How to Find Ribosomal RNA (rRNA) genes?
By: Laura McCoy
Ribosomes are extremely important in both eukaryotic and prokaryotic cells because they translate messenger RNA to form proteins.  The similarities in the process of translation among all organisms allow the genes that encode for rRNA, one of the main components of ribosomes, to be highly conserved from species to species.  Therefore, the search for these genes begins by finding rRNA genes in closely related organisms.
What genes are we looking for?
Three types of rRNA are found in prokaryotes: 16S, 23S, 5S.  Four types of rRNA are found in eukaryotes: 18S, 5S, 5.8S, and 28S.  Each of these rRNAs is coded for by a different gene.  Many copies—hundreds to thousands—are found in an organism’s genome, ensuring that a large amount of rRNA is produced by the cell.  
Steps to finding rRNA genes:
In this tutorial, rRNA genes in the blueberry (Vaccinium corymbosum) genome will be determined using orthologs from the grape (Vitis vinifera) and strawberry (fragaria vesca) genomes, but the technique is applicable to other organisms.
1. Locate rRNA orthologs
The best source of rRNA gene sequences is the Silva rRNA database (http://www.arb-silva.de/).

· Select “SEARCH” from the choices at the top of the page.
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· In the search bar to the right of “organism name”, type in the scientific name of the organism you are searching (“vitis vinifera” in the picture below).  The accession number, publication ID, and/or strain can also be entered to narrow your search.  Click “Search.”
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· Examine results.  Information about each rRNA gene that has been found in that species is given—accession number, sequence length, sequence quality, alignment quality, and pintail quality.  (note: pintail quality is determined by “pintail software” that detects anomalies between sequences.)

[image: ]

· More in depth information can be found for each result by clicking the magnifying glass icon (shown in red above).  After clicking this, a window with information for that individual accession number will appear.
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· Click the link to the right of accession number (shown in red above).  This directs you to a different website that offers very specific information for that accession number.  From this page, the actual sequence (in FASTA format) and the type of rRNA gene, as well as other information, are given.  
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· Use this method for the remainder of the accession numbers from the search page to find the sequences of different rRNA genes.  Be sure to record which type of rRNA gene (18S, 5S, 5.8S, 28S, chloroplast, or mitochondria) each sequence is.  
· Repeat this entire process to find the strawberry rRNA genes.

2. BLAST against blueberry scaffolds

Once you have the FASTA for a particular rRNA gene, BLAST it against the blueberry genome.  The BLASTn version of BLAST can be used locally on your computer.  After running the BLAST, the results will tell you if there were any hits.  If the ortholog sequence matches up to a sequence in the blueberry genome, then you will get a hit.  Running BLAST so that alignments of the ortholog sequence and blueberry sequence appear along with the hits is the easiest way to find out where the hit is in the blueberry genome and what the sequence of that hit is.  
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Repeat this process with each of the orthologs found from the Silva rRNA database.  If an ortholog sequence does not give you any hits or if you cannot find an ortholog for a particular gene in the Silva database, then look for rRNA gene sequences from other sources.  Many organisms that have been sequenced have their own genome browser, so this is another source of rRNA gene sequences.  
 
3. Analyze results

After completing these steps, look at the results of the BLAST as a whole.  Count up the number of hits for each type of rRNA gene.  Since there are multiple copies of each rRNA gene within a genome, it is not unusual to get many hits for each ortholog.  Be sure to look at the E value for each hit and only count the hit if the E value is very close to zero.  

Possible Problems:
The largest problem that you may have is finding sequences for the orthologs.  Not every organism’s genome has been fully sequenced and annotated; therefore, some of the sequences on Silva are either partial sequences or “working draft” sequences.  In the above example, the vitis vinifera accession number AF143264 is a partial sequence of the 18S rRNA gene.  The fact that it is a partial sequence explains why there were only 6 hits.  Some sequences from Silva are working draft sequences and do not give the specific rRNA gene for which the sequence corresponds because it is not yet known.  An example of this is shown below.

[image: ]
[image: ]
image6.png
—

E—————
- -

—

— e

= =

= e

= o o s S o
.

= o

- —

Characteization of new microsatellte markers of Vit vinifera L and their conservation in Viis species and hybrids
LefortFD.M., Kyvelos C.J., Edwards K.J. Roubelakis Angelsiis KA.

21 LefortF.D.M., Primikiios .1 Roubelakis Angelsiis KA.

‘Submitted (15-APR-1999) to the INSDC. Laboratoy of Plant Prysiclogy and Biotechnology, Dept.of Biclogy, Univesity of
Crte, Vassilia Vouton P.O. Box 2208, Heraklion, Crete 71409, Gresce

Visible sequence range:

SENAJAF143284]AF143264.1 Vi vinifera 165 risosomal RNA gene, partis! sequence: chloroplast gene fo chloroplast product
Locstion:1..1000

OT1210AM




image7.png
©  C | O filey//Gy/WV-AF143264-165 blasthits 454database.tit Y

0 Blackbosrd Academ.. [TY Blackbosrd-Religion ) Bio 363 Human Gen... [} Laboratory Methods... (7 Other bookmarks
oty BOAFLGzEe AT 284 1 it inssaes 168 sivesnst 85 s, (4

eee — sema
R AN TR T

e L T T
PR TTTINTNI NI MR TSI =|

e i R T R
PRGN NIV R NN

e T
mee o7 SALMBLIIIUBIIUUDIIIIILLL (0

[ T p——
LaE

Seeme - mnses o s - sese
SR SR R B DU

Bty T TR
mee soss AL IAMMUBRUIDIIIIIR LI o)

B T R T T
mee cuss ML ML LERBUMLIIIUEILIRL L G

o T
mee ez MR A LU g

[ ———
LY

Smeme - minee g s - e
S PR e B DT

Bty R NI R T
mee suse SlHmULUAULUL LN EULIILBIIIIGL o

o N RN
mee s AUHLMAMENL JUIULSIBLULI e

Bt TR
mer sam ArdbadetiE UL I LU UMIELL

T

poRg. e

blasthits.A54databas. ) Tones




image8.png
F143264-165/blasthits 454databa:

0 Blackbosrd Academ.. [TY Blackbosrd-Religion ) Bio 363 Human Gen... [} Laboratory Methods...

o TN T
Bt TR
mer sam ArdbadetiE UL I LU UMIELL
Gunry e comecmmmermaces 101
mee sy GHELMUIHIL e

TR
LI

Seome e mes () mmese - san
S T e T

b i
mee ene HUMHMEIULIIEIIIG I LI L
e T

PR INTN IR IS

[ R —
LI

L
SeRmR e Sl e BN T I
oy 3 =

R T ——
S R

B i T
PO N NI HT T I VMITEN T

) TTun:

T totoraLrma - Ve




image9.png
= EnA nome
[ —
« Submit & updste
« About ENA

Tosi 7 e odex B

(Chosse Fie) o fie chosen

EMBL Bank: EU024525.1  Fragaria vesca subsp. americana con fosmid 0503, WORKING DRAFT SEQUENCE, 8 unordered pieces.

View: TEXT FASTA XUL ‘Download: TEXT FASTA XuL

Ouerview Source Festurelsl Other Festures Refersnces Comments Ssavence [P
Molecule type  Topology  Dataclass Sequence length  First public Last updated

getomicDNA linesr TG 24710 05.08.2007(Rel 52) 05.08.2007(Rel 52)

Keywords

HTG, HTGS_DRAFT, HTGS_PHASET

T Taxom 101019 Fragara vescs subsp. amsricans subspecies]
= siAssu Euozaszs
- sa Euozaszs

Viemlefesurernge: | |70 |
:

Overview ——Forward strand: 34,710 bp

Features T Forward svand =
=2 34,710 bp
st e e DUTOR

Fragania vesca subsp. americana
9w

ow? bap e faan foap o e





image10.png
© www.ebi.acuk/ena/data/view/EU024825
I3 Blackboard Academ... I3 Blackboard-Religion ) Bio 363 Human Gen... [') Laboratory Methods..

NOTE: This is % ‘working drafe’ sequence. Ie surremcly
comsises of 5 coneigs. The crue crdes of che pieces
zhivary. Gaps betwesn the convige are sepresemved s
This zecord will be spdsced wich the fimiohed sequence
e prenesved

2 sten: coneag of 4148 bp in lengen
S285: 5op of wnknown lengen
S106: Coneig of 3538 bp in lenge
5206 5op of wnknown lengen
127730 oneig of 3657 bp in lengen
118730 gip of unknove lengen
155011 coneig of 7623 bp in lengen

o6 of wnknown lengen
omeig of 1753 bp i lengen
o6 of wnknown lengen
Comeig of 2637 bp i lengen
o6 of wnknown lengen
omeig of 3706 bp i lengen
o6 of wnknown lengen
Comeig of €713 b in lengen

Viste sequence range: 1 - 100 [EeE—]

>ENAIEU024525[EL024525 1 Fragaria vesca subsp. americans clon fosmid OSN3, WORKING DRAFT SEQUENCE, 8 unordred pieces.
Locstion:1..1000

ENA EU




image1.png
€ > C | Owwwarbsivade

silva

comprehensive ribosomal AINA databases

Home Browser Search Aligner Download Documentation Projects FISH & Probes Shop Jobs Contact

Welcome to the SILVA rRNA database project
A comprehensive on-line resource for quality checked and aligned
ribosomal RNA sequence data, free for academic use.

SILVA provides comprehensive, quality checked and regularly
updated datasets of aligned small (165/185, SSU) and large subunit
(235/285, LSU) ribosomal RNA (rRNA) sequences for all three domains
of life (Bacteria, Archaea and Eukarya).

SILVA are the official databases of the software package ARB.

For more background information + Click here

ARB

The software package ARB
represents a graphically-oriented,
fully-integrated package of
cooperating software tools for
handling and analysis of sequence
information.

= NS

Latest News

2011

New SSU Ref NR 104 released!

We have updated the non-redundant (NR) version of the SILVA SSU
Ref dataset based on the SILVA 104 release. It still contains "only"
290,603 sequence entries including the HSM project ...

more]
ot.02.11

MIENS standard renamed to MIMARKS
The contextual (meta)data standard MIENS, issued by the Genomic
Standards Consortium, has been renamed to MIMARKS (Minimum
Information about a MARKer gene Sequence). The new name was
created to better reflect the purpose of the standard.

more]
ot.02.11

ARB memory requirements for SILVA datasets updated

Please check our updated ARS/SILVA memory requirements table to
get an idea which dataset can be handled by your computer.

more]

01149 PM





image2.png
0 Blackbosrd Academ.. [TY Blackbosrd-Religion ) Bio 363 Human Gen... [} Laboratory Methods...

comprehensive ribosomal ANA d:

atal

Home Browser Search Aligner Download Documentation

Database SSU r104 |~

Search for sequences matching all [~ of these criteria:

nm &}

Projects FISH & Probes Shop Jobs Contact

% Cart: empty
7 Show

organism name

~||vitis vinifera

@ Clear

accession number

&1 Download

strain

publication ID

Restrict search to: [] SILVA Ref [J] Cart

Search

Tip: Have a look at the + Search Tutorial for an overview about basic and advanced search functions.

Contact

Imprint

1151 PM




image3.png
€  C | O wwwarb-silvade/search/

0 Blackbosrd Academ.. [TY Blackbosrd-Religion ) Bio 363 Human Gen... [} Laboratory Methods...

* number

(] AF143264
L] AF263516.
[ a421474
] AI639615
[ Awaz3427

(m]

¥
il
th
PP
][

] AM458387
] Am478788
L] AM483961
] AM485350

[ cat6351

[] CAAPO3001573  Vitis vinifera
[] CAAPO3004225  Vitis vinifera
(] casp03010419
(] CasP03010495

[] cT545818
[ cTs54760

i

[ cT555895
[ cTs56733
[] cT559249

i

] DQ424856

ogle Chr.

sequence sequence alignment pintail

organismname  SeCe seduen

vitis viifera
vitis viifera
vitis viifera

&
N

vitis viifera

§

vitis viifera
vitis viifera
vitis viifera

g
1

vitis viifera

5

(m]
REE
11
i
slole
RG]

vitis viifera
vitis viifera
vitis viifera

vitis viifera

I

E

8
1

vitis viifera

§
1

vitis viifera

g
1

vitis viifera
vitis viifera
vitis viifera

vitis viifera
vitis viifera

vitis viifera

N EHHEE

vitis viifera

vitis viifera

T tutoriil.ma - Micr

quaiity

|

e [wA_ -] taxonomy

i

sl
88

|

LI
plole plo|p plp|e plp|e e
Bl8|8 8 8|8 88|88 E|8E

<

en

W' 16 Pm




image4.png
€  C | O wwwarb-silvade/search/

accession
number

wuw arb-silva.de/#

organism

Viis vinifera

General information

Accession number
Organism name
Alternative name
Strain

Isolate.

Clone

Length

Taxonomy RDP

Taxonomy Greengenes
Taxonomy SILVA

Environment

AF143264 >
vitis vinifera

2004-07-02

2005-03-04

0

Eukaryotas Viridiplantaes Streptophytas Embryophyta
» Tracheophytas Spermatophytas Magnoliophytar
eudicotyledons» core eudicotyledonsy rosids» Vitaless
Vitaceae Vitis »

Bacteria Cyanobacterias Cyanobacterias Chloroplast
»Streptophytar

Unclassifieds

Unclassifieds

Country
Latitude/Longitude
Collection date
Isolation source
Snerific hnst

‘Search result summary
RNA regions: 1- 25 / 31
Accessions: 30

Page: 1/2

<

en

FEC 207am




image5.png
= ENAome
= Search & browse.
= Submit& update
= ADOULENA

i wioatsbases _ [efenerrenree
o) A Dataoases L= ] EnerTerHero -

fesdback

EBI Groups | Training steindex B &

Enter or paste text or ENA accession number:

| [:Choose File ] o fie chosen

EMBL Bank: AF143264.1 :Vits vinifera 16 ribosomal RNA gene, partial sequence; chioroplast gene for chioroplast product

View: TEXT FASTA XiL ‘Download: TEXT FASTA XiL
Ovenview Source Feature(s) Other Features References Sequence ‘Send Feedbacks
Molecule type. Topology  Dataclass Sequencelength Firstpublic Lastupdated

‘genomic DNA linear sTD 493 02-07-2004(Rel 80) 04-03-2005(Rel 83)

20760 Vs vinifera [species]
= SLVASSU AF143264
= s AF143264

Visible feature range: |4 - (493

Overview Forward strandt 493 bp -

Features Forward sirand 493 bp -
e e
1bp 493 bp
T

souree Wi vnifera
e

RNA e

ENA AFLA:




