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Conclusions

AVR3a cannot passively enter host cells from the apoplast; it requires a specific environment or 
mechanism to cross the plant cell membrane.
Translocation of AVR3a into host cells is dependent on both RxLR and EER motifs.
AVR3a is secreted from finger-shaped biotrophic haustoria.
Alanine replacement AVR3a::mRFP fusion constructs accumulate and overspill the 
extrahaustorial matrix into the apoplast.

AVR3a is recognised inside plant cells. RxLR-EER effector AVR3a can be 

translocated, via the T3SS (dspE::AVR3a) directly into the host cell from the 

wild type bacterial plant pathogen, P. atrosepticum (Pba). When co-infiltrated 

with Agrobacterium tumefaciens delivering R3a the HR is triggered. When 

AVR3a is fused to a non-secreted protein (recA) in Pba, or the T2SS pelA 

protein (secreted into plant intercellular spaces), there is no HR. With the 

T3SS disabled (hrcC- mutant) AVR3a is no longer translocated inside the 

plant cell (no HR). Biolistic delivery of constructs encoding 35S::AVR3a 

minus a signal peptide (SP) for secretion results in HR; AVR3a plus SP, 

avr3a plus/minus SP do not result in HR. 

Results

Future research

Conservative changes in the RxLR-EER of AVR3a to reveal 
specificity of translocation mechanism.
Visualisation of AVR3a translocation into host cells.
RxLR domain swaps between RxLR effector proteins from 
different oomycetes.

Background Strategy

PiAvr3a   ----DSAGRRLLRKNEENE-------------------------ETSEERA-PN--
HpATR1NdWsB       ---D-ALINRALRAQTALD--------------------------DDEERWPFGPS
PsAvr1b               --NGDIAGGRFLRAHEED---------------------------DAGERT-F---
15494            --DAHIHAQRVLRDRRSVD----------------------------EERG-LPTV
8848 AAQLVRSGKRFLRTPTAEQLDDEL------------------GQVD-EERR-MEIL
12409 ATKNGVLAKRFLRAQGPP---------------------------D-EERGRLKDV
5386        -EQN-VLGKRSLRTDHMRVSTVE-------------------DQEGDEERI-FR--
4706      -EPNKHVATRSLRTHP-----ID-------------------DSDDGEERL-LN--
6301      -VQD-DNYDRQLRGFYATENTDP--V-----------NNQDTAHEDGEERV-NV--
6199      ----DDITSRNLRA-------------------------------SGEERA-YA--
PiPEX34A11 -------KSRHLRVNGKDALWNYDTS-----------GGINSIVADDEERV-VSF-
ipiO1_a -EYN-ADEKRSLRGDYNNEVTK-------------------EPNTSDEERA-FSI-
5688 NIDSSNTAKRSLRQVAKASQESVDYL-----------SSK-SKYVAAEERG-WLT-
1257      ----DFVSKRKLRADKAADQ-----------------------VVSTEERG-VTG-
8373 ETTIATSSKRFLRLYDAEVRDTVR---------------G-DNDVDREERG-SSP-
11175 LYSPTTESYRFLRARK-------------------------NEDASDEERG-ISN-
5364      ---ATDIMRRQLRVGKAVASLFE---------------NQHQSTRELEEKIMQD--
ipiO1_b ---K----NRRLRGAQNQH---------------------------EEER------

6019 T------TERLLRAHSSDK-----EE-----------------QKEEEERA-IS--
13318 TDDGPKHTKRFLRGESSKIVNLKQEE-----------------GVFEERKG-VS--
3739                --RASFNTKRALRSHTKAT-------------------------DHGEERA-YK--
4167        ------LSQRHLRSHDTPVLV--------------------DDYNADEERG-LD--
0850            ----SIVSIRKLRSH--------------------------------EERG-LP--
PV004C8    ----TSQVQRLLRTHHATIK----------------------VNADSEERF-LT--
PG001C8 DTVAKDNKKRLLRAYKDAEDDSEDSKNVKPTADSKHADESEDSEDSQEERF-----

22627        ------NGGRILRRAKQHATNE---------------------VGVEEERF-YTKA
1828 DMTYTVSRKRLLRVAGPEDDDA---------------------TTDEEDRG-LGSI
5930      --EGTHETARLLRLNAVPQPVE---------------------TGNQEERT-I---
4461      ----HVHDQRLLRRVRND-E-----------------------GELTEERT-G--G
8164            ----NTEGGRLLRGVKKR-TAE---------------------REVQEERM-S--G
9705 ADQSVIEQPRFLRDGKIA-E------------------------GDNEERV-N--A
7763        ------GVKRSLRSHKVNKEEKEDLV---------------DSREDVEER--KGGV
12884 AEEE-NSIVRSLRAVETSE--------------------------DEEERD-LLGL
4494 --------RRSLRTSGE----------------------------ANEERT-RL--
6112 A------DKRLLRAN----DGT---------------------NAAEEERG-MADI
6418 NNNQ-EFA-RSLRNTEERSIAAI----L-A-------------EAGEEDRA-A---
11928 TNT--NHDVRILRNR-----VT---------------------NAAEEERA-GWGV
PK001F10    -------SGRVLRADATYNQAT---------------------NAVDEERA-SI--
5191 NSAKDAPAKRFLRKTSKTD-------------------------EDNEDRA-F---
MY20B07   --LGAEREKRLLRFDSND-YRD---------------------DDDEEERA-N--A
9043 ALNVDAVDRRFLRERKES----------------------------MEERG-Y---

Avirulence genes encode proteins 
recognised by resistant host plants, 
triggering hypersensitive cell death and 
containment of infection. Oomycete 
avirulence proteins possess a common 
dual motif, RxLR-EER, located near the 
N-terminus of the mature proteins. 
Cognate host resistance proteins are 
predicted to be cytoplasmic. The 
oomycete RxLR-EER was shown to be 
functionally analogous to the host 
targeting signal RxLxE/D/Q in malaria 
parasites. RxLR-EER function in 
oomycetes is not yet demonstrated.

The avirulence gene Avr3a from the potato late blight pathogen 
Phytophthora infestans was used as a reporter for RxLR-EER 
delivery as it yields a clear phenotype on R3a potato plants.
AVR3a was delivered into plant cells or the plant apoplast 
using the T2SS or T3SS of the bacterial potato pathogen, 
Pectobacterium atrosepticum.
RxLR, EER, or both, in AVR3a were replaced by alanine 
residues in stably transformed P. infestans.
The RxLR-EER motif in AVR3a is not required for recognition by 
R3a.
Transformants were assayed for recognition and resistance on 
R3a potato plants.
Native AVR3a and alanine replacement constructs were fused 
to mRFP in stable P. infestans transformants for localisation 
during infection of potato using confocal microscopy.
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RxLR-EER sequence logo of alignment shown below for 3 
oomycete Avr and 38 expressed P. infestans proteins. For 
alignment, sequences were N- and C-terminal trimmed.

P. infestans transformants expressing cytoplasmic eGFP and Avr3a::mRFP translational fusions. (A) 

AVR3a::mRFP in infected potato leaf tissue showing secretion of AVR3a specifically from finger-like 

haustoria. (B) red only image of same field as in A. (C) AVR3a::mRFP with RxLR-EER replaced by 

alanine residues in infected potato leaf tissue. Red fluorescence was observed at haustoria and 

also in the host apoplast adjoining the haustoria. (D) red channel image of same field as in C, 

showing extent of red fluorescence leakage from haustoria in alanine replacement transformants.

Reactions of potato cv. Pentland Ace (R3a) to alleles and ala 

replacements of Avr3a transformed into an avr3a isolate

                         RxLR-EER-AVR3a                     RxLR-AAA-AVR3a
   RxLR-EER-avr3a                   AAAA-EER-AVR3a                         AAAA-AAA-AVR3a
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