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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 (π = 0.03905; θw = 0.05418) and high population structure (ΦST = 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 (r2 = 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 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 [7,8,9]. 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 ITS-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 [12,13,14,15,16,17]. 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. [23,24,25] 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. 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 ITS1-5.8S-ITS2 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.


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







	
Population

	
Terrain

	
Population Code

	
Sample size

	
Latitude

	
Longitude

	
Elevation (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 V/cm, and stained with ethidium bromide solution (0.5 µg L-1). A 100 bp DNA ladder (Hyperladder IV, 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 ITS4) and two internal (ITS2 and ITS3) 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).


Supplementary Data 1. Screenshot showing complete sequence assembly of ITS region obtained with four primers.
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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 θw [32] and diversity, as measured by π [33], were calculated using DnaSP v4.5 [34].


Supplementary Data 2. Complete alignment matrix of the ITS sequences from C. wightii.
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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 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 × 106 generations and trees were sampled every 100th 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 ITS1-5.8S 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 (π = 0.05493 ± 0.01707, θw = 0.05307 ± 0.03221) and the lowest in Hirnoda (π = 0.01107 ± 0.00374, θw = 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 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. π and θw refer to nucleotide diversity according to Nei and Li [43] and Watterson’s parameter [32] respectively. Figures in parenthesis denote standard deviation.







	
Population

	
π

	
θw






	
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 (ΦST = 0.206) (Nei [33] classified GST > 0.15 as high, ΦST and GST 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; ΦST: fixation index; p-value: the probability of having a more extreme variance component than the observed values by chance alone.







	
Source of variation

	
d.f.

	
SSD

	
Estimated

variance

	
Total variance (%)

	
ΦST

	
p-value






	
Among population

	
6

	
301.118

	
6.046

	
21

	
0.206

	
0.01




	
Within population

	
25

	
508.796

	
23.359

	
79




	
Total

	
31

	
885.094

	
29.405

	












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 (r2 = 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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* L& & * & w * * ®& L & & ¢ HEEEEEE FEEE FTEAXETRARAAAETRRL HEEEEEE FEEEAAEFETRETRE TEE AT RRATEREAAEE FEFAFAA IR EAETRXAEE FTREAETRN
M1l = ==sscccccca=aa- TG-GTATCGECTS -CTGGGGTG-—CGTTICG GCO-TOGC-CeTRCGEEOGRCGOR - TCTE GG TCACGEGAT - COGRC TG - TECRCCCRCOC GAGCACGRC GGGOA TCAGGTTTC T TT CoM C Ol 126
M5 = meemeeememeemo ITG G“TCGCCTG -0T3338E- - - -COTTACCA G C A0 TOACRCC TAC 2 2e0CACCCR - TOT A A A TCACGAAETTEO RO TG - TECGACCACAC AAGC A0SR0 e CATOGGGTTTOTTT CGA C At 127
M2 GEEEETE-ATCCCECCTGACCTEEEETC - GCGTTICG GEG-TCGC-ACTACGEGCGACGCE -TCTEGETCACE GG -3TCCGRACTE - TECEECCACCCCAGCACGACCEGCATCEFETTTCTTTCGA CCAL 143
M 17 GeCGETE-ATCCCGCCTGRCCTCEGEETC-CCeTTRACCAGCG-TCGC - ACTRACCEGCGRACCCE -TCTEC O TCACG GG - CTCCGRACTE - TECGECCACCCCAGCOCGACCECCATCGCETTTCTTTCGA CCAL 143
M 1% GEGEETE-ATCCCGCCTGRCCTCECETTECCETT - CCAGCG-TCGC -ACTRACCECCGRCCGCE -TCTCG O TCACG GG - CTCCGRCTC - TECCECCACCCCAGCOCGACCECCATCGCCTTTCTTTCGA CCAL 1413
M 20 GeCEETE-ATCCCGCCTGRCCTCEGETC -CCeTTRCCAGCG-TCGC - ACTRACCEGCGRCGCE -TCTE GO TCACG GG - CTCCGRACTE - TECCECCACCCCAGCOCGACCECCATCGRETTTCTTTCGA CCAL 143
M 21 GCGGGTG- TCCCGCCTG CeTEEeeTC-GCeTTACGAGE G -TCGC - ACTRACGECCGRCGCE -TCTEGE TCACG GG - CTCCGRCTE - TECCECCACCCCAGCOCGACCECCATCCCCTTTCTTTCCA CCAL 1413
Al = s=sececcccasaa- TCECCTGRA-CTGEEETE- -CoTTACGAGCG-TCGC - ACTACGEGCGACCGCE -TCTEGCTCACEGEET - COGACTE - TECEECCACCCCAGCOCGACGEGCATCEGETTTCTTTCGACCAL 126
A 2 GOT GECEETE-HTCCCECCTGRACCTGEEETC -GCeTTRACGACCG-TCGC - ACTACGEGCERCGCE -TCTEGETCACEGE - CTCCGACTE - TECFECCACCCCAGCECGACCGEGCATCEGETTTCTTTCGACCAL 143
A 2 GCTITEGCGGGTG ITCCCGCCTG CeTEEGETC-GCeTTACGAGCG-TCGC - ACTACGEGCGACGCE -TCTEGETCACE GG - 3TCOGRACTE -TECEECCACCCCAGCOCGACCEGCATCEFETTTCTTTCGACCAL 143
A4 GEGEETE-ATCCCECCTGRACCTGEEETC -GCeTTRACGAGCG-TCGC - ACTACGEGCGRCGCE -TCTEGCTCACGEGE - 3TCCGACTE - TECEECCACCCCAGCECGACCGEGCATCEGETTTCTTTCGA CCAL 143
EG 1 = e-eememcomooo-- HTe-oTATCGCCTER - CTEEEGTE - -COTTACGAGCA-TEEC - ACTRCGEE0CACGCE - TCTAEE TCACGEEaT - CCEACTR - TECGGOCACC C CACC S0 GACCGCATO GG TTTETTT CGA C CAL 126
Ee 2 GEGGETE-ATCCCGCCTGRACCTCEGETC -CCETTACCAGCG-TCGC -ACTRACCEGCGRCCGCE -TCTECCTCACGEGE - CTCCGRACTE -TECCECCACCCCAGCOCGACCECCATCGCETTTCTTTCGA CCAL 143
Ko 3 GFCEGETE-ATARCGCCTGACCTEGGETC -GOGTTACGAGCE - TG0 - (!CGGGCG CECE-TCTGEGTCACEEE-GTCCARACTC -TECCECCACCCCAGCCCGACGEECATCEGETTTCTTACGA CCRL 141
EG 4 GeCGETE-ATCCCGCCTGRACCTCEGETT -GCETTACCAGCG-TCGC -ACTRACCEGCGRCCGCE -TCTCC O TCACG GG - CTCCGRACTE - TCCCECCACCCCAGCOCGACCECCATCGCETTTCTTTCGA CCAL 143
J 1 GFCGEETE-ATACCECCTARACCTEEGEET -GG TTTCGAGCA-TOGC - ACTRACGGECGACECR - TCTRGETCACEAE - GTCCGACT - TECECCCACGC GAGCCCGACAEGCATCOGETTTOTTT COAC CAl 138
J 2 GeCGETE-ATACCGCCTGRCCTGEGETC -GCeTTRACCAGC G- TCGC - ACTRACCEGCGRCGCE -TCTE GO TCACG GG - CTCCGRCTE - TECCECCACCCCAGCOCGACCECCATCGCETTTCTTTCGA CCAL 141
J 4 GOeeeTE-ATACCE0a0CTaRCTAEEGT - GOGTTACCAGCO- TCAC - RO TAC2EGCGACCCE - TETEC A TCACEEE - S TCCGRAC TS - TRCAGCCACEC CAGCE0EACGECCATC2GETTTCTTT COA CCAt 141
J_& GECGETE- CCGCCTGRCCTGEEETC -GCeTTACGAGCG-TCGC - ACTRACCEGCGRACCCE -TCTE GO TCACG GG - CTCCGRACTG - TECCECCACCCCAGCCCGACCECCATCGCETTTCTTTCGA CCAL 141
J 8 GEEEETE- CCECCTGRACCTGEEETC -GCETTRACGAGCG-TCGC -ACTACGEGCGRCGCE -TCTEGCTCACGEGE - - TCOGACTERTECGECCACCCCAGCECGACGEGCATCEGETTTCTTTCGACCAL 141
J 11 GECGETE- CeGCCTGRCCTGEEETC -GCeTTACCAGCG-TCGC - ACTRACCECCGRCCGCE -TCTE GO TCACG GG - CTCCGRACTC - TECCECCACCCCAGCCCGACCECCATCGCETTTCTTTCGA CCAL 141
J 12 GEEEETE- CCECCTGRACCTGEEETC -TCTTRACGAGCG-TCGC - ACTACGEECECEGCE -TCTEGETCACEGE - CTCOGACTG - TECEECCACCCCAGCOCGACGEGCATCEGETTTCTTTCGACCAL 141
J 15 GCRGETE- CCECCTEACCTEGRATC - - -GRTTOGAGCE-TOSC - ATT thm.uin..w.w.u..;uuhu. CEEEGCTCCGRACTG - TECCGCCACGCCAGCECGRACEEECATCGEETTTCTTTCGACCAL 141
B 4 GFCEGGTEGATCCCGCCTEGRCTEEGETE -GOGTT- COAGCA-TOGC - CTTRCGGECGACGCE - TCTA G A TCACAGCOGTCOGRCTG - TECGCCCACGCCAGCGCGRACAEGCATCGEGTTTCTTT T GAC CA 142
B & FOFCeTCCATCOOACCTARCCTEEAATC -CoTTRCGACCO-TO30 - ICT AL CE-TOTGGETCAC GGG - GTCCGACTR -TECEECCACCCCAGLACGACEEECATCEEETTTOTTT CGA C Al 142
B 9 GEGCETECATCCCGCCTGRACCTRGEETE -GCETTARGCGE - - TCGC - ACTRACEEGCGACCCERTETC GG TCACGGE - GTCCGRAC TS - TECEECCACCC CAGCGCEACGEECATCEEETTTCTTTCCACCAL 141
H1 GCGGETECATCCCACCTARCCTGAGATE - GCETTACGAGCG-TCGC - ACTRACGEECEACECE -TCTGGETCAC GGG - GTCCGACTR -TECEECCACCCGAGLECGACGEECATCEEETTTOTTT CGA CCAl 142
H 3 GECCETGCATCCCGCCTGRCCAGGEETE - GCCTTTCGAGCG-TCGC - ACTRCGEECFACECE -TCTGGETCACGEE -GTCCGACTR -TECEGCCACCCGAGLEGCGACGEEGCATCEEETTTETTT CGRA CCRC 142
HES GG ETEGATCCC OO TEACC TG ETC - o TTRACGAGCG-TCGC - ACTRCEEECGACECE -TCTEEE TCACGEE - GTCCGRACT R - TECEECCACGC GAGCGCGACGEECATCARRTTTCTTT CGA CCAL 142
GH 1 GECGETE- 'I‘ICCGCCT;CCTGGGGTC GCGTTIC GCe-TOGC- ACTACEEGCGACEOE -TETAAC TCACEEE - GTCCGRCTE - TRCECOCACCC CACGCACCACCEaCA TCRGOTTTCTTT COA C CAL 140
GH_2 GCEEETECATCCCECCTGRACCTGEEERG -GCEGTTCEACCG-TCGC - ACTRACGEGCGREGCE -TCTEGCTCACEGE - CTCCGACTE - TECEECCACCCCAGCECGACCEGCATCEGETTTCTTTCGA CCAL 142
G-H:3 GCRGGTEGATCCCACCTAROCTAGEART - GORTTRCGAGC G- TOGC - ACTRCGEECGACGCG - TCTR GG TCACEAE - ATCCGACTS - TRCGECCACGC GAGCACGACGAGCATCARETTTCTTT COA CCAL 142
................ o........ 40,580,600 .. T0L Ll B0L L. 080,200, ... L1000 ... LW 120, S I
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hkhk FhkFhkdkdkd FEkFhFrdddrdddd FEARAFAFEAEAFAAFAAEAFAAFAATARTS FRAFRFTAAFTRAFIAIAFAAIASE & AT AR ATRE FF F ok hhkdk FhFd khkdkhkEdk * FEETAEE * hhkdkdhk wEkhkdkdkhkdd FhEdd FhE dEA
M1 GOGACACGOGRGFCCGTOGGACTCOR - GATTTGEGT GCCGTGRAGEICGTRAL u..u..l...l.;l..l..k.l...ul..l..\..u;&.u.\.u.n.\.t.uuuu;L T TECETGACACCC-AGG -CGTGCCC 273
M5 GOECCACCCFATECCATAGGACTOG - GATTTGEEC CGAGCCECGAGGOICAC gkblbbhbhhhbhh\.bhbhlhhl‘ (alalsleleleley el slelelelelel T TGCETGACACCC- GGH—CGTGCCC 274
M % GLECCRCCCEGATCCCOTECCACTCOG - GATTTGEEC CEAGCCECGAGEOGETAL CRGTCTCCCCCCCGECCGCGCTCCTCCCCAERETFOGEEEG! T TECETCGACACCCCAGGCAGR - COTGCCC 291
M 17 GCECCRCGCEATECCOTECGACTCG - GATTTEGED CEAGCCECERAGEOECAC CRGTCTCCGCCCCGCCCGCECTCCTCCCCAGEGETRCGERGE! T GRATECETGACACCE- G -CGTECEC 290
M 15 GCECCRCCCEATCCCOTECCACTOG - GATTTGGEC GRGCCGCORGEC3CTAL CRGTCTCCGCCCCGCCCGCECTCCTCCCCEGGETECGEEGG! T GATGCETFACACCCCAGGCAGAGCGTECCC 293
M 20 GLECCRCCCEATCCCOTECCACTOG - GATTTEGEC GRGCCGCORG3C3CAL CRGTCTCCECCCC GCCCGCECTCOTCCCCERRETRRERER0! T GRTGCETGAL ---—GGE' -CaETECCC 290
M 22 GOEECRCGCFATFCCETGAGACTCG-GATTTGREC GRGCCGCGAGEOGCAL CRGTCTCCROCCC GCCCGRaCTCCTCCCCaERETRCRFRE G T GRTGCCTGRACACCCCRCGGLAGA - COTECCC 291
A1l GCECCRCCCEATECCOTECCACTOG - GATTTEGEC GRGCCGCORG3C3CTAL '*LL-L"""""""'H..LJ.“""' TECEGEEG! T CGATGCETGACACCC- -CaTECCC 273
A 2 GCECCRCGCEATECCOTECCACTOG - GATTTEGEC GRGCCGCORGEC3CAL CRAGTCTCCGCCCCCCCCaCECTCCTCCCCGaGRTELREEG G T TECETGACACCC- -CaETECCC 290
A 3 GCEeCACCCCATCCCETGEGACTCE -GATTTGEEC GRGCCCCGRAGECECRAC CRGTCTCCGOCCCGCCCGOGOTCCTCCCCGGEETECGEEGG! T TECTTGACACCC- 291
A 4 GOEECACGCFATFCCETGAGACTCG-GATTTGEEL GRGCCECGAGEOGCAL CRGTCTCCCCCCCGECCGCECTCCTCCCCAERETRREERER! T TEOETERACACCCE 291
EG 1 GCEGCRCGCEATECCOTECGACTOG - GATTTEGED GRGCCGCORGEC3CAL CRGTCTCCGCCCC GCCCGCECTCCTCCCCEEEGETROGEEGRG! T TECGTGACACCC- 273
Ea 2 GOEGCACGOGATGCCGTEAGACTOG - GATTTEAGED CCAGCCGCGAGECACA CRGTCTCCGCCCCGECCECECTCCTCCCCAEEETEROGEEE0! T TECGTFACACCO- -GRCaTICoS 290
KEG 3 GLECCRCCCEGATCCCOTECCACTOG - GATTTGEEC CEAGCCOCGRAGEOGETAL CRGTTTCCCCCCCGECCGCECTCCTCCCCAERETRREEREG! T TECETGACACCC- RGGCAGRA-COTGCCC 288
EG 4 GCECCRCGCEATEFCCOTECGACTCG - GATTTEGED CEAGCCECERAGEOECAC CRAGTCTCCGCCCCCCCCECECTCCTCCCCGEGETELRGEGG! T TECETCGACACCCCAGGCAGA-C3TGCCC 291
J_T L] '-i- CECGATECCGTEGG x.u'.i-G TTTEEEC GCCGTGRGECGORL L LLLL.L.L,L.L.L.LL:LLﬁ&.hhiu.i TCCCCCRRTTTGRRGGGTT TEOCTFACACCC- RAGGCAGA - CETGCOCC 285
J 2 GLECCRCCCEATECCOTECCACTOG - GATTTGEEC CCGCGRGCCOCGACEOGTAL CRGTTTCCGCCCC CCCCaCeCTCCTCCCCGaGRTELGRRGE G T TECETGACACCC- RGGCAGA-COTGCCC 288
J_'I GLAECRCGCGATCCCGTGGE x.u'.-G TTTEEEC CECGAGCCGCGRGECGORL Lt TeTCCECCCCCCCaCECTTCTTCCCGGEGETT T TEOGTFRACACCC- RGGCAGR - CETGCOCC 289
J & GOEECRACGCFATFCCETGEGACTCG-GATTTGREC CERGCCGCGRGECGCRL CRGTTTCCROCCC GCCCGRaCTECTECCCAGRE TR FRE G T TEOGTFACACCC- NGGCRGA - CRTECCC 288
J 8 GCECCRCCCEATECCOTECCACTOG - GATTTEGEC CEAGCCOCGAGEOGTAL CRAGTCTCCGCCCCGCCO3CECTCOTCOCCGEGET TT TECETGACACCC-AGGCAGA-COTGCCC 288
J_ 11 GCECCRCGCEATECCOTECCACTOG - GATTTEGEC CEAGCCOCGAGEOGTAL CRAGTTTCCGCCCCCCCCaCECTCCTCCCCGEGETERREEGE G T TECETGACACCCCAGGCAGA-C3TGCCC 289
J 12 GCeeCACCCCATCCCETGECGACTCE -GATTTGEEC CCRAGCCECORGECECAL CRGTTTCCCCCCC GCCCGCECTCCTCCCCEECETRCCERRG! T TECETCGACACCCCAGGCAGR-CETGCCC 289
J_15 GCEGCRCGCEATECCOTECGACTOG - GATTTEGEC CEAGCCOCERAGEOGCAL CRAGTCTCCGCCCCCCCCaCECTCCTCCCCGEGETELREEGG! T TECETGACACCC- RGGCAGA-COTGCCC 288
B 4 GCEGCRCGCEATECCOTECGACTOG - GATTTEGED CEAGCCECERAGEOETRAL CRGTCTCCGCCCCCCCCaCECTCCTCCCCGEGETELREEGG! T TECGTFACACCC- NGGCAGH - CATHCCC 289
B & GCeCCACCCCATCCCATAGCACTCS - GATTTERAD GACCCOCGAGG0ACRAC CACTCTCCCCCCC ACCoaCe0TOCTOOCC2aC e TRCGE RO T TECATCACACCO- RGCCAGATOGTACOC 290
B % GCECCRCGCEGATECCOTECGACTCG - GATTTEGED ( GRAGCCGCGRGECECAL CRAGTCTCCGCCCCCCCCECECTCCTCCCCGEGETELRGEGG! T TECETGACACCC- RGGCAGA-C3TGCCC 288
H1 GCECCRCGCEATEFCCOTECGACTCG - GATTTEGED ( GAGCCGCGRGECECAL CRAGTCTCCGCCCC CCCCaCECTCCTCCCCGEGETELRGEGG! T TECETGACACCC- RGGCAGA-C3TGCCC 289
H 3 GCECCACCCGATECCATACCACTON - GATTTEGGEC ( GAGCCGCGRGECECAL CRAGTCTCCGCCCC CCCCaCeCTCOTCCCCGaGRTTCRREG G T TECETGACACCC- RGGCAGRGCITECCC 290
H S GCECCRCCCEATECCOTECCACTOG - GATTTEGEC ( GRGCCGCORG3C3CAL CRAGTCTCCGCCCC CCCC3CeCTCOTCOCCGaGRTELGREGE G T TECETGACACCC- RGGCAGA-COTGCCC 289
GH 1 GLEGCACGCGATCCCGTGEGRCTOG - -GRATTTGEREC K GREGCCECGAGEOGCRAL CRGTTTCCROCCC GCCCGRaCTECTCCCCaERETRCRFRE G T TEOGTFACACCC- NGGCRGA - CRTECCC 287
GH_2 LELSLELELR S LRLIEIE ' e [ e 3 g E L E l\...J.'i._.. -GATTTE3EC 1 [EF el e LR e F LELELRLE LB, Lt Rl G L L Gl G e e a s L L T e a o e L L L G Lr Cr iy 1 TEOGTEACACCC- AGGCAGA - CETECOCC 289
GH_3 GCECCRCCCEGATECCOTECGACTCA - GATTTEGEC ( GRAGCCGCORG3C3CAL CRAGTCTCCGCCCCCCCCaCeCTCCTCCCCGaGRTELGEEGE G T TECETGACACCC-AGGCAGA-C3TGCCC 289
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M1 TCaGCC GECTTGGEGCG T-GGTTCHRC - 3G c TTTTCGCATTTCEGTRCETTCTTE GCC THATCCCTTE-CC -GTCETTTT 413
M5 TC3ECC GECTTGGEGCG aT—GGTT C-Ga3 T-TG c TTTCGCATTTCSRTACGTTCTTC GCC TATCCCTTG-CC -GTCSTTTT 414
M2 TCGGECC FECTTEEEGC0E TTAGATTCRAGCGE C THTCGCATTTCGCTACCTTCTTC lelals TATCCGTTG- OO0 -GTCETTTT 433
M 17 palelelalsl GECTTGEEECE TTEGTTCRAGCES C TTATCGCATTTCGCTACCTTETTC GCCT TRATCCGTTGE- CC -GTOGTTTT 432
M 1% TCaECC GECTTGEEGCG TTEGTTCRGCES CCCCACCTATCECATTTCGCTACGTTETTE TATCCGETTE- OO -GTCGTTTT 434
M 20 TCGGECC FECTTEEEEC0A TTAGTCC-3C0EG TT--TCACCCCATTTATCGCATTTCECTACCTTCTTE TATCCGTTG-CC -GTCETTTT 432
M 22 pialelelalsl GECTTGREECG TTEGTTCRSOGE! T--TCACCCCATTTATCGCATTTCGCTRACGTTCTT TATCCGTTGE- CC TETOGTTTT 434
A1l TCEGECC GECTTGEGGEG TECGAT-GOTTC (ﬂ T--TG }1111&.5\. TTTCGETRCGTTCTTC TATCCCTTG- CC -GTCGTTTIT 413
A Z TCGGECC FECTTEEEEC0A C-TECGATTEGTTCAGCGSE T--TC CTTRTCECATTTCGCTACCTTCTTE TATCCGETTG-CC -GTCETTTT 432
A 3 palelelalsl GECTTGEEECG TTAETTCRAGCGEGATTC - - TGCART - - T l...u.. CATTTATCGCATTTCECTACTTTCTTE TATCCGTTGE- CC -GTOGTTTT 433
A4 TCGGECC GECTTEEEGC0E TGCGATTAGT TCRGCH ACCATHTATCGCATTTCGCTACTTTCTTL, TATCCGTTG- OO0 -GTCETTTT 433
Ec 1 TCEECC GECTTEGERCE T-GETTCACEC! TTC---T TTTTCCCATTTCGCTRCGTTCTTCAT TRATCCCTTE-CC -@TCETTTT 413
Ee 2 TCGECC FECTTEGREC0A TTGATTL COTATCGCATTTCGCTACTTTCTTCATC TATCCGTTG- OO0 -GTCATTTT 432
Ko 3 TCGGECC FECTTEEEGC0E TGETTTC GTATCGCATTTCGATACGTTCTTCATCGATGCGAGAGCCTAGATATCGRTCRT CC GT-CETTTT 432
EG 4 TCGGECC FECTTEEREC0A TTGATTL TCGCATTTCECTACTTTCTTCATCCATGCGRGAGCCTATATATCCGTTS- OC -GTCETTTT 433
J 1 TC3GECC GFECTTGEEECG TTGGTTC STATCGCATTTCGATACGTTCTTCATC GATGCGAGAGCCTAGAT HTCCGTTTT GTATTTT 430
J 2 TCGGECC GECTTEEEGC0E TGETTTC GTATCGCATTTCGATACGTTCTTCATC GATGCGAGAGCCTAGAT lbh..l.b'-:.l'u'u_- GT-CETTTT 432
J 4 TCEGECC GECTTGRGEECG CT-CGAT-G3GTTC CTATCGCATTTCGATACGTTCTTCATC CATGCGAGAGCCTAGATATCGATCGTCCGA GAGTCTSTTTT 434
J & palelels ] GECTTEEEGC0E CT-CGATAGTTCC GTATCGCATTTCGATACGTTCTTCATC GATECGAGAGCCTAGATATCGATCGTEC- - GTOCGTTT 431
J 8 TCGGECC FECTTEEEGC0G T-GETTH GTATCGCATTTCGATACGTTCTTCATC GATGCGAGAGCCTAGATATCGATCGTCCGAE TTGTTTT 433
J 11 TC3GECC GECTTGEEECG AT-GGTTC TCGCATTTCGATACGTTCTTCATCGATSCGAGAGCCTAGRATATCGATCGTTE GT3-GTTTT 433
J 12 TCGGECC GECTTEEEGC0E AT-GATTC TCGCATTTC CETTCTTCATCGATECGAGAGCCTAGATATCGATCGTTE GTGE-GTTTT 433
J_15 TCGGECC FECTTEEEEC0A TGGTTTC TCGCATTTC CETTCTTCATCGATECGAGAGCCTAGATATCCOGTTG- OO -GTCETTTT 431
B 4 TCaGCa GFECTTGEEECG C-THCGATGATT-C TCGCATTTCGCTACGTTCTTCATC GATGCGAGAGCCTAGRATATCCATCG- TEC -H3TGTTTT 431
B & paleleale] GECTTEEEGC0E ATGATT-C TTTCGCTACGTTCTTCATCGATECGAGAGCCTAGATATCCGTTG- CC -GTCETTTT 433
B % TCGGECC FECTTEEREC0E ATGGATT- TTTCECTACGTTCTTCATCGATECGAGAGCCTAGATATCCGTTC- GO -GTCETTTT 430
H 1 TC3ECC GECTTGEGGCG TEETTT TTTCGCTRACGTTCTTCATCGATGCGAGRAGCCTAGATATCCGTTG- CC -GTCGTTTT 431
H 3 g alelelals GECTTEEEGC0E TTGATTT TTTCECTACGTTCTT CATCGATGCGAGAGCCTRAGATATCCGTTR- CC -GTCETTTT 432
HES TC3GECC GECTTGREGCG lelalele TTTCECTACGTTCTTCATCGATGCGAGAGCCTAGATATCCGTTG- £C -GTCGTTTT 431
GH 1 TC3ECC0 033G TTTCGATACGTTCTTCATCGATGCGAGAGCCTAGAT rCcATC-3TCeC GHGTATTTT 431
GH_2 TCGGCC Lelalelel TTTCECTACGTTCTTCATCGATGCGAGAGCCTAGATATCCGTTR- EC -GTCETTTT 431
GH_3 pi{elelols) TTTCGCTACGTTCTTCATCGATGCGAGRGCCTAGATATCCGTTG- CC -GTCGTTTT 431
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M1 a -CCECACGCEORCCE -TCTCCECGCCGACGA - TCANCAGGCTCTCCCE- TTACCTATGGCTTECTTEECS TCCFCGCCENG - TTECTTETTECECCTCAGGAGCACGCECCEACECCCa! 557
M5 a -CCaCRACS! E- CCE-TCTCCCEGGES Ca—" GRACRGECTCTCCCE- TTACGTATGGCTTCCTTEECG! TCCECCCCCRAG-TTCSTTCTTECECCTCECCRAGCACGECCCCACGCCOGC! 558
M2 a CECRCECACACC -TETCCGGEGEGACEE -TCGACAGGCTCTCCCE- TTACGTATGGCTTCCTTGEEE TCCGCGCCGRAG-TTCSTTGTTECCCCTCRCCRAGCACGGGCCOACGCCOGC! 5748
M 17 a CGCACGCACACCG - TCTCCGGGECGACGE - TCGRCAGGCTCTCCCG- TTACGTATGGCTTCCTTGECGCARTCCGCGCCGA G- TTCGTTGTTGCGCCTCGGGRGCACGGGCE GACGCCCAL! 577
M 1% G CECRACGCACACCG -TCTCCGGEGCGACGE - TCGACAGGCTCTCCCE- TTACGTATGGCTTCCTTGGEE TCCECGCCGRAG-TTCSTTGTTEGCCCCTCEACGRGCACGEGCCCACGCCCOGC! 579
M 20 a CECACGCACACCG - TCTCCGGGECGACGE - TCGRCAGGCTCTCCCG- TTACGTATGECTTCC TTEECGCARTCCGCGCCAA G- TTCGTTGTTECGCCTCGGGAGCACGEACE GACGCCCAL! 577
M 22 G CECRCECAC CocHTOTCC AR C3ACEE - TOGACASECTOTCCCR- TTACATATEGCTTOCTTES0 S TCCGCGCCGRAG-TTCSTTETTECECCTCRCCRAGCACGGGCCCACGCCOGC! 580
A1l @ CECACGCACACCE-TCTCCCCCECGACGE - TCGRCAGGCTCTCCCE- TTACGTATGECTTCCTTGGCE TCCECGCCG G—;u.u;;u;;u\.bﬂ.&.“j' GAGCAGGGGCCGACGCOCOGC! 557
A 2 a CECRCECACACC -TCTCCEGGEEGACEE -TCAACAGGCTCTCCCE- TTACGTATGGCTTCCTTEEEG TCCECCCCCRAG-TTCOTTGTTECCCCTCACGGAGCACGGCCCOACGCCOGT! 577
A3 G CECACGCACACCG -TCTCCGGGEC CeeiTOGACAGECTCTOOCE- TTACATATEECTTOCOTTARCS TCCECGCCGRAG-TTCSTTGTTECGCCTCRRGAGCACGEGCCGACGCCOGC! 579
A4 a -COGCACGCRACACCE -TOTCCGAGGCGACGE - TCGRCAGGCTCTCCCE- TTACGTATGEC TTCC TTEGCECARTCCGCACCGAG - TTOGTTETTECGCCTCGEGAGCACGEECCGACGOCC GO 578
EG 1 G -C-GERCECCCACCERTCTCCGEEECGACEE - TCGACAGGCTCTCCCG- TTACGTATGEGCTTCCTTEECG pulalelalelalale’ TeRy b aleh e s betalelalap vl Tele) Hels Yeleleletalule) Talelalalate uly 557
Ee 2 a -CCECRCECACACCH -TCTCCGEEECGACGE - TCGACAGGCTCTCCCG- TTACGTATGACTTCCTTAECG TCCECCCCCRAG-TTCOTTGTTECECCTCRCCAGCACGEGCCOACGCCOGT! 577
Ec 3 a -GEGCECCaCE - RCCECACGCACACCAT -CTCCAEEGCGACEE - TCGRACAGECTCTCCCE- TTRACGTATGGCTTCCTTGECS TCCECGCCGRAG-TTTETTETTECECCTCECCRAGCACGEGCCOACGCCOGC! 576
EG 4 a GEECGCCECT CeCACCCACACCG -TCTCCOGGGCGACGE -TCAACAGGCTCTCCCE- TTACCTATGGCTTCCTTGECG TCCECCCCCRAG-TTCSTTGTTECCCCTCECCRAGCACGGCCCCACGCOOGT! 578
J 1 aa- —GGGCICCGCCG-E- CECACECACACCAT-CTCCGGEG0GACGH - TCGRCAGECTCTCCOCG- TTACGTATEGCTTCCTTEECGCARTCCGCGCCGA G- TTOGTTETTECACCCANGGAGCACGGECCBACECCOE0. 573
J 2 fele ) -GGECECCA00G- ACCACACECACACC AT -CTOCGGEGCGACEE - TCAACAGECTCTCCCE- TTACGTATAGCTTOC TTEECACARTCCGCGCCGA G- TTTETTATTECACCTCREGAGCAC G GACCGACACCOGT! 576
J 4 G3E- -GEGCECCOCCE - ACCECACGCACACCAT -CTCCAEEGCGACEE - TCGRACAGECTCTCCCE- TTRACGTATGGCTTCCTTEGECS TCCECGCCGRAG-TTCSTTGTTECCCCTCECGAGCACGGGCCARCGCCCOGCE 577
J & a -HeGCHCCaoC CCGCRACGCACACCAT-CTCCOREECEACGH - TCGACAGECTCTCCCR- TTACG TATGGCTTOCTTAECE TCCFCGCCEAG-TTCATTETTECCCC TANGGAGCACGEECCARCGCCCEOG 576
J_ 8 3 —GGGCGCCGCC;- CeCACCCACACCGCETCTCCAGGGCGACET - TCAACAGGCTCTCCCE- TTACGTATGGCTTCCTTEEEG TCCECGCCGRAG-TTCOTTGTTGCECCTCRCCAGCACGGGCCOACGCOCGTN 577
J 11 a -GEGCECCoCCeTRCCGCACGCACACCATTCTCCGEEGCGACGE - TCGACAGECTCTCCCECTTACGTATGGCTTCCTTGGECS TCCECGCCGRAG-TTCSTTGTTECECCTCEACCRAGCACGEGCCCACGCCOGC! 580
J 12 a CECCGOC: CeCACCCRACACCCTTCTCCA GGG CEAC G - TCAACAGGCTCTCCCECTTACCTATGGCTTCCTTGECG TCCGCGCCGRAG-TTCATTETTECECCTCECCRAGCACGGGCL GCCCGC 580
J_15 a -GGECGCCECC CECACCCACACCE -TCTCCECGCCGACEE - TCARACAGGCTCTCCCE- TTACCTATGGCTTCCTTEECSE TCCECOCCEAE-TTCCTTETTECECCTCCRGAGCACEGECE GCCCECK 575
B 4 a COCACGCACACCE-TCTCCGGGECEACGR - TCGACAGGCTCTCCCG- TTACCTATEGC TTECTTEECECARTCCGCECCGH G- TTCATTCTTGCACC TCGGGAGCACERALL GCCCEC( 574
B_& a3 CECACCCACACCCETCTCCGEEGE -TCGRACAGECTCTCCCG- TTRACGTATGECTTCOTTGECSE alalelalelalaler Te) o aleh wiled g [elalelalap (alelele) elar Valelelelol: GCCCaC: 579
B % a CECRACGCACACCE-TCTCCAGEGCE Ca SACRACECTCTOCCG- TTACATATAGC TTCCTTEGCECAATCOGCACCCA R - TTCATTATTECACCTARGGACCACGGCCCRACCCOCI0a 574
H1 a CECACGCACACCOT -CTCCAGGGCGACEE -TCAACAGGCTCTCCCE- TTACGTATGGCTTCCTTGEEG TCCGCCCCGRAG-TTCSTTGTTECCCCTCRCCRAGCACG GG palelalalale lale 575
H_ 3 a3 CECACCCRCACCOT -CTCCECECEGACEE -TCGRCAGGCTCTCCCE- TTACCTATGECTTCCTTEECE TCCGCGCCCRAG-TTCSTTETTECECCTCRGGRAG CECCCE0E 576
H S a3 -GGECGCCACT CECACCORCACCOT -CTECACECCGACEE - TCARCAGGCTCTCCCE- TTACGTATGECTTCCTTEECE TCCGCGCCERAG-TTCRTTETTECECCTCRGGAG CECCCE0E 575
GH 1 G e lelela Tafafelalale CECACGCACACCCTTCTCCAGGECGACGE - TCGACAGGCTCTCCCGATTACGTATGGCTTCCTTGEES TOCGOCCCCAC-TTOGTTETTECRACCTAGGGAG CECCCGCa 5748
GH_2 a —GGGCGCCGCC*- CECACCCACACCOT -CTCCARECCGACEA - TCGACAGECTCTOCCE- TTACGTATGECTTCC TTAEC S TCCGCGCCCRAG-TTCATTETTECECCTCRCGAG pslelaialale lale 575
GH_3 a -GEG0ECCaCCEARCCGCRCGCACACCATTCTCCGEGG0GACGE - TCARCAGECTCTCCCG- TTRACG TATGECTTCCT TEGCGCAATCCGCECCGA G- TTOGTTGTTECRCCTCGEGAGCACGGCCA GE0GCC0a0a 577
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M1 GHCCEEACFCCTOCCRCCCCC GOCH - CACCERCO ARG TCTCECTACCOOTCCOG - CCeEaTTCECEEETCATTETECTTGCCECERGGTTTE ETCCTTCCG TCHCCACCTECS T05
M5 GRACGEEACGCCTCCOGACCCCCGCGA-C CG?*""""’" TETCGCTACCCCTCCC G -TCEEGTETTTTCTE CCEEETTCCCEGETCCTTCTECTTCCGEGCAGETTT T TCCTTCCG;GGC‘ CC%ICG; 706
M2 GACGEEACGCCTCCCACCCCCGAGH - CACGGRAC - GRG TCTCECTACCOCTCCCG -TCEGRTETTTTETC CCGEaTTCECEaETCATTCTECTTGCGECCAGGTTTE T-ATCCTTCCGCCOTTCCR - - - -~ -~ - - T16
M 17 GRCGIGACGCCTCCGACCCCCECGA - CACGARAC - 3GGT ICTCECTRACCCCTCCOCE - TCGEETETTTTCTE C-GEETTCECEEETCATTCTECTTGCCRCCAGGTTTE T- TCCTCCGGCGGTCC -------- 715
M 1% GRCEEGRACCCCTCCCACCCCCOEGRAGCACGGERAC - 3GGL TCTCGCTACCCCTCCCE - CCGEeTTCGCGEETCETTCTCCTTCCCEGGCAGGTTTE T-ATCCTTCCGCHGTTCCA - - - ------ 718
M 20 GRACEGGRACGCCTCCGACCCCCAGERA - CACGERC - 334 TCTCGCTACCCOTOCOG - C-33GTTOGCAGETOATTCTGCTTGCGGGCAGATTTE T-ATCCTTCCGCTOTHCCA - -------- 714
M 22 GRACGEEACGCCTCCCACCCCCOTEAGCACEGRATC - 33 TETCGCTACCCCTCCC G -TCEEGTETTTTCTE CCeEETTCCCaGETCATTCTCCTTCCCCGCAGETTTC T-ATCCT u.L.L:l.:il..-rJ. TCCA--------- 719
A1l GRACGECRACECCTOCCACCCCCACGA - CACAGROD 33 TeTCGC TACCCC TCCC e TG TETTTTETCTRAACC GGG TTCGLaGETCGTTCTGETTCCGOGCAGEETTCCS TGATCCTTCCGCRGCGTC (sl Talater V1 T06
A 2 GRACGEEACGCCTCCGACCCCCOEGA - CACGGRCCGEG TETCGCTACCCCTCCC G -TCEEGTETTTTCTE CCEEETTCCCEEETCATTCTCCTTGCGOGCAGETTTC T-ATCCTTCCGCRGTTCCRA - - - -~ -~~~ 716
A 3 GACGEEACGCCTCCOACCCCCOCGAGSCACEGAC - GEEC TG TACCCCTCCCG - TCGEE TG TTTTETCTRAACC GG TTCGCEGETCETTCTGCTTCCGCECAGGTTTE T-ATCCTTCCGCEOTTCCA - -~ -~~~ -~ 718
A4 GRACGEEACGCCTCCORACCCCCOCGAGSCACEGAC - GEGC TG TACCCCTCCC G- TOG TG TTTTETCTRAACC GGG TTCGCEGETCETTCTGCTTCCGCECAGGTTTE T-ATCCTTCCGCEOTTCCA - - - -~ -~ -~ 717
EG 1 GRCGGGRACGCCTCCGACCCCCGOGA - CACGGRCCEEGC TCTCGCTACCCCTCCCE -TCGGETETTTTCTC GCGEeTTCGCGEETCETTCTCCTTCCCEGCAGGTTT TEATCCTTCCGCHGTTCCACCTRAC SRR 705
K 2 GRACGEEACGCCTCCCACCCCCOTEAGCACEGRATC - B33 TCTCGCTACCCCTCCC G -TCEEGTERTTTTCTE CCEEETTCCCEEETCATTCTCCTTGCCCGCAGGTTTC T-ATCCTTCCGCGOTTCCA - - - - -~ - = 716
EG 3 GRCEGGEACGCCTCCGACCCCCGOGA - CACGERAC - GGGEL TCTCGC TACCCCTCCC G- TOGGETGTTTTCTCTAACCGEETTOGCGEETOETTCTCCTTECCGGACAGATTTC TEGATCCTTCCGCHGTTCCACCTRCGERN @ 723
EG 4 GRACGEEACGCCTCCGACCCCCOEGAGCACEGRATC - 33 TCTCGCTACCCCTCCC G -TCEEGTETTTTCETE C-GECTTCCCEEETCATTCTGCTTCCGOGCAGETTTC T-ATCCTTOCGCNGTRCCA - - - - -~ - - - 714
J 1 GRACGEEACGCCTCCGACCCCCOUGA - CACGGRAC - G303 TETCGCTACCCCTCCC G -TCEEGTETTTTCTE CCeEETTCCCaEETCATTCTCCTTGCOCGCAGETTTC TEATCCTTCCGCRGTTCC 720
J 2 GRACGEEACGCCTCCORACCCCCOCGA - CACEGAC - GEEC TG TACCCCTCCC G- TOG TG TTTTETCTRAACC GG TTCGCEGETCETTCTGCTTCCGCECAGGTTTE TEGATCCTTCCGCRGTTCCA 723
T 4 GRCGEGRACGCCTCCGACCCCC 'ir -CRACGERC - GGGC TCTCGECTACCCCTCCCE -TCGGETETTTTCTC CCGEeTTCGCGEETCETTCTCCTTCCCECCAGGTTTE TGRTCCTTCCGCRGTTCC T7a4
J & CG(-EL'.:L.LLl CGACCCCCGAGA - CACGEAC - GAGE TCTCECTACCOCTOCCOG-TCEGRTETTTTCTC GETTTCEAC TCCTTCCGCAGTTCC 722
J 8 !CGG CECCTCCCACCCCCOCGA - CRACAGRAC - GG3L TCTCGCTACCCCTCCCG - CCEEETTCCCaGETCCTTCTCCTTCCGEECAGETTTTE TCCTTCCGCRAGTTCL T34
J 11 GACCAGACGCCTCCCACCCCCOCGA - CACGGAC - GaG TCTCGCTACCCCTCOCOE- COEEETTCCCEGETOGTTCTRCTTGCEGGCAGETTTHG -TCTTTCCGCAGTRC 726
J 12 GRCGEGGRACGCCTCCCACCCCCGUGH - CRCGGAC - GGG TCTCGET i.\.:..s..u.s..&.h-l CCeEETTCCCEGETCCTTCTECTTCCGECCAGSTTTAG TETTTCCGCAGTTE 725
J 15 ERC CTCCCACCCCCGCGA-CACGGAC - 33EG( TATCGC TACCOOTOODE - CCEEETTCGOEGETCGTTCTECTTGCGEGCAGETTTES TEATCCTTCCECRAGTTC 722
B 4 GRCEGERACGECTCCCACCLCL G -CACG alelelel ICTCGCTACCCOTCCCG -TCGEETGTTTTETC CeEETTCECaEETCETTCTGCTTCCOGECAGGTTTCS TEATCCTTCCGC GTTC 722
B & GRCGEGACGECTCCGRCCCLE GE -CACGGR -CGGGL TCTCGCTACCCCTCCCE -TCGGETETTTTCTC -CGEeTTCGCGEETCETTCTCCTTCCCCCCAGGTTTOS TERTCCTTCCGCRG----------~-=--=- 712
B 9 GRCGEGACGCCTCCCACCCCCGCGA-C CGa-f‘f‘f"f" TCTCGCTACCCCTCCC G -TCEEGTERTTTTCTE -CEEETTCCCaGETCCTTCTCCTTCCGECCAGETTTOS TEATCCTTCCGC GTTC 720
H 1 GRCGEGRCGCCTCCCRACCCCCGOGA - - CRCK r.=. GRG0 TETCGCTACCCCTCCC G -TCEEGTETTTTCTE -CEEETTCCCaGETCCTTCTECTTCCGECCAGETTTOS TEATCCTTCCGCAGTTC 721
H 3 GRCGGGACGCCTCCCACCCCCTCGR - - CACK aACaan TETCGECTACCCCTCCC G -TCEEGTETTTTCTE CeEETTCECaEETCETTCTGCTTCCOGECAGETTTOS TEATCCTTCCGCAGTTC 733
HES GRCEEGEACGCCTCCGACCCCCGTGR - - palele talelele alele e CTCECECTRACCCCTCCCG-HOGERTGTTTTCTC -CEEETTCCCaGETCCTTCTECTTCCGECCAGETTTOS TEATCCTTCCGCAGGTT 721
GH 1 GRCGEGACGCCTCCGACCCCCGOGR - GEAC - CEGCRCRCACCTCTCECTACCCCTCCOGCTCAGRTETTTTETC CeeaTToGCeeeTCATTCTECTTECCAECAGATTTAS TEGATCCTTCCGCRGTTC T26
GH_2 !\.hhh ICCCCTCCCACCCCCGCGRA -G Cgﬂ(‘GCGGG GCTCTCECTACCCCTCCCE -TCGGETETTTTCTC -CEeETTCCCGEETCOTTECTCCTTCCGGGCAGETTTCG TGRTCCTTCCGC 722
GH_3 CeeeECCTCTCCCCCCCCCGCGA - -CCC CeeeCeCCCRGCTCTCCCTACCCCTCCCG -TCGERTETTTTCTE e TTCGCGEETCETTCTCCTTCCCCCCAGGTTTOS TGRTCCTTCCGC 724
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M1 ICCTTGT
M5 COTTAT
M9  eeeeaa
M 17T  eee----
M 19 = aeea---
M 20 = ee-----
M 22 3 =eem-aa-
A1l HeoTTRT
A2 = memmmaa-
A3 = emaaaa-
A4 eeeaa-
EG 1 HooTTaT
EG 2 = —e-e---
Ka 3 Ba-----
KG 4 -eea---
JT aeee---
J 2 Bo-----
J4 = eaeaaaa
J6  aeeea--
J 8 Bo-----
J 11 eeee---
J 12 —eeea--
J15  BE------
s R
B6E = memmeea-
B 9 g-----
H 1 L
H 1 C-----
HES B-=-===
@GH1 = B------
GH 2 g-----
GH 3 g-----
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