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The 16S ribosomal RNA
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Approaching Microbial Diversity
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Linking Diversity with Community Composition

Full cycle :/ sample ]
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Probe Design
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Probe Design

» Criteria for probe design

* Dissociation temperature

+ G+C content

¢ Td - 4N(G+C) + 2N(A+T) Suggs, 1981
* Number of diagnostic mismatches

* Quality of mismatches
+ Destabilizing: A-A, A-C, T-T, T-C, C-C
+ Slightly destabilizing: G-T, G-A, G-G

* Position of mismatches

* Neighborhood bases

* Intramolecular base pairing

* Method of hybridization

COST 853 03/09/25



Optimizing the Hybridization Conditions

probe bindingA

[sensitivity]

50%

specificity
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Probe Design

» Position of mismatches

Probe

N/ Target
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—\/—

Bad

Good
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Problems - Data

Probe 3'-5' AAGCCCGGAGAACGGTAG

Target 5'-3' UCGCAAGACCAAAGAGGGGCCUUCGGGCCUCUUGCCAUCGGAUGUGCCCAGAU
..................... P o T i R

Non- /

Target?  ccrrreerreeeeeeeeees/oeeii P R

» Microheterogeneities
* Multiple operons
* Cloning — expressed operon?
* Direct sequencing — ambiguities

COST 853 03/09/25 11



Problems - Coverage

COST 853 03/09/25

Target group

Probe

Amann, Bergeys
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Multiple Probes Concept
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Al

A Software Environment for Sequence Data

» Phylogeny
* Ribosomal RNA

* Functional
genes

» Probe design

PEEmEA B r (s (4 & EZE TR IN 2
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ARB: Selection of Organisms

File Species Sequence SAI Probes Tree Tools Properties

pring2001_course .a tree_1400_nay01l ali_l6s HevRamod HELP ﬂ LESS
UNDO REDO = == i= SEARCH | JTUMP LWL Protect 0O -
== LR 1 narked

HARK HODE LEFT: mark subtree RIGHT: unnark subtree

Gammaproteobacteria

3l iz

E
=

Betaproteobacteria

i
ﬁ
<
)5
<=

=4
=1
=
m

o

—E Cardiobacteriales

unidentified bacterium, Nevskia
unidentified bacterium, Nevskia
unidentified bacterium, Nevskia
Nevskia ramosa, Nevskia
Newvskia ramosa, Nevskia

P
—D Methvlophaga

Deltaproteobacteria

Proteobacterial species, Bacteria
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ARB: Probe_Design

CLOSE |

The PT_SERVER’s (not the current) database is used searching probe targets

PT_SERVER

This module searches for specific oligonocleotids in the database.

HELP |

localhost: course.arb |

Enter some parameters (press help to get more infonmation)

MIN  BMAX
Length of output 50 Length of probe |18
Max. non group hits 0 Temperature 30 100
Max. hairpin bonds o G+C-content H0 100
Min group hits (%) 100G ECOLI-position |0 10000

;0

RESULT |

EXPERT |

COST 853 03/09/25
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ARB: Probe Design Results

CLOSE | SAVE |  PRINT | HELP |
Probe design Paraneters:
Length of probe 18
Tenperature [30.0 -100.0]
GC-Content [50.0 -100.0]
E.Coli Position L 0 -100000]
Hax Mon Group Hits 0
Hin Group Hits 100%
Target le apos ecol grps OG+C 4GC+2AT 1Decrease T by n%.3C -»> probe matches n non group species Probe sequence
AUGCUGGCUUCGGGAACUL 18 A=17775 1021 1 50.0 54.0 | 03 03 05 03 03 03 0; 03 03 03 05 03 03 03 03 03 03 03 03 03 ARGUUCCCGAAGCCACAL
AUCAGCACUUGUGGCGE B=24854 1355 61.1 58.0 1 03 03 03 035 03 03 03 05 03 03 03 03 03 03 03 03 03 03 03 03 CCGCCACARGUGCUGAUC
GAUGCGGAUGUGGCUUCG 18 A= 17 1014 1 61.1 58.0 | 0; 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 0; CGARGCCACAUCCGCAUC
GAUGUGGCUUCGGGAACLU 18 A= 2 1020 1 55.6 56.0 | 0; 03 03 03 03 03 0; 03 03 03 03 03 03 0; 03 03 03 03 03 03 AGUUCCCCAAGCCACALC
GGCGARACGUGAUCCAGE 18 C=3946 378 1 61.1 58.0 |1 0; 03 03 03 03 03 03 03 03 03 03 03 03 03 0; 03 037 0; 0; 0; GCUGGAUCACCUUUCGCC
UGUGGCUUCGGGAACULUG 18 A+ 2 1022 1 55.6 36.0 | 0; 03 03 03 03 03 0; 03 03 03 03 03 03 0; 0; 03 07 0; 03 03 CAARGUUCCCGARGCCACA
GCCAAACCGUGAUCCAGCA 18 D=4048 379 1 95.6 36.0 | 0; 0; 0; 03 0; 03 03 05 0; 05 07 03 0; 0; 0; 03 07 0; 0; 1; UGCUGGAUCACGUUUCGC
GGAUGUGGCUUCGGGAAC 18 A- 5 1019 1 b61.1 58.0 | 0; 0; 03 03 03 03 03 0; 03 03 03 03 0; 0; 0; 03 03 0; 0; 3; GUUCCCGARGCCACAUCC
AUCAGCACUUGUGGCGGU 18 B+ 1 13596 1 55.6 56.0 | O0; 03 03 03 03 03 03 03 03 03 03 03 03 0; 03 03 03 03 1; 1; ACCGCCACAAGLUGCUGAU
GUGGCUUCGGGAACUUGA 18 A+ 11 1023 1 55.6 56.0 | 05 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 15 2; UCARGUUCCCGARGCCAC
GAGAUGCGGAUGUGGCULU 18 E=17755 1012 1 55.6 56.0 | 03 03 03 05 03 03 03 03 03 03 03 03 05 03 03 03 03 03 23 63 ARGCCACAUCCGCAUCUC
UCAGCACUUGUGGCGGUG 18 B+ 4 1357 1 61.1 58.0 | 05 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 25 53 CACCGCCACAAGUGCUGA
AGAUGCGGAUGUGGCUUC 18 E+ 1 1013 1 55.6 56.0 | 05 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 15 15 15 2; GARGCCACAUCCGCAUCU
CAGCACUUGUGGCGGUGA 18 B+ 5 1358 1 61.1 58.0 | 05 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 25 4; 45 4; UCACCGCCACARGUGCUG
ACUUCUGGCGGUGAAUAC 18 B+ 12 1361 1 50.0 54.0 | 05 03 03 03 03 03 03 03 03 03 03 03 03 0; 03 03 35 b3 b312; GUAUUCACCGCCACAAGU
CGGAUCAGCACUUGUGGE 18 B- 8 1353 1 61.1 58.0 | 05 03 03 03 03 03 03 03 03 03 03 03 03 0; 03 03 45 4; 53 9; GCCACARGUGCUGAUCCG
UGGCUUCGGGAACULUGAR 18 A+ 14 1024 1 50.0 54.0 | 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 13 35 73173183 UUCAAGUUCCCGAAGCCA
AGAGAUGCGGAUGUGGCU 18 E- 2 1011 1 55.6 56.0 | 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 23 55 53 83113 AGCCACAUCCGCAUCUCU
AUGCGGAUGUGGCUUCGG 18 A- 15 1015 1 61.1 58.0 | 03 03 03 03 03 03 03 03 03 03 03 03 03 03 13 13 15 13 25 33 CCGAAGCCACAUCCGCAU
GGAUCAGCACUUGUGGCG 18 B- 3 1394 1 61.1 58.0 1 05 03 03 03 05 03 05 03 03 05 03 03 03 0334336343356451013103; CGCCACAAGUGCUGAUCY
UGCGGAUGUGGCUUCGGG 18 A- 13 1016 1 66.7 B0.0 10503 05 03 03 03 05 05 03 05 05 05 03 15 15 25 25 25 25 33 CCCGARGCCACAUCCGCA
CACUUGUGGCGGUGARLA 18 B+ 11 1361 1 50.0 54.0 |1 0; 03 03 03 03 03 03 03 03 03 03 03 03 25 23 33 53 b3 83103 UAUUCACCGCCACAAGUG
CGGAUGUGGCUUCGGGAR 18 A- 8 1018 1 61.1 58.0 |1 0; 03 03 03 03 03 03 03 03 03 03 03 03 35 33 33 45 43 73 73 UUCCCGAAGCCACAUCCG
COCUNCCCCAArINICaar 18 A+ 16 1075 L : M z : : s s 2 1: 1= 1+ Q=20:20:24:70=

COST 853 03/09/25 18



ARB: Probe Match

Target String I:EFIU[]FIECHELILIEUEEEEE Use weighted mismatches il
PT_SERVER localhost: course.arb |  Check complement too v/
Mark in database |
Search depth SEARCH UP TO 3 HISHATCHES "l _
Write Result to field ‘tmp” O
PRINT | EXPERT
HATCH | Humber of Hits: 147
Searched for GAUCAGCACUUGUGGCGE
name ful lname nis H_mis wnis pos ecoli rev YGAUCAGCACUUGUCGEGE *
£ = R Cl L = ¥ r [} ] . . . . q = q . HHULLLL================. ' HH H
¥ UniBalO8 unidentified bacterium 1 0 1.7 24854 1355 0 GUAAUCGCG==z===z==z==z====z====C====-UGAARUACGU
¥ UniBald9 unidentified bacteriun 1 0 1.7 24854 1355 0 GUAAUCGCG-==========:===C====-UGAAUACGU
¥ UniBal?4 unidentified bacterium 1 0 1.7 24854 1355 0 GUAAUCGCG-=====z=z====z====C====-UGARUACGU
¥ HNevRano3 Hevskia ramosa 1 0 1.7 24854 1355 0 GUAAUCGCG==z===z==z==z====z====C====-UGAARUACGU
¥ UniArc30 unidentified archaeon 4 0 2.1 6831 538 1 GUARUAACU-G=====z=g:== =-UCGAUUALU
¥ PlaBrass Plasmodiophora brassicae d4 0 2.4 26325 15472 1 COUCGGUGA-====zu===g=A====g==—-CUUCCACAC
¥ PbeLeio? Photobacterium leiognathi 5 1 2.5 19797 1125 0 AUCCUUGUU-UgC========Ng==u==-GAACUCCAG
¥ PbeHista Photobacterium histaminun h 1 2.5 19797 115 0 AUCCUUGUU-UgC========Hg==u==-GAACUCCAG
¥ UniArc38 unidentified archaeon qd 0 2.9 6831 538 1 CGUAACACCG-G======z=g====Gg====-GCGUUUALU
¥ CrmATCCS Cercomonas ATCCS0316 7 0 2.8 9054 621 1 ACGGUCGUA-aG===g=g====u==g=G-UGCGCCUGH
¥ HMnyKandl Hethanopyrus kandleri 5 0 2.8 B831 538 1 GUARAUAGCG-G====g======G==gC=-GCUULUALU
¥ HMEttFerv? Hethanothermus fFervidus F 2.9 92 0 1 CGCAUACAUAG-GuC====gg======g=a—-AAGUCCCAA
¥ HrnMolli Heronimus nollis FE 2.9 9487 651 1 CCGUGUCUG-aulluz==z==g======g=u-GGGUUGALG
¥ UclEub6) uncultured eubacterium WCHB1- 4 0 2.9 19801 1177 1 AUUUAGUUG-==A=====g===a===g=—-CUGUGAGCA
¥ TyhHata3 Typhlonectes natans b 1 3.0 24825 1341 1 ACGAGGAAU-u=C=Ngu======g=g==—-AUARGCLMNG
COST 853 03/09/25 19




ARB: Weighted Mismatches

COST 853 03/09/25

CLOSE | HELP |

Relative Strength of Base Painngs

Target
A C G U/T
A 0 0 0.5 1.1
Frobe 0 0 1.5 0
G 0.5 1.5 0.4 0.9
U/T 1.1 0 0.9 0

Experimental Parameters (Do not change):

Treat base pair as a mismatch when its strength is less than max strength minu
Edge misval

single misval

:ﬂ‘.‘ﬁ
:ﬂfﬁ
:ﬂ-I-E

20



ARB: ARB_Edit - Pitfalls in Probe Design

File Create Edit Yiew Block Properties HELP
5E J QuiIT | i Position E.coli Base “IUPAC .I:Ielix Mo. JUHF| GET |% M H ﬂ |:§:4: Search pattern was not found in any seguence :}
= HELP | (24855  |435%6  |11291 |G |~48  UNDO| REDD | protect o Fod X =
@ | | g | User! AGAGTTTGATCATGEY ST M, B2 | | COMEY s veer,, B | | QOEASTE alesTtem B o
HIfRK : ', ) )
s = User2 | TACCTTGTTACGACTTY BT T B | | (R st e, E51 o | PRIGRTC asTtem, = o
KEYMAP| <S—=— - -
Probe | BAUCAGCACUUGUGECGE 051 M, B9 | | (R ks e, B | | QORAIY T wlST[MET, B o
Sal HELIE MR odats B 48, ... .. .. L 48, ... ... 48, o . 31
L o
— ISV (P T e [EESe s
T T
BREF e e e e e e e e e e e e e e e e e e e e e e e Kot e e e e e e e e e
saliEcali (usually) ddata Ja-G-Ua-20-C-G-I-G-Ga-TUC—2-G——2a——A-U-GUC-20 -GG 1J-G—2al-ACCU-U-CCL G o - CUI-TUG T - 2—
bs.o.|—r-f1atingrolupt1?J B oL L B O B B B A B N B A O A O A A A A A A A A N A A A i i AN A A A Al T
’Moresequenceswl B oL R B B B O B B O B O A A N O N A i A i A N A A A A A A A A N A A i i Al A i A S Al
v
Bacteria (5} ~cons  JaA=G=UA=All=C=G=C=G=CA=TC=A=G=CAC==U=0G15=GC=6=6=1=G=2AT=ACG=0=CCCGGGC=CI=1IGT=4A=
i
Beta-Gammaproteobacteria (5) —cots  JaA=G=UA=All=C=G=C=G=GA=TC=A=G=CAC=U=1=0C05=GC=G=0=]=G=22T0=ACGU=]=CCCGGGC=CI=10GT=4=
¥
Meuskia (5) —cots  JaA=G=UA=All=C=G=C=G=GA=TC=4=G=CAC=U=1I=0C05=GC=G=0=1]=G=22T=ACGU=]=CCCGGGC=CI=10GT=24=
Wynidentified bacterium Sdata. Ua-G-Ua—2U- -GG Ga - UC—A-G-CAC—U—U-GUC—GL-G-0G-T]-G-2A0-ACGU-U-CCLLLLE-CU-UGHT —A—
Bynidentified bacterium cqara WA GTUA—BU-C—(— - GaUC=a—GCACU—U=GUL 6L =601 - G20 -ACGU-U-CCLGGLU-CU-UG] -2
B ynidentified bacterium Sdata Ha-G-Ua—aU- -G -G Ga-UC—A-C-CAC-U—U-GUC—CL-C-C-T[-C-AAU-ACCU-U-CCLLLLL-CU-UCT—A—
ewskin rarmoss otete | UA-G-UA-AU-C-G-C—§-GE-UC—A-G-CAC-U-U-GUP-GL-G-G-U-G-2AU-ACCU-U-CCLREGC—CU-UGT -2
Bhjeuskia Famosa cdata Ja-—GUa—A0-C-G-—C-G- G- UC—A -G CACU-U-GUU-GC-G-G-1]-G-2AA0-ACG-U-CCUGLLU-CUT UG -2—
v
5] 1 -

COST 853 03/09/25 21



ARB: Secondary Structure Editor

File Properties

Close| HELP| ?| Undo| Redo| Center| Fit To Uindou|

Z00OH HODE : CLICK or SELECT an area to Z00H IN {LEFT) or Z200H OUT {RIGHT}
u

:l::!:l

COST 853 03/09i




ARB: Identification of Nevskia Ramosa

File Create Edit VYiew Block Properties HELP
:«E}z ﬂ QuiT | Position : E.coli : Base "IUP.P.C Heliz Mo. JUMP| GET |M M H E 30: Search pattern was not found in any seguence =
% HELP | [11793  |®56 $27 /A |F23  UNDO | REDO | protect o ] X —
KILL
L AREE. UseHI:FEHETTTEHTCHTEE‘T’ AST|HETy, B | | FMEE g exr, V| Sanagure _1osr| eer, al
epent | e UserZIZE_TFICCTT[;TTHC[;FICTT‘{ BT HERTy, B | mgg;) ST MERT, B ?,lggﬁ]w{e 85T T, [
e Probe | CGCCTCCCTCTACCGTTT S| My, E) o | | PN, sttt E1 o | UORANC uddsr|ten B o
Sl HELIX_ N data et ee e D O 24
LT
CAl HELLK bdats e PRI S S e Tl I E .S C e <.
L
DREF 0 v e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
st pcalt usually) ot = U-U-G-- G UL LG UE-G-2——G-G-G-G-GG-U-——2G-2-2UU-L-L-3-G-GU-GU-2-G-LL

-l

Sal-Maingroup (17}

wl [

More Sequences (0]

-l [

Bacteria (5]

T

Beta—Gammaproteobacteria (&)
I

Mevskia (5]
Bynidentified bacterium
Bynidentified bacterium
Bynidentified bacterium
Bijeuskia ramosa

Brjeuskia ramosa

—COMS

—COME

—COME

—COMS

—COME

SEdata

cdata

cdata

Odata

cdata
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