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Type III Effectors
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What is a TAL Effector?
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RVD, “repeat variable diresidue”
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Moscou MJ, Bogdanove AJ. A simple cipher governs DNA recognition by TAL effectors. Science. 2009 Dec 11;326(5959):1501.
doi: 10.1126/science.1178817. Epub . PubMed PMID: 19933106.



Repeats form a superhelix that tracks the DNA major groove
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Residue 13 contacts explain Repeat structure is highly conserved
RVD specificities (“LEGO blocks”)

JAR Oy A

=

I
Repeat 3 N/

<y

NI

gL

H

PthXo1 (23.5)

% dHax3 (11.5)
epeat 16 N" Repeats 1-11
r.m.s.d ~0.8A

PthXo1l and dHax3
dHax3 structure: Deng et al. (2012) Science

Amanda Mak
Repeat 6




TAL eftectors in disease
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Predicting TAL Effector Function
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HD 107 0.084
NI 64 0.841
NG 70 0.102
NN 57 0.357
NS 30 0.625
N* 20 0.070
HG 18 0.075
HI 1 0.025
Other 0 0.250

score = Z— log(RVD : nt.observed. frequency)
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Convert to
probabilities
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Sum the —log
probability for
each RVD-nt
pair in an
alignment

Moscou MJ, Bogdanove AJ. A simple cipher governs DNA recognition by TAL effectors. Science. 2009 Dec 11;326(5959):1501.

doi: 10.1126/science.1178817. Epub . PubMed PMID: 19933106. Slide from Adam Bogdanove.




Eredictin TAL Effector Function
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[s it really that simple?

Many false positive predictions of natural TAL effector
binding sites

Occasionally designer TAL effectors don’t work



Factors influencing binding

Location in genome
Context effects
Epigenetic status

Chromatin status
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Naive Bayes classifier construction

» Features:
» Score
Relative Score

Rank

Translational Start Site

TATA Box Location
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Naive Bayes classifier performance

L eave-one-out cross validation

Accuracy Precision | Recall |F measure MCC |AUC
.89 .88 92 .90 7 .88

“The best classifier that resulted...eliminates 85%

(17/20) of the falsely predicted targets at a cost of
less than 10% (2/24) of the real ones.”
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X. oryzae pv. or_yzicola
HXOCH

(leaf streak)
26 TAL effectors (strain BLS256)

> Bogdanove et al. (2011) J. Bacteriol.



Objectives

Compare TAL effector content and rice transcriptional
response to |0 geographically diverse isolates of Xoc

|dentify TAL effectors and candidate targets that suggest
strategies for developing broadly resistant rice varieties

Determine whether Xoc TAL effectors are horizontally
transferred



» PacBio Sequencing
of Xoc genomes

» RNA-Seq of Xoc
inoculated rice
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Workflow for candidate target identification

RNA-Seq of Rice
innoculated with Xoc

4

Genes Upregulated
In Response to Xoc




TAL effector sequences of the 10 Xoc strains

250 TAL effectors plus 8 pseudogenes with recognizable
TAL effector repeat regions

24| complete TAL effectors represent 99 unique binding
specificities (different in RVD or repeat length)



Conservation of unusual TAL effectors
suggest functionality

» One TAL effector per strain has a truncated C-terminus
with 95% or greater AA sequence identity to Tal2h C-

terminus
» | pseudogene, 2 of only 6 RVDs, the rest with repeat of 28bp

NLS

Repeat Domain
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Conservation of unusual TAL effectors
suggest functionality

6 with atypical repeat (Richter et al.) and 4 36bp repeats

Standard 34-aa repeat array
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4 Richter et al. (2014) Nat Commun



TAL effector conservation and known TAL effector
targets up-regulated by the Xoc strains
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TAL Effector Conservation

Conserved TAL effectors
Could have important roles in virulence (ie may target S genes)
Could be used in an R gene trap for broad resistance

Only 5 TAL effector groups have an ortholog in every
strain which is neither pseudogenized nor diverged by
more than 5 BSRs from the others

These include the groups with BLS256 Tal2g and Tall I b, as
well as Tal3a, Tal3b, and Tal9a



Candidate target conservation

Tal3c targets are up-regulated even in strains where Tal3c
is not conserved

Strain From
BLS256 Philippines
BLS279 Philippines
CFBP2286 Malaysia
RS105 China
B8-12 China
L8 China
BXOR1 India
CFBP7331 W. Africa
CFBP7341 W. Africa
CFBP7342 W. Africa

May represent convergent targeting of an S gene



Candidate target conservation

There is a TAL effector found only in CFBP7342 with a
passing EBE in Os02g47660

There are also two TAL effectors in all of the African
strains with passing EBEs in Os02g47660

Both of these predicted EBEs overlap the Tal3c EBE

BXOR1 Tal11c, BLS256 Tal3c EBE
CFBP7331 Tal8c,

CFBP7341 Tal8c,
CFBP7342 Tal11c CFBP7342 Tal11d

TCCACCCCCCCTATTAATACACGTTCCCTCCACCCATCTCTTTCCATACAAC
CFBP7331 Tal8e, -215 bp

CFBP7341 Tal8e,
CFBP7342 Tal11f




TAL effector distribution

Xoc TAL effectors are far more conserved than Xoo TAL
effectors, particularly within Asian or African strains

Within the three sequenced Xoo genomes, at most 21%
of their TAL effectors are conserved at the BSR level
between any two strains

Within the Asian Xoc strains, a minimum of 25% of TAL
effectors and an average of 51% are conserved across
every pair

Within the African Xoc strains, a minimum of 32% of TAL
effectors an average of 57% are conserved across every
pair



TAL effector distribution

Housekeeping Genes TAL Effector Ortholog Groups
B8-12
— L8 100

59 RS105 100

100 BLS279 100

38 66

100

BLS256
CFBP2286

100 100

BXORI

o7 CFBP7342 75
CFBP7331
CFBP7341

PXO99A

100 100

The tree created using the TAL effector orthologs is only a marginally
significantly better fit for the TAL effector ortholog alignment than the tree
created using the housekeeping genes (Kishino—Hasegawa test p-value = .054)
=> No horizontal gene transfer



Conclusions

Xoc TAL effectors are highly conserved but TAL effector
content distinguishes Asian and African strains of Xoc

The five TAL effectors shared by all strains include the
two BLS256 TAL effectors with a known role in virulence

There is some evidence of convergent evolution leading
to the targeting of one gene by different TAL effectors

Xoc TAL effectors are largely vertically transmitted

TAL effector-based resistance strategies appear promising



Future work

Features that might influence binding:
Location in genome
Context effects
Epigenetic status

Chromatin status

Can we use what we learn to modify EBEs without regard
for genomic context!?
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