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Abstract: Commiphora wightii is an endangered, endemic species found in the Thar Desert
of Rajasthan, India and adjoining areas of Pakistan. The populations of this plant are rapidly
dwindling due to overexploitation for their medicinally important resin. Analysis of
nucleotide sequences of the internal transcribed spacer of rDNAs revealed low genetic
diversity (z = 0.03905; &, = 0.05418) and high population structure (@sr = 0.206).
Parsimony based assessment and Bayesian analyses were conducted on the dataset. Mantel’s
test showed a statistically significant positive correlation between genetic and geographic
distance (r*= 0.3647; p = 0.023). Anthropogenic overexploitation of C. wightii for its natural
resources has resulted in population fragmentation. Initiatives should be taken immediately to
preserve the diversity of this important plant species.
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1. Introduction

Commiphora wightii (Arn.) Bhandari, of the family Burseraceae [1], is a small tree that has a thick
main stem with crooked knotty branches. The plant is primarily found in the arid to semi arid regions of
the Thar Desert (in the state of Rajasthan, India) and adjoining parts of Pakistan. It grows on plains and
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hilly areas with preference for dry rocky terrains. The plant is reported to be apomictic [2]. Mature
plants (5-7 yrs old) produce a medicinally important resin which is called ‘guggulu’ in Sanskrit.
Guggulu is mentioned in the classical medical treatises Charaka Samhita (1000 BC) and Shushruta
Samhita (600 BC); in Western texts it is known as ‘guggul’ [3]. The major bioactive components of
guggul resin are Z-guggulsterone and E-guggulsterone [4] that are used for the treatment of
hypercholesterolemia and cardiovascular diseases [5-6]. Recent studies have shown that guggulsterones
also possess anti-cancer activity [7-9]. Due to its medicinal importance the resin has high commercial
value. Those seeking to obtain guggulu, resort to inflicting severe and often fatal wounds to the main
stem of the plant for quick extraction of the resin. Due to the presence of resin, the main stem burns
well and hence it is also used as fuel wood. These anthropogenic activities have resulted in a drastic
decrease in the number of populations. In response to these situations the Government of India has
placed C. wightii in the RET (Rare, Endangered and Threatened) category. If such exploitation
continues without sustainable and appropriate management of the genetic resources, the diversity and
natural abundance of this species will be eroded further [10]. Conserving and managing a species
without regard to its population structure may fail to conserve the full spectrum of functions provided
by that species, thus it becomes critical to understand the nature of its population structure.

The nuclear ribosomal transcription unit (NRTU) is comprised of 18S, 5.8S and 28S genes, two
internal transcribed spacers (ITS-1 and I1TS-2), and an intergenic spacer (IGS). After transcription, the
NRTU is processed to produce mature rRNAs that are key components of cytoplasmic ribosomes.
NRTU are found in hundreds to thousands of tandem copies and usually several NRTU clusters are
present within plant genomes. The conserved regions (18S and 28S genes) of NRTU are used to infer
phylogenetic relationships at higher taxonomy levels, whereas the more rapidly evolving segments
(ITS and IGS) are used for studies at the genic or population levels [11-12]. For over a decade,
sequences of internal transcribed spacers (ITS) of NRTUs have been widely used to infer phylogenetic
relationships, genetic diversity and to unravel evolution in a wide range of complexes in plants [12-17].
Although NRTUs are found in thousands of copies within a genome, intra-genomic diversity is generally
low [14]. This homogeneity among NRTUs is attributed to concerted evolution [14,18], a process that
acts through gene conversion and unequal crossing over. Despite the fact that homogenization is a norm
among NRTUs in a genome, extensive intra-individual and intra-specific variation has been observed in
various plant species [19-20]. Evidence is accumulating that suggests that intra-individual variation of
nuclear ribosomal ITS regions should not be considered as exceptional [21]. Because of the influence of
concerted evolution, the occurrence of ancestral polymorphisms is not the most likely ultimate cause for
intra-genomic variability in this marker. Instead, a more frequent origin is the merging of different ITS
copies within the same genome as a consequence of gene flow. Once the two copies meet, the fate of
the polymorphism depends on genetic, reproductive and population-level factors: specifically, the
number and location of ribosomal loci (on the same or different chromosomes), the occurrence of
polyploidy and/or apomixis [15,19,22], and the relative abundance of different ITS copies in the
breeding populations [21].

Molecular phylogenetic analysis using NRTU sequence data of Mexican Bursera spp. [23-25]
revealed Commiphora spp. and Bursera spp. to be closely related and resolved them as monophyletic
sister groups, with considerable differentiation between them. C. wightii was not included in the study.
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Weeks et al. [26] included C. wightii in their attempt to reassess biogeographical studies of 48 species
belonging to Burseraceae of Gondwanan origin, but the sample was acquired from the arid lands
greenhouse, Arizona, USA. Moreover, these studies did not capture genetic variation among
Commiphora spp. Our earlier studies to genetically dissect C. wightii populations by RAPD markers
revealed low diversity and high population differentiation [27]. An important prerequisite for
development of an effective conservation strategy is the proper evaluation of the distribution and level
of genetic variation [28]. Information on population structure and genetic variation of C. wightii is
lacking, which is surprising, considering the endangered status of the plant. The principal objectives of
our present study was to utilize the nucleotide data of the 1TS1-5.8S-1TS2 sequences to (a) determine
the genetic variability within C. wightii (b) evaluate the degree of differentiation among C. wightii
populations and its relationship with geographical distribution, and (c) offer genetic information that can
be used in development of a C. wightii conservation strategy.

2. Material and Methods

C. wightii plants only produce leaves during the short rainy season (July-October). Fresh young
leaves showing no signs of necrotic lesions were sampled from 32 plants growing naturally, belonging
to seven populations (Table 1), collected from the state of Rajasthan, India (Figure 1) during September
2007. Voucher specimens were deposited at the herbarium of SKN University College at Jobner,
Rajasthan. For each specimen total genomic DNA was isolated from 0.4 g of leaves following a
modified CTAB DNA extraction procedure [29] developed in this laboratory for plants having
significant quantities of secondary metabolites. The DNA samples were quantified on a Fluorometer
(VersaFluor, Bio-Rad Lab., Hercules, CA, USA) with Hoechst 33258 and using Calf thymus DNA as a
standards. The quality of DNA was checked both spectrophotometrically and by agarose (0.8%) gel
electrophoresis as well.

Table 1. Location of the sampled population of C. wightii.

Population Terrain Population Sample size Latitude Longitude Elevation
Code (ft)

Mangliawas Hilly M 7 26.283 74.500 1,433
Ajmer Hilly A 4 26.450 74.633 1,548
Kishangarh Hilly KG 4 26.566 74.866 1,420
Jobner Plains J 8 26.966 75.383 1,243
Bobas Plains B 3 26.905 75.498 1,220
Hirnoda Plains H 3 26.885 75.333 1,116
Galta Hills Hilly GH 3 26.916 75.857 1,698

The internal transcribed spacers (ITS1 and ITS2) and the 5.8S-coding region were amplified by
primers ITS4 and ITS5 [30]. Reaction conditions were according to Haque et al. [29]. Amplified
products were resolved by electrophoresis on 1.4% agarose gels prepared with 1< TAE (Tris-acetate-
EDTA) buffer system, run at 5 VV/cm, and stained with ethidium bromide solution (0.5 pg L™). A 100
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bp DNA ladder (Hyperladder 1V, Bioline Ltd., London, UK) was used to estimate the molecular
weights of the amplified products. The stained gels were viewed briefly and bands were excised and
eluted from the gel using the MinElute gel extraction kit (Qiagen). The samples were directly sequenced
on an automated sequencer ABI-3730xl at a commercial facility (Macrogen Inc., Seoul, South Korea).
To obtain proper and reliable sequences, all the amplified samples were sequenced in both directions
with two flanking (ITS5 and 1TS4) and two internal (ITS2 and 1TS3) primers which provided four
overlapping sequences, two for the sense strand and two for the antisense strand for each sample
selected for the study (Supplementary Data 1).

Figure 1. Location of the seven populations of C. wightii included in the study from the
state of Rajasthan, India.

——
> Jobner

7
. f Bob {
N jﬁ\ y—F ® ) P @GalaHills §
(8 z
ol e, - ; 4
W“’g"ﬁ"‘i § ‘%} @ Hirnoda i
) £
s Kishangarh JAIPUR e
/‘2/"/ @ (‘/\ P a /JP f : {?
4},—1\/ Ajmer L\L“[ omny F_u;{ i e MY
{.\ @ o e ﬂ T / .
Mangliawas f b : S, - Q"“‘-j/:' k
o ¢ My
_/:;- L G ) N 4,/\ 3
o~ ‘ \} }} Al NG TN
) / AIMER “7 { L
) Py p \v3 =
} /{ i - iane NI C} \
- /Z [ N [
0 10 2 40 ;1] &0 = / \§ J

—— .
O™ e Kilometers S\H’\\_J{

2.1. Data Analysis

Complimentary strands of the ITS region were assembled using Sequencher 4.8 (Gene Codes
Corporation, MI, USA) and checked for homology using the NCBI BLAST program
(http://www.ncbi.nlm.nih.gov/BLAST/). Nucleotide multiple alignments were performed with
ClustalX [31] using the default parameters (Supplementary data 2). Nucleotide polymorphism, as
measured by 6,, [32] and diversity, as measured by z [33], were calculated using DnaSP v4.5 [34].

Analysis of molecular variance (AMOVA) was performed using GenAlEx 6.1 [35] to assess
genotypic variations across all the populations studied. This analysis, apart from partitioning of total
genetic variation into within-group and among-group variation components, also provided a measure of
intergroup genetic distance as the proportion of the total variation residing between populations. The
program was also used for a subsequent Mantel’s test [36] to evaluate the relationship between genetic
and geographic distance. The significance of both the analysis was tested using 999
random permutations.

Phylogenetic and molecular evolutionary analyses were conducted using MEGA version 4 [37] and a
Maximum Parsimony (MP) tree was constructed using the Close-Neighbour-Interchange algorithm. A
bootstrap consensus tree was inferred from 1000 replicates, and branches corresponding to partitions
reproduced in less than 50% of bootstrap replicates were collapsed. To check for congruency, a
Bayesian analysis using Metropolis-coupled Markov chain Monte Carlo (MCMCMC) was also
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implemented on the ITS dataset using MrBAYES software [38]. Prior to phylogenetic estimation, we
used the program jModelTest 0.1.1 [39] to select which of the 88 models of DNA substitution better
fits the data. The Bayesian analysis consisted of four chains with random starting trees and the GTR+G
model of nucleotide substitution. The four chains, were run for 3 < 10° generations and trees were
sampled every 100" generation. After plotting likelihood values for the four analyses we ascertained
that the Markov chains reached stationarity approximately after 100,000 generations. We discarded the
first 7,500 trees as burn-in and the remaining trees were used to construct a 50% majority rule
consensus tree on which posterior probability scores were indicated.

3. Results and Discussion

ITS regions from 32 C. wightii individuals were sequenced and analyzed. The absence of other
variable regions in the nuclear DNA of plants that could provide useful markers at both intra-family [13]
and intra-genomic level differentiation [21], makes ITS ostensibly the best molecule for phylogenetic
studies. The present study focuses on the insights of inter-individual variability to address questions
related to diversity.

The amplified region of 1TS1-5.8S rDNA-ITS2 in C. wightii varied between 711 to 727 bp.
Similarity search of the sequences at the NCBI database showed ~95% similarity with other
Commiphora spp., the sequences were deposited in the GenBank Database (Accession numbers-
EU419958 to EU419989). The average GC content of the sequences was 64.6%, the substitution
probabilities are given in Table 2 and the overall transition/transversion bias (R) was 1.319. Multiple
sequence alignment of all the 32 ITS sequences resulted in a matrix of 757 characters (Supplementary
data 2) out of which 70 were parsimony informative.

Table 2. Maximum composite likelihood estimate of the pattern of nucleotide substitution.
Each entry shows the probability of substitution from one base (row) to another base
(column) instantaneously. Only entries within a row need to be compared. Rates of different
transitional substitutions are shown in bold and those of transversional substitutions are
shown in italics.

A T C G
A - 4.84 8.22 22.43
T 3.94 - 10.13 8.57
C 3.94 5.96 - 8.57
G 10.33 4.84 4.22 -

The overall estimate for nucleotide polymorphism is presented in Table 3. A five-fold level of
polymorphism was observed between the populations, with the highest in Galta Hills
(r = 0.05493 +0.01707, 6,,= 0.05307 £0.03221) and the lowest in Hirnoda (= = 0.01107 +0.00374,
6w = 0.01107 =+ 0.00709). Variability within NRTU families usually depends upon number of gene
copies, rates of mutation, concerted evolution, number and chromosomal location of NRTU clusters,
and proportion of sexual and asexual reproduction [40]. Polymorphism may arise when concerted
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evolution is not fast enough to homogenise repeats in face of high rates of mutation [41] or by loss of
sexual recombination [19]. Also, concerted evolution is retarded in agamospermous plants [18]. As C.
wightii is reported to be apomictic, lack of sexual reproduction could be an important contributor to
polymorphism. Also, concerted evolution is retarded in agamospermous plants. In a simulation model,
Adolfsson and Bengtsson [42] concluded that the spread of apomixis in a population is not necessarily
associated with a substantial decrease in genetic variability and most of it is retained. These cumulative
factors should increase the polymorphism among C. wightii populations, but the converse was
observed. Our earlier studies revealed that sexuality in C. wightii is not uncommon [27], and the plant
does revert to sexual mode of reproduction during its life cycle. Sexual reproduction may lower ITS
sequence polymorphism by accelerating concerted evolution and homogenizing the ITS repeats.

Table 3. Nucleotide diversity of the ITS1- 5.8S- ITS2 fragment for the seven populations.
7w and 6, refer to nucleotide diversity according to Nei and Li [43] and Watterson’s
parameter [32] respectively. Figures in parenthesis denote standard deviation.

Population n Ow
Mangliawas 0.03473 (0.00908) 0.03446 (0.01590)
Ajmer 0.03078 (0.01080) 0.03148 (0.01742)
Kishangarh 0.03650 (0.00843) 0.03424 (0.01890)
Jobner 0.04445 (0.00550) 0.04966 (0.02180)
Bobas 0.03661 (0.01121) 0.03614 (0.02210)
Hirnoda 0.01107 (0.00374) 0.01107 (0.00709)
Galta Hills 0.05493 (0.01707) 0.05307 (0.03221)
All Samples 0.03905 (0.00307) 0.05418 (0.01685)

AMOVA was used to partition the genetic diversity and test whether there is any hierarchy of ITS
sequence variation among individuals (Table 4). The genetic differentiation between the populations is
high (®st= 0.206) (Nei [33] classified Gst > 0.15 as high, ®@st and Gsr both denote fixation index and
are comparable).

Table 4. Hierarchical analysis of molecular variance (AMOVA) within/among C. wightii
populations. d.f.: degrees of freedom; SSD: sum of squared deviations; ®ST: fixation index;
p-value: the probability of having a more extreme variance component than the observed
values by chance alone.

Source of Estimated Total
. d.f. SSD . . Dsy p-value
variation variance  variance (%)
Among population 6 301.118 6.046 21
Within population 25 508.796 23.359 79 0.206 0.01

Total 31 885.094 29.405
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The constructed maximum parsimony tree separated the samples into five major clusters (data not
shown). The majority rule consensus tree prepared by Bayesian analyses of the ITS sequence data also
showed that the populations were grouped according to their geographic location (Figure 2). Apart
from Bobas, samples from a particular population did not separate into a single cluster and were found
to be mixed. Samples collected from Ajmer, Kishangarh and Mangliawas were distributed in two
clusters, so were the Hirnoda, Jobner and Galta Hills samples. It seems that genetic exchange might be
taking place between samples from nearby areas (i.e., districts), while long distance transfer is being
restricted; this may be responsible for high population structure and differentiation.

Figure 2. Relationship between the taxa studied, inferred using the maximum likelihood
method (MrBayes). Numbers at the nodes are Bayesian posterior probabilities.
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4. Conclusions

It appears that C. wightii plants have evolved under reproductive isolation, probably due to
population fragmentation and habitat loss. The reproductive isolation, coupled with the reported
apomictic behaviour may have a detrimental effect on genetic variation. Mantel’s test showed an
average correlation (r* = 0.3647) between genetic and geographic distance that was statistically
significant (p = 0.023). These samples appeared to be the remnants of a previously large population that
was present in the area. Since population differentiation is high, the population continuum has been
disrupted, possibly due to over-exploitation, unsustainable utilization and other anthropogenic activities.
Educating the villagers and promoting scientific gum-resin tapping practices seem to be the best
conservation strategies, along with habitat restoration. Besides, initiative should be taken on surveying
and mapping the distribution of the plant for future germplasm collection and maintenance.
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Supplementary Data 1. Screenshot showing complete sequence assembly of ITS region
obtained with four primers.
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Supplementary Data 2. Complete alignment matrix of the ITS sequences from C. wightii.
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GH 3 TGCCET TCA-GATTTEREC! T T T - -geTGece 289
.. ..180.. 210. . 5 280.... ...300
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M1 T-GATTONC - GGG TTTTCGCATTTCAATRCGTTCTTOAT ITCH Gee! TRTCCOTTR- OO —GTCGTTT’T 413
M5 :ngGGTT: (aflelele) TTTCCCATTTCGATACGTTCTTC n!'rcgccc TATCCCTTC- CC -@TCCTTTT 414
H_Q TTGGT TRTCGCATTTCGCTACCTTCTTCATCGATGC:! GCC ' TATCCGTTG- CC -GTCETTTT 433
M 17 TTGCT TTATCCCATTTCCCTACCTTCTTCATCCAT T TATCCGTTE- CC -@TCCTTTT 432
M 19 GATTGGT T CGTATCGCATTTCGCTACGTTCTTCAT TRCATATCCGTTG- CC TCGTTTT 434
M:20 TTECTCC-ACARE TTTATCGCATTTCGCTACCTTCTTCATCCATACG GCCT TATCCGTTE- OO —GTCGTTTT 432
M 22 TTGGT T TTTATCGCATTTCGETACGTTCTTCATCGAT T TATCCGTTG- OO TGTCATTTT 434
Al T-COTTE CGG{! TCCCATTTCGETACCTTCTTCAT T {e) Lelaley ' TATCCCTTC- CC -GTCCTTTT 413
A2 TTGAT T Cu-.u. CATTTCACTACCTTOTTCATCGATACGRGAGCD! TATCCGTTE- OO -GTCATTTT 432
a_3 TTECT CATTTATCCCATTTCGETACTTTCTTCATCCATCCGR T TATCCGTTE- SO -@TCCTTTT 433
A_l TT T ATCGCATTTCGCTACTTTCTTCATCGAT T  TATCCGTTG- CCH -GTCETTTT 433
Ka_1 T-GCT TTTTCGCATTTCCCTACCTTCT T u:!'rcr.‘!c felele} TATCCCTTE- CC -@TCCTTTT 413
K6 2 TTGGT T CCTATCGCATTTCGETACTTTCTTCATC TATGCGAGAGCC! ' TATCCGTTG- OO -GTCATTTT 432
Ko 3 TEATTTCH-CGRG L CTATCGCATTTCGATACCTTCTTCATCGATAC GCCTAGATAT! u.n.\.'u.'t. m -CeTTTT 432
HG 4 TTGAT TTC TCTATCGCATTTCACTACTTTCTTCATCCAT -‘.uuu-cr.' TCATTTT 433
I 1 TTAGTTCA-CEaa] TATCCCATTTCGATACGTTCTTCATCCAT TRAGATATCG: n.\.l.uxtx TETTTT 430
-]’_2 T TTTCA-CGEG TATCGCATTTCGATACGTTCTTCATCGAT T TATCGATCGT . ) T-CETTTT 432
74 T- GCTTCA- CHAG TATCCCATTTCGATACGTTCTTCATCGAT TAGHTATCGATCGT TETCTTTT 434
JE TEETTCCA-COGGATTEC - TEE0 GTATCGCATTTCGATACGTTCTTCATCGAT T TATCGATCGTLC GTI’.‘GTTT 431
I T- GOTTCAGE TTC- - TGCAATCTTCACACCARGTATCCCATTTCGATACGTTCTTCAT CGATGCGAGAGCC TRGR TATCG) L\.\.'u.'t.um. TTGTTTT 433
J_11 T-CGOTTECR-Ca "TET- T- - TATCCCATTTCGATACCTTCTTCATCGAT T TATCGATCCT n.\j’CTG QTTTT 433
J_12 T-GCTTCA-CAGATTCT- T- - TATCCCATTTC GTTCTTCATCGAT T TATCGATCATTC TG -GTTTT 433
J_15 T TTTCA-CGGGATTC - - TGCAAT - - TATCGCATTTC: GTTCTTCATCGAT T TATCCGTTG- CCH -GTCETTTT 431
B 4 TGHTT-CAGCCEATTCT- T- - TTTTCGCATTTCGCTACCTTCTTCATC AT TAGATATCCATCG- TCCGRA-BSTGTTTT 431
H_S TGEGETT- (TTCTEC! T - - TTTTCGCATTTCGCTACGTTCTTCATCGAT T TATCCGTTG- CC -GTCETTTT 433
B_S TECTT- fCGdTTCTC T’ - -CCATTT TTTTCGCATTTCCCTACCTTCTTCATCCAT T TATCCGTTE- 2L -@TCCTTTT 430
H 1 TGGTT TECART - - TTTTCGCATTTCGCTACGTTCTTCATCGAT THGATATCCGTTG- OO -GTCGTTTT 431
H 3 -TCGATTGGTT «C T--TC L TTTTCGCATTTCGCTACGTTCTTCATC GATACE (GCCT TATCCGTTE- CC -@TCATTTT 432
H S "CGATTGCTT T T- - TTTTCGCATTTCGCTACCTTCTTCATCCAT TAGHTATCCGTTG- CC -QTCCTTTT 431
GH_1 TGECATCATTTCA -Coaa) T- - TETCCCATTTCGATACGTTCTTCATCCAT TRGATATCGATC-GTCCGRAGRSTETTTT 431
GH_2 TT TT T - - TTTTCGCATTTCGCTACGTTCTTCATCGAT T TATCCGTTG- CCH -GTCETTTT 431
GH 3 TEGTTTE ccccg'ﬂ' CGCART- - TTTTCGCATTTCGETACCTTCTTCATCGAT THGATATCCGTTG- OO0 -GTCATTTT 431
+350.... 360... .370.. . . +0.390. . 400.......410.... .430... .440.. . .450
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M1 Blelelels) Tolofelalale) s GCECRCCE -TOTOCE Coa O Cg—u e/ s }ECTCTCCCE- TTACC TRTGRCTTCCTTE T TCCECCCCARE-TTCCTTETTGCRCCTCACGAGCACCRECC CNCACCCale
M5 - - -TCT! -T TCTCCCGE- TTACG TRATGGCTTCCTTEGE! -TTCATTATTGOGCL
M9 - -TET! -T TCTECCE- TTACETATCACTTECTTACT TCCCCeCCCAQ-TTCCTTATTACCCE
M_17 -TET =T TETECCE- TTACETATCECTTEETTRRT -TTCCTTATTRCECE
M 19 -TCT -T! TCTCCCG- TTACGTATGGCTTCCTTGEE! -TTCETTGTTECGECL!
M_20 -TET -T TETEECE- TTACE TATEECTTECTTART - TTEETTETTEEECE
M 22 reT -7 TETECCG- TTACGTATAECTTECTTGED - TTCATTETTREGOE
Al -TQT T TCTCECG- TTACCTATECCTTCCTTERT - TTEETTETTECCCCTCH
A2 -TET -T TETEECGE- TTACETATAACTTECTTEEE - TTEETTETTAEACE TCA
A3 -TgT AT TOTCCCG- TTACGTATIGCTTECTTGGT - TTEGTTETTGEGTE
A4 -TET -T TETEECGE- TTACE TATEECTTECTTART - TTEETTETTAEGCE
Ea_1 TCT -T TCTECCE- TTACGTATEECTTECTTRRE -TTCETTATTEEGCCTCH
EG 2 -TCT! -T TCTCCCE- TTACC TATEGCTTCCTTE AL TCCOCCCCOAC-TTCCTTATTACACL!
K@ 3 T-CT - TCTCCCG- TTACGTATEECTTECTTERE - TTTETTATTACGCC
Ko 4 -TET -T TCTECCCE- TTACCTATCCCTTEETTART - TTCCTTATTACCCE
71 T-CT H-T TETCCCGE- TTACCTATCEC TTEETTERE - TTCCTTETTEERCC GRR
J_z2 T-CT -T TCTCCCGE- TTACC TATEGECTTCOTTEER! -TTTETTITTELECCTCO!
J 4 T-CT! -T TCTCCCE- TTACC TATEGCTTCCTTE AL TCCOCCCCOAC-TTCCTTATTAOACC!
by T-CT -T TCTCCCG- TTACGTATGECTTECTTRRE - TTCETTATTGECCC TAR
Je TCT T-T TCTCCCE- TTACC TATEGCTTCCTTE AL TCCOCCCCEAC-TTCCTTATTACACCTCO!
a"11 TTCT - TCTCCCGETTACETATEECTTECTTERE - TTCATTATTACECT
J_12 TTCT -T TCTECCCCTTACCTATCCCTTEETTART - TTCCTTATTACECE
J_15 L CCACACCE -TCTOCECCCCEACAE - TCEAC E@CTCTCCCE- TTACC TRTGRCTTCCTTERC! TCCCCECCEAC-TTCATTATTECGCCTCOPGRGL (elelelafae) Lale [sle
B 4 -TgT -T TETCCCG- TTACGTATIGCTTECTTGRT - TTEGTTETTGCACE
B § TCT -t TOTCOCG- TTACCTATAACTTECTTERT TTCATTATTGCREC
B 9 - -TeTECRCaCaRCR-T TETECCE- TTACETATCCCTTEETTRRT - TTCCTTATTCERCC TAN a
H1 | -CT -T TCTCCCE- TTACC TATEGCTTCCTTEAL! TCCOCCCCEAC-TTCCTTATTACACCTCO!
H 3 - T-CT -T TETEECGE- TTACE TATEECTTECTTRRT - TTEETTATTAEECE cA
HE -T TCTCCCE- TTACC TATEGCTTCCTTEAL! TCCOCCCCEAC-TTCCTTATTEOACL!
GH_1 TTCTCCOQCECEACET - TCGACACCCTCTCCCCAT TAC I TATGRCTTCCTTARE TCCECECCCAR-TTCCTTATTGCACS TAGGE) 'GCCCCARCACCCETE
GH 2 A-T TETECCG- TTRCCTATECCTTEETTERE -TTCCTT cace
G}[:3 -T TCTCCCE- TTACC TATEGCTTCCTTEAL! TCCGCECCORa- TTCCTTETTCCRCC TCOGG,
.500....... 510....... 520.. 2530..... .. 540....... 550....... SED....... 5T0....... 580
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M1 TOTC AL TRCCCCTOCC - TCRGETETTTTOTE! |CC TTEGC TCETTCTGCTT TTTC THTTCCTTCCGCAT THC!
M5 TCTCGCTACCCCTCCCE-TCGEGTGTTTTCTL! CC TTCGC: TCGTTETGCTT AAAG! TEATCCT CAl _a CE'IICG
H:9 Gh TCTCCCTACCCOTOCCE - TCAGETETTTTCTL! CC TTCAC TCETTCTGCTT TTTC! T-ATCCTTCCOCCCTTC
M 17 - - TCTCCCTACCCOTOCCE - TCAGETETTTTCTL! C- TTCAC TCETTCTGCTT TTTC! T-ATCCTCCOOCCCTEC
M_19 = TETC G0 TACCOOTECCE- TCEEETETTTTCTCTAA CCGeaTTEACERaTCETTCTGOTT TTTC T-ATCOT CHCTTEC,
M 20 - - TCTCGCTACCCCTCCCE-TCGEGTGTTTTCTE! C- TTCGC: TCGTTETGCTT TTTC! T-ATCCTTCCGCT GTRCC,
M_22 T - TCTCCCTACCCOTOCCE - TCAGETETTTTCTL! CC TTCAC TCETTCTGCTT TTTC T-ATCCT CAGTTEC,
A1l - TCTC G0 TACCCCTOCCET TT CCQeCTTEE0GEETCATTCTCETT TTCE: TGATCCT CACCATC,
A Z - TOTCGETACCCOTOCCE - TCGGETGTTTTCTE! CC TTEGC TCGTTCTGCTT TTTC! T-ATCCT CAGTTCC
A2 - TCTCGCTACCCCTCCCE-TCGEGTGTTTTCTL! ICCGEETTCECGEETCGTTETGCTTGCECECAGETTTL! T-ATCCT TTCC
A:{ - TCTCCCTACCCOTOCCE - TCAGETETTTTCTL! CCCQaTTOCCEEATCATTCTECTTCCARCCACATTTC T-ATCCT TTCC
Ke_1 - TOTC AL TACCCCTOCCE - TCRGETETTTTOTL! [elsd TTCGC TCETTCTGCTT TTT TEATOOT CAGTTCC.
Ke_2 Gl T - TCTC AL TACCCOTOCCE - TCRGETETTTTCTL! CC TTCGC TCETTCTGCTT TTTC T-ATCCT TTEC,
Ke 3 - - TOTCCCTACCCOTOCCE - TCGGETETTTTCTL! CO TTEGC TCETTCTCCTT TTTE! TGHTCCT! TTEC
Ko 4 - TCTCCCTACCCOTOCCE - TCAGETETTTTCTL! C- TTCAC TCETTCTGCTT TTTC! T-ATCCT TACC,
J1 - - TOTC AL TACCCCTOCCE - TCRGETETTTTOTL! CC TTCGC TCETTCTGCTT TTTC TEATOOT TTC
T 2 - - TCTCGCTACCCCTCCCE-TCGEGTGTTTTCTE! CC TTCGC: TCGTTETGCTT TTTC! T TCCT! TTC!
T 4 GRGA- - TCTCGCTACCCCTCCCE-TCGEGTGTTTTCTL! CC TTCGC: TCGTTETGCTT TTTC! T TCCT! TTC
JE !CG {elaley GAGA- - TOTC AL TACCCCTOCCE - TCRGETETTTTOTL! C TTCGC TCETTCTGCTT TTTCCAC TCOT! TTC
78 (alelel {elaley - - TCTC AL TACCCOTOCCE - TCRGETETTTTCTL! Q1 [oele] TCETTCTGCTT TTTTE TCOT! TTC
J_11 - - TOTCGCTACCCOTOCCE - TCGGETETTTTCTL! CCEEETTCCCEEETCATTETECTT! TTT -TCTTTCCOCAGTRC!
712 - - TETCACTACCCETCT CQCaTTEOCCeaTCATTETCCTT TTTA TCTTTCCCCHATTC!
J_15 - - TATCGCTACCCOTOCC CC TTCAC TCETTCTGCTT TTTC! TGATCCTTCCOCACTTC
B 4 -CACa TETCGC TACCCOTICD CE3ETTEECERATCATTCTGETT TTTE TARTCCT TTCCACCTAC
B_6 -CACGER- TETCGC TACCCOTICD -£EeaTTEECERATCATTETGETT TTTE TARTCCT R
B @ -CACGGA- TCTCGC TACCCTTOCC! - CEEETTOGCGEETEGTTCTGCTT TTTC TGATCCT TTCCHCCTAC
H 1 = R TCTCACTACCCETECT - €aCQTTCACeaTCRTTCTCETT TTTC TEATCCT TTCCACCTAC
H 3 C T CACGGR TETCGE TACECETECT 0EQeTTEACeEATCRTTETGETT TTTE! TEATCCT TTCCACCTAC!
HE - - TECCGCTACCCOTOCCE-ACGEETETTTTCTL - TTCAC TCETTCTGCTT TTTC TGHTCCT! TTCACCTAC
CH_1 - CACCGEAC - CCTCTCCCTACCCOTOCCACTCEOGTATTTTOTE (] TTCAC TCETTCTGCTT TTTA TGHTCCT! TTCCACCTAC
GH 2 ! i - [sle] CC‘GCGGG CCTOTCACTACCCOTOCCR-TCRGGTETTTTOTE! - £ TTCGC TCETTCTGCTT TTTC! TEATCCT TTCCACCTAC
GH 3 TC! - -CCC CGEECCEGGAGCTCTCGE TACCCETCCCG - TCEGETGTTTTCTE C TTCGC: TCGTTETGCTT TTTC! T TCCT! TTCCACCTAC:

....... 610.......620.... 630.......640.......650.......660.......670.......680.......690 0.......730.......740.......750
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