

All methods of phylogenetic inference depend
on two primary assumptions: (1) the characters
examined are heritable; and (2) the characters ex-
amined are historically independent. The largest
possible set of independent, heritable characters
for any organism consists of a subset of its DNA
sequences; only a subset of DNA sequences are
independent because many repeated sequences
evolve in concert (see Hillis 1987). However, mole-
cular biology has tapped a miniscule portion of this
reservoir of phylogenetic information to date, and
virtually nothing is known about the DNA se-
quences of Latimeria chalumnae. We describe in
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this paper the creation of a gene library for Latime-
rig, we also describe the first gene that we have
screened and partially sequenced from this library.
We chose to examine the 288 ribosomal RNA gene
because of the conserved nature of this gene among
vertebrates (Hillis & Davis 1987) and its potential
for elucidating the relationships of coelacanths.
Preliminary analysis of a portion of the 2858 rRNA
gene (Hillis & Dixon 1989) suggested that this se-
quence could be used to resolve relationships
among major groups of vertebrates. We here re-
port the sequence of over 2kb of the 288 rRNA
gene of L. chalumnae (along with the homologous
genes of other major vertebrate groups) and exam-
ine the relationships suggested by these sequences.

Materials and methods

Frozen muscle tissue from Latimeria chalumnae
was obtained from a specimen procured by the
Explorer’s Club from Grand Comoro island in No-
vember 1986 (VIMS 8§118). High molecular weight
DNA was isolated from this tissue following the
protocol of Hillis & Davis (1986). L. chalumnae
DNA was cleaved with the restriction enzyme FEco-
RI and ligated into the lambda vector Lambda Zap
IT (Stratagene) to produce a subgenomic library
(see Hillis et al. 1990). This library was screened
{via filter-lift hybridization) with a cloned 28S
rDNA gene of Rana catesbeiana (pE2528, Hillis &
Davis 1987). Positive plaques were selected and the
inserts were subcloned in the vector pBluescript
(Stratagene). Subclones were verified by restric-
tion digestion, Southern blotting, and sequencing.
A verified 285 clone was designated pDH8804.

In addition to the 28S rRNA gene of L. chalum-
nae we also examined the 285 rRNA gencs of Cy-
prinella (Notropis sensu lato) lutrensis (Actinopte-
rygii) and Rhineura floridana (Squamata) (see Hil-
lis & Dixon 1989). Furthermore, we compared
these sequences to the published 285 DNA se-
quences of Mus musculus, Rattus norvegicus, and
Homo sapiens (Mammalia; Hassouna et al. 1984,
Hadjiolov et al. 1984, Gonzalez et al. 1985), Xeno-
pus laevis (Amphibia; Ware et al. 1983), and Dro-
sophila melanogaster (Insecta; Tautz et al. 1988).

We also amplified (via the polymerase chain reac-
tion, or PCR; Mullis & Faloona 1987) and se-
quenced a portion of the 285 rRNA gene of Lam-
petra aepyptera (Petromyzontiformes). PCR am-
plification was also used to verify pDH8804 as a 285
rDNA clone of L. chalumnae. A 700 bp fragment
of 285 rDNA was amplified from genomic DNA
with modified Taq polymerase (AmpliTag, Cetus)
using primers 28v and 28x (Table 1, Fig. 1.). Thirty
cycles of melting/annealing/polymerization were
performed to produce double-stranded DNA. This
product was used as the starting tcmplate for asym-
metrical amplification to generate single-stranded
DNA which was used for direct sequencing (Gyl-
lensten & Erlich 1988). Both an amplification
primer (28v) and an internal primer (28w) were
used to sequence the amplified DNA.

Plasmid DNA was purificd as described by Hillis
etal. (1990), denatured in alkali, and sequenced by
the base-specific dideoxynucleotide chain termina-
tion method (Sanger et al. 1977) using modified T7
DNA polymerase (Tabor & Richardson 1987).
DNA amplified via PCR was sequenced in the
same manner, except that the single-stranded
DNA did not require the treatment with alkali.
Primers used are shown in Table 1 and Figure 1.
Reaction products were separated on 55¢m 4-6%
polyacrylamide field gradient gels (Ansorge & La-
beit 1984) and visualized by autoradiography.
DNA sequences were aligned against the Mus 288
tDNA sequence with the alignment subroutines
described by Pustell & Kafatos (1982, 1984, 1986),
with adjustments made manually to increase simi-
larity. '

All possible tree topologies were examined using
the exhaustive search routine of the Phylogenetic
Analysis Using Parsimony (PAUP) software pack-
kage (Swotford 1985 ct seq.), with all characters
coded as unordered. The insect and lamprey se-
quences were used for outgroup comparison. The
distribution of lengths of all possible trees provides
a means of evaluating the relative information to
noise ratio in a data set (Fitch 1984, Hillis & Dixon
1989). Confidence limits of nodes on the most par-
simonious tree were cstimated using bootstrap
analysis (Felsenstein 1985). Bricfly, this involves
sampling characters with replacement from the
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Fig. /. Cloning and sequencing strategy of ribosomal DNA. Abbreviations: ETS = external transcribed spacer; ITS = internal

transcribed spacer; NTS = non-transcribed spacer.

original data matrix to produce new data matrices
of equal size to the original, each of which is then
analyzed to find the most parsimonious solution.
The branch and bound algorithm of PAUP was

used to find optimal solutions during bootstrap-
ping. Bootstrap sampling was replicated 1000
times. Another means of assessing relative stability
of nodes on a most parsimonious cladogram is con-

Table I. Primers used to obtain the sequences in Appendix 1. Positions of the primers in the Mes sequence correspond to the positions of

the RNA nuclcotides in the mature transcripts. *$” stands for the strand

synonymaus to RNA; *C stands for the complementary strand.

Primer Mus Strand Sequence
position
28a 3913-3927 S 3-CCTTCTGCTCCACGG-3'
28h 3695-3709 5 S'-AGAGTAGTGGTATTT-3’
28c 3481-3495 N} 5-ACAGTGGGAATCTCG-3"
28d 3284-3298 S S “TTAAACAGTCGGATT-3
28e 2976-2990 5 3'-GTCCAGAGTCGCCGC-3'
28f 2617-2631 S 5'-TCCCGAAGTTACGGA-3
28g 2386-2400 s 5'-CTGCCCTTCACAAAG-3
28h 21012115 S 5'-CTACCACCAAGATCT-¥
28i 1840-1854 S 5"-GCGCCATCCATTTTC-3'
28j 1665-1679 8 5-CCAGTTCTGCTTACC-3'
28k 1402-1416 S 3" -COGATTTGCACGTCAG-3"
281 1131-1145 S 5-GGTCCGTGTITCAAG-3
28r 3828-3842 C Y-CAGGTGGGGAGTTTG-3
28s 2559-2573 C 5-AGGTGAACAGCCTCT-3'
28t 2338-2352 C 3-ACCGATCCCGGAGAA-3
28v 3429-3452 C 5-AAGGTAGCCAAATG(T,CYCTCGTCATC-3'
28w 3565-3588 C 53-CCTGTTGAGCTTGACTCTAGTCTG-3
28x 41064137 S Y'-GTGAATTCTGCTTCACAATGATAGGAAGAGCC-3
mI3F NA S/C S-GTTTTCCCAGTCACGAC-3
ml3R NA S/C 5-CAGGAAACAGCTATGAC-3'
SK NA S/C 5-TCTAGAACTAGTGGATC-¥

KS NA 5/C 3"-CGAGGTCGACGGTATCG-3'
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Fig. 2. Distribution of lengths of all possible tree topologies fit to the 288 IDNA scquence data. A = Shortest trec (637 steps); see Figure
3A. B = Distribution of 45 shortest trees used 1o construct consensus tree (see Figure 3B),
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Fig. 3. A = Shortest tree, showing bootstrap probabilitics (based
on the number of bootstrap trees that do not contain the corre-
sponding node). B = Strict consensus tree of the 45 shortest trees.

sensus analysis of near-parsimonious trees. Strict
consensus trees were calculated for all solutions
near the most parsimonious tre¢ in order to deter-
mine the minimum number of steps needed to
break the branch that united L. chalumnae to other
vertebrates.

Results and discussion

The sequences from over 2kb of the 285 rRNA
genes of the study species are given in Appendix 1.
We aligned 1989 nucleotide positions among the
species; unambiguous alignment among all the spe-
cies was not possible in six divergent domains;
these regions were not used in the phylogenetic
analysis. These divergent domains are character-
ized by high G/C content and major length varia-
tion among the vertebrates, which makes unambig-
uous alignment between distantly related species
difficult or impossible (Appendix 1). Sequence
similarities within divergent domains do exist
among the more closely related species (e.g.
among the mammals), but the similarity among
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Fig. 4. Distribution of lengths of all possible tree topalogies fit to the 285 rDNA sequence data with only one mammal (Homo) included.
A = shortest tree (613 steps); this tree is the same as Figure 3A with the two rodent linexges removed. B = Distribution of the 15
shortest trees, which are all the possible groupings of Latimeria with the tetrapods to the exclusion of the actinopterygian.

distantly related taxa in these regions is not signif-
icantly better than random.

"The distribution of all possible trees in the phylo-
genetic analysis was strongly skewed with a long
left tail (Fig. 2). Such a distribution indicates that
the data matrix has a high information content;
there are very few trees that explain the data well
and many that are poor solutions to the problem.
There is a single most parsimonious tree which
places L. chalumnae as the sister group to the tetra-
pods (Fig. 2, 3A). All other nodes of the most
parsimonious tree are consistent with traditional
views of vertebrate phylogeny (e.g. the two ro-
dents, the three mammals, the four amniotes, and
the five tetrapods are united as monophyletic
groups).

The distribution of all possible trees (Fig. 2) is
skewed partly as a result of the inciusion of three
species of mammals in the analysis. However, if
only one species of mammal is included the distri-
bution is still strongly skewed, and all solutions that
place L. chalumnae with the tetrapods are consid-
erably shorter than the remaining possibilities (Fig.
4). As with the full data set, the shortest tree in this
reduced data set includes the amniotes, the tetra-
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Fig. 5. Branch lengths of the most parsimonious tree (A) and
alternative hypothescs of Latimeria relationships (B and C).
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pods. and the sarcopterygians as monophyletic
Zroups.

Bootstrap analysis of the full data set demon-
strates that the branch that connects Latimeria with
the tetrapods has a 99% confidence interval (Fig.
3A). All of the trees within 15 steps of the most
parsimonious solution unite Latimeria and the tet-
rapods; all of these trees also unite the three species
of mammals (Fig. 3B). The 45 shortest trees (637 to
632 steps) are the 45 possible resolutions of the
consensus tree shown in Figure 3B.

The sequences of 288 rDNA clearly support the
relationship of L. chalumnae with tetrapods (as
suggested by Romer 1966, Rosen et al. 1981,
Schultze 1987, Northeutt 1987, and Fritzsch 1987,
as well as in the preliminary analysis of a portion of
these data by Hillis & Dixon 1989) rather than
outside of actinopterygians plus tetrapods (as sug-
gested by von Wahlert 1968, Lagios 1979, 1982,
Lavirup 1977, and Wiley 1979). The shortest trees
that place Latimeria with actinopterygians or out-
side of actinopterygians plus tetrapods require sig-
nificantly more steps than the most parsimonious
tree (Fig. 5). These alternatives require a large
number of reversals in the lineage leading to the
actinopterygians. Based on the rDNA sequences,
one can reject hypotheses that place L. chalumnae
apart from tetrapods with a probability of making a
Type L error of p< 0.01 (Fig. 3A).

One could argue that the rooting of the tree
might not be accurate because of the inclusion of
the distantly related Drosophila sequence in the
outgroup. However, if only the partial lamprey
sequence is used for the outgroup, then the results
are the same. There is a single most parsimonious
tree identical to Figure 3A, and all 37 trees within
12 steps of the most parsimonious tree place Lati-
meria with the tetrapods. A bootstrap analysis
again indicates a 99% confidence interval for the
Latimeria-tetrapod clade. The more complete
Drosophila sequence lends further support to the
position of the root, so it is informative as an addi-
tional outgroup.

Among the hypotheses that link coelacanths to
other sacropterygians, there is no consensus of
opinion concerning the relationships among coela-
canths, lungfishes, and tetrapods. Each of the three

possible resolutions has been suggested: coela-
canths as the living sister group to lungfishes plus
tetrapods (e.g. Rosen et al. 1981); lungfishes as the
sister group to coelacanths plus tetrapods (e.g.
Schultze 1987, Fritsch 1987); and tetrapods as the
sister group to lungfishes plus coelacanths (North-
cutt 1987). Because we have not yet sequenced the
285 gene of a lungfish, we cannot address this prob-
lem at present. However, the long branch that
unites tetrapods and L. chalumnae suggests that an
abundance of informative sites exist within the 28S
gene that should be relevant to this question. In any
case, hypotheses that place Latimeria outside of
the Sarcopterygii are strongly rejected by the 288
rDNA sequences.
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1100 11120 11140 11|60
Mus CACGGGGTCGGLGGLGATGTCGGCTACCCACCCGACCCGTCTTGARACACGCACCAAGGAGTC TAACGCETG
Rattus CACGGGGTCGGCGGCGATGTCGGCTACCCACCCGACCCGTCTTGARACACGGACCAAGGAGTCTAACGCGTS
Homo CACGGGGTCGGCGECGACGTCGGCTACCCACCCGACCCGTCTTGARACACGGACCARGGAGTC TAACACGTG
Rhineura CCCGGGETCCGCGGCEATGTCGGCCGCCCACCCGACCCGTCTTCARACACGGACCARGGAGTCTARCACGCG
Xenopus CCNAGGGTCCGCGGLGATGTCGETGTCCCACCCGACCCGTCTTGAAACACGGACCAAGGAGTCTAACGLGRG

Latimeria CA-GGGGTCTGCGGCGATGTCGGTTTCCCACCCGACCCGTCTTGAARCACGGACCAAGGAGTCTARCGCGTG
Cyprinella CTCGAGGTCCGCGGCGATETCGGCCACCCACCCGALCCGTCTTGAAACACGGACCAAGGAGTCTAAGCCALG
Outgroup (D) ATTAACAATGCGARAGATTCAGGATACCTTCGGGACCCGTCTTGAARCACGGACCAAGGAGTCTAACATATG
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Fhkhkxkkkkkhkhkxkx  kkkk  Akk  kk Ek ok kok
11{80 12|00 12120

CGCGAGTCAGGGGCTCG~TC-~CGARAGCCGCCGTGGCGCAATGAAGGTGAAGGEC [CCCGCCCGGGGEGECT ] GA
CGLGAGTCAGGGGCTCG-TC -~ CGARAGCCGCCGTEECGCARTGAAGGTGAAGGGE [CCCOTTCCCGGGGGCCCC] GA
CGCGAGTCGGGGECTCECA---CGRARGCCGCCGTGECGCARATGAAGGTGAAGGCC [GGCGCGCTCGCCRRER ] GA
CGCGAGTCAGAGGCTCG-ACC-CGRAAGCC-CCGTGGCGCARTGRAAGGTGACGECG [CGCGCCGECT ] GA
CGCGAGTCGGAGGGACTCTGCGCGAAACC-~CTGTGGCGCARTGAAGGTGAGGGCC [GEGGLGCCCCGGET ] GA
CGCGAGTCAGAGGGCAG-AG--CGAAAGCC-CCATGGCGCAATGARAGTGAGGLGE [GCGGGCCGGCT ] GA
CGCGAGTCAGAGGGT~G-TC--CACGAGCCCCCACGGCGCAATGARGGTGAGCGGC [GGCGCGLLEGCe ] G-
TGCAAGTTATTGGGATA-T~~——- AAACCTRATA--GCGTAATTAACTTGANNNNN )
* *hKK*  xkkkhkkkxwAkk K Kkkkkhk * * o kK *dk ok kK *

12140 12160 12|80 13|00

GGTGGGATCCCGAGGC [CTCTCCAGTCC] GCC-GAGGGCGCACCACCGGCCCGTCTCGCCCOCCECGCCGCGCAGGTS
GGTGGGATCCCGAGGE [CTCTCCAGTCC] GCC-GAGGGCGCACCACCGGLCCETCTCGCCCGCCGEGCCGEGEAGGTG
GGTGGGATCCCGAGGC [CTCTCCAGTCC) GCC-GAGGG-GCACCACCGGCCCGTCTCELCCCCCGCECCGEGEGAGETS
GGTGGGATCCCGAGSC [GCCGA ] GCG-GAGGGCGCACCACCGGLCCGTCTCGLCCGCC-COTCGGGGAGGTG
GGTGGGATCCCGCCGE [CCCTCLCTCC1] GLCGGOGGGCNCACCACCGGCCCGTCTCGCCCGCCCCOTCGGGGNGGTR
GGTGGGATCCCCACGE [CTCGT 1 GCG-GGGGGCGCACCACCAGCCCGTCTCACCCGCAGCETCGEGEAGGTS
GGTGGGATCCCCTCCG GAG-GGGGGCGCACCACCGGCCCGTCTCACCCGGTCCGCCGGGGAGETG
NNNNNNNNNNNNNNNN

Hokoke ok ok *rd K * * * hkk
[1: GCCCCCCCGGLGGLGGEEGEEEGGE]

13120 1340 13|60 13|80
GAGCACGAGCGTACGCG-TTAGGACCCGARAGATGGTSARC TATGC T TGGGCAGGECGAAGCCAGAGGARACTCTEGTGR

GAGCACGAGCGTACGCG-TTAGGACCCGAAAGATGGTGAACTATGCTTGGGCAGGGCGAAGC—AGAGGAAACTCTGGTGG
GAGCACGAGCGCACGTG—TTAGGACCCGAAAGATGGTGAACTATGCCTGGGCAGGGCGAAGCCAGAGGAAACTCTGGTGG
GAGCGTGAGCGCGCGTGC—TAGGACCCGAAAGATGGTGAACTATGCCTGGGCAGGGCGAAGCCAGAGGAAACTCTGGTGG
GNGCGTGAGCGCGCGCGATTAGGACCCGAAAGATGGTGAACTATGCCTGGGCAGNGC GAAGCCAGACGARACTCTGOTGE
GAGCATGAGCGTGCGTGA—TAGGACCCGAAAGATGGTGAACTATGCCTGGGCAGGGCGAAGCCAGAGGAAACTCTGGTGG
GAGC——GAGAGCGCGCGA—TGGTACCCGAAAGATGGTGAACTATGCCTGGGCAGGGCGAAGCCAGAGGAAACTCTGGTGG
NNNNNNNNNNNNNNNNNNNTGTGACCCGAAAGATGGTGAACTATACTTGATCAGGTTGAAGTCAGGGGAAACCCTGATGG
*x * okk ok kk kkk * ok kk * 3% *x % * *
14{00 14120 14140 1l4]60
AGGTCCGTAGCGGTCCTGACGTGCAAATCGGTCGTCCGA-CCTGGGTATAGGGGCGAAAGACTAATCGAACCATCTAGTA
AGGTCCGTAGCGGTCCTGACGTGCAAATCGGTCGTCCGA“CTTGGGTATAGGGGCGAAAGACTAATCGAACCATCTAGTA
AGGTCCGTAGCGGTCCTGACGTGCAAATCGGTCGTCCGA—CTTGGGTATAGGGGCGAAAGACTAATCGAACCATCTAGTA
AGGTCCGTAGCGGTCCTGACGTGCAAATCG—TCGTCCGA—CCTGGGTATAGGGGCGAAAGACTAATCGAACCATCTAGTA
AGGTCCGTAGCGGTCCTGACGTGCARATCGGTCGTCCGA-CCTNGGTATAGGGGOGARAGACGAATCGARCCATCTAGTA
AGGTNCGTAGCGGTCCTGACGTGCAAATCGGTCGTCCGAACCTGGGTATAGGGGCGAAAGACTAATCGAACCATCTAGTA
AGG—CCGCAGCGGTCCTGACGTGCAAATCGGTCGTCCGA—CCTGGGTATAGGGGCGAAAGACTAATCGAACCATCTAGTA
AAGACCGAAACAGTTCTGACGTGCAAATCGATTGTCAGAA—TTGAGTATAGGGGCGAAAGACCAATCGAACCATCTAGTA

* ® * ok ok % * K *  kkk & *
14180 15 100 15120
GCTGGTTCCCTCCGARGTTTCCCTCAGGATAGCTGGCGCTCTCGE [ TCCCGACGTA ] CGCAGTTTTA

GCTGGTTCCCTCCGARGTTTCCC TCAGGATAGCTGGCGCTCTCGE [AACGCGTTCGCTCGACAACC | CGCAGTTTTA

GCTGGTTCCCTCCGAAGTTTCCCTCAGGATAGCTGGCGCTCTCGE [AGACCCCACGCACCCCCGCCA] CGCAGTTTTA

GCTGGTTCCCTCCGAAGTTTCCCTCAGGATAGCTGGCGCTCCTCA [CGCGAACCC ] CGCAGTTTTA

GCTGGTTCCCTCCGAAGTTTCCCTCAGGATAGCTGGCGCTNGTCS [GT ] CGCAGTTTTA

GCTGGTTCCCTCCGAAGTTTCCCTCAGGATAGC TGGTGCTCGAGE [GaA ] CGCAGTTTTA

GCTGGTTCCCTCCGRAGTTTCCCTCAGGATAGCTGGCGCTCGCCA CGCAGTTTTA

GCTGGTTCCTTCCGRAGTTTCCCTCAGGATAGCTGGTGCATTTTA [ATATTATATAA ] AATAATCTTA
* * kkkkxk *kk & x
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15140 15160 15180 16100
TCCGGTARAGCGAATGATTAGAGGTCTTGGGGCCGARA-CGATC TCAACCTATTC TCARACTTTARATGGGTAAGAAGCC
TCCGGTARAGCGAATGATTAGAGGTCTTGGGGCCGARA-CGATC TCAACCTATTCTCARACT TTAAATGGGTAAGAAGCC
TCCGGTARAGCGAATGATTAGAGGTCTTGGGGCCGARA-CGATC TCAACCTATTC TCARACT TTAAATGGGTAAGAAGCC
TCTGGTARAGCGAATGATTAGAGGTCTTGGGGCCGARA-CGATC TCAACCTATTC TCAAACT TTAAATGGGTAAGARCCG
TCCGGTAAAGCGAATGATTAGAGGTCTTGCGGCCGARATCGATCTCAACCTATTCTCARACTTTARATGGGTAAGARGCC
TCTGGTAAAGCGAATGACTAGAGGTCT TGGGGCCCARA-CGATCTCAACCTATTCTCARACT TTAAATGGGTAAGAAGCC
TCCGGTARAGCGAATGACTAGAGGCCTTGGGGCCGAAA-CGATCTCAACCTATTCTCARACTTTARATGGGTAAGAAGCT
TCTGGTAAAGCGAATGAMAGAGGCCTTAGGGTCGAAA~CGATCT TAACCTAT TCTCARACTTTAAATGGGTAAGAACCT

* * * * * * * *x K

16120 16140 16160 16180

CGGCTCGCTGGCGTGGAGCCGGG-CETGGAATGCGA-GT-—GCC - TAGTGGGCCACTTTTGGTAAGCAGAACTGGCGCTG
CGGCTCGCTGGCGTGGAGCCGGG-CETGGA-TGCGA-GT--GCC-TAGTGGGCCACTTTTGGTAAGCAGRACTGGCGCTG
CGBCTCGCTGGECGTGEAGCCGEG--GTGGAATGCGA-GT-~GCC-TAGTGGGCCACTTTTGGTAAGCAGAACTGGCGCTG
CGOCTCGCTGECGTGGAGCEGGG-CGTGGAATGCGA-GC-CGCC-TAGTGCGCCACT TTTGGTAAGCAGAACTGGCGCTG
CGGCTCGCTGGCTTGGAGCCGEGECGTGGAATGCGNNGCACGCCATAGTGGGCCACTTTTGGTARGCAGRACTGGCGCTS
CGECTCGCTGGCTTGGAGECGGG-CGTGGAATGCGA-GT ~~GCC - TAGTGGGCCACTTTTGGTAAGCAGAACTGGCGCTG
CGGCTCGCTGGCTTGGAGCCGGG-COTGGAATGCGA-GA-GCCC-CAGTGGGCCGCTTTTGGTAAGCAGAACTGGCGCTG
TAACTTTCTTGATATGA ~CCNNNNNNNNNNNNNNNNNNNNNNGC -CAGTGGGCCACT TTTGG TAAGCAGAACTGGCGCTG
* kK * * *okk A * * ¥ * * *hkkhkx * ok *

17400 17120 17140 17160
CGGGATGAACCGAACGCCGGGTTARGGCGCCCGATGCCGACGCTCAT-CAGACCCCAGAARAGGTGTTGGTTGATATAGA
CGGGATGAACCGAACGCCGGGTTARGGCGCCCGATGCCGACGC TCAT-CAGACCCCAGARAAGGTGTTGGTTGATATAGA
CGGGATGAACCGAACGCCGGGTTARGGCGCCCGATGCCGACGC TCAT -CAGACCCCAGAARAGGTGTTGGTTGATATAGA
CGGGATGAACCGAACGCCGGGTTARGGCGCCCGATGCCGACGCTCAT ~CAGACCCCAGARARGGTGTTGGTTGATATAGA
CGGGATGRACCGAACGCCGGGTTAAGGCGCCCGATGCCCACGCTCAT-CAGACCCCAGAAAAGGTGTTGGTTGATATAGA
CGGGATGAACCGAACGCCGGGTTGTGECGCCCGATGCCGACGCTCAT -CAGACCCCAGAAAAGGTGTTGGTTGATATAGA
CGGGATGAACCGAACGCCGGGTTAAGGCGCCCGATGCCEACGCTCAT -CAGACCCCAGAARAGGTGTTGGTTGATATAGA
TGGGAGTAACCAAACGTAATGTTACGTGCCCARATTAACAA -CTCATGCAGATACCATGAAAGGCGTTGGTTGCTTAAAA
* * ¥* * J Kk ko *k Khkx F* ¥ Fkokok kA * * % * Xk * * xw KX

17180 18100 18120 1840
CAGCAGGACGGTGGCCATGGAAGTCGGAATCCGCTAAGGAGTGTGTARCAACTCACCTGCCGAATCARCTAGCCCTGAAA
CAGCAGGACGGTGGCCATGGAAGTCGGAATCCGCTA-GCAGTGTGTARCAACTCACCTGCCGAATCAACTAGCCCTGAAR
CAGCAGGACGGTGGCCATGGAAGTCGGAATCCGCTARGGAGTGTGTARCAACTCACCTGCCGAATCARCTAGCCCTGARA
CAGCAGGACGGTGGCCATGGARGTTGGAATCCGCTAAGGAGTGTETAACAAC TCACCTGCCGAATCARCTAGCCCTGAAR

Xe CAGCAGGACGGTGGCCATGGARGTTGGAATCCGCTAAGCAGCTGTGTAACAACTCACCTGCCGAATCARCTAGCCCTGAAR
La CAGCAGGACGGTGGCCATGGAAGTCGGAATCCGCTARGGAGTGTGTAACARCTCACCTGCCGAATCARCTAGCCCTGRAA
Cy CAGCAGGACGGTGGCCATGGAAGTCGGAATCCGCTAAGGAGTGTGTAACAACTCACCTGCCGAATCAACTAGCCCTGAAR
0D CAGCAGGACGGTGATCAAGGAAGTCGAAATCCGCTAAGGAGTGTGTAACAACTCACCTGCCGAAGCAACTACGGGTTARA
*k x * * * * *kxk K
18|60 18180 21100
Mu ATGGATGGCGCTGGAGC-GTCGGGCCCATACCCGGCCGTCGCLS AGGTGCA-GATCTTGGT-GGTAGTAGC
Ra ATGGATGGCGCTGGAGC-GTCGGGCCCATACCCGGCCGTCGCCG AGGTGCA-GATCTTGGT-GGTAGTAGE
Ho ATGGATGGCGCTGGAGC-GTCGGGCCCATACCCGGCCGTLGCCG AGGTGCA~-GATCTTGGT-GGTAGTAGC
Rh ATGGATGGCGCTGGAGC-GTCGGGCCCATAGCCGGCCGTCGCCG AGGTGCA-TATCTTGGT-GGTAGTAGC
Xe ATGGATGGCGCTGGAGC-GTCGGGCCCATACCCGGCCGTCGCCG GGGTGCA-GATCTTGGT-GGTAGTAGC
La ATGGATGGCGCTGGAGC-GTCGGGLCCATACCCGGCCGTCGLGE GGGTGCA-GATCTTGGT~GGTAGTAGC
Cy ATGGATGGCGCTGGAGC-GTCGGGCCCATACCCGGCCGTCGAAG GGGTGCA-GATCTTGGT-GGTAGTAGE
OD ATGGATGGCGCTTAAGTTGTATA-CCTATACATTACCGCTAARG TTGATCACGA-GTTAGTCGGTCCTAA~
kk Kk kKKK Kk *kk ok ok *k kK *k kk kk kk kK hk kk
21120 21140 21160 21180
Mu ARATATTCAARA-CG AGARAC--TTTGAAGGCCGAAGTGGAGRAGGGTTCCATGTGAACAGCAGTTGAACATGGGTCAG
Ra AAATATTCAAR-CG AGARC--TTTGAAGGCCCAAGTGGAGAAGGGTTCCATGTGAACAGCAGTTGAACATGGGTCAG
Ho AAATATTCAAA-CG AGARAC--TTTGAAGGCCCARGTGGAGAAGGGTTCCATGTGAACAGCAGCTTGAACATGGGTCAG

Rh
Xe
La
Cy
oD

{2:

AARATATTCAAA-CG AGARC--TTTGAAGGCCGAAGTGGAGAAGGGTTCCATGTGAACAGCAGTTGARCATGGGTCAG
ARATATTCAAA-CG AGARC--TTTGAAGGCCGRRGTGGAGAAGGGTTCCATGTGARCAGCAGTTGAACATGGGTCAG
AAATATTCAARA-CG AGAAC--TTTGAAGGCCGRAGTGGAGAAGGGT TCCATGTGAACAGCAGTTGAACATGGGTCAG
ARATATTCAARGCG AGAGCG-TTTGAAGGCCGAAGTGGAGAAGGGT TCCATGTGARCAGCAGTTGAACATGGGTCAG

———AGTTCAAGGCG [ 2 ] AGARGGGT T T NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN NN NN NNNNNNNNN
* % F Kok &k %* &k
CACTGAAGTGG]
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22100 22120 2240 22160
TC—GGTCCTGAGAGATGGGCGAGTGCC—GTTCCGAAGGGACGGGCGATGGCCTCCGTTGCCCTCGGCCGATCGAAAGGGA
TC—GGTCCTGAGAGATGGGCGAGTGCC—GTTCCGAAGGGACGGGCGATGGCCTCCGTTGCCCTCAGCCGATCGAAAGGGA
TC-GGTCCTGAGAGATGGGCGAGCGCC—GTTCCGAAGGGACGGGCGATGGCCTCCGTTGCCCTCAGCCGATCGAAAGGGA
TC—GGTCCTAAGAGATAGGCGAGCGCC—GTTCCGAAGGGACGGGCGATGGCCTCCGTTGCCCTCGGCCGATCGAAAGGGA
TC—GGTCCTAAGAGATGGGCGAGCGCC—GTTCGGAAGGGACGGGCGATGGCCTCCGTCGCCCTCGGCCGATCGAAAGGGA
TC—GGTCCTAAGAGATGGGCGAACGCC—GTTCCGAAGGGACGGGCGATGGCCTCCGTCGCCCTCAGCCGATCGAAAGGGA
TCAGGTCCTAAG-GATGGGCGACCGCCAGTTCGGAAGGGA—GGCCGATGGCCTCCGTCGCCCCCGGCCGATCGAAAGGGA

* * * * * ¥ * * * * * * %
22|80 23100 23120

GTCGGGTTCAGATCCCCGAATCCGGAGTGGCGGAGATGGGCGCC GCGA GG~—-CCAGTG~CGGTAACGCG
GTCGGGETTCAGATCCCCGARTCCGGAGTGGCGGAGATCGECECE GCGA GGCGTCCAGTGCCGGTAACGEG
GTCGGGTTCAGATCCCCGAATCCGGAGTGGCGGAGATGGGCGCC GCGA GGCGTCCAGTG~CGGTAACGLS
GICGGGTTCAGATCCCCGAATCCGGAGTGECGGAGACSGRLLG -CGA GGCGTCCAGTG-CGGTAACGCG
GTCGGGTTCAGATCCCCGAACCCGGAGTGGECGGAGACGGGCRCE [3] CCGA [4] GGCGTCCAGTG-CGGLGACGCG
GTTGGGTTCAGATCCCCGAATCCGGAATGGCGGAGAGGGGOGET GCTG [5] GGCGTCCAGTG-CGGCAACGCA
GTCGGGTTCAGATCCNCGAACCCGNAGTGGCGNAGACGCCGOG- GCGA GGCGCCCAGTG-CGGTAACGCA
NNNN NNNNNNCATCC~TGGCAACAGG
* * * ko kA kok ok ok * kA& * %k * % Ak ok * K * kK

[3: CGCGGCCCCe]
[4: CGCCTCGCGGCGGLGGGEEEECGGE]

[5: TT)

23140 23160 29180 3G100

ACCGATCCCGGAGAAGCCG~GCGRRAG GCGGCGGCGGCGACTCTGGACGCGAGCCGGGCCCTTCCCG

ACCGATCCCGGAGAAGLCG-GCGGGAG GCGGCGGCGGCGACTCTGGACGCGAGCCORGCCCTTOCCR

ACCGATCCCGGAGRAGCCG-GCGGRGAG GCGGCGGCGCGGACTCTGGACGCGAGCCGRELCCTTONE

ACCGATCCCGGAGAAGCCGGECGGRGRAG GCGGCGGECGECGACTCTGGACGLGAGLCGGECCCTTCOTS

ACCGATCCCGGAGAAGCCGNGNGGGAG CCGGCGGCGGCGACTCTGGACGCGCGCCGGGCCCTTCCTG

AC-GATCCCGGAGARGCCG-GCGGGAG CGGGCGGCGGLEACTCTGGACGCGAGCCGGACCCTTCOTG

AACGAACCTGGAGAAGCTG-GCGAGAG TGCGCGECGGLGACTCTGGACGTGAGCCGGGCCOTTCTCS

AACGACCATARAGAAGTCG-TCGAGAG

* ok * xhkk*k *  kk * * %% * % * * *x

30120 32140 32)60

TGGATCGCCTCAGCTGCGGCOGGCETCGE [ 8] CGCCTCGGCCGGUGCCTAGCAGCCGACTT-AGARCTGGT

TGGATCGCCCCAGCTGCGGCGGGCETCAT I 71 CGCCTCGECCGGCGCCTAGCAGCCGAC TT-AGRACTGGT

TGGATCGCCCCAGCTGCGEUGGGEGTCGE [ 8 CGCCTCGGCCGGCGCCTAGCAGCCGACTT—AGAACTGGT

TGGATCGCCCCAGCTGCGGCCETCGCCOG [ 9] GCCCTCGGCCGGCGCCTAGCAGCTGACTT—AGAACTGGT

TGGATCGCCCCAGCTGCGGLGCGCGCOT [10] GGCCTCGGCCGGCGCCTAGCAGCTGACTT—AGAACTGGT

TGGATCGCCTCAGCTGCGGCGCGCGCEEE [11)] CGCCTCGGCCGGCGCCTAGCAGCTGACTT—AGAACTGGT

CGGATCTCCGCAGCTACGGCTCGCGTCGG [12]) CTGCCTCGCCGGGGAGTAGCAGCCGGCTT-AGAACTGET
TTCAGAACTGGC

* * * * Jo %k A % % ok % Ak dx ok * k*x * Kk * *

{ 6: 195 bases]

[ 7: 166 bases]

[ 8: 283 Dbases]

[ 9: GCCCTCCTCTCGCGGGGACGGGCGGGCGGTT]

[10: 79 bases]

[11 CGTGGCAGGTCNNT]

[12: ACCTCCGTCCGGGCGTCTCTCCTCGCGCGGGGGGGGGCGTCTGGGCGGGGGCCACCCGGCCGG]

32180 33100 33120 331490
GCGGACCAGGGGAATCCGACTGTTTAATTAAAACAAAGCATCGCGAAGGCCCGCGGCGGGTGTTGACGCGATGTGATTTC
GCGGACTAGGGGAATCCGACTGTTTAATTAAAACAAAGCATCGCGAAGGCCCGCGGCGGGTGTTGACGCGATGTGATTTC
GCGGACTAGGGGAATCCGACTGTTTAATTAAAACAAAGCATCGCGAAGGCCCGCGGCGGGTGTTGACGCGATGTGATTTC
GCGGACCAGGGGAATCCGACTGTTTAATTAAAACAAAGCATCGCGAAGGCCCGCGGTGGGTGTTGACGCGATGTGATTTC
GCGGACNANGGGAATCCGACTGTTTAATTAAAACAAAGCATCGCGAAGGCCCGAGGCGGGTGTTGACGCGATGTGATTTC
GCGGACCAGGGGAATCCGACTGTTTAATTAAAACAAAGCATCGCGAAGGCCCGCGGCGGGTGTTGACGCGATGTGATTTC
GCGGACCAGGGGAATCCGACTGTTTAATTAAAACAAAGCATCGCGAAGGCCCGCGGCGGGTGTTGACGCGATGTGATTTC
ACGGACTTGGGGAATCCGACTGTCTAATTAAAACAAAGCATTGTGATGGGCCTA-GCGGGTGTTGACACAATGTGATTTC
* (23 * * K

* * *hkk * *
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33|60 33180 34100 34{20
TGCCCAGTGCTCTGAATGTCAAAGTGAAGAAATTCAATGAAGCGCGGGTAAACGGCGGGAGTAACTATGACTCTCTTAAG
TGCCCAGTGCTCTGAATGTCAAAGTGAAGAAATTCAATGAAGCGCGGGTAAACGGCGGGAGTAACTATGACTCTCTTAAG
TGCCCAGTGCTCTGAATGTCAAAGTGAAGAAATTCAATGAAGCGCGGGTAAACGGCGGGAGTAACTATGACTCTCTTAAG
TGCCCAGTGCTCTGAATGTCAAAGTGAAGAAATTCAATGAAGCGCGGGTAAACGGCGGGAGTAACTATGACTCTCTTAAG
TGCCCAGTGCTCTGAATGTCAAAGTGAAGAAATTCAATGAAGCGCGGGTAAACGGCGGGAGTAACTATGACTCTCTTAAG
TGCCCAGTGCTCTGAATGTCAAAGTGAAGAAATTCAATGAAGCGCGGGTAAACGGCGGGAGTAACTATGACTCTCTTAAG
TGCCCAGTGCTCTGAATGTCAAAGTGAAGAAATTCAATGAAGCGCGGGTAAACGGCGGGAGTAACTATGACTCTCTTAAG

TGCCCAGTGCTCTGAATGTCAAAGTGAAGAAATTCAAGTAAGCGCGGGTCAACGGCGGGAGTAACTATGACTCTCTTAAG
* Kk *

34140 34160 3480 35100
GTAGCCAAATGCCTCGTCATCTAATTAGTGACGCGCATGAATGGATGAACGAGATT Mu CCCACTGTCCCTACCT
GTAGCCAAATGCCTCGTCATCTAATTAGTGACGCGCATGAATGGATGAACGAGATT Ra CCCACTGTCCCTACCT
GTAGCCAAATGCCTCGTCATCTAATTAGTGACGCGCATGAATGGATGAACGAGATT Ho CCCACTGTCCCTACCT
GTAGCCAAATGCCTCGTCATCTAATTAGTGACGCGCATGAATGGATGAACGAGATT Rh CCCACTGTCCCTACCT
GTAGCCAAATGCCTCGTCATCTAATTAGTGACGCGCATGAATGGATGAACGAGATT Xe CCCACTGTCCCTACCT
GTAGCCAAATGCCTCGTCATCTAATTAGTGACNCGCATGAATGGATGAACGAGATT La CCCACTGTCCCTACCT
GTAGCCAAATGCCTCGTCATCTAATTAGTGACGCGCATGAATGGATGAACGAGATT Cy CCCACTGTCCCTACCT
GTAGCCAAATGCCTCGTCATCTAATTAGTGACGCGCATGAATGGATTAACGAGATT OL CCCACTGTCCCTATNT

* *
35120 35140 35160 35180

ACTATCCAGCGAAACCACAGCCAAGGGAACGGGCTTGGCGGAATCAGCGGGGAAAG—AAGACCCTGTTGAGCTTGACTCT

ACTATCCAGCGAAACCACAGCCAAGGGAACGGGCTTGGCGGAATCAGCGGGGAAAG—AAGACCCTGTTGAGCTTGACTCT

ACTATCCAGCGAAACCACAGCCAAGGGAACGGGCTTGGCGGAATCAGCGGGGAAAG—AAGACCCTGTTGAGCTTGACTCT

ACTATCTAGCGAAACCACAGCCAAGGGAACGGGCTTGGCAGAATCAGCGGGGAAAGGAAGACCCTGTTGAGCTTGACTCT

ACTATCTAGCGAAACCACAGCCAAGGGAACGGGCTTGGCGGAATCAGCGGGGAAAG—AAGACCCTGTTGAGCTTGACTCT

ACTATCTAGCGAAACCACAGCCAAGGGAACGGGCTTGGCAGAATCAGCGGGGAAAG—AAGACCCTGTTGAGCTTGACTCT

GCTATCTAGCGAAACCACAGCCAAGGGAACGGGCTTGGCAGAATCAGCGGGGAAAG~AAGACCCTGTTGAGCTTGACTCT

ACTATCCAGCGAAACCACAGCCAAGGGAACGGGCTTNGCCGAATCAGCGGGNAAAG‘AAGACCCTGTTGAGCTTGACTCT

* * * *

36100 36120 37100

AGTCTGGCACGGTGAAGAGACATGAGAGGTGTAGAATAAGTGGGAGGCCC [13] GCCGCCGGTGAAATACCACTACT

AGTCTGGCACGGTGAAGAGACATGAGAGGTGTAGAATAAGTGGGAGGCCC [14] GCCGCCGGTGAAATACCACTACT

AGTCTGGCACGGTGAAGAGACATGAGAGGTGTAGAATAAGTGGGAGGCCC [15] GCCGCCGGTGARATACCACTACT

AGTCTGGCCCTGTGAAGAGACATGAGAGGTGTAGAATAAGTGGGAG—CCC [16] GCCGCCGGTGAAATACCACTACT

AGTCTGCAACTGTGAAGAGACATGAGAGGTGTAGGATAAGTGGGAGGCCC [17] GCCGCCGGTGARATACCACTACT

AGTCTGGCACTGTGAAGAGACATGAGAGGTGTAGGATAAGTGGGAGGCCT [CG] GCCGCCGGTGAAATACCACTACT

AGTCTGGCACTGTGAAGAGACATGAGGGGTGTAGAATAAGTGGGAGGCCC [18]) GCCGCCGGTGAAATACCACTACT

AGCCTGGCACGGTGAAAAGACATGAGAGGTGTAGGATAAGTGGGAGGTGC [19] GTGACCNGTGAAATACCACTACT
* *k kK * * * * Kk k ok * k%

[13: 52 bases)

[14: 55 bases)

[15: 57 bases]

{16: ACGCGG]

[17: 21 bases]

[18: GGGTACCTGGGTCCACGGCGE ]

[19; GTCGCTCCCTCGCTAGCTCTNATGATGCAC]

37120 37140 37160
CTCATCGTTTTTTCACTGACCCGGTGAGGCGGG—*GGGGCGAGCCCC————GAGGGG——CTC———TCGCTTCTGGCGCC—
CTCATCGTTTTTTCACTGACCCGGTGAGGCGGG——GGGGCGAGCCCC—-——GAGGGG-—CTC———TCGCTTCTGGCTCCG
CTGATCGTTTTTTCACTGACCCGGTGAGGCGGG—-GGGGCGAGCCC ————— GAGGGG-~CTC-~-TCGCTTCTGGL TS -
CTGATCGTTTTTTCACTTACCCGGTGAGGCGGG——GGGGCGAGCCCC"———GAGTGG——CTC——~TCGCTTCTGGCTCC—
CTTATCGTTTTTTCACTTACCCGGTGAGGCGNN——GGGGCGAGCCCC-———GAGGGG——CTC———TCGCTTCTGGACCC—
CTTATCGTTTTTTCACTTACCCGGTGAGGCGGG——GGGGCGAGTCCC---—GAGGGG-—CTC———TCGATTCTGGTGAC—
CTTATCGTTTCCTCACTTACCCGGTGAGGGGGG—*AGGCC—AGCCCCCG—-GGCGGG——CTA——-GCGCTTCTGGTGTC—
CTGATCGTTTGTTCACTTACCCGGTGAGGTCGGGGAGGCTGAGCTCTCGCTGGCGGGTGCTACATGCGCTTNTGGCTCC—

* s A *

* % * Kk & K% Fk kK kA kokok * ¥ ok ok kk * * ok ko
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37180 38100 38120

AR=-GCG  [TCCGTCCCGCGCGTGLG GGCGGGCGCGACCCGCTCCGGGEACA-GTGCCAGGTGGEGE
AR---CG  [CGTCCGCGCGEGE GGCCGGCGCGACCCGCTCCGGGEACA-GTGCCAGGTGGGE
AR--GCG  [CCCGCCCG GCCGGGCGCGACCCECTCCEGGGACA-GTGCCAGGTEGEE
AR--GCG  [TCGGCGCGG GCCGGECGCGACCCGCTCCOGEGACA-GCGTCAGETGOGE
AR--GCG  [CNCGGCCCCCGE GCCGGGCGCGACCCGCTCCCAGGACA-GTGGCAGGTGGGE
AA--GCG  [CCGGCTCG GCCGGGTGCGACCCGCTCCOGGGACA-GTGGCAGGTGGGE
AA-—GCC  [GGGGGGGTCCCTCTCCGGAGGTTCCS ] CCCCCCGGCCAC-~G-TCCC~GGACA-GTGGCAGGTGAGS
AAGTGCC  [TCTGGCGCCCGAACACTGTTTGACGGT]  GUAGAGCACGATCCGCTCCGGGAACATGTGTATAGTGECS

*hk %k Ak ek x k ok K,k Kk & *k K * ok kkkE *

38140 38160 3880 39100
AGTTTGACT  Mu GGGGCGGTACACCTGTCAAACGGTAACGCAGGTGTCCTAAGGCCAGCTCAG-G-GAGG-ACAGA
AGTTTGACT  Ra GGGGCGGTACACCTGTCAAACGGTAACGCAGGTGTCCTAAGGCGAGCTCAG-G-GAGG-ACAGA
AGTTTGACT ~ Ho GGGGCGGTACACCTGTCAAACGGTAACGCAGGTGTCCTAAGGCGAGCTCAG-G-GAGG-ACAGA
AGTTTGACT ~ Rh GGGGCGGTACACCTGTCARACCGTAACGCAGGTGTCCTARGGCGAGCTCAGG-GAGG-ACAGA
AGTTTGACT  Xe GGGGCGGTACACCTGTCAAACCGTAACGCAGGTGTCCTAAGGCGAGCTCAG-GCGAGCTACAGA
AGTTTGACT  La GGGGCGGTACACCTGTCAAACCGTAACGCAGGTGTCCTAAGGCCAGCTCAG-G-GAGG-ACAGA
AGITTGACT  Cy GGGGCGGTACACCTGTCAAACTGTAACGCAGGTGTCCTAAGGCCAGCTCAG-G-GAG-~~CAGA
AGTTTGACT 0D GGGGCGGTACATCTCTCAAATAATAACGGAGGTGTCCCAAGGCCAGCTCAGTGCG-G-~ACAGA
* * *kk * * * * k Kk kxx

39120 39140 39160 39180
AACCTCCCGTGGAGCAGRAGGGCARAAGCTCGCTTGATC TTGATTTTCAGTACGAATACAGACCGTGARA - ~GCOGE—GE
ARCCTCCCCTGGAGCAGRAGGGCARRAGCTCGCTTGATCTTGATTTTCAGTACGAATACAGACCGAGAAR - —GCGGG-G0
ARCCTCCCGTGGAGCAGRAGGGCAAAAGC TCGCTTGATC T TGATTTTCAGTACGAATACAGACCGAGAAA —~GOGGG-G0
AACCTCCCGTGGAGCAGAAGGGCAARAGC TCGCTTGATC T TGAT TT TCAGTATGAATACAGACCGTGAAA ~~GOGGG-GO
AACCTCCCGTGGAGCAGAAGGGCAABAGCTCGCTTGATCTTGAT TTTCAGTATGAATACAGACCGTGAAA - CGCGGENGE
AACCTCCCGTGGAGCAGRAGGGCARAAGCTCGCTTGATCTTGAT TTTCAGTATGAGTACAGACCGTGAAAGCGCGGG-GE
AACCTCCCGAGGAGCAGAAGGGCARRMAGCTCGCTTGATCTTGAT TTTCAGTATGAGTACGGACCGTGARA - GCEGG-GO
AACCACACATAGAGCARAAGGGCAAATGCTGACT TGATCTCGGTGTTCAGTACACACAGGGACAGCANAAGC~CG ——GO

* * khhx * * * A& * ok K *hkkkk Ak * k% w* x ok ***x

40100 40120 40140
CTCA~CGA-TCCTTCTGACCTTTTGGG T TTT-AAGCAGGACG-T-GTCAGARAAGTTACCACAGGGATAACTGGCTTGTG
CTCA-CGA-TCCTTCTGACCTTTTGGGTTTT-AAGCAGGAGG-T ~GTCAGARAAGTTACCACAGGGATAACTGGCTTGTG
CTCA-CGA-TCCTTCTGACCTTTTGGGTTTT-AAGCAGGAGG-T~GTCAGAAAAGTTACCACAGGGATAACTGGCTTGTC
CTCA-CGA=TCCTTCTGACTT T TTGGGTTTT-AAGCAGGAGG-T-GTCAGARAAGT TACCACAGGGATAAC TGGOTTGTG
CICA-CGA-TCCTTCTGACTTT T TGGGTTTT -AAGCAGGAGG-T-GTCAGAAAAGT TACCACAGGGATAACTGGOTTGTG
CLCA-CGA-TCCITCTGACTTTTTCGGTTTT-AAGCAGGAGG - T~GTCAGAAAAGTTACCACAGGGATAACTGACTTGTG
CTCA-CGA-TCCTTCTGGCTTTTTGGGT I T T-AAGCAGGAGGATCGTCAGAAAAGTTACCACAGGGATAACTGGC TTGTG
CI-ATCGAATCCTTTTGGTTTAAAGAGTTTTTAA-CAAGAGG-T-GTCAGAAAAGTTACCA TAGGGATAACTGGC TTGTE
*

* x * * Khkk khkdk x * * * * ok
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GC—GGCCAAGCGTTCATAG~—CGA-—CGTCGCTTTTTGATCCTTCGATGTCGGCTCTTCCTATCATTGTGAAGCAGAATTC
GC—GGCCAAGCGTTCATAG——CGA——CGTCGCTTTTTGATCCTTCGATGTCGGCTCTTCCTATCATTGTGAAGCAGAATTC
GC—GGCCAAGCGTTCATAG—-CGA-—CGTCGCTTTTTGATCCTTCGATGTCGGCTCTTCCTATCATTGTGAAGCAGAATTC
GC—GGCCAAGCGTTCATAG——CGA——CGTCGCTTTTTGATCCTTCGATGTCGGCTCTTCCTATCATTGTGAAGCAGAATTC
GCCGGCCAAGCGTTCATAG*-CGA——CGTCGCTTTTTGATCCTTCGATGTCGGCTCTTCCTATCATTGTGAAGCAGAATTC
GC—GGCCAAGCGTTCATAG——CGA——CGTCGCTTTTTGATCCTTCGATGTCGGCTCTTCCTATCATTGTGAAGCAGAATTC
GC—GGCCAAGCGTTCATAGATCGAATCGTCGCTTTTTGATCCTTCGATGTCGGCTCTTCCTATCATTGTGAAGCAGAATTC
GC—GGCCAAGCGTTCATAG——CGA——CGTCGCTTTTTGATCCTTCGATGTCGGCTCTTCCTATCATTGTGAAGCAAAATTC
*

* %k T * *




