How to Deal With 3 Partial Genome/EST Assemblies
By: William Green

This tutorial attempts to uncover troubleshooting problems when working with multiple genome databases. While the incorporation of multiple genome annotation databases has been shown to improve the overall interpretation of microarray gene expression data (Yin 2010), this tutorial will examine deficiencies in BLASTn results between three partial assemblies: 454, Illumina and EST. 

In order to examine key differences, this tutorial will specifically address steps involved in the annotation of the Cytochrome P450 gene (CYP73A9) from Pisum Sativum (pea) against the blueberry genome. It will address problems encountered when blasting between the different databases for: CYP73A9-v1 allele cds vs. CYP73A9 mRNA cds. 

Note: For background information on the different types of sequencing methods please refer here. This tutorial assumes the user is familiar with BLASTn and has BLAST version 2.2.24+ installed locally. Procedure for creation of databases and using BLAST locally was followed as described in class. For more information on P450s and specifically CYP73A9 please refer to the online wiki (link).  

Procedure:
	
Step 1: To begin, a nucleotide search was preformed in NCBI for the sequence encoding CYP73A9 (*the first identified P450 gene in plants). Four sequences were identified in pea (Pisum Sativum), two of which encoded for variants of the same exon (CYP73A9-v2 & CYP73A9-v3). 
 [image: ]
CYP73A9-v1 allele & CYP73A9 mRNA were converted to FASTA files in text edit and were used to BLAST against the three blueberry genome databases.
	
Step 2: CYP73A9-v1 sequence (or v1 as shorthand) was blasted locally against the 454 database. One hit was found.

[image: ]
 
The blueberry compliment was then determined by re-submitting the BLAST, but this time without the output format (/usr/local/ncbi/blast/bin/blastn -query CYP73A9-PisumSativum -db bb_latest_assembly.fasta).

[image: ]
This returned an 80% identity match with blueberry 454 scaffold05175, yielding an e value of 4e-115. The same sequence (v1) was then blasted against the Illumina database. This too found 1 hit that matched 79% with blueberry Contig3317. 
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Step 3: These two hits were then blasted against each other (via NCBI online) as a comparison to see if the different databases returned similar results. The blast returned an e value of 0.0 indicating a perfect match between the two sequences.

Note: this comparison could also be achieved by blasting the determined blueberry FASTA sequence against the other database (ex. BB sequence from 454 against Illumina database). This also returned an e value of 0.0, again indicating a perfect match. 
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Step 4: The v1 sequence was then blasted against the EST database. No hits were found. Since the v1 sequence encodes the entire gene, it contains both introns and exons. Whereas the EST database was created solely from isolated mRNA therefore it contains only exons.  

The two identified blueberry consensus hits (step 2) were then blasted against the EST database, again resulting in no hits found. One explanation for the lack of hits could be that the mRNA encoded by the CYP73A9 gene was not expressed at the time of collection for the EST database. 

However, since our original file contained the whole gene and not just exons, some undetermined error, whether it was from the assembly or blast, could account for the lack of hits seen with the EST database. Therefore, the CYP73A9 mRNA (or mRNA for shorthand) sequence was used to both verify the aforementioned results and to examine the lack of return seen in the EST database.

Step 5: To verify, the mRNA sequence was blasted against the 454 database. Again one hit was found at relatively the same position (3bp shift) on 454 scaffold05175 with an e value of 6e-115. 

[image: ]

Like before the blueberry compliment was determined, yielding a 79% identity match. 
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The mRNA sequence was then blasted against the Illumina database, again for verification of the v1 results. Shockingly no hits were found!!
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This was not expected. How could one assembly return a hit but not the other? Even more shocking was when the blueberry compliment of mRNA was blasted against the Illumina database, a 100% match was found against the Illumina Contig 3317--as indicated the e value (0.0). 
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How could this happen? How could one database return a highly conserved hit while the other found nothing at all? Given that both database sequences are of the same species, how could an orthologous gene sequence (v1) differ from the mRNA? Is assembly method at fault? 

To examine this discrepancy, the following steps were preformed.

(Note: no hits were determined from the EST database by the mRNA sequence—suggesting that no mRNA from CYP73A9 was produced during sample collection).

Step 6:  The v1 sequence was blasted against the mRNA in order to determine the position of exons and introns. This was done online via BLASTn comparing two sequences. (BLAST link)
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The v1 gene sequence was used as the query and the mRNA for the subject. The above image illustrates this comparison: the 3-exon regions encoded in the mRNA (red rectangles indicated by arrows) with the gaps between them representing the introns. 

Interestingly, exon 3 appears to match base pair positions for all three called blueberry consensus sequences: v1-454-scaffold05175, v1-Illumina-Contig3317 & mRNA-454-scaffold05175

Shown below is Exon 3 from v1 (query) vs. mRNA (subject) BLAST. (*refer to BLAST results above for nucleotide positions of identified scaffolds & contigs)
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Step 7: Next, the consensus blueberry sequences from the two CYP73A9  (v1 vs. mRNA) sources were compared to see if these were identifying the same region &/or base pairs. Of the 598bp identified with 454-mRNA blasts, 557bp matched 100% with the 454 & Illumina blueberry consensus sequences. 
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Again, the consensus sequences match perfectly. This indicates that each hit was in fact the same region of DNA located on either the 454-scaffold05175 or Illumina-Contig3317, specifically in exon 3 of the gene. 

For simplification purposes let us consider the diagram presented below which illustrates the steps preformed up until this point.

(% ID indicates amount conserved nucleotides between query sequence and blueberry sequence; Key feature: no hit was found with initial BLAST of mRNA against Illumina database but 100% match with either BB consensus sequence)
[image: ]

Each time either the original or BB consensus sequences were BLAST against the databases the same regions were identified in both 454 and Illumina. How then could no hits be found for the mRNA sequence against the Illumina database if both location and % ID were identical in all other BLAST results? (Original & BB consensus)

Step 8: To examine the character of the mRNA sequence, the corresponding 598bp from CYP73A9-mRNA that complimented with blueberry (for 454) was isolated from the original 1733bp mRNA sequence. This was then blasted against the Illumina database. 

Again, there were no hits found. However when comparing the 598bp sequence from the original 1733bp CYP73A9-mRNA with the 598bp blueberry consensus sequence, we find there is 79% convergence with a very good e value of 4e-121.
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Step 9:  Finally, in a last ditch effort to discover why this BLAST discrepancy occurred; the 454-scaffold05175 was compared against the Illumina-Contig3317 in an effort to discover differences between the assembly sequences. To preform this comparison exon 3 was located and extracted from both assembly segments separately. They were then blasted against each other using a nucleotide BLAST for 2 or more sequences. 



[bookmark: _GoBack]For results of BLAST refer to my wikipage File:454 vs. Illumina (all).docx. (file is too large to display accurately in this document, 2778bp).

Conclusion: While no conclusive explanation can be made at this point as to why the BLAST result for CYP73A9-mRNA against the Illumina database did not recognize the identified orthologous sequence in blueberry, several possible explanations can be hypothesized.

	1) The difference in sequencing methods for 454 vs. Illumina (as described here) could have resulted in higher reads for the Illumina database. This higher coverage could raise the threshold value for error rate when using BLAST, resulting in lower identification rates for the Illumina genome database. Additionally, since the Illumina is composed of significantly shorter reads than the 454, less overlap could occur in the CYP73A9 gene region of the unfinished blueberry annotation. 

	2) Referring to the BLAST results from the last step described in the procedure, there are 4 gaps in the 454 sequence that are not present in the Illumina. While these four nucleotide differences, at positions -790, -2727, -2738 & -2739 on the leading strand, causing the mRNA sequence to be undetectable is unlikely, the nucleotide difference at position 790 falls closely after the position identified to be exon 3 in the blueberry genome (~160-750bp on Illumina-Contig3317). This close proximity to exon 3 could lead to an offset shift in the nucleotide sequence alignment for the Illumina file that could account for the variance seen in the BLAST with CYP73A9-mRNA results. This shift would not occur when using BLAST with the CYP73A9-v1 allele sequence because the intron region would fall at this nucleotide position. 

	3) Also since both sequences of pea (Pisum Sativum) are only partial coding sequences, some un-identified error could have caused the discrepancy in annotations described above. A more finished genome sequence could also increase the accuracy and validity of the blueberry genome. 

Even though some problems can/may arise when comparing and using multiple genome assemblies, this integration allows for increased coverage of the genome. Additionally, by using similar methods described in this tutorial, researchers can parse shared characteristics between the assemblies and by doing so can in a sense troubleshoot complications as they arise.  

Reference:

Yin, Jun, Sarah Mcloughlin, Ian B. Jeffery, Antonino Glaviano, Breandan Kennedy, and	Desmond G. Higgins. "Integrating Multiple Genome Annotation Databases	Improves the Interpretation of Microarray Gene Expresssion Data." BMC	Genomics 11.50 (2010). BioMed Central | The Open Access Publisher. BioMed	Central Ltd. Web. 21 Feb. 2011. <http://www.biomedcentral.com/1471	2164/11/50/abstract/>.

image3.png
Length=4098
Score
Sequences producing significant alignments: (Bits) Value

scaffolddsi7s lengt

420 4e-115

> scaffoldds17s length=18954
Length=18954

Score = 420 bits (227), Expect
Tdentities = 468/571 (80%), Gaps
Strand=plus/Plus

4e-115
22/571 (3%)

Query 3515 ACAGCAATTGAGACAACATTATGGTCAATTGAATGGGGAATTGCTGAGCTAGTGAACCAT 3574
LD DD DU L T
Sbjct 6217 ACAGCAATTGAGACAACATTATGGTCAATAGAATGGGGAGTTGCAGAGCTAGTCAACCAC 6276

Query 3575 CAA-GAGATTCAAAACAAG-TTAAGGGAAG-AGATGGACAAAGTTCTTGGAC-CAGGACA 3638
TR TR RN IR T
Sbjct 6277 CCTCGC-ATCCAGAACAAGCTTC-GG-AAGGAGCTTGACATCGTGCTGGG-CTCTGGAGT ~ 6332

Query 3631 CCAAGTAACCGAACCAGATC-TCGAGAAGCTACCTTACCTACAAGCCGT-GATCAAAGAG 3688
LT LU LD T L L LD
Sbjct 6333 CCAAGTCACCGAGCCAGA-CATCGAAAAGCTCCCTTACCTCCAAGCTGTAG-TCAAAGAG 6398

Query 3689 ACCCTCCGTCTTCGAATGGCGATTCCACTTCTCG-TACCACACATGAACCTTCATGATGC 3747
IR TR
Sbjct 6391 ACTCTCCGCCTCCGAATGGCGATTCC-CTTATTGGTGCCCCACATGAACCTCCACGATGC 6449

Query 3748 CAAGCTCGGTGGTTTTGACATCCCGGCTGAAAGCAAGATACT-GGTCAATGCGTGGTGGC 3886
UL LD LD L T L LT L
Sbjct 6450 AAAGCTAGGTGGGTACGACATCCCAGCGGAAAGCAAAAT-CTTGGTGAACGCGTGGTGGC 6508

Query 3807 TTGCAAACAACCCGGCTCTA-TGGAAAAAGCCGGAGGAGTTTAGGCCCGAGAGGTTCTTG 3865
LIU T DT L L L
Sbjct 6509 TCGCCAACAACCCCGA-CAACTGGAAGAACCCGGAGGAATTTAGGCCGGAGAGGTTTTTC = 6567

Query 3866 GAGGAAGAGGCTCATGTTGAGGCGAACGGGAATGATTTTAGGTACCTTCCGTTCGGTGTT 3925
11T T L T L T
Sbjct 6568 GAAGAGGAGTCTAATGTGGAGGCCAACGGGAATGACTTTAGGTACCTTCCTTTTGETGTC 6627

Query 3926 GGTAGAAGGAGTTGCCCTGGGATTATTCTCGCTTTACCGATCCTTGGTATTACTATCGGT 3985
UL UL LT L LT
Sbjct 6628 GGTAGGAGGAGTTGCCCTGGGATTATTCTCGCTTTGCCTATTCTAGGCATTACTTTGGGT 6687

Query 3986 CGTCTGGTCCAGAATTTCGAGCTATTGCCTCCACCGGGACAATCTAAGATCGACACTTCT 4845
RN R IN
Sbjct 6688 CGTTTGGTCCAGAATTTTGAACTCTTGCCTCCTCCAGGACAGTCGAAGATTGATACTGCA 6747

Query 4046 GAGAAAGGA-GGACAATTTAGTCT-GCACAT 4074
TRTEIRTIRIIEI
Sbjct 6748 GAGAA-GGCTGGGCAATTCAG-CTTGCACAT 6776




image4.png
Score
Sequences producing significant alignment (Bits|
ConsensusfronCont ig3317 Average coverage: 78.03 387

> ConsensusfronContig3317 Average coverag

Lengt

Score

1090

778

387 bits (209), Expect
Tdentities = 454/571 (79%), Gaps

78.03

2e-105
22/571 (3%)

Strand=plus/Plus

Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query

Sbjct

3515

158

3575

218

3631

274

3689

332

3748

391

3807

as0

3866

509

3926

569

3986

629

4045

689

ACAGCAATTGAGACAACATTATGGTCAATTGAATGGGGAATTGCTGAGCTAGTGAACCAT

LD DD DU L T
ACAGCAATTGAGACAACATTATGGTCAATAGAATGGGGAGTTGCAGAGCTAGTCAACCAC

CAA-GAGATTCAAAACAAG-TTAAGGGAAG-AGATGGACARAGTTCTTGGAC-CAGGACA

TR TR IRT
CCTCGC-ATCCAGAACAAGCTTC-GG-AAGGAGCTCGACACCGTGCTGGG-CTCTGRAGT

CCAAGTAACCGAACCAGATC-TCGAGAAGCTACCTTACCTACAAGCCGT-GATCARAGAG

LT LU LD T L L LD
CCAAGTCACCGAGCCAGA-CATCGARRAGCTCCCTTACCTCCAAGCTGTAG-TCARAGAG

ACCCTCCGTCTTCGARTGGCGATTCCACTTCTCG-TACCACACATGAACCTTCATGATGE

IR TR
ACTCTCCGCCTCCGARTGGCGATTCC-CTTATTGGTGCCCCACATGAACCTCCACGATGE

CAAGCTCGGTGGTTTTGACATCCCGGCTGARAGCAAGATACT-GGTCARTGCGTGGTGGE

R N TR TN IR TR
ARAGCTAGGTGGGTACGACATGCCATCGGTAAGARRAAT-CTTGGTGAACGCGTGGTGGE

TTGCARACAACCCGGCTCTA-TGGARAAAGCCGGAGGAGTTTAGGCCCGAGAGGTTCTTG

LIU T DT L L L
TCGCCAACAACCCCGA-CAACTGGAAGAACCCGGAGGAATTTAGGCCGGAGAGGTTTTTC

GAGGAAGAGGCTCATGTTGAGGCGAACGGGAATGATTTTAGGTACCTTCCGTTCGGTGTT

T LD T L 1T
GAAGAGGAGTCTAACGTGGAGGCCAACGGGARTGACTTTAGGTACCTTCCTTTTGGTGTC

GGTAGAAGGAGTTGCCCTGGGATTATTCTCGCTTTACCGATCCTTGGTATTACTATCGGT

UL L LU LT LT
GGTAGGAGGAGTTGCCCTGGGATTATTCTTGCTTTGCCTATTCTAGGCATTACTTTGGGT

CGTCTGGTCCAGAATTTCGAGCTATTGCCTCCACCGGGACAATCTAAGATCGACACTTCT

RN TR TR TR
CGTTTGGTCCAGAATTTCGAACTCTTGCCTCCTCCAGGACAGTCARAGATTGATACAGCA

‘GAGARAGGA-GGACAATTTAGTCT-GCACAT 4074

TRTEIRTIRIIEI
GAGAA-GGCTGGGCAATTCAG-CTTGCACAT 717

€
Value

2e-105

3574

217

3630

273

3688

331

3747

39

3806

449

3865

508

3925

568

3985

628

4045

688




image5.png
Nucleotide Sequence (4090 letters)

1d[7907
None
nudleic acid
Query Length 560

Other reports: >Search Summary [Taxonomy reports|

¥ Graphic Summary

» Dot Matrix View E
¥ Descriptions

[Mouse over to soe the define, oick to show aignments

SubjectID 7909

Description None
Molecule type nucleic acid
Subject Length 560

Program BLASTN 2.2.25+ b Citation

Distribution of 1 Blast Hits on the Query Sequence &

Color key for alignment scores

<40 40-50 50-80 80-200 >=200
Qu ey
1 I | I I |
1 100 200 300 400 500

Legend for links to other resources: [T UniGene [3 G0 (& Gene B structure [T Map Viewer il PubChem BioAssay

Sequences producing significant al

nments:

Accession

Description

Max score Total score

Links.

7909

974 o7

100%





image6.png
wB9092:Desktop wigreens /usr/local/ncbi/blast/bin/blastn -query CYP73A9-mRNA-PisumS. -db bb_latest_assembly.
fasta —outfnt "7 qacc sacc evalue qstart qend sstart send”
# BLASTN 2.2.24+

# Query:
# Database: bb_latest_assembly. fasta

# Fields: query acc., subject acc., evalue, g. start, g. end, s. start, s. end
#1 hits found

Query_1 scaffoldsizs 6e-115 914 1511 6220 6817

# BLAST processed 1 queries




image7.png
Query=

Length=1733
Score
Sequences producing significant alignments: (Bits) Value
scaffolddsi7s length=18954 418 6e-115

> scaffoldesizs  lengt!
Length=18954

Score = 418 bits (226), Expect
Tdentities = 487/611 (79%), Gaps
Strand=plus/Plus.

6e-115
26/611 (45%)

Query 914  GCAATTGAGACAACATTATGGTCAATTGAATGGGGAATTGCTGAGCTAGTGAACCATCAA 973
LD DD DU L T
Shjct 6220 GCAATTGAGACAACATTATGGTCAATAGAATGGGGAGTTGCAGAGCTAGTCAACCA-CCC 6278

Query 074 GAG-ATTCAAAACAAG-TTAAGGGAA-GAGATGGACAAAGTTCTTGGAC-CAGGACACCA 1029
IR T T T T
Shjct 6270 TCGCATCCAGAACAAGCTT--CGGAAGGAGCTTGACATCGTGC-TGGGCTCTGGAGTCCA 6335,

Query 1030 AGTAACCGAACCAGATC-TCGAGAAGCTACCTTACCTACAAGCCGTGA-TCAAAGAGACC 1087
T R TR
Sbict 6336 AGTCACCGAGCCAGA-CATCGAAAAGCTCCCTTACCTCCAAGCTGT-AGTCAAAGAGACT 630

Query 1088 CTCCGTCTTCGAATGGCGATTCCACTT-CTCGTACCACACATGAACCTTCATGATGCCAA 1146
TR TR TR
Shjct 6394 CTCCGCCTCCGAATGGCGATTCC-CTTATTGGTGCCCCACATGAACCTCCACGATGCAAA 6452

Query 1147 GCTCGGTGGTTTTGACATCCCGGCTGAAAGCAAGATAC-TGGTCAATGCGTGGTGGCTTG 1205
LD LD L T LT T L
Sbjct 6453 GCTAGGTGGGTACGACATCCCAGCGGAAAGCAAAAT-CTTGGTGAACGCGTGGTGGCTCG 6511

Query 1206 CAAACAACCCGGCTCTA-TGGAAAAAGCCGGAGGAGTTTAGGCCCGAGAGGTTCTTGGAG 1264,
LI DT L L L1
Shjct 6512 CCAACAACCCCG-ACAACTGGAAGAACCCGGAGGAATTTAGGCCGGAGAGGTTTTTCGAA 6570

Query 1265 GAAGAGGCTCATGTTGAGGCGAACGGGAATGATTTTAGGTACCTTCCGTTCGGTGTTGGT 1324,
L L L L DL
Shjct 6571 GAGGAGTCTAATGTGGAGGCCAACGGGAATGACTTTAGGTACCTTCCTTTTGGTGTCGGT 6630

Query 1325  AGAAGGAGTTGCCCTGGGATTATTCTCGCTTTACCGATCCTTGGTATTACTATCGGTCGT 1384
TR T N T LN ST
Sbjct 6631 AGGAGGAGTTGCCCTGGGATTATTCTCGCTTTGCCTATTCTAGGCATTACTTTGGGTCGT 6690

Query 1385 CTGGTCCAGAATTTCGAGCTATTGCCTCCACCGGGACAATCTAAGATCGACACTTCTGAG 1444
UL L LT L L T L]
Sbjct 6691 TTGGTCCAGAATTTTGAACTCTTGCCTCCTCCAGGACAGTCGAAGATTGATACTGCAGAG 6750

Query 1445  AAAGGA-GGACAATTTAGTCT-GCACAT-ACTCAAACATTCCACCATTGTTGCT-AAGEC 1500
TN R TR NLIRTT
Sbjct 6751 AA-GGCTGGGCAATTCAG-CTTGCACATTA-TGAAGCACTCTACCATCGTT-CTCAAACC 6806

Query 1501 AAGAGCATTTT 1511
11111
Shict 6807 GAGATAATTTT 6817




image8.png
wo9092: Desktop wigreens /usr/local/ncbi/blast/bin/blastn —query CYP73A9-mRNA-PisunS. -db Illumina_Data -outfmt "7
qace sacc evalue gstart gend sstart send"

# BLASTN 2.2.24+

# Quer
# Database: Illumina_Data
#0 hits found

# BLAST processed 1 queries





image9.png
wB9092:Desktop wigreens /usr/local/ncbi/blast/bin/blastn -query BB-CYP73A9-mRNA-PisumS. -db Illumina_Data -outfmt
"7 gacc sacc evalue gstart gend sstart send"
# BLASTN 2.2.24+

: Illumina_Data
query acc., subject acc., evalue, q. start, . end, 5. start, 5. end
# 1 hits found

Query_1 ConsensusfronContig3317 0.0 1 s98 161 758

# BLAST processed 1 queries





image10.png
Blast 2 sequences

Nucleotide Sequence (4090 letters)

Query ID [cl[10083

Description None
Molecule type nucleic acid
Query Length 4090

Other reports: >Search Summary [Taxonomy reports|

¥ Graphic Summary

Subject 1D 10085
Description None

Molecule type nucleic acid

Subject Length 1733

Program BLASTN 2.2.25+ b Citation

Distribution of 3 Blast Hits on the Query Sequence &

[Mouse over to soe the define, oick to show aignments

Color key for alignment scores
<40 4050 50-80 80-200
Oy
I I T T I |
1 800 1600 2400 3200 4000
» Dot Matrix View |
v Descriptions
Legend for links to other resources: [T UniGene [3 G0 (& Gene B structure [T Map Viewer il PubChem BioAssay
Sequences producing significant alignments:
Accession Description Max score Total score Query coverage Evalue Links
10085 1443 2745 36% 00





image11.png
Score = 1039 bits (373), Expect = 0.0
Tdentities = 573/573 (160%), Gaps = 0/573 (0%)
Strand=plus/Plus

Query
sbict

3518
914

3578
074

3638
1034
3698
1094
3738
1154
3818
1214
3878
1274
3938
1334
3998
1394
1058
pren

GCANTTGAGACAACATTATGGTCANTTGARTGGGGARTTGCTGAGCTAGTGAACCATCAR.
LUV EUH L UL LT
GCARTTGAGACARCATTATGGTCARTTGARTGGGGARTTGCTGAGCTAGTGAACCATCAR.
GAGATTCANAACAAGTTANGGGAAGAGATGGACARAGTTCTTGGACCAGGACACCAAGTA
LU LU LT LU
GAGATTCARAACAAGTTARGGGAAGAGATGGACARAGTTCTTGGACCAGGACACCAAGTA
ACCGAACCAGATCTCGAGAAGCTACCTTACCTACAAGCCGTGATCARAGAGACCCTCCGT
LLLLLLLEU LU LD ELL UL
ACCGARCCAGATCTCGAGAAGCTACCTTACCTACAAGCCGTGATCARAGAGACCCTCCGT
CTTCGANTGGCGATTCCACTTCTCGTACCACACATGANCCTTCATGATGCCARGETCGGT
LU LUV LT
CTTCGARTGGCGATTCCACTICTCGTACCACACATGARCCTTCATGATGCCARGETCGGT
GOTTTTGACATCCCGGCTGANAGCANGATACTGGTCANTGCGTGGTGGCTTGCARACARC
LU LU LU LU LT
GOTTTTGACATCCCGGCTGARAGEARGATACTGGTCARTGCGTGGTGGCTTGCARRCARC
CCGGCTCTATGGANAAAGCCGGAGGAGTTTAGGCCCGAGAGGTTCTTGGAGGARGAGGCT
LV LU LU LU L
CCGGCTCTATGGARAAAGCCGGAGGAGTTTAGGCCCGAGAGGTTCTTGGAGGARGAGGCT
CATGTTGAGGCGANCGGGANTGATTTTAGGTACCTTCCGTTCGGTGTTGGTAGARGGAGT
UL UL ULV
CATGTTGAGGCGARCGGGARTGATTTTAGGTACCTICCGTTCGGTGTTGGTAGARGGAGT
TGCCCTGGGATTATTCTCGCTTTACCGATCCTTGGTATTACTATCGGTCGTCTGGTCCAG
LU LU LT UL
TGCCCTGGGATTATTCTCGCTTTACCGATCCTTGGTATTACTATCGGTCGTCTGRTCCAG
AATTTCGAGCTATTGCCTCCACCGGGACARTCTARGATCGACACTTCTGAGARAGGAGGA.
LU DL UL LU LU LU LT
ARTTTCGAGCTATTGCCTCCACCGGGACARTCTARGATCGACACTTICTGAGARAGGAGGA.

CANTTTAGTCTGCACATACTCAAACATTCCACT
LV UL LT
CARTTTAGTCTGCACATACTCARACATICCACE

3577
973

3637
1033
3697
1093
3757
153
3817
1213
3877
1213
3937
1333
3997
1393
1057
1453




image12.png
Nucleotide Sequence (598 letters)

Query ID [dl[45279
Description None
Molecule type nucleic acid
Query Length 598
Other reports: >Search Summary [Taxonomy reports|

¥ Graphic Summary

» Dot Matrix View E
¥ Descriptions

Subject 1D 45281
Description None
Molecule type nucleic acid
Subject Length 560
Program BLASTN 2.2.25+ b Citation

Distribution of 1 Blast Hits on the Query Sequence &

[Mouse over to soe the define, oick to show aignments

Color key for alignment scores

<40 40-50 50-80 80-200 >=200
Qu ey
1 I | I I |
1 100 200 300 400 500

Legend for links to other resources: [T UniGene [3 G0 (& Gene B structure [T Map Viewer il PubChem BioAssay

Sequences producing signi

Accession

Description Max score Total score Ouery coverage

Links.

as281

1029 1029 93%





image13.png
>lcl|45281
Tength=560

Score = 1029 bits (557), Expect = 0.0
Tdentities = 557/557 (160%), Gaps = 0/557 (0%)
Strand=plus/Plus

1
4
61
6
ey
124
181
184
201
204
301
304
361
364
an
a2
181
184
sa1
544

GCANTTGAGACAACATTATGGTCANTAGANTGGGGAGTTGCAGAGCTAGTCARCCACCET
LU LU L LU LT
GCARTTGAGACAACATTATGGTCARTAGARTGGGGAGTTGCAGAGCTAGTCARCCACCCT
COCATCCAGAACANGCTTCGGANGGAGCTTGACATCGTGCTGGGCTCTGGAGTCCARGTC
LLLLLLU LU LU T T
CGCATCCAGAACAAGCTTCGGARGGAGCTTGACATCGTGCTGGGCTCTGRAGTCCARGTC
ACCGAGCCAGACATCGANAAGCTCCCTTACCTCCARGCTGTAGTCARAGAGACTCTCCGE
LLLLLLLEU LD LT
ACCGAGCCAGACATCGARRAGCTCCCTTACCTCCARGETGTAGTCARRGAGACTCTCCGE
CTCCGANTGGCGATTCCCTTATTGGTGCCCCACATGANCCTCCACGATGCARAGETAGST
LU LU L LT
CTCCGARTGGCGATTCCCTTATTGGTGCCCCACATGARCCTCCACGATGCARRGETAGET
GGGTACGACATCCCAGCGGANAGCARANTCTTGGTGANCGCGTGGTGGCTCGCCARCARS
LU UL LU LU UL
GGGTACGACATCCCAGCGGARAGCARRRTCTTGGTGARCGCGTGGTGGCTCGCCARCARC
CCCGACANCTGGANGANCCCGGAGGANTTTAGGCCGGAGAGGTTTTTCGAAGAGGAGTCT
LU LU LU LT L
CCCGACARCTGGARGAACCCGGAGGARTTTAGGCCGGAGAGGTTTTTCGARGAGGAGTCT
AATGTGGAGGCCANCGGGANTGACTTTAGGTACCTTCCTTTTGGTGTCGGTAGGAGGAGT
LLLLLLUL LU LDV
ARTGTGGAGGCCARCGGGARTGACTTTAGGTACCTTCCTTTIGGTGTCGGTAGGAGGAGT
TGCCCTGGGATTATTCTCGCTTTGCCTATTCTAGGCATTACTTTGGGTCGTTTGGTCCAG
LU LU LT
TGCCCTGGGATTATTCTCGCTTTGCCTATICTAGGCATTACTTTGGGTCGTTIGATCCAG
AT TG ANCTCTTGCCTCCTCCAGGACAGTCGANGATTGATACTGCAGAGARGGCTAGS
LU UL L UL LT LT
ARTTTTGARCTCTTGCCTCCTCCAGGACAGTCGARGATTGATACTGCAGAGARGGCTGGE

canTTCAGeTTGCACAT
LTI
CARTTCAGCTTGCACAT

0
&

120
123
180
183
200
203
300
303
360
363
a20
a2
180
183
540
543




image14.png
Original 4090 bp CYP73A9-v1 1733 bgCYP’HA%mRNA
Sequence

454 Ilumina, EST }Immlm J
BB 559bp — 559bp 598 bp.
Consensus | (80%) ID ™ (79%)ID /6 (79%)ID /6 /6
Qllumina.
BB 557bp 598 bp.
Consensus (100%) | €| (100%)





image15.png
>1cl|25981
Tength=598

Score = 418 bits (226), Expect = de-121
Tdentities = 487/611 (80%), Gaps = 26/611 (4%)
Strand=plus/Plus

Query 1  GCANTIGAGACAACATTATGGTCANTTGANTGGGGANTTGCTGAGCTAGTGAACCATCAR 60

LU LU L TEUL LT T
Sbjot 1 GCARTIGAGACAACATTATGGTCARTAGAATGGGGAGTTGCAGAGCTAGICAACCA-CCC 59
Geery 1 EMATEAMMCHO PR A CNSETIE. CagCatn 116

U L LT T LT
- CGGAAGEAGCTTGACATCGTGC-TGGGCTCTGRAGTCCA

Sbjot 60  TCGCATCCAGAACAAGCTT-- 116

Query 117 AGTAACCGAACCAGATC-TCGAGAAGCTACCTTACCTACAAGCCGTGA- 174
LLLLL L LT T LT LT

\-TCARAGAGACC
LI

Sbjct 117 AGTCACCGAGCCAGA-CATCGAARAGCTCCCTTACCTCCAAGCTGT-AGTCARRGAGACT 174

Query 175 CTCCGTCTTCGANTGGCGATTCCACTT-CTCGTACCACACATGAACCTICATGATGCCAR 233
L LT UL T T L LT L L]
CTCCGCCTCCGARTGGCGATTCC-CTTATTGGTGCCCCACATGARCCTCCACGATGCARR

sbict 175 233

Guery 234 CeRCCERCGTITIGACARECCCOTEAMGEMGITIC AETCACCTERCCETTS 292

L
Sbict 234 GCTAGGTGGGTACGACATCCCAGCGGARAGCARAAT-CTIGGTGAACGCGTGGTGGCTCG 292

Guery 293 CNEMCECGEOTETM ICAMIGESCEACCACTTIGEECCOACACCTROTIGAG 251

Sbjct 293 CCAACAACCCCG-ACAACTGGAAGRACCCGGAGGAATTTAGGCCGGAGAGGTTTTICGRA 351

Query 352 an

AGGTACCTTCCGTTCGGTGTTGRT
LU UL L LU T L 1T
NG TGGAGGCCARCGGGARTGACTTTAGGTACCTTCCTITTGRTGTCGGT

sbict 352 an

Guery 412 AONCECTICCECR AT C TR CCRRCCTICCTATEAC TG 471

Sbjct 412 AGGAGGAGTIGCCCTGGGATTATICTCGCTTIGCCTATTCTAGGCATTACTTIGGGICGT 471

Query 472 CTGGTCCAGANTTTCGAGCTATTGCCTCCACCGGGACANTCTANGATCGACACTICTGAG 531

Sbjct 472 TIGGTCCAGAATTTTGAACTCTIGCCTCCTCCAGGACAGTCGRAGATTGATACTGCAGAG 531

T T T
ajer 532 Ak Iy AL L S,
Query 588

LTI
Sbjct 588 GAGATAATTTT
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Results: 4

O Pisum sativum trans-cinnamic acid hydroxylase (CYP73A9) gene, CYP73A9-v1 allele, partial cds
1. 4,090 bp linear DNA
Accession: AF176275.1 Gl 9967080
GenBank FASTA Graphics Related Sequences

Pisum sativum wound-inducible trans-cinnamic acid hydroxylase (CYP73A9) mRNA, partial cds
1,733 bp linear mRNA

Accession: U292432 Gl: 4753127

GenBank FASTA Graphics Related Sequences

*0

Pisum sativum trans-cinnamic acid hydroxylase (CYP73A9) gene, CYP73A9-12 allele. partial cds
998 bp linear DNA

Accession: AF175276.1_Gl: 9957082

GenBank FASTA Graphics Related Sequences

©0

Pisum sativum trans-cinnamic acid hydroxylase (CYP73A9) gene, CYP73A9-13 allele, partial cds
998 bp linear DNA

Accession: AF175277.1_ G 9957084

GenBank FASTA Graphics Related Sequences

=0

Display Setings:

‘Summary, Sorted by Defaultorder
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weieva:Desktop wigreeny /usr/iocal/nchi/blast/bin/blastn —query CTFR/3A-FisumSativum —db bo_tatest_assembly.fasta —outimt °J q
acc sacc evalue gstart gend sstart send”
# BLASTN 2.2.24+

bb_latest_assenbly. fasta
query acc., subject acc., evalue, q. start, . end, 5. start, 5. end
#1 hits found

Query_1 scaffoldsizs de-115 3515 4074 6217 6776

# BLAST processed 1 queries
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