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Table S1: The LOCALIZER predictor uses three classifiers for predicting chloroplast and mitochondrial transit peptides and NLSs.
The protein net charge, isoelectric point and frequencies of amino acid classes (tiny, small, aliphatic, aromatic, nonpolar, polar,
charged, basic, acidic) in the sequence were calculated using pepstats (Rice et al., 2000). The grand average of hydropathicity
(GRAVY), classes of predicted secondary structure elements (helix, turn, sheet) and aromaticity were calculated using ProtParam
(Gasteiger et al., 2005).

Classifier Positive sequence set Negative sequence set Method of Feature vector (58 features)
classification
Chloroplast Experimentally confirmed N-termini of plant proteins with Support vector Protein net charge,

plant chloroplast/plastid
transit peptides

experimentally confirmed
localizations nucleus, cytoplasm,
mitochondria, secreted,
membranes

machine

Mitochondria

Experimentally confirmed
plant mitochondrial transit
peptides

N-termini of plant proteins with
experimentally confirmed
localizations nucleus, cytoplasm,
chloroplast, plastid, secreted,
membranes

Support vector
machine

isoelectric point, amino acid
classes (9 features), amino
acid frequencies (20
features), GRAVY, fraction of
helix/turn/sheet (3 features),
aromaticity, protein net
charge of first 15 aas,
isoelectric point of first 15
aas, amino acid frequencies
of first 15 aas (20 features)

Nucleus

Collection of NLSs from
experimentally confirmed
eukaryotic nuclear proteins

Regular expression
search and Hidden
Markov Model search
using NLStradamus

Table S2: Details of the subcellular localization prediction methods that were used for benchmarking. A version number of the
software is given where provided by the authors.

Name Localizations that can be predicted Parameters Version Reference
LOCALIZER Chloroplast, mitochondria, nucleus, none Default 1.0 This work
ChloroP Chloroplast, none Default 1.1 Emanuelsson et al. (1999)
TargetP Chloroplast, mitochondria, secreted, none Plant, default 1.1 Emanuelsson et al. (2000)
WoLF PSORT Chloroplast, cytosol, cytoskeleton, Plant, default 0.2 Horton et al. (2007)
endoplasmic reticulum, extracellular, Golgi
apparatus, lysosome, mitochondria, nuclear,
peroxisome, plasma membrane, vacuolar
membrane
BaCellLo Chloroplast, mitochondrion, secretory Plant, default - Pierleoni et al. (2006)
pathway, cytoplasm, nucleus
YLoc chloroplast, nucleus, cytoplasm, YLoc-LowRes, - Briesemeister et al. (2010)
mitochodrion, secretory pathway plants -
YLoc nucleus, cytoplasm, mitochondrion, plasma YLoc+, plants

(dual localization)

membrane, extracellular space, endoplasmic

reticulum, peroxisome, Golgi apparatus,

vacuole, chloroplast

Predotar Plastid, mitochondria, endoplasmic reticulum,  Plant 1.03 Small et al. (2004)
none

NLStradamus Nucleus, none Default 1.8 Nguyen Ba et al. (2009)

PredictNLS Nucleus, none Default 1.3 Cokol et al. (2000)

Table S3: The benchmark set of eukaryotic effectors and effector candidates that have been studied in GFP localization

experiments.



Data set Reference Number of proteins in set

Subcellular localization of the Hpa RxLR effector repertoire Caillaud et al. (2012) 45

Melampsora larici-populina candidate effectors Petre et al. (2015b) 29
Petre et al. (2015a)

Puccinia striiformis f. sp. tritici candidate effectors Petre et al. (2016) 16

Literature search on effectors with localization data - 17

Table S4: Localization prediction results for rust effector candidates. Correct predictions are marked in bold.

Protein Protein Experimental LOCALIZER ChloroP TargetP WoLF PSORT YLoc Predotar BaCellLo
length localization
(aas)
PGTG_00164 118 Chloroplast Nucleus - Mitochondrion  Nucleus Chloroplast Chloroplast Chloroplast
PGTG_06076 336 Chloroplast Chloroplast Chloroplast Chloroplast Chloroplast Chloroplast Chloroplast Chloroplast
PGTG_13278 477 Nucleus Nucleus - - Nucleus Nucleus - Nucleus
PGTG_15899 133 Nucleus Mitochondrion, Chloroplast  Chloroplast Chloroplast, Mitochondrion - Chloroplast
Nucleus Mitochondrion
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Fig. S1: The percentage of secreted proteins with predicted chloroplast transit peptides that are also predicted as effectors
(EffectorP) is shown across fungal species.
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Fig. S2: The percentage of secreted proteins with predicted mitochondrial transit peptides that are also predicted as effectors
(EffectorP) is shown across fungal species.
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Fig. S3: The percentage of secreted proteins with predicted NLSs that are also predicted as effectors (EffectorP) is shown across
fungal species.
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Fig. S4: Immunoblot analysis of YFP-tagged rust effector candidates. Protein extracts from Nicotiana tabacum leaf tissue
(uninfiltrated) and leaf tissue transiently expressing Puccinia graminis f. sp. tritici (PGTG) effector candidates fused to yellow
fluorescent protein (YFP) were analysed by immunoblotting with anti-GFP (a-GFP). Intact fusions were detected for all proteins,
and only PGTG_00164 showed truncated products, which may correspond to cleaved YFP (~27 kDa). Image on the right shows a
longer exposure time, which was required to visualise a protein band corresponding to PGTG_13278-YFP (indicated by arrow).



Predicted molecular weights are 40, 64, 81, and 40 kDa, respectively. Position and size (kDa) of protein molecular mass
standards are indicated. Lower panel shows Ponceau S staining of protein bands on the blotted nitrocellulose membrane,
indicating even protein loading.
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Fig. S5: Sequence alighnment of PGTG_00164 and its rust homologs. The predicted NLS is marked in red.
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Fig. S6: Sequence alignment of PGTG_06076 and its rust homologs.

PGTG_15899T0 SKT | LET IvveLBFEcRIBTAG! | KRHVG RR‘ LGWPAFSTAS-RQFBKVSKT | KATATQAATSL EKAADTGSBKGHPPGGAAEAPSQPGT TTTYBBDKKTREGS 117
PTTG_25166T0 ITRKL| LLSIVLVVEBIS-B | AEA | KRHVGNNL S LGLGEIASVVR - MTGBRAAQ - - - - - - - - QLRRFGKATETAP KEPQVEGTGKAEAQRNA NKS [SDETKBGS 109
PST130_03869 K | Fi VIS--AlL CAL; SEVT] NHEDBKFERP: NK | TPSFRLVAI KDSNQLKVVTRKVGEAVEGLKTAAA DG - - -ESVVREQGGVSAF! KTT I KSAGVRYG 114
| A ll@.l-.- ul il i T E e
«. 5 476 6 7 78469663 6474574 6 64---48687458637 6 44374 6
auity | gl ma Iy WM O H.LD

Conservation

Consensus
M+K++QLALLSIV++LL+SCALAAAE+ |HEKRHVGN+LSSRRL+KRMP++S++ 4R+ ++GK+S+++K++++++++++EKA++TA+SKG+++EG+++A++Q++AYWT+TT+LG+++T+PGS
PGTG_1589970 118 BSLWDPEGKENEQVDT - - - - - 138
PTTG_25166T0 110 BPLYKPTAEQRSAY | PNNHAL 130
PST130_03869 115 N oimmis it imiem e g

Conservation -
acaty i et

Consensus
L+L++P++++++++++NNHAL

Fig. S7: Sequence alignment of PGTG_15899 and its rust homologs. The predicted NLS is marked in red.



Applying LOCALIZER to bacterial effectors targeting chloroplasts and mitochondria

We also tested LOCALIZER, which has been designed for plant proteins or eukaryotic effectors, on bacterial effectors
that have been found to target chloroplasts or mitochondria. In plant mode, LOCALIZER scans for a transit peptide at
the start of the protein only and we used plant mode to predict subcellular targeting of bacterial effectors. The
enteropathogenic Escherichia coli effectors EspF and Map have been found to get imported into host mitochondria.
For EspF, the mitochondrial targeting sequence is suggested to be in the N-terminal 24 aas, with the 16th leucine
residue critical for host mitochondrial import (Nagai et al., 2005). LOCALIZER in plant mode predicts a dual
chloroplast/mitochondrial transit peptide in the first 26 aas. Interestingly, the mutation of L16 to E16 which
abolishes mitochondrial import also leads to LOCALIZER dropping the mitochondrial prediction. For the Map
effector, the N-terminal 44 residues are sufficient to target proteins to mitochondria (Papatheodorou et al., 2006).
However, LOCALIZER in plant mode predicts a chloroplast transit peptide in the first 27 aas. The Anaplasma
phagocytophilum Ats-1 effector requires its N-terminus for mitochondrial localization and the cleavage site of Ats-1
is within N-terminal residues 45—60 (Niu et al., 2010). LOCALIZER in plant mode predicts a mitochondrial transit
peptide in the 21 aas. The Pseudomonas syringae type lll effector HopG1 localizes to plant mitochondria but no
transit peptide has been identified (Block et al., 2010). For HopG1, LOCALIZER does not predict a transit peptide in
plant mode. The P. syringae effectors AvrRps4 and HopK1 have been suggested to carry cleavable transit peptides
that target them to chloroplasts (Li et al., 2014), but AvrRps4 has also been reported in the cytosol and nucleus
(Bhattacharjee et al., 2011; Heidrich et al., 2011; Sohn et al., 2012). In plant mode, LOCALIZER does not predict
transit peptides for AvrRps4 and HopK1. For the chloroplast-localized effectors HopO1-2 and HopR1 (de Torres
Zabala et al., 2015), LOCALIZER in plant mode predicts N-terminal chloroplast transit peptides.

Whilst LOCALIZER’s predictions show agreement with experimentally determined bacterial effector localization, it is
important to note that the amino acid composition of the N-terminal type Ill secretion signal of most Pseudomonas
syringae effectors share a similar amino acid composition to chloroplast and mitochondrial transit peptides
(Guttman et al., 2002) and this similarity has been suggested to potentially resemble an evolutionary conserved
mechanism shared by these organelles (Hicks & Galan, 2013). Therefore, the prediction of transit peptides in
bacterial effectors might be due to the evolutionary history of bacterial secretion signals and large-scale bacterial
genome screenings with LOCALIZER should be used with caution.
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