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Abstract 16 

PlaQW SaWhRgeQV VecUeWe Vmall SURWeiQV, kQRZQ aV effecWRUV, WhaW SURmRWe iQfecWiRQ b\ maQiSXlaWiQg hRVW 17 
cellV. MembeUV Rf Whe Sh\WRSaWhRgeQic fXQgal geQXV CROOHWRWULFKXP cRllecWiYel\ haYe a bURad hRVW 18 
UaQge aQd geQeUall\ adRSW a hemibiRWURShic lifeVW\le WhaW iQclXdeV aQ iQiWial biRWURShic ShaVe aQd a laWeU 19 
QecURWURShic ShaVe. We h\SRWheVi]ed WhaW CROOHWRWULFKXP fXQgi XVe a VeW Rf cRQVeUYed effecWRUV dXUiQg 20 
iQfecWiRQ WR VXSSRUW Whe WZR ShaVeV Rf WheiU hemibiRWURShic lifeVW\le. ThiV VWXd\ aimed WR e[amiQe WhiV 21 
h\SRWheViV b\ ideQWif\iQg aQd chaUacWeUi]iQg cRQVeUYed effecWRUV amRQg CROOHWRWULFKXP fXQgi. 22 
CRmSaUaWiYe geQRmic aQal\VeV XViQg geQRmeV Rf aVcRm\ceWe fXQgi ZiWh diffeUeQW lifeVW\leV ideQWified 23 
VeYeQ effecWRU caQdidaWeV WhaW aUe cRQVeUYed acURVV Whe geQXV CROOHWRWULFKXP. TUaQVieQW e[SUeVViRQ 24 
aVVa\V VhRZed WhaW RQe Rf WheVe cRQVeUYed effecWRUV, CEC3, iQdXceV QXcleaU e[SaQViRQ aQd cell deaWh 25 
iQ NLFRWLDQD EHQWKDPLDQD, VXggeVWiQg WhaW CEC3 iV iQYRlYed iQ SURmRWiQg hRVW cell deaWh dXUiQg 26 
iQfecWiRQ. NXcleaU e[SaQViRQ aQd cell deaWh iQdXcWiRQ ZeUe cRmmRQl\ RbVeUYed iQ CEC3 hRmRlRgV 27 
fURm fRXU diffeUeQW CROOHWRWULFKXP VSecieV WhaW YaU\ iQ hRVW VSecificiW\. ThXV, CEC3 SURWeiQV cRXld 28 
UeSUeVeQW a QRYel claVV Rf cRUe effecWRUV ZiWh fXQcWiRQal cRQVeUYaWiRQ iQ Whe geQXV CROOHWRWULFKXP. 29 

Introduction 30 
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PlaQW SaWhRgeQV haYe adRSWed diffeUeQW VWUaWegieV WR e[WUacW QXWUieQWV fURm WheiU iQdiYidXal hRVWV: 31 
eYadiQg RU diVabliQg Whe hRVW immXQe V\VWem WR eVWabliVh a SaUaViWic UelaWiRQVhiS ZiWh liYiQg cellV 32 
(biRWURSh\), iQdXcWiRQ Rf a leWhal UeVSRQVe (QecURWURSh\), RU b\ XViQg a cRmbiQaWiRQ Rf WheVe VWUaWegieV 33 
(hemibiRWURSh\). TheVe SaWhRgeQV haYe eYRlYed aQ aUUa\ Rf VecUeWed SURWeiQV WhaW maQiSXlaWe hRVW cell 34 
UeVSRQVeV, cRllecWiYel\ UefeUUed WR aV effecWRUV, WhaW allRZ Whem WR eVWabliVh a defiQed UelaWiRQVhiS ZiWh 35 
WheiU hRVWV. AlWhRXgh effecWRUV Sla\ SiYRWal URleV iQ eVWabliVhiQg SaUaViWic iQWeUacWiRQV, VRme effecWRUV 36 
aUe alVR deWecWed b\ SlaQWV Yia immXQe UeceSWRUV eQcRded b\ UeViVWaQce (R) geQeV, WheUeb\ WUiggeUiQg 37 
VWURQg hRVW immXQe UeVSRQVeV (DRddV aQd RaWhjeQ, 2010). The geQeV WhaW eQcRde effecWRUV aUe called 38 
µaYiUXleQce geQeV¶ becaXVe Whe SlaQW UeVSRQVe WUiggeUed b\ UecRgQiWiRQ Rf effecWRUV b\ cRgQaWe immXQe 39 
UeceSWRUV UeVXlWV iQ Whe lRVV Rf YiUXleQce. ThXV, effecWRUV bRWh SRViWiYel\ aQd QegaWiYel\ imSacW Whe 40 
abiliW\ Rf a SaWhRgeQ WR eVWabliVh a diVeaVe VWaWe, deSeQdiQg RQ Whe hRVW geQRW\Se. The imSRUWaQce Rf 41 
hRVW aQd SaWhRgeQ geQRW\SeV iQ Whe RXWcRme Rf iQfecWiRQ iV illXVWUaWed b\ Whe ]ig-]ag mRdel ZheUeiQ 42 
SaWhRgeQV cRQWiQXRXVl\ eYRlYe QeZ effecWRUV WR RYeUcRme SlaQW defeQVe UeVSRQVeV aQd hRVWV eYRlYe 43 
UeceSWRUV WhaW UecRgQi]e Whe QeZl\ eYRlYed effecWRUV, UeVXlWiQg iQ diVeaVe UeViVWaQce (JRQeV aQd DaQgl, 44 
2006). AV a cRURllaU\ WR WhiV mRdel, Whe abiliW\ WR iQfecW a hRVW WhaW caQ SeUceiYe a SaUWicXlaU effecWRU 45 
UeTXiUeV WhaW Whe SaWhRgeQ lRVe RU alWeU Whe effecWRU WR eVcaSe UecRgQiWiRQ. CRQViVWeQW ZiWh WhiV mRdel, 46 
SUeYiRXV VWXdieV haYe VhRZQ WhaW kQRZQ aYiUXleQce effecWRUV RfWeQ lack hRmRlRgV iQ clRVel\-UelaWed 47 
liQeageV aV a UeVXlW Rf high VelecWiRQ SUeVVXUe iQ Whe aUmV Uace beWZeeQ hRVW aQd SaWhRgeQ (SiQche]-48 
ValleW eW al., 2018). IQ e[WUeme caVeV, aYiUXleQce effecWRU geQeV VXch aV AYU4E aQd AYUSWE6, Zhich ZeUe 49 
iVRlaWed fURm fXQgal SlaQW SaWhRgeQV CODGRVSRULXP IXOYXP aQd Z\PRVHSWRULD WULWLFL, UeVSecWiYel\, haYe 50 
RQl\ beeQ fRXQd iQ VSecific VWUaiQV ZiWhiQ a ViQgle VSecieV (WeVWeUiQk eW al., 2004; ZhRQg eW al., 2017). 51 
IQ cRQWUaVW, VRme effecWRUV aUe Zidel\ cRQVeUYed amRQg diffeUeQW Wa[a aQd aUe UeTXiUed fRU fXll 52 
YiUXleQce RQ a UaQge Rf diffeUeQW hRVWV. FRU e[amSle, maQ\ fXQgal SlaQW SaWhRgeQV e[SUeVV L\VM 53 
effecWRUV, Zhich SURWecW fXQgal cellV fURm SlaQW chiWiQaVeV aQd damSeQ hRVW immXQe UeVSRQVeV 54 
(AkcaSiQaU eW al., 2015). NIS1 aQd iWV hRmRlRgV aUe alVR cRmmRQ amRQg Whe AVcRm\cRWa aQd 55 
BaVidiRm\cRWa. NIS1 VXSSUeVVeV Whe kiQaVe acWiYiWieV Rf BAK1 aQd BIK1, Zhich aUe cUiWical fRU 56 
WUaQVmiWWiQg hRVW immXQe VigQaliQg (IUieda eW al., 2019). AV aQRWheU e[amSle, PeS1 aQd iWV hRmRlRgV, 57 
Zhich iQhibiW SlaQW SeUR[idaVeV UeTXiUed fRU accXmXlaWiRQ Rf UeacWiYe R[\geQ VSecieV, aUe cRQVeUYed 58 
ZiWhiQ Whe fXQgal RUdeU UVWilagiQaleV (HemeWVbeUgeU eW al., 2012, 2015). ImSRUWaQWl\, WheVe cRQVeUYed 59 
effecWRUV cRQWUibXWe WR SaWhRgeQiciW\ b\ WaUgeWiQg hRVW SURWeiQV WhaW aUe cRQVeUYed iQ a Zide UaQge Rf 60 
SlaQW Wa[a. 61 

CROOHWRWULFKXP iV RQe Rf Whe mRVW ecRQRmicall\ imSRUWaQW geQeUa amRQg SlaQW SaWhRgeQic fXQgi 62 
becaXVe Rf iWV XbiTXiW\ aQd abiliW\ WR caXVe VeUiRXV cURS lRVVeV (DeaQ eW al., 2012). CROOHWRWULFKXP VSS. 63 
caQ be gURXSed iQWR VeYeUal majRU mRQRSh\leWic cladeV WhaW aUe WeUmed VSecieV cRmSle[eV (CaQQRQ eW 64 
al., 2012). AmRQg Whe VSecieV cRmSle[eV, membeUV Rf Whe CROOHWRWULFKXP JORHRVSRULRLGHV VSecieV 65 
cRmSle[ WeQd WR haYe a Zide hRVW UaQge aV SRVW-haUYeVW SaWhRgeQV. FRU e[amSle, CROOHWRWULFKXP 66 
IUXFWLFROD iQfecWV a Zide UaQge Rf fUXiWV, iQclXdiQg VWUaZbeUU\ (FUDJDULD î DQDQDVVD), aSSle (MDOXV 67 
GRPHVWLFD), aQd aYRcadR (PHUVHD DPHULFDQD) (WeiU eW al., 2012). IQ cRQWUaVW, membeUV Rf RWheU VSecieV 68 
cRmSle[eV WeQd WR haYe mRUe limiWed hRVW UaQgeV. The CROOHWRWULFKXP JUDPLQLFROD VSecieV cRmSle[ 69 
haV membeUV WhaW aUe UeVWUicWed WR iQfecWiQg gUamiQeRXV SlaQWV, VXch aV C. JUDPLQLFROD, Zhich iV 70 
aVVRciaWed ZiWh mai]e (CURXch aQd BeiUQ, 2009). CROOHWRWULFKXP KLJJLQVLDQXP, a membeU Rf Whe 71 
CROOHWRWULFKXP GHVWUXFWLYXP VSecieV cRmSle[, iQfecWV BUaVVicaceae SlaQWV, iQclXdiQg AUDELGRSVLV 72 
WKDOLDQD (O¶CRQQell eW al., 2004). SimilaUl\, CROOHWRWULFKXP RUELFXODUH fURm Whe C. RUELFXODUH VSecieV 73 
cRmSle[ iQfecWV CXcXUbiWaceae SlaQWV aV Zell aV NLFRWLDQD EHQWKDPLDQD (SheQ eW al., 2001). TheUefRUe, 74 
Zhile membeUV Rf WhiV geQXV haYe a cRllecWiYe Zide hRVW UaQge, iQdiYidXal CROOHWRWULFKXP VSS. hRVW 75 
UaQgeV aUe RfWeQ mXch mRUe limiWed. DeVSiWe Whe hRVW UaQge Rf each CROOHWRWULFKXP VS., Whe majRUiW\ 76 
haYe adaSWed a hemibiRWURShic lifeVW\le. The\ deYelRS bXlbRXV SUimaU\ h\Shae ZiWhiQ liYiQg hRVW cellV 77 
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dXUiQg Whe iQiWial biRWURShic ShaVe, WheQ iQdXce hRVW deaWh iQ Whe VXbVeTXeQW QecURWURShic ShaVe, Zhich 78 
iV chaUacWeUi]ed b\ Whe SURdXcWiRQ Rf filameQWRXV VecRQdaU\ h\Shae (PeUfecW eW al., 1999). 79 

BaVed RQ ZhaW iV kQRZQ abRXW Whe geQXV CROOHWRWULFKXP, Ze h\SRWheVi]e WhaW effecWRUV iQ 80 
CROOHWRWULFKXP VSS. fall iQWR WZR claVVeV baVed RQ WheiU cRQVeUYaWiRQ SaWWeUQV: 1) VSeciali]ed effecWRUV, 81 
Zhich haYe UeceQWl\ eYRlYed fRU adaSWaWiRQ WR VSecific hRVW QicheV, aQd 2) cRQVeUYed effecWRUV, Zhich 82 
aUe geQeUall\ UeTXiUed fRU iQfecWiRQ Rf a Zide UaQge Rf SlaQWV. TR daWe, mRUe WhaQ 100 geQRmeV Rf 83 
CROOHWRWULFKXP VSS. haYe beeQ VeTXeQced dXe WR WheiU agUicXlWXUal imSRUWaQce aQd VcieQWific iQWeUeVW 84 
(O¶CRQQell eW al., 2012; BaURQcelli eW al., 2014, 2016a; GaQ eW al., 2016, 2019, 2020; HacTXaUd eW al., 85 
2016). UViQg WheVe abXQdaQW geQRme UeVRXUceV, iW iV QRZ feaVible WR cRQdXcW cRmSaUaWiYe geQRmic 86 
aQal\ViV aQd UeYeUVe geQeWicV Rf CROOHWRWULFKXP VSS. SiQce CROOHWRWULFKXP VSS. haYe a cRllecWiYe bURad 87 
hRVW UaQge, WheiU effecWRUV cRQVeUYed ZiWhiQ Whe geQXV VhRXld haYe imSRUWaQW URleV dXUiQg iQfecWiRQ 88 
acURVV a Zide UaQge Rf hRVW SlaQWV. HeUe, Ze ideQWified effecWRU caQdidaWeV aQd WheiU cRQVeUYaWiRQ 89 
SaWWeUQV acURVV aVcRm\ceWeV ZiWh diffeUeQW lifeVW\leV. AmRQg Whem, Whe effecWRU caQdidaWe ChCEC3 90 
(cRUe effecWRU Rf CROOHWRWULFKXP fXQgi 3 fURm C. KLJJLQVLDQXP), caQ iQdXce QXcleaU e[SaQViRQ aQd cell 91 
deaWh ZheQ e[SUeVVed iQ N. EHQWKDPLDQD. CEC3 hRmRlRgV fURm fRXU diffeUeQW CROOHWRWULFKXP VSecieV 92 
WhaW haYe diffeUeQW hRVW VSecificiWieV alVR iQdXce QXcleaU e[SaQViRQ aQd cell deaWh, iQdicaWiQg WhaW WheiU 93 
fXQcWiRQal URle iV cRQVeUYed iQ Whe geQXV CROOHWRWULFKXP. 94 

Materials and Methods 95 

Prediction of Effector Candidates 96 

IQ WhiV VWXd\, effecWRU caQdidaWeV ZeUe defiQed aV SUedicWed VecUeWed SURWeiQV (L.H., WhRVe ZiWh a VigQal 97 
SeSWide VeTXeQce bXW QR WUaQVmembUaQe dRmaiQ) leVV WhaQ 300 amiQR acidV lRQg. SigQalP 4.1 (PeWeUVeQ 98 
eW al., 2011) aQd TMHMM 2.0 (KURgh eW al., 2001) ZeUe XVed ZiWh defaXlW VeWWiQgV WR SUedicW VigQal 99 
SeSWideV aQd WUaQVmembUaQe dRmaiQV, UeVSecWiYel\. 100 

Conservation Patterns of Effector Candidates 101 

TZeQW\-fRXU aVcRm\ceWeV WhaW aUe aVVRciaWed ZiWh VaSURSh\We, SlaQW SaWhRgeQ, RU iQVecW SaWhRgeQ 102 
lifeVW\leV, ZeUe VelecWed WR aVVeVV Whe cRQVeUYaWiRQ SaWWeUQV Rf Whe SURWeiQ VeTXeQceV (SXSSlemeQWaU\ 103 
Table 1). TR ideQWif\ RUWhRgURXSV, OUWhRFiQdeU Y2.2.7 (EmmV aQd Kell\, 2015) ZaV XVed ZiWh defaXlW 104 
VeWWiQgV. AQal\VeV Rf all SURWeiQV aQd effecWRU caQdidaWeV ZeUe iQdeSeQdeQWl\ SeUfRUmed. The 105 
cRQVeUYaWiRQ SaWWeUQV Rf CEC SURWeiQV ZeUe fXUWheU iQYeVWigaWed b\ SeUfRUmiQg BLASTP agaiQVW Whe 106 
NCBI QRQ-UedXQdaQW SURWeiQ daWabaVe (laVW acceVVed RQ 29 JXQe 2020) XViQg ChCECV aV Whe TXeU\ 107 
amiQR acid VeTXeQceV ZiWh a cXWRff E-YalXe = 10-30. BaVed RQ WhiV UeVXlW, Ze VelecWed 70 SURWeRmeV, 108 
iQclXdiQg all Rf Whe SXblicl\ aYailable SURWeRmeV Rf 35 CROOHWRWULFKXP VWUaiQV aQd 35 fXQgal SURWeRmeV 109 
UeSUeVeQWiQg diffeUeQW bUaQcheV Rf Whe AVcRm\cRWa (SXSSlemeQWaU\ Table 2). TheQ, Whe amiQR acid 110 
VeTXeQceV Rf ChCECV ZeUe XVed aV TXeUieV fRU BLASTP agaiQVW Whe daWabaVe geQeUaWed XViQg Whe 70 111 
SURWeRmeV (cXWRff E-YalXe = 10-30). TR ideQWif\ fXQcWiRQal SURWeiQ dRmaiQV Rf CEC3 SURWeiQV, 112 
IQWeUPURScaQ 5.39-77.0 (MiWchell eW al., 2019) ZaV XVed ZiWh defaXlW VeWWiQgV. AmiQR acid VeTXeQce 113 
aligQmeQWV aQd a Sh\lRgeQeWic WUee Rf CEC3 hRmRlRgV ZeUe geQeUaWed XViQg CLC GeQRmicV 114 
WRUkbeQch8 (QIAGEN biRiQfRUmaWicV). 115 

Phylogenetic Analyses 116 
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A Sh\lRgeQeWic WUee Rf 24 aVcRm\ceWeV ZaV geQeUaWed fURm Whe cRmbiQed aligQmeQWV Rf ViQgle-cRS\ 117 
RUWhRlRgV cRQVeUYed iQ all 24 aVcRm\ceWeV ideQWified XViQg OUWhRFiQdeU Y2.2.7 ZiWh defaXlW VeWWiQgV. 118 
PURWeiQ VeTXeQceV ZeUe aligQed XViQg MAFFT YeUViRQ 7.215 (KaWRh eW al., 2002) ZiWh Whe --aXWR 119 
VeWWiQgV aQd WUimmed XViQg WUimAL Y1.2 (CaSella-GXWipUUe] eW al., 2009) ZiWh Whe aXWRmaWed1 VeWWiQgV. 120 
The cRQcaWeQaWed aQd WUimmed aligQmeQWV ZeUe WheQ XVed WR eVWimaWe a ma[imXm-likelihRRd VSecieV 121 
Sh\lRgeQ\ ZiWh RA[ML YeUViRQ 8.2.11 (SWamaWakiV, 2014) ZiWh 1,000 bRRWVWUaS UeSlicaWeV. TR geQeUaWe 122 
Whe ma[imXm-likelihRRd WUee, Whe PROTGAMMAAUTO VeWWiQg ZaV XVed WR fiQd Whe beVW SURWeiQ 123 
VXbVWiWXWiRQ mRdel aQd Whe aXWRMRE VeWWiQg ZaV XVed WR deWeUmiQe Whe aSSURSUiaWe QXmbeU Rf bRRWVWUaS 124 
VamSleV. The WUee ZaV YiVXali]ed XViQg iTOL YeUViRQ 4.1 (LeWXQic aQd BRUk, 2016). A Sh\lRgeQeWic 125 
WUee Rf 70 aVcRm\ceWeV ZaV geQeUaWed iQ Whe Vame Za\ XViQg Whe cRmbiQed aligQmeQWV Rf ViQgle-cRS\ 126 
RUWhRlRgV cRQVeUYed acURVV all SURWeRmeV (SXSSlemeQWaU\ Table 2). SDFFKDURP\FHV FHUHYLVLDH 127 
VeTXeQceV ZeUe XVed aV Whe RXWgURXS iQ bRWh WUeeV. 128 

Cloning 129 

TRWal RNA ZaV e[WUacWed fURm C. KLJJLQVLDQXP MAFF 305635, C. RUELFXODUH MAFF 240422, aQd C. 130 
JUDPLQLFROD MAFF 244463 cXlWXUed iQ SRWaWR de[WURVe (PD) bURWh (BD BiRVcieQceV) aW 24�C iQ Whe 131 
daUk fRU WZR da\V. TRWal RNA ZaV e[WUacWed fURm VWUaZbeUU\ (SachiQRka) leaYeV WhUee da\V afWeU 132 
iQRcXlaWiRQ ZiWh C. IUXFWLFROD NaUa gc5 (JCM 39093) aV SUeYiRXVl\ deVcUibed (GaQ eW al., 2020). RNA 133 
ZaV e[WUacWed XViQg RNeaV\ PlaQW MiQi KiW (QiageQ) ZiWh DNaVe I WUeaWmeQW accRUdiQg WR Whe 134 
maQXfacWXUeU¶V iQWURdXcWiRQV, aQd UeYeUVe WUaQVcUibed XViQg ReYeUTUaAce TPCR RT KiW (TR\RbR, CR., 135 
LWd.) RU SXSeUScUiSW III ReYeUVe TUaQVcUiSWaVe (TheUmR FiVheU ScieQWific). cDNAV Rf CKCEC2-1, 136 
CKCEC2-2, aQd CKCEC6 ZeUe amSlified XViQg SUimeUV liVWed iQ SXSSlemeQWaU\ Table 3 aQd PhXViRQ� 137 
High-FideliW\ DNA PRl\meUaVe (NeZ EQglaQd BiRlabV), WheQ clRQed iQWR SCR8/GW/TOPO (TheUmR 138 
FiVheU ScieQWific). The CDS Rf CKCEC3 ZaV V\QWheVi]ed iQ SDONR/ZeR (TheUmR FiVheU ScieQWific) 139 
b\ IQYiWURgeQ. The CKCEC VeTXeQceV ZeUe WUaQVfeUUed iQWR GaWeZa\-cRmSaWible SSfiQ[ (SSfiQ[-GW) 140 
(NaUXVaka eW al., 2013) XViQg GaWeZa\ LR ClRQaVe EQ]\me mi[ (TheUmR FiVheU ScieQWific). cDNAV 141 
Rf CEC3 ZiWhRXW VWRS cRdRQV aQd Whe UegiRQV eQcRdiQg SUedicWed VigQal SeSWideV aQd VWRS cRdRQV ZeUe 142 
alVR amSlified aQd clRQed iQWR SCR8/GW/TOPO. Each CEC3 deUiYaWiYe ZaV WUaQVfeUUed iQWR SGWB5 143 
(NakagaZa eW al., 2007) ZiWh GaWeZa\ LR ClRQaVe EQ]\me mi[. CKCEC3ǻSP aQd YFP clRQed fURm 144 
SGWB41 (NakagaZa eW al., 2007) iQ SCR8/GW/TOPO ZeUe alVR WUaQVfeUUed iQWR SEDV6 (FabUR eW al., 145 
2011) XViQg GaWeZa\ LR ClRQaVe EQ]\me mi[. We deSRViWed Whe cDNA VeTXeQceV Rf CRCEC3-2.2 146 
fURm C. RUELFXODUH MAFF 240422 aQd CJCEC3 fURm C. JUDPLQLFROD MAFF 244463 iQ NCBI 147 
GeQBaQk XQdeU Whe acceVViRQ QXmbeUV MW528236 aQd MW528237, UeVSecWiYel\. 148 

TR cUeaWe WUaQVfRUmaWiRQ YecWRUV fRU RYeUe[SUeVViRQ RU kQRck-RXW mXWaWiRQV, Ze fiUVW geQeUaWed 149 
SAGM4723_TEF_GFP_Vcd1_H\gR XViQg GRldeQ GaWe clRQiQg (EQgleU eW al., 2014) (SXSSlemeQWaU\ 150 
FigXUe 1). TR geQeUaWe SAGM4723_TEF_ChCEC3g_Vcd1_H\gR, geQRmic DNA eQcRdiQg CKCEC3 151 
aQd Whe liQeaUi]ed SAGM4723_TEF_GFP_Vcd1_H\gR lackiQg Whe GFP VeTXeQce ZeUe amSlified 152 
XViQg KOD -PlXV- NeR (TR\RbR, CR., LWd.), WheQ Whe fUagmeQWV ZeUe ciUcXlaUi]ed XViQg IQ-FXViRQ HD 153 
(TakaUa BiR IQc.). TR geQeUaWe SAGM4723-ChCEC3KO, 5¶ aQd 3¶ 2 kb geQRmic fUagmeQWV Rf 154 
CKCEC3, Whe h\gURm\ciQ UeViVWaQce caVVeWWe, aQd liQeaUi]ed SAGM4723 ZeUe amSlified XViQg KOD -155 
PlXV- NeR. TheVe fUagmeQWV ZeUe ciUcXlaUi]ed XViQg IQ-FXViRQ HD. GeQRmic DNA Rf C. KLJJLQVLDQXP 156 
MAFF 305635 ZaV e[WUacWed XViQg DNeaV\ PlaQW MiQi KiW (QiageQ). 157 

Cell Death-Inducing Effector Candidate Screening 158 
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AJUREDFWHULXP WXPHIDFLHQV VWUaiQ GV3101 ZaV XVed WR VcUeeQ fRU cell deaWh-iQdXciQg effecWRU 159 
caQdidaWeV. BiQaU\ YecWRUV ZeUe WUaQVfRUmed iQWR A. WXPHIDFLHQV ZiWh Whe fUee]e-WhaZ meWhRd RU b\ 160 
elecWURSRUaWiRQ. AfWeU WUaQVfRUmaWiRQ, A. WXPHIDFLHQV ZaV cXlWXUed RQ LXUia-BeUWaQi (LB) agaU (MeUck 161 
KGaA) cRQWaiQiQg 100 �g/ml UifamSiciQ aQd 50 �g/ml kaQam\ciQ aW 28�C fRU WZR da\V. A. WXPHIDFLHQV 162 
WUaQVfRUmaQW cRlRQieV ZeUe SXUified aQd cXlWXUed iQ LB bURWh VXSSlemeQWed ZiWh 100 �g/ml UifamSiciQ 163 
aQd 50 �g/ml kaQam\ciQ aW 28�C fRU WZR da\V ZiWh VhakiQg aW 120 USm fRU agURiQfilWUaWiRQ. BacWeUial 164 
cellV ZeUe cRllecWed b\ ceQWUifXgaWiRQ aQd UeVXVSeQded iQ 10 mM MgCl2, 10 mM MES (SH 5.6), aQd 165 
150 �M aceWRV\UiQgRQe. Each bacWeUial VXVSeQViRQ ZaV adjXVWed WR OD600 = 0.3. SXVSeQViRQV ZeUe 166 
iQfilWUaWed iQWR 4-Zeek-Rld N. EHQWKDPLDQD leaYeV gURZQ aW 25�C XQdeU lRQg-da\ cRQdiWiRQV (16 h 167 
lighW/8 h daUk) XViQg 1 ml QeedleleVV V\UiQgeV. PlaQW cell deaWh ZaV YiVXali]ed Vi[ da\V afWeU iQfilWUaWiRQ 168 
XQdeU UV illXmiQaWiRQ. 169 

Cell Death Assays 170 

BiQaU\ YecWRUV ZeUe WUaQVfRUmed iQWR A. WXPHIDFLHQV VWUaiQ AGL1 ZiWh Whe fUee]e-WhaZ meWhRd RU b\ 171 
elecWURSRUaWiRQ. We XVed A. WXPHIDFLHQV VWUaiQ C58C1 SCH32 haUbRUiQg SBCKH 35S SURmRWeU::GFP 172 
aV a QegaWiYe cRQWURl WR e[SUeVV 35S-dUiYeQ GFP (MiWVXda eW al., 2006). A. WXPHIDFLHQV cXlWXUeV ZeUe 173 
SUeSaUed aV deVcUibed abRYe. FRU cell deaWh aVVa\V, bacWeUial VXVSeQViRQV ZeUe adjXVWed WR OD600 = 0.5. 174 
SXVSeQViRQV ZeUe iQfilWUaWed iQWR 4-Zeek-Rld N. EHQWKDPLDQD leaYeV XViQg 1 ml QeedleleVV V\UiQgeV. 175 
PlaQW cell deaWh ZaV YiVXali]ed b\ WU\SaQ blXe VWaiQiQg fiYe da\V afWeU iQfilWUaWiRQ: each N. EHQWKDPLDQD 176 
leaf ZaV bRiled iQ 20 ml Rf alcRhRlic lacWRSheQRl (eWhaQRl: SheQRl: gl\ceURl: lacWic acid: ZaWeU (4: 1: 1 : 177 
1: 1, Y/Y/Y/Y/Y) ) cRQWaiQiQg 0.1 �g/ml WU\SaQ blXe fRU 15 miQXWeV aQd lefW RYeUQighW aW URRm WemSeUaWXUe. 178 
BRiled leaYeV ZeUe deVWaiQed ZiWh 40% chlRUal h\dUaWe VRlXWiRQ fRU WhUee WR fiYe da\V befRUe beiQg 179 
ShRWRgUaShed. EighW diffeUeQW iQfilWUaWed leaYeV ZeUe RbVeUYed fRU each cRQVWUXcW. 180 

Confocal Microscopy 181 

A. WXPHIDFLHQV VWUaiQ AGL1 SUeSaUed aV abRYe (OD600 = 0.3) aQd caUU\iQg biQaU\ YecWRUV ZaV iQfilWUaWed 182 
iQWR 4-Zeek-Rld N. EHQWKDPLDQD leaYeV. PURWeiQ lRcali]aWiRQ ZaV aVVeVVed 24 RU 36 hRXUV afWeU 183 
iQfilWUaWiRQ iQ eSideUmal cellV Rf N. EHQWKDPLDQD XViQg Leica SP8 (Leica MicURV\VWemV) RU ZeiVV LSM 184 
700 (CaUl ZeiVV AG) micURVcRSeV. FRU DAPI (4ƍ,6-diamidiQR-2-SheQ\liQdRle) VWaiQiQg, Whe SWaiQiQg 185 
BXffeU iQ C\SWaiQ UV SUeciVe P (S\Vme[ AmeUica, IQc.) ZaV iQfilWUaWed iQWR N. EHQWKDPLDQD leaYeV 186 
XViQg 1 ml QeedleleVV V\UiQgeV RQe hRXU befRUe RbVeUYaWiRQ. TR image GFP flXRUeVceQce, e[ciWaWiRQ 187 
ZaV aW 488 Qm aQd emiVViRQ ZaV cRllecWed beWZeeQ 495 aQd 550 Qm. FRU mCheUU\ flXRUeVceQce, 188 
e[ciWaWiRQ ZaV aW 555 Qm aQd emiVViRQ ZaV beWZeeQ 505 aQd 600 Qm. DAPI flXRUeVceQce ZaV e[ciWed 189 
aW 405 Qm aQd RbVeUYed beWZeeQ 410 aQd 480 Qm. ChlRURSh\ll aXWRflXRUeVceQce ZaV e[ciWed aW 633 190 
Qm aQd RbVeUYed beWZeeQ 638 aQd 700 Qm. NXcleaU diameWeUV ZeUe meaVXUed aW WheiU QaUURZeVW SRiQWV 191 
(miQRU a[eV) XViQg ImageJ 1.51k (SchQeideU eW al., 2012). 192 

Transformation and Infection of C. higgiQViaQXP  193 

C. KLJJLQVLDQXP WUaQVfRUmaQWV ZeUe RbWaiQed XViQg A. WXPHIDFLHQV aV deVcUibed iQ SXSSlemeQWaU\ 194 
MaWeUial 1. TUaQVfRUmaQWV ZeUe geQRW\Sed b\ PCR XViQg SUimeUV liVWed iQ SXSSlemeQWaU\ Table 3. We 195 
cRQfiUmed cRQVWiWXWiYe e[SUeVViRQ b\ Vemi-TXaQWiWaWiYe PCR iQ fXQgal h\Shae cXlWXUed iQ PD bURWh fRU 196 
WZR da\V aW 24�C iQ Whe daUk fRU CKCEC3 RYeU-e[SUeVViQg liQeV. FRU leViRQ aUea meaVXUemeQW aVVa\V, 197 
AUDELGRSVLV WKDOLDQD CRl-0 SlaQWV ZeUe gURZQ aW 22�C ZiWh a 10-h ShRWRSeUiRd fRU fRXU ZeekV. C. 198 
KLJJLQVLDQXP MAFF 305635 aQd Whe WUaQVfRUmaQWV ZeUe cXlWXUed RQ PDA aW 24�C XQdeU 12-h black-199 
lighW blXe flXRUeVceQW bXlb lighW/12-h daUk cRQdiWiRQV fRU RQe Zeek. LeViRQ aUea meaVXUemeQW aVVa\V 200 
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ZeUe SeUfRUmed aV deVcUibed (TVXVhima eW al. 2019a). ThUee leaYeV SeU SlaQW ZeUe iQRcXlaWed ZiWh 5-201 
ȝl dURSleWV Rf cRQidial VXVSeQViRQV aW 5 î 105 cRQidia/ml. S\mSWRmV ZeUe RbVeUYed Vi[ da\V afWeU 202 
iQRcXlaWiRQ, aQd leViRQ aUeaV ZeUe meaVXUed XViQg Whe cRlRU WhUeVhRld fXQcWiRQ Rf ImageJ 1.51k 203 
(SchQeideU eW al., 2012) XViQg Whe fRllRZiQg VeWWiQgV: hXe, 0±255; VaWXUaWiRQ, 110±140; aQd bUighWQeVV, 204 
0±255 ZiWh a VTXaUe UegiRQ Rf iQWeUeVW. FRU RT-TPCR aQal\ViV, Ze XVed fXQgal h\Shae cXlWXUed iQ PD 205 
bURWh fRU WZR da\V aW 24�C iQ Whe daUk aV LQ YLWUR VamSleV aQd eSideUmal WiVVXeV fURm iQfecWed leaYeV 206 
aV LQ SODQWD VamSleV. ESideUmal WiVVXeV ZeUe VamSled fRllRZiQg Whe meWhRdV deVcUibed b\ TakahaUa eW 207 
al., 2009 aQd KleemaQQ eW al., 2012. ASSUR[imaWel\ 100 deWached fRXU-Zeek-Rld A. WKDOLDQD leaYeV SeU 208 
VamSle ZeUe Slaced RQ a Siece Rf ZeW SaSeU WRZel iQ a SlaVWic diVh. The aba[ial leaf VXUface ZaV 209 
iQRcXlaWed ZiWh aSSUR[imaWel\ 50 ȝl Rf cRQidial VXVSeQViRQ aW 5 î 106 cRQidia/ml XViQg a micURSiSeWWe. 210 
AfWeU iQRcXlaWiRQ, Whe lid Rf Whe SlaVWic diVh ZaV VecXUed XViQg PaUafilm WR maiQWaiQ 100% hXmidiW\ 211 
dXUiQg iQfecWiRQ. IQRcXlaWed leaYeV ZeUe iQcXbaWed aW 22�C iQ Whe daUk XQWil VamSle cRllecWiRQ. The 212 
eSideUmiV ZaV Seeled fURm Whe iQfecWed aba[ial leaf VXUface XViQg WZee]eUV aQd dRXble-Vided WaSe, WheQ 213 
immediaWel\ flaVh fUR]eQ iQ liTXid QiWURgeQ aQd VWRUed aW -80�C XQWil RNA e[WUacWiRQ. 214 

RT-qPCR Analysis 215 

TRWal RNA ZaV e[WUacWed XViQg RNeaV\ PlaQW MiQi KiW ZiWh DNaVe I WUeaWmeQW accRUdiQg WR Whe 216 
maQXfacWXUeU¶V iQWURdXcWiRQV. RT-TPCR ZaV SeUfRUmed XViQg ReYeUTUa Ace (TR\RbR, CR., LWd.) aQd 217 
THUNDERBIRD SYBR TPCR Mi[ (TR\RbR, CR., LWd.). ReacWiRQV ZeUe UXQ RQ aQ M[3000P QPCR 218 
V\VWem aQd aQal\]ed ZiWh M[PUR QPCR VRfWZaUe (SWUaWageQe CalifRUQia) XViQg SUimeUV liVWed iQ 219 
SXSSlemeQWaU\ Table 3. TR cRQfiUm SURgUeVViRQ Rf iQfecWiRQ aW each Wime SRiQW, a feZ iQRcXlaWed leaYeV 220 
ZeUe VWaiQed ZiWh 1 ml/leaf alcRhRlic lacWRSheQRl cRQWaiQiQg 0.1 �g/ml WU\SaQ blXe fRU fiYe miQXWeV aW 221 
95�C aQd lefW RYeUQighW aW URRm WemSeUaWXUe. BRiled leaYeV ZeUe deVWaiQed ZiWh 40% chlRUal h\dUaWe 222 
VRlXWiRQ fRU WhUee WR fiYe da\V befRUe beiQg RbVeUYiQg fXQgal VWUXcWXUeV XViQg aQ Ol\mSXV BX51 223 
micURVcRSe (Ol\mSXV CRUSRUaWiRQ). 224 

PVeXdRPRQaV V\UiQgae pv. WRPaWR DC3000 Transformation and Infection 225 

PlaVmid cRQVWUXcWV SEDV6:ChCEC3ǻSP aQd SEDV6:YFP ZeUe mRbili]ed fURm EVFKHULFKLD FROL 226 
DH5Į iQWR PVHXGRPRQDV V\ULQJDH SY. WRPDWR (PWR) DC3000 b\ WUiSaUeQWal maWiQg XViQg E. FROL HB101 227 
(SRK2013) aV Whe helSeU VWUaiQ. PWR DC3000 caUU\iQg SEDV6:ChCEC3ǻSP RU SEDV6:YFP ZaV 228 
cXlWXUed RQ LB agaU cRQWaiQiQg 100 �g/ml UifamSiciQ aQd 20 �g/ml geQWamiciQ aW 28�C iQ Whe daUk fRU 229 
WZR da\V. BacWeUial cellV cRllecWed fURm LB agaU ZeUe VXVSeQded iQ 10 mM MgCl2, adjXVWed WR OD600 230 
= 0.0002, aQd iQfilWUaWed iQWR WhUee leaYeV SeU SlaQW XViQg 1 ml QeedleleVV V\UiQgeV. Leaf WiVVXe ZaV 231 
cRllecWed XViQg aQ 8 mm diameWeU biRSV\ SXQch fRXU da\V afWeU iQRcXlaWiRQ, aQd hRmRgeQi]ed iQ 1 ml 232 
diVWilled ZaWeU. HRmRgeQi]ed WiVVXe ZaV dilXWed iQ a WeQfRld dilXWiRQ VeUieV fURm 5 î 10-3 WR 5 î 10-6 233 
aQd VSRWWed RQWR LB agaU cRQWaiQiQg 100 �g/ml UifamSiciQ. AfWeU RYeUQighW iQcXbaWiRQ aW 24�C, cRlRQ\ 234 
fRUmiQg XQiWV SeU XQiW aUea (cfX)/cm2 ZeUe deWeUmiQed. 235 

Immunoblotting 236 

TR e[amiQe SURWeiQ e[SUeVViRQ Rf CEC3 hRmRlRgV e[SUeVVed b\ agURiQfilWUaWiRQ, SURWeiQ VamSleV ZeUe 237 
e[WUacWed XViQg GTEN-bXffeU (10% (Y/Y) Gl\ceURl, 25 mM TUiV-HCl (SH 7.5), 1 mM EDTA, 150 mM 238 
NaCl, 10 mM DTT, 1îPlaQW SURWeaVe iQhibiWRU cRckWail (Sigma)). PURWeiQV ZeUe VeSaUaWed RQ CUiWeUiRQ 239 
TGX PUecaVW GelV (4-15%) (BiR-Rad LabRUaWRUieV, IQc.) aQd elecWURblRWWed RQWR PVDF membUaQeV 240 
XViQg a TUaQV-BlRW TXUbR TUaQVfeU S\VWem (BiR-Rad LabRUaWRUieV, IQc.). MembUaQeV ZeUe blRcked iQ 241 
TBS-T ZiWh 5% Vkim milk SRZdeU aW 4�C RYeUQighW aQd iQcXbaWed iQ 1:8000 dilXWed aQWi-GFP aQWibRd\ 242 
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(Ab290; Abcam) iQ TBS-T ZiWh 5% Vkim milk SRZdeU fRU RQe hRXU aW URRm WemSeUaWXUe. AfWeU 243 
ZaVhiQg ZiWh TBS-T, membUaQeV ZeUe iQcXbaWed iQ 1:10000 dilXWed aQWi-UabbiW IgG (NA934-1ML; 244 
GE HealWhcaUe) iQ TBS-T fRU RQe hRXU aW URRm WemSeUaWXUe. FRllRZiQg a fiQal ZaVh ZiWh TBS-T, 245 
VigQalV ZeUe deWecWed XViQg SXSeUSigQal WeVW FemWR Ma[imXm SeQViWiYiW\ SXbVWUaWe (TheUmR FiVheU 246 
ScieQWific) aQd ImageQXaQW LAS 4010 (GE HealWhcaUe). PURWeiQV RQ Whe membUaQe ZeUe YiVXali]ed b\ 247 
CRRmaVVie BUilliaQW BlXe (CBB) VWaiQiQg. A. WKDOLDQD leaYeV iQfilWUaWed ZiWh 10 mM MgCl2 RU PWR 248 
DC3000 caUU\iQg SEDV6:ChCEC3ǻSP RU SEDV6:YFP (OD600 = 2.0) ZeUe VamSled 24 hRXUV afWeU 249 
iQRcXlaWiRQ WR aVVeVV e[SUeVViRQ Rf ChCEC3ǻSP aQd YFP SURWeiQV iQ PWR DC3000, fRllRZed b\ 250 
immXQRblRWWiQg aV deVcUibed abRYe. PURWeiQ cRQceQWUaWiRQV fRU each VamSle ZeUe meaVXUed XViQg 251 
PieUce BCA PURWeiQ AVVa\ KiW (TheUmR FiVheU ScieQWific) aQd IQfiQiWe F200 PRO (TecaQ GURXS LWd.), 252 
aQd a WRWal Rf 100 ȝg Rf SURWeiQ ZaV lRaded fRU each VamSle RQWR SDS-PAGE gelV. PURWeiQV ZeUe 253 
deWecWed XViQg 1:5000 dilXWed aQWi-HA aQWibRd\ (AQWi-HA-PeUR[idaVe, High AffiQiW\ (3F10); RRche) 254 
iQ TBS-T. 255 

Results 256 

Identification of Effector Candidates Conserved in CROOeWRWUichXP spp. 257 

TR ideQWif\ CROOHWRWULFKXP cRQVeUYed caQdidaWe effecWRUV, Ze aQal\]ed Whe SURWeRmeV Rf 24 258 
aVcRm\ceWeV, iQclXdiQg VeYeQ CROOHWRWULFKXP VSecieV UeSUeVeQWiQg Whe Vi[ VSecieV cRmSle[eV aQd RQe 259 
miQRU clade. PXWaWiYe VecUeWed SURWeiQV ZeUe claVVified aV effecWRU caQdidaWeV if WheiU leQgWhV ZeUe leVV 260 
WhaQ 300 amiQR acidV. TR iQYeVWigaWe Whe cRQVeUYaWiRQ SaWWeUQV Rf all SURWeiQV aQd effecWRU caQdidaWeV 261 
fURm Whe 24 aVcRm\ceWeV, RUWhRgURXSV Rf WheVe WZR daWaVeWV ZeUe iQdeSeQdeQWl\ deWeUmiQed XViQg 262 
OUWhRFiQdeU (EmmV aQd Kell\, 2015). ThiV aQal\ViV ideQWified 15,521 all SURWeiQ (AP) RUWhRgURXSV aQd 263 
990 effecWRU caQdidaWe (EC) RUWhRgURXSV. The SURSRUWiRQ Rf geQeV belRQgiQg WR AP RUWhRgURXSV UaQgeV 264 
fURm 67.4% iQ BRWU\WLV FLQHUHD WR 99.2% iQ CROOHWRWULFKXP FKORURSK\WL, Zhile Whe SURSRUWiRQ Rf geQeV 265 
belRQgiQg WR EC RUWhRgURXSV UaQgeV fURm 28.4% iQ S. FHUHYLVLDH WR 98.9% iQ C. FKORURSK\WL (FigXUe 266 
1A). The SeUceQWage Rf VhaUed RUWhRgURXSV beWZeeQ each VSecieV iQdicaWeV WhaW effecWRU caQdidaWeV aUe 267 
leVV cRQVeUYed WhaQ all SURWeiQV (FigXUe 1B). AmRQg AP RUWhRgURXSV, 2,424 (15.61%) ZeUe fRXQd iQ 268 
all aVcRm\ceWeV WeVWed. IQ cRQWUaVW, WheUe ZeUe QR EC RUWhRgURXSV WhaW ZeUe cRQVeUYed acURVV all Rf Whe 269 
aVcRm\ceWeV WeVWed. ThiV aQal\ViV ideQWified VeYeQ EC RUWhRgURXSV (0.71%) WhaW aUe cRQVeUYed iQ all 270 
CROOHWRWULFKXP VSecieV, bXW QRW Whe RWheU aVcRm\ceWeV WeVWed (FigXUe 1C, SXSSlemeQWaU\ Table 4). We 271 
haYe deVigQaWed WheVe effecWRU caQdidaWeV CEC1 (cRUe effecWRU Rf CROOHWRWULFKXP) WR CEC7. AmRQg 272 
Whe eighW SUedicWed CEC SURWeiQV fURm C. KLJJLQVLDQXP (ChCECV), ChCEC2 haV WZR hRmRlRgV 273 
(ChCEC2-1 aQd ChCEC2-2) aQd Whe RWheUV haYe RQe hRmRlRg. ChCEC2-2 aQd ChCEC4 ZeUe 274 
SUeYiRXVl\ ideQWified aV ChEC65 aQd ChEC98, UeVSecWiYel\ (KleemaQQ eW al., 2012; RRbiQ eW al., 2018) 275 
(SXSSlemeQWaU\ Table 5). 276 

CEC3 is Conserved among CROOeWRWUichXP spp. and the Expression of ChCEC3 Induces Cell 277 

Death in N. beQWhaPiaQa 278 

TR aVVeVV Whe cRQVeUYaWiRQ Rf CEC geQeV iQ gUeaWeU deWail, Whe amiQR acid VeTXeQceV Rf ChCECV ZeUe 279 
TXeUied agaiQVW Whe NCBI QRQ-UedXQdaQW SURWeiQ daWabaVe (BLASTP, cXWRff E-YalXe = 10-30) 280 
(SXSSlemeQWaU\ MaWeUial 2). BaVed RQ WhiV UeVXlW, Ze VelecWed 70 SURWeRmeV, iQclXdiQg all SXblicl\ 281 
aYailable SURWeRmeV Rf 35 CROOHWRWULFKXP VWUaiQV aQd 35 fXQgal SURWeRmeV UeSUeVeQWiQg diffeUeQW 282 
bUaQcheV Rf Whe AVcRm\cRWa. The cRQVeUYaWiRQ SaWWeUQV Rf CEC geQeV ZeUe fXUWheU iQYeVWigaWed agaiQVW 283 
Whe daWabaVe geQeUaWed XViQg Whe 70 SURWeRmeV (BLASTP, cXWRff E-YalXe = 10-30) (FigXUe 2A). ThiV 284 
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aQal\ViV UeYealed WhaW CEC1, CEC4, aQd CEC7 aUe VSecificall\ fRXQd iQ CROOHWRWULFKXP VSS., bXW Whe\ 285 
aUe QRW cRQVeUYed acURVV Whe geQXV. IQ cRQWUaVW, highl\ VimilaU hRmRlRgV Rf CEC2, CEC3, aQd CEC6 286 
aUe cRQVeUYed acURVV Whe CROOHWRWULFKXP geQXV aV Zell aV VRme RWheU aVcRm\ceWeV. A VXSSlemeQWaU\ 287 
aQal\ViV WR deWeUmiQe if ChCECV haYe kQRZQ fXQcWiRQal dRmaiQV (IQWeUPURScaQ 5.39-77.0; MiWchell eW 288 
al., 2019) iQdicaWed WhaW, e[ceSW fRU VigQal SeSWideV, Whe\ haYe QR kQRZQ fXQcWiRQal dRmaiQV (FigXUe 289 
2B). 290 

SiQce CROOHWRWULFKXP VSS. aUe hemibiRWURShic SlaQW SaWhRgeQV WhaW emSlR\ a QecURWURShic ShaVe dXUiQg 291 
Zhich hRVW cellV aUe killed, Ze h\SRWheVi]ed WhaW VRme CECV ma\ iQdXce SlaQW cell deaWh. BaVed RQ 292 
WhiV h\SRWheViV, Ze e[amiQed Whe cell deaWh-iQdXciQg acWiYiWieV Rf e[SUeVVed CECV. A SUeYiRXV C. 293 
KLJJLQVLDQXP WUaQVcUiSWRme VWXd\ UeSRUWed WhaW CKCEC2-1, CKCEC2-2, CKCEC3, aQd CKCEC6 ZeUe 294 
XS-UegXlaWed dXUiQg iQfecWiRQ (O¶CRQQell eW al., 2012) (SXSSlemeQWaU\ FigXUe 2). We amSlified cDNAV 295 
Rf CKCEC2-1, CKCEC2-2, aQd CKCEC6 aQd V\QWheVi]ed Whe SUedicWed CKCEC3 CDS, WheQ clRQed 296 
WheVe VeTXeQceV iQWR SSfiQ[-GW WR fXUWheU e[amiQe WheiU URleV iQ iQdXciQg cell deaWh. HaYiQg YeUified 297 
WhaW Whe clRQed VeTXeQceV ZeUe ideQWical WR Whe SUedicWed CDSV UeSRUWed iQ TVXVhima eW al., 2019b, Whe\ 298 
ZeUe WUaQVieQWl\ e[SUeVVed iQ N. EHQWKDPLDQD leaYeV XViQg A. WXPHIDFLHQV±mediaWed WUaQVieQW 299 
WUaQVfRUmaWiRQ (agURiQfilWUaWiRQ). ThiV e[SeUimeQW VhRZed WhaW e[SUeVViRQ Rf CKCEC3, bXW QRW 300 
CKCEC2-1, CKCEC2-2, RU CKCEC6, iQdXced cell deaWh iQ N. EHQWKDPLDQD leaYeV (FigXUe 2C). 301 

The Cell Death-Inducing Ability of CEC3 is Conserved among Four CROOeWRWUichXP Species 302 

TR iQYeVWigaWe ZheWheU Whe fXQcWiRQ Rf CEC3 geQeV iV cRQVeUYed acURVV CROOHWRWULFKXP VSecieV 303 
SaWhRgeQic RQ diffeUeQW hRVW SlaQWV, Ze clRQed Whe cDNAV Rf CEC3 hRmRlRgV fURm C. KLJJLQVLDQXP 304 
(CKCEC3), C. RUELFXODUH (CRCEC3-1 aQd CRCEC3-2), C. IUXFWLFROD (CICEC3-1 aQd CICEC3-2), aQd 305 
C. JUDPLQLFROD (CJCEC3) iQWR SGWB5 fRU e[SUeVViRQ XQdeU Whe cRQWURl Rf Whe 35S CaMV SURmRWeU 306 
ZiWh a C-WeUmiQal GFP-Wag (SXSSlemeQWaU\ FigXUe 3). CKCEC3, CRCEC3-1, CRCEC3-2, CICEC3-1, 307 
aQd CICEC3-2 ZeUe ideQWical WR Whe SUeYiRXVl\ SUedicWed CDSV (TVXVhima eW al., 2019b; GaQ eW al., 308 
2019 aQd 2020). HRZeYeU, CJCEC3 fURm C. JUDPLQLFROD MAFF 244463 had a 30 bS iQVeUWiRQ 309 
eQcRdiQg 10 e[WUa amiQR acid VeTXeQceV, aQd a miVVeQVe mXWaWiRQ (SXSSlemeQWaU\ FigXUe 4) cRmSaUed 310 
WR Whe SUedicWed CDS Rf C. JUDPLQLFROD M1.001 (XM_008096207.1) (O¶CRQQell eW al. 2012) 311 
(SXSSlemeQWaU\ FigXUe 4A). The VeTXeQce Rf CRCEC3-2 iV ideQWical WR Whe SUedicWed CDS eQcRdiQg a 312 
206-aa SeSWide, bXW Ze alVR clRQed a VhRUWeU VSlice YaUiaQW WhaW eQcRdeV a 65-aa SeSWide dXe WR aQ 313 
iQWeUQal VWRS cRdRQ iQ Whe VecRQd e[RQ (SXSSlemeQWaU\ FigXUe 5A). TR diVWiQgXiVh Whe WZR YaUiaQWV 314 
WUaQVcUibed fURm Whe CRCEC3-2 geQe, Ze UefeU WR Whe lRQgeU YaUiaQW haYiQg Whe SUedicWed CDS aV 315 
CRCEC3-2.1 aQd Whe VhRUWeU YaUiaQW aV CRCEC3-2.2. The amiQR acid VeTXeQceV Rf Whe clRQed CEC3 316 
hRmRlRgV ZeUe SUedicWed WR haYe QR VimilaUiW\ WR kQRZQ fXQcWiRQal dRmaiQV XViQg IQWeUPURScaQ 5.39-317 
77.0 daWabaVe e[ceSW fRU VigQal SeSWideV aQd WUaQVmembUaQe heliceV (MiWchell eW al., 2019) 318 
(SXSSlemeQWaU\ FigXUe 5B). The amiQR acid VeTXeQceV Rf CRCEC3-2.1 aQd CRCEC3-2.2 ZeUe 319 
e[clXded dXe WR WheiU WUaQVmembUaQe heliceV. AligQmeQW Rf amiQR acid VeTXeQceV Rf Whe clRQed 320 
hRmRlRgV ZiWh CRCEC3-2.2 iQdicaWed WhaW Whe\ aUe geQeUall\ Zell-cRQVeUYed e[ceSW aW Whe C-WeUmiQi 321 
(SXSSlemeQWaU\ FigXUe 5C). 322 

TR aVVeVV if RWheU CEC3 hRmRlRgV alVR iQdXce cell deaWh, Ze SeUfRUmed aQ agURiQfilWUaWiRQ aVVa\. 323 
CKCEC3-GFP, CRCEC3-1-GFP, CRCEC3-2.1-GFP, CICEC3-1-GFP, CICEC3-2-GFP, bXW QRW 324 
CRCEC3-2.2-GFP aQd CJCEC3-GFP, iQdXced cell deaWh iQ N. EHQWKDPLDQD leaYeV b\ fiYe da\V afWeU 325 
iQfilWUaWiRQ (FigXUe 3). TR iQYeVWigaWe ZheWheU CEC3 SURWeiQV acW iQ Whe e[WUacellXlaU RU iQWUacellXlaU 326 
cRmSaUWmeQWV, Ze alVR WeVWed CEC3-GFP lackiQg Whe UegiRQV eQcRdiQg SUedicWed VigQal SeSWideV (ǻSP). 327 
ThiV e[SeUimeQW VhRZed WhaW cell deaWh iQdXced b\ WUaQVieQW e[SUeVViRQ Rf Whe WUXQcaWed cRQVWUXcWV 328 
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WeQded WR be VWURQgeU WhaQ fXll-leQgWh VeTXeQceV (FigXUe 3). FRU e[amSle, alWhRXgh CJCEC3-GFP did 329 
QRW iQdXce cell deaWh, CJCEC3ǻSP-GFP iQdXced Zeak cell deaWh iQ N. EHQWKDPLDQD leaYeV. HRZeYeU, 330 
VRme GFP-Wagged CEC3 SURWeiQV iQclXdiQg CgCEC3-GFP aQd CgCEC3ǻSP-GFP did QRW aSSeaU WR be 331 
e[SUeVVed Zell becaXVe Whe\ ZeUe QRW deWecWable b\ immXQRblRWWiQg (SXSSlemeQWaU\ FigXUe 6). 332 

CEC3 Induces Plant Nuclear Expansion 333 

TR iQYeVWigaWe CEC3 SURWeiQ fXQcWiRQ iQ Whe SlaQW cell, Ze RbVeUYed Whe VXbcellXlaU lRcali]aWiRQ Rf 334 
WUaQVieQWl\ e[SUeVVed ChCEC3-GFP iQ N. EHQWKDPLDQD leaf eSideUmal cellV. ChCEC3-GFP ZaV 335 
lRcali]ed WR mRbile SXQcWaWe VWUXcWXUeV, aV Zell aV Whe VXUface Rf VSheUical VWUXcWXUeV lRcaWed iQ Whe 336 
ceQWeU Rf cellV e[SUeVViQg Whe SURWeiQ (SXSSlemeQWaU\ FigXUe 7). AV each ChCEC3-GFP-e[SUeVViQg cell 337 
alZa\V cRQWaiQed RQl\ RQe VSheUical VWUXcWXUe ZiWh GFP VigQalV aW iWV SeUiSheU\, Ze h\SRWheVi]ed WhaW 338 
Whe VSheUical VWUXcWXUe ma\ be aQ e[SaQded QXcleXV. TR WeVW WhiV h\SRWheViV, Ze WUaQVieQWl\ cR-339 
e[SUeVVed ChCEC3-GFP aQd Whe eQdRSlaVmic UeWicXlXm (ER) maUkeU HDML-mCheUU\ (NelVRQ eW al., 340 
2007), Zhich iV cRQWiQXRXV ZiWh Whe QXcleaU eQYelRSe. ThiV e[SeUimeQW UeYealed WhaW ChCEC3-GFP 341 
aQd HDML-mCheUU\ ZeUe cRlRcali]ed, iQdicaWiQg WhaW ChCEC3-GFP lRcali]eV WR Whe ER 342 
(SXSSlemeQWaU\ FigXUe 7). We alVR VWaiQed ChCEC3-GFP-e[SUeVViQg cellV ZiWh DAPI, Zhich VhRZed 343 
WhaW Whe VSheUical VWUXcWXUeV iQ cellV e[SUeVViQg ChCEC3-GFP ZeUe e[SaQded QXclei (FigXUe 4A). 344 
MediaQ QXcleaU diameWeUV ZeUe gUeaWeU iQ ChCEC3-GFP-e[SUeVViQg cellV WhaQ iQ GFP-e[SUeVViQg cellV 345 
aV cRQWURlV (FigXUe 4B). The e[SaQded QXcleXV SheQRW\Se ZaV alVR RbVeUYed iQ cellV e[SUeVViQg RWheU 346 
GFP-fXVed CEC3 hRmRlRgV, VXggeVWiQg WhaW Whe fXQcWiRQ Rf CEC3 iV cRQVeUYed amRQg hRmRlRgV 347 
(SXSSlemeQWaU\ FigXUe 8). The deWecWiRQ Rf GFP VigQalV RQ Whe VXUface Rf QXclei ZaV VigQal SeSWide-348 
deSeQdeQW, aV deleWiRQ Rf VigQal SeSWideV UeVXlWed iQ QXcleRc\WRSlaVmic lRcali]aWiRQ (FigXUe 4A aQd 349 
SXSSlemeQWaU\ FigXUe 8). HRZeYeU, QXclei ZeUe VWill eQlaUged, VXggeVWiQg WhaW Whe VigQal SeSWide-350 
deleWed YeUViRQV Rf CEC3 hRmRlRgV alVR iQdXce VWUXcWXUal chaQgeV iQ Whe QXclei (FigXUe 4A, B aQd 351 
SXSSlemeQWaU\ FigXUe 8). We did QRW deWecW Whe QXcleaU e[SaQViRQ SheQRW\Se iQ CRCEC3-2.2-GFP, 352 
CRCEC3-2.2ǻSP-GFP, RU CgCEC3-GFP-e[SUeVViQg cellV. ThiV iV likel\ dXe WR Whe lRZ e[SUeVViRQ RU 353 
iQVWabiliW\ Rf Whe fXViRQ SURWeiQ aV VhRZQ iQ Whe immXQRblRWWiQg (SXSSlemeQWaU\ FigXUe 6). 354 

ChCEC3 Does Not Significantly Affect C. higgiQViaQXP or PWR DC3000 Virulence on A. WhaOiaQa 355 

TR iQYeVWigaWe Whe cRQWUibXWiRQ Rf CKCEC3 WR fXQgal YiUXleQce, Ze TXaQWified iWV WUaQVcUiSW leYelV 356 
dXUiQg iQfecWiRQ XViQg RT-TPCR. IQ A. WKDOLDQD ecRW\Se CRl-0 leaYeV, Whe e[SUeVViRQ Rf CKCEC3 ZaV 357 
iQdXced LQ SODQWD, eVSeciall\ aW 22 aQd 40 hRXUV afWeU iQRcXlaWiRQ, Zhich cRUUeVSRQd WR Whe SeQeWUaWiRQ 358 
aQd biRWURShic VWageV, UeVSecWiYel\ (FigXUe 5A aQd SXSSlemeQWaU\ FigXUe 9). Ne[W, Ze geQeUaWed 359 
RYeUe[SUeVViRQ liQeV (SXSSlemeQWaU\ FigXUe 10) aQd kQRckRXWV iQ C. KLJJLQVLDQXP, aQd iQRcXlaWed A. 360 
WKDOLDQD ecRW\Se CRl-0 ZiWh WheVe WUaQVfRUmaQWV. The leViRQ Vi]eV Rf CKCEC3 RYeUe[SUeVViRQ aQd 361 
kQRckRXW WUaQVfRUmaQWV did QRW diffeU VigQificaQWl\ fURm WhRVe Rf Whe Zild W\Se C. KLJJLQVLDQXP Vi[ 362 
da\V afWeU iQRcXlaWiRQ (FigXUe 5B, C). 363 

We alVR eYalXaWed Whe YiUXleQce effecW Rf CEC3 RQ iQfecWiRQ b\ Whe mRdel bacWeUial SaWhRgeQ, PWR 364 
DC3000 WhaW ZaV mRdified WR deliYeU ChCEC3ǻSP, RU YFP cRQWURl, iQWR SlaQW cellV XViQg a bacWeUial 365 
W\Se III VecUeWiRQ V\VWem-baVed effecWRU deliYeU\ V\VWem ZiWh Whe AYURPS4 N-WeUmiQal dRmaiQ (SRhQ 366 
eW al., 2007). ThiV e[SeUimeQW ZaV dRQe WR WeVW if ChCEC3 WaUgeWV a geQeUal cRmSRQeQW(V) Rf hRVW 367 
immXQiW\. E[SUeVViRQ Rf AYURPS4N-HA-YFP aQd AYURPS4N-HA-ChCEC3ǻSP b\ PWR DC3000 ZaV 368 
cRQfiUmed b\ immXQRblRWWiQg (SXSSlemeQWaU\ FigXUe 11A). HRZeYeU, Whe cRlRQi]aWiRQ Rf PWR 369 
DC3000-e[SUeVViQg AYURPS4N-HA-ChCEC3ǻSP ZaV QRW VigQificaQWl\ diffeUeQW WhaQ PWR DC3000 370 
e[SUeVViQg Whe cRQWURl, AYURPS4N-HA-YFP, aW fRXU da\V afWeU iQfilWUaWiRQ (SXSSlemeQWaU\ FigXUe 11B). 371 
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Discussion 372 

EffecWRUV Sla\ cUiWical URleV dXUiQg iQfecWiRQ b\ acWiQg aW Whe iQWeUface beWZeeQ micURbeV aQd hRVW SlaQWV. 373 
IdeQWificaWiRQ Rf cRQVeUYed effecWRUV amRQg CROOHWRWULFKXP fXQgi iV WhXV e[SecWed WR SURYide QeZ 374 
iQVighWV iQWR cRmmRQ iQfecWiRQ VWUaWegieV emSlR\ed b\ membeUV Rf WhiV geQXV. HeUe, Ze ideQWified 375 
effecWRU caQdidaWeV WhaW aUe cRQVeUYed acURVV Whe CROOHWRWULFKXP geQXV b\ SeUfRUmiQg cRmSaUaWiYe 376 
geQRmic aQal\VeV aQd VhRZed WhaW RQe Rf Whe caQdidaWeV, CEC3, iQdXceV QXcleaU e[SaQViRQ aQd cell 377 
deaWh iQ Whe SlaQW. 378 

IQ WhiV VWXd\, Ze emSlR\ed Whe clXVWeUiQg-baVed RUWhRgURXS iQfeUeQce meWhRd WR ideQWif\ Whe 379 
cRQVeUYaWiRQ SaWWeUQV Rf SURWeiQV Zhile cRQVideUiQg eYRlXWiRQaU\ diVWaQceV Rf 24 aVcRm\ceWe fXQgi. 380 
UViQg WhiV meWhRd, Ze ideQWified VeYeQ CEC SURWeiQV WhaW aUe VSecificall\ cRQVeUYed iQ VeYeQ 381 
CROOHWRWULFKXP VSecieV. BLASTP aQal\ViV Rf a ZideU UaQge Rf RUgaQiVmV UeYealed WhaW CEC2, CEC3, 382 
aQd CEC6 hRmRlRgV aUe cRQVeUYed iQ Whe geQXV CROOHWRWULFKXP aV Zell aV iQ RWheU clRVel\-UelaWed 383 
fXQgal geQeUa iQclXdiQg PVHXGRFHUFRVSRUD, VHQWXULD, BLSRODULV, AOWHUQDULD, DLDSRUWKH, aQd 384 
NHRQHFWULD, all Rf Zhich aUe SlaQW SaWhRgeQV (CRQdRQ eW al., 2013; Gyme]-CRUWeceUR eW al., 2015; 385 
BaURQcelli eW al., 2016b; ChaQg eW al., 2016; PaVVe\ eW al., 2018; AUmiWage eW al., 2020), VXggeVWiQg WhaW 386 
WheVe CEC SURWeiQV ma\ fXQcWiRQ aV effecWRUV iQ RWheU SlaQW-fXQgal SaWhRgeQ iQWeUacWiRQV. BLASTP 387 
aQal\VeV VhRZed WhaW CEC1, CEC4, aQd CEC7 had limiWed amiQR acid VeTXeQce VimilaUiW\ deVSiWe 388 
beiQg claVVified iQWR VeSaUaWe RUWhRgURXSV. TheVe RUWhRgURXSV ma\ WheUefRUe haYe eYRlYed diffeUeQW 389 
fXQcWiRQV ViQce WheiU diYeUgeQce, aQd ma\ be ZRUWh fXUWheU VcUXWiQ\. AV Whe TXaQWiW\ aQd TXaliW\ Rf 390 
geQRmic iQfRUmaWiRQ aUe cUXcial fRU ideQWif\iQg VSecific/cRQVeUYed geQeV XViQg biRiQfRUmaWic 391 
aSSURacheV, iW ZRXld be Rf cRQVideUable iQWeUeVW WR UeaQal\]e Whe cRQVeUYaWiRQ SaWWeUQV Rf effecWRU 392 
caQdidaWeV ZheQ a gUeaWeU QXmbeU Rf cRQWigXRXV geQRme aVVemblieV becRme aYailable. 393 

AgURiQfilWUaWiRQ aVVa\V VhRZed WhaW Whe cell deaWh-iQdXciQg abiliW\ Rf CEC3 SURWeiQV iV cRQVeUYed 394 
acURVV fRXU CROOHWRWULFKXP VSecieV ZiWh diffeUeQW hRVW VSecificiWieV. MaQ\ CROOHWRWULFKXP VSecieV, 395 
iQclXdiQg C. KLJJLQVLDQXP, eVWabliVh hemibiRWURShic iQfecWiRQV, cRmSUiViQg aQ iQiWial biRWURShic ShaVe 396 
dXUiQg Zhich Whe\ maiQWaiQ hRVW cell YiabiliW\, aQd a laWeU QecURWURShic ShaVe iQ Zhich Whe\ eliciW hRVW 397 
cell deaWh. The RT-TPCR e[SeUimeQW VhRZed WhaW CKCEC3 iV highl\ e[SUeVVed iQ Whe biRWURShic ShaVe, 398 
WhXV CEC3 SURWeiQV ma\ cRQWUibXWe WR Whe VhifW iQ iQfecWiRQ ShaVeV aQd SURmRWe cRlRQi]aWiRQ b\ 399 
iQiWiaWiQg cell deaWh. AlWeUQaWiYel\, CEC3 ma\ be UecRgQi]ed b\ a QXcleRWide-biQdiQg dRmaiQ aQd 400 
leXciQe-Uich UeSeaW (NLR) UeceSWRU, WhXV leadiQg WR h\SeUVeQViWiYe UeVSRQVe (HR) cell deaWh, Zhich 401 
RfWeQ limiWV SaWhRgeQ gURZWh (JRQeV eW al., 2016). HRZeYeU, C. RUELFXODUH, Zhich e[SUeVVeV CRCEC3-402 
1 aQd CRCEC3-2.1 iV fXll\ YiUXleQW RQ N. EHQWKDPLDQD (SheQ eW al., 2001), VXggeVWiQg WhaW CEC3-403 
iQdXced cell deaWh iV QRW liQked WR hRVW UeViVWaQce SHU VH. OQe SRVVible e[SlaQaWiRQ, iQ WhiV caVe, iV WhaW 404 
CEC3-iQdXced cell deaWh mighW be iQhibiWed b\ RWheU effecWRUV VXch aV ChEC3, ChEC3a, ChEC5, 405 
ChEC6, aQd ChEC34 fURm C. KLJJLQVLDQXP aQd CRDN3 fURm C. RUELFXODUH ZiWh Whe UeVXlW WhaW cell 406 
deaWh iV VXSSUeVVed RU dela\ed iQ N. EHQWKDPLDQD leaYeV (KleemaQQ eW al., 2012; YRVhiQR eW al., 2012).  407 

OXU e[SeUimeQWV VhRZ WhaW CEC3 SURWeiQV aUe likel\ c\WRSlaVmic effecWRUV becaXVe Whe QXcleXV-408 
e[SaQdiQg aQd cell deaWh-iQdXciQg abiliWieV Rf Whe hRmRlRgV aUe QRW elimiQaWed b\ deleWiQg Whe VigQal 409 
SeSWide UegiRQ. IQ cRQWUaVW, SUeYiRXVl\ chaUacWeUi]ed CROOHWRWULFKXP effecWRUV, CWNXdi[ fURm C. 410 
WUXQFDWXP aQd ChELP1 aQd ChELP2 fURm C. KLJJLQVLDQXP aUe cRQVideUed WR be aSRSlaVWic effecWRUV 411 
becaXVe WUaQVieQW e[SUeVViRQ Rf Whe fXll-leQgWh cRQVWUXcWV Rf CWNXdi[ iQdXceV cell deaWh, bXW QRW Whe 412 
cRQVWUXcW lackiQg Whe VigQal SeSWide aQd ChELP1 aQd ChELP2 aUe cRQfiUmed WR WaUgeW SlaQW 413 
e[WUacellXlaU cRmSRQeQWV (BhadaXUia eW al., 2013; TakahaUa eW al., 2016). TheVe fiQdiQgV VXggeVW WhaW 414 
CROOHWRWULFKXP VSS. XWili]e bRWh c\WRSlaVmic aQd aSRSlaVWic effecWRUV aV VhRZQ iQ RWheU filameQWRXV 415 
SlaQW SaWhRgeQV (GiUaldR aQd ValeQW, 2013). 416 
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OQe UemaUkable fiQdiQg fURm WhiV VWXd\ ZaV WhaW Whe WUaQVieQW e[SUeVViRQ Rf CEC3 SURWeiQV iQdXceV 417 
QXcleaU e[SaQViRQ iQ N. EHQWKDPLDQD eSideUmal cellV. AlWhRXgh eQlaUged QXclei haYe beeQ RbVeUYed iQ 418 
MHGLFDJR WUXQFDWXOD aQd DDXFXV FDURWD cellV iQfecWed b\ Whe aUbXVcXlaU m\cRUUhi]al fXQgXV 419 
GLJDVSRUD JLJDQWHD (GeQUe eW al., 2008) aV Zell aV iQ A. WKDOLDQD cellV iQfecWed b\ Whe SRZdeU\ mildeZ 420 
fXQgXV GRORYLQRP\FHV RURQWLL (ChaQdUaQ eW al., 2010), VimilaU SheQRmeQa haYe QRW beeQ UeSRUWed iQ 421 
CROOHWRWULFKXP-iQfecWed SlaQW cellV. IW iV SRVVible, giYeQ WhaW agURiQfilWUaWiRQ SURYideV VWURQg WUaQVieQW 422 
e[SUeVViRQ iQ SlaQW cellV, CEC3 SURWeiQV ma\ fXQcWiRQ ZiWhRXW iQdXciQg QXcleaU e[SaQViRQ aW 423 
eQdRgeQRXV e[SUeVViRQ leYelV dXUiQg iQfecWiRQ. IQWeUeVWiQgl\, RRbiQ eW al. UeSRUWed WhaW WUaQVieQW 424 
e[SUeVViRQ Rf Whe effecWRU caQdidaWe ChEC106 fURm C. KLJJLQVLDQXP iQcUeaVeV QXcleaU aUeaV iQ N. 425 
EHQWKDPLDQD eSideUmal cellV QeaUl\ WhUee-fRld (RRbiQ eW al. 2018). While bRWh CEC3 aQd ChEC106 426 
eQlaUge QXclei, WheUe aUe diffeUeQceV iQ WheiU SheQRW\SeV; (i) Whe GFP-Wagged CEC3ǻSP VeUieV aUe 427 
lRcali]ed iQ Whe QXcleRc\WRSlaVm, bXW GFP-Wagged ChEC106 lackiQg Whe VigQal SeSWide iV lRcali]ed 428 
iQVide QXclei. (ii) The QXclei iQ CEC3-e[SUeVViQg cellV aUe Zeakl\ VWaiQed b\ DAPI, bXW QXclei iQ 429 
ChEC106-e[SUeVViQg cellV aUe VWURQgl\ VWaiQed. (iii) CEC3-iQdXced QXcleaU e[SaQViRQ alZa\V 430 
cRUUelaWeV ZiWh Whe cell deaWh iQdXcWiRQ SheQRW\Se, ZheUeaV ChEC106 dReV QRW iQdXce cell deaWh. ThXV, 431 
iW iV WemSWiQg WR VSecXlaWe WhaW CROOHWRWULFKXP fXQgi maQiSXlaWe hRVW QXclei XViQg mXlWiSle effecWRUV 432 
ZiWh diffeUeQW mechaQiVmV Rf acWiRQ. TR RXU kQRZledge, CEC3 iV Whe fiUVW effecWRU caQdidaWe WhaW 433 
iQdXceV bRWh QXcleaU e[SaQViRQ aQd cell deaWh iQ SlaQWV iQ WUaQVieQW e[SUeVViRQ aVVa\V. SRme SUeYiRXV 434 
VWXdieV UeSRUWed aQalRgRXV eQlaUged QXclei dXUiQg cell deaWh iQ A. WKDOLDQD cellV immediaWel\ afWeU 435 
ZRXQdiQg (CXWleU aQd SRmeUYille, 2005) aQd iQ LROLXP WHPXOHQWXP aQd SRUJKXP ELFRORU \RXQg Vilica 436 
cellV, Zhich deSRViW VRlid Vilica fRllRZed b\ cell deaWh (LaZWRQ, 1980; KXmaU aQd ElbaXm, 2018). 437 
HRZeYeU, Whe mRlecXlaU mechaQiVmV XQdeUl\iQg WheVe SheQRmeQa UemaiQ elXViYe. TR diVVecW Whe 438 
QXcleaU e[SaQViRQ mechaQiVmV aQd WheiU liQk ZiWh cell deaWh iQdXcWiRQ, Whe hRVW WaUgeW Rf CEC3, aV 439 
Zell aV facWRUV iQYRlYiQg QXcleaU VWUXcWXUal chaQgeV dXUiQg cell deaWh iQ geQeUal, VhRXld be a fRcXV Rf 440 
fXWXUe VWXdieV. 441 

The eYRlXWiRQaU\ aV Zell aV fXQcWiRQal cRQVeUYaWiRQ Rf CEC3 SURWeiQV VXggeVWV WhaW CROOHWRWULFKXP VSS. 442 
ma\ WaUgeW a cRQVeUYed hRVW elemeQW WhaW iV eVVeQWial fRU SlaQW immXQiW\. We VhRZed WhaW CgCEC3 443 
iQdXced QeiWheU cell deaWh QRU QXcleaU e[SaQViRQ aQd WhaW CgCEC3ǻSP iQdXced ZeakeU cell deaWh, bXW 444 
did caXVe QXcleaU e[SaQViRQ aW a VimilaU leYel aV RWheU hRmRlRgV. GiYeQ WhaW CJCEC3 ZaV clRQed fURm 445 
C. JUDPLQLFROD, Whe RQl\ mRQRcRW-iQfecWiQg SaWhRgeQ iQclXded iQ WhiV VWXd\, CgCEC3 mighW be 446 
XQVWable, iQcRUUecWl\ fRlded, RU RWheUZiVe QRW fXll\ fXQcWiRQal iQ N. EHQWKDPLDQD, Zhich iV highl\ 447 
diYeUged fURm mai]e, Whe hRVW SlaQW Rf C. JUDPLQLFROD. CEC3 SURWeiQV ma\ haYe beeQ adaSWed WR WaUgeW 448 
SURWeiQ hRmRlRgV iQ diffeUeQW hRVW SlaQWV aV VhRZQ iQ EPIC1 aQd PmEPIC1 fURm PK\WRSKWKRUD 449 
LQIHVWDQV aQd P. PLUDELOLV WhaW VSeciali]ed WR iQhibiW hRmRlRgRXV SURWeaVeV fURm WheiU UeVSecWiYe 450 
SRODQXP aQd MLUDELOLV hRVWV (DRQg eW al., 2014). 451 

NR YiUXleQce fXQcWiRQ fRU ChCEC3 ZaV deWecWed XViQg fXQgal aQd bacWeUial V\VWemV XQdeU Whe 452 
cRQdiWiRQV Rf WhiV VWXd\, VXggeVWiQg WhaW ChCEC3 ma\ be fXQcWiRQall\ UedXQdaQW WR RWheU effecWRUV iQ 453 
WeUmV Rf iWV cRQWUibXWiRQ WR YiUXleQce, RU WhaW iWV cRQWUibXWiRQ iV miQRU. PlaQW-SaWhRgeQ iQWeUacWiRQV e[eUW 454 
VWURQg diUecWiRQal VelecWiRQ SUeVVXUe RQ bRWh hRVW aQd SaUaViWe, eVSeciall\ RQ geQeV eQcRdiQg immXQe 455 
UeceSWRUV aQd effecWRUV (PliVVRQQeaX eW al., 2017). CRQYeUVel\, effecWRUV WhaW cRQWUibXWe liWWle WR 456 
YiUXleQce ZRXld QRW be VXbjecW WR SRViWiYe VelecWiRQ, aQd cRXld WhXV UemaiQ UelaWiYel\ XQchaQged RYeU 457 
eYRlXWiRQaU\ Wime. TheUefRUe, CROOHWRWULFKXP fXQgi ma\ deSlR\ a la\eU Rf effecWRUV ZiWh UeVWUicWed 458 
YiUXleQce effecWV aQd ZiWh fXQcWiRQal UedXQdaQc\ WhaW ZRXld UeVXlW iQ ZeakeU VelecWiRQ SUeVVXUe. FRU a 459 
beWWeU XQdeUVWaQdiQg Rf Whe cRllecWiYe YiUXleQce effecW Rf cRUe effecWRUV, fXUWheU ZRUk iV UeTXiUed, fRU 460 
e[amSle b\ XViQg mXlWiSle kQRck-RXW mXWaQWV ZiWh a VelecWiRQ maUkeU Uec\cliQg V\VWem (KXmakXUa eW 461 
al., 2019). 462 
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IQ WhiV ZRUk Ze ideQWified CEC3 aV a highl\ cRQVeUYed effecWRU caQdidaWe amRQg VeYeUal RWheU 463 
caQdidaWeV iQ Whe Sh\WRSaWhRgeQic geQXV CROOHWRWULFKXP. A VeUieV Rf aQal\VeV VXggeVW WhaW CEC3 464 
SURWeiQV ma\ haYe a URle iQ maQiSXlaWiQg hRVW QXclei aQd SURmRWiQg hRVW cell deaWh dXUiQg iQfecWiRQ. 465 
CEC3 SURWeiQV WheUefRUe cRXld UeSUeVeQW a QRYel claVV Rf cRUe effecWRUV WhaW VhRZV fXQcWiRQal 466 
cRQVeUYaWiRQ iQ Whe CROOHWRWULFKXP geQXV. 467 
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 676 

Figure captions 677 

FIGURE 1. | CRQVeUYaWiRQ SaWWeUQV Rf SURWeRmeV fURm 24 aVcRm\ceWe fXQgi. (A) NXmbeU Rf SURWeiQV 678 
aVVigQed WR RUWhRgURXSV. A ma[imXm-likelihRRd VSecieV Sh\lRgeQ\ ZaV dUaZQ baVed RQ Whe aligQmeQW 679 
Rf ViQgle-cRS\ RUWhRlRgV RbWaiQed XViQg OUWhRFiQdeU. BRRWVWUaS YalXeV aUe baVed RQ 1,000 UeSlicaWeV. 680 
The \ellRZ bR[ iQdicaWeV CROOHWRWULFKXP VSecieV. SCER: SDFFKDURP\FHV FHUHYLVLDH, ANID: 681 
AVSHUJLOOXV QLGXODQV, LEPM: LHSWRVSKDHULD PDFXODQV, BIMA: BLSRODULV PD\GLV, SCSC: SFOHURWLQLD 682 
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VFOHURWLRUXP, BOTC: BRWU\WLV FLQHUHD, EUTL: EXW\SD ODWD, MGOR: MDJQDSRUWKH RU\]DH, NCRA: 683 
NHXURVSRUD FUDVVD, PODA: PRGRVSRUD DQVHULQH, CHGL: CKDHWRPLXP JORERVXP, METR: 684 
MHWDUKL]LXP UREHUWVLL, TRIV: TULFKRGHUPD YLUHQV, NECH: NHFWULD KDHPDWRFRFFD, FUGR: FXVDULXP 685 
JUDPLQHDUXP, FUOX: FXVDULXP R[\VSRUXP f. VS. O\FRSHUVLFL, VDAH: VHUWLFLOOLXP GDKOLDH, CFIO: C. 686 
ILRULQLDH, CGRA: C. JUDPLQLFROD, CINC: C. LQFDQXP, CMAF: C. KLJJLQVLDQXP, CCHL: C. FKORURSK\WL, 687 
CFRU: C. IUXFWLFROD, CORB: C. RUELFXODUH. (B) HeaWmaS VhRZiQg Whe cRQVeUYaWiRQ Rf RUWhRgURXSV Rf 688 
all SURWeiQV (XSSeU) aQd effecWRU caQdidaWeV (lRZeU) beWZeeQ each VSecieV. CROOHWRWULFKXP VSecieV aUe 689 
highlighWed ZiWh \ellRZ bR[eV. (C) CRQVeUYaWiRQ SaWWeUQV Rf effecWRU caQdidaWeV fURm CROOHWRWULFKXP 690 
VSecieV. The baU chaUW iQdicaWeV Whe QXmbeU Rf effecWRU caQdidaWeV iQ RUWhRgURXSV b\ cRQVeUYaWiRQ 691 
SaWWeUQ. 692 

FIGURE 2. | (A) CRQVeUYaWiRQ SaWWeUQV Rf CEC geQeV e[amiQed XViQg BLASTP. The ma[imXm-693 
likelihRRd VSecieV Sh\lRgeQ\ ZaV dUaZQ baVed RQ Whe aligQmeQW SaWWeUQV Rf ViQgle-cRS\ RUWhRlRgV 694 
RbWaiQed XViQg OUWhRFiQdeU. BRRWVWUaS YalXeV aUe baVed RQ 1,000 UeSlicaWeV. CRlRUed bR[eV UeSUeVeQW 695 
VSecieV cRmSle[eV ZiWhiQ Whe CROOHWRWULFKXP geQXV. (B) PUedicWed fXQcWiRQal dRmaiQV Rf CEC SURWeiQV 696 
fRXQd iQ C. KLJJLQVLDQXP MAFF 305635-RFP. Red leWWeUV iQdicaWe effecWRU caQdidaWeV WhaW aUe XS-697 
UegXlaWed dXUiQg iQfecWiRQ aV UeSRUWed SUeYiRXVl\ (O¶CRQQell eW al., 2012). (C) ReSUeVeQWaWiYe cell deaWh 698 
aVVa\ UeVXlW XViQg A. WXPHIDFLHQV haUbRUiQg SSfiQ[ YecWRUV. The image ZaV WakeQ Vi[ da\V afWeU 699 
iQfilWUaWiRQ XQdeU UV illXmiQaWiRQ. NR GFP flXRUeVceQce ZaV YiVible, aV iW ZaV ZeakeU WhaQ 700 
flXRUeVceQce fURm dead leaf WiVVXe. 701 

FIGURE 3. | TUaQVieQW e[SUeVViRQ Rf GFP-Wagged CEC3 geQe-iQdXced cell deaWh iQ N. EHQWKDPLDQD. 702 
N. EHQWKDPLDQD leaYeV ZeUe deWached fiYe da\V afWeU iQfilWUaWiRQ ZiWh A. WXPHIDFLHQV VWUaiQV caUU\iQg 703 
GFP-Wagged CEC3 geQeV iQ biQaU\ YecWRUV, aQd VWaiQed ZiWh WU\SaQ blXe WR YiVXali]e cell deaWh. SWacked 704 
baUV aUe cRlRU-cRded WR VhRZ Whe QXmbeU Rf each cell deaWh leYel (+++, ++, +, í). Cell deaWh iQdXcWiRQ 705 
leYelV ZeUe deWeUmiQed fURm RbVeUYaWiRQ Rf eighW diffeUeQW VWaiQed leaYeV. ReSUeVeQWaWiYe VWaiQed leaf 706 
imageV aUe VhRZQ RQ Whe lefW Rf Whe VWacked baUV. BaU = 5 mm. 707 

FIGURE 4. | (A) TUaQVieQW e[SUeVViRQ Rf GFP-Wagged ChCEC3 SURWeiQ-iQdXced QXcleaU e[SaQViRQ iQ 708 
N. EHQWKDPLDQD leaf cellV. IQ meUged imageV, gUeeQ UeSUeVeQWV GFP VigQalV, c\aQ UeSUeVeQWV DAPI 709 
VigQalV, aQd mageQWa UeSUeVeQWV chlRURSh\ll aXWRflXRUeVceQce. OSeQ aUURZheadV iQdicaWe e[SaQded 710 
QXclei. ImageV ZeUe WakeQ 24 hRXUV afWeU iQfilWUaWiRQ. BaUV = 10 ȝm. (B) BR[SlRWV Rf QXcleaU diameWeUV 711 
UeVXlWiQg fURm WUaQVieQW e[SUeVViRQ Rf GFP-Wagged CEC3 SURWeiQV. DaWa UeSUeVeQW Whe mediaQV Rf 712 
biRlRgical UeSlicaWeV. N UeSUeVeQWV Whe QXmbeU Rf QXclei e[amiQed. CRCEC3-2.2ǻSP-GFP iV QRW 713 
iQclXded becaXVe QR GFP VigQal ZaV deWecWed. AQal\ViV Rf YaUiaQce ZiWh TXke\ SRVW-hRc hRQeVWl\ 714 
VigQificaQW diffeUeQce WeVW (P < 0.05) ZaV SeUfRUmed. 715 

FIGURE 5. | (A) RT-TPCR aQal\ViV Rf CKCEC3 WUaQVcUiSW leYelV iQ h\Shae LQ YLWUR YeUVXV LQ SODQWD 716 
iQfecWiRQ Wime cRXUVe. CKCEC3 WUaQVcUiSW leYelV ZeUe QRUmali]ed agaiQVW CKTXEXOLQ. DaWa UeSUeVeQW 717 
Whe meaQV Rf biRlRgical UeSlicaWeV. EUURU baUV iQdicaWe VWaQdaUd eUURU Rf Whe meaQ. N UeSUeVeQWV Whe 718 
QXmbeU Rf biRlRgical UeSlicaWeV. (B and C) BR[SlRWV Rf leViRQ aUea aVVa\V XViQg CKCEC3 719 
RYeUe[SUeVVRUV aQd kQRck-RXW mXWaQWV. FRU leViRQ aUea aVVa\V, A. WKDOLDQD ecRW\Se CRl-0 ZaV 720 
iQRcXlaWed ZiWh C. KLJJLQVLDQXP VWUaiQV. S\mSWRmV ZeUe RbVeUYed Vi[ da\V afWeU iQRcXlaWiRQ. DaWa 721 
UeSUeVeQW Whe mediaQV Rf biRlRgical UeSlicaWeV. N UeSUeVeQWV Whe QXmbeU Rf biRlRgical UeSlicaWeV. 722 
AQal\ViV Rf YaUiaQce ZiWh TXke\ SRVW-hRc hRQeVWl\ VigQificaQW diffeUeQce WeVW (P < 0.05) ZaV SeUfRUmed. 723 
The e[SeUimeQWV ZeUe UeSeaWed WhUee WimeV ZiWh VimilaU UeVXlWV. 724 

Supplementary Figure 1. | PlaVmid cRQVWUXcWiRQV fRU iQfecWiRQ aVVa\V. (A) SAGM4723. (B) 725 
SAGM4723_TEF_GFP_Vcd1_H\gR ZaV geQeUaWed XViQg GRldeQ GaWe clRQiQg. (C) 726 
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SAGM4723_TEF_ChCEC3g_Vcd1_H\gR fRU geQeUaWiQg CKCEC3 RYeUe[SUeVVRUV iQ C. KLJJLQVLDQXP. 727 
(D) SAGM4723-ChCEC3KO fRU geQeUaWiQg CKFHF3 kQRck-RXW mXWaQWV iQ C. KLJJLQVLDQXP. 728 

Supplementary Figure 2. | CKCEC WUaQVcUiSW leYelV iQ C. KLJJLQVLDQXP IMI 349063. The daWa aUe 729 
fURm O¶CRQQell eW al. 2012. VA: LQ YLWUR aSSUeVVRUia (22 hRXUV SRVW-iQRcXlaWiRQ (hSi)), PA: LQ SODQWD 730 
aSSUeVVRUia (22 hSi), BP: biRWURShic ShaVe (40 hSi), NP: QecURWURShic ShaVe (60 hSi). Red leWWeUV 731 
iQdicaWe effecWRU caQdidaWeV WhaW aUe XS-UegXlaWed dXUiQg iQfecWiRQ. C. KLJJLQVLDQXP IMI 349063 732 
WUaQVcUiSWRme daWa UeSRUWed iQ DalleU\ eW al. 2017 ZaV QRW XVed becaXVe Whe aQQRWaWiRQ XVed iQ WhaW 733 
VWXd\ lacked Whe geQe mRdel fRU CKCEC2-1 (CH063_14294). 734 

Supplementary Figure 3. | Ma[imXm likelihRRd Sh\lRgeQ\ Rf CEC3 SURWeiQV. ValXeV aW QRdeV aUe 735 
baVed RQ 1,000 bRRWVWUaS UeSlicaWeV. Red bR[eV iQdicaWe CEC3 hRmRlRgV clRQed iQWR SGWB5. 736 

Supplementary Figure 4. | AligQmeQWV Rf deSRViWed aQd clRQed CJCEC3 VeTXeQceV. (A) NXcleRWide 737 
VeTXeQce aligQmeQWV Rf XM_008096207.1 aQd Whe clRQed CJCEC3 cDNA VeTXeQce. (B) AmiQR acid 738 
VeTXeQce aligQmeQWV Rf XP_008094398.1 aQd Whe clRQed CgCEC3 WUaQVlaWed VeTXeQce. Red bR[eV 739 
iQdicaWe ViWeV ZiWh diffeUeQceV. 740 

Supplementary Figure 5. | ClRQed CEC hRmRlRgV. (A) mRNA VWUXcWXUeV Rf Whe clRQed CEC3 741 
hRmRlRgV. (B) PUedicWed fXQcWiRQal dRmaiQV Rf Whe clRQed CEC hRmRlRgV. (C) AmiQR acid VeTXeQce 742 
aligQmeQWV Rf Whe clRQed CEC3 SURWeiQV e[ceSW CRCEC3-2.2. The VeTXeQce highlighWed b\ a Ued bR[ 743 
iQdicaWeV Whe SUedicWed VigQal SeSWideV. 744 

Supplementary Figure 6. | ImmXQRblRWWiQg Rf GFP-Wagged CEC3 SURWeiQV WUaQVieQWl\ e[SUeVVed iQ N. 745 
EHQWKDPLDQD. SamSleV ZeUe cRllecWed WhUee da\V afWeU iQfilWUaWiRQ. Red leWWeUV iQdicaWe laQeV ZiWh baQdV 746 
aW Whe e[SecWed Vi]e. SWaUV UeSUeVeQW Whe e[SecWed Vi]eV afWeU VigQal SeSWide cleaYage. CBB VWaiQiQg 747 
VhRZV RXbiVcR laUge VXbXQiW SURWeiQ aV a lRadiQg cRQWURl. 748 

Supplementary Figure 7. | SXbcellXlaU lRcali]aWiRQ Rf ChCEC3-GFP aQd ChCEC3ǻSP-GFP. N. 749 
EHQWKDPLDQD leaYeV ZeUe cR-iQfilWUaWed ZiWh A. WXPHIDFLHQV caUU\iQg ChCEC3-GFP, ChCEC3ǻSP-750 
GFP, RU GFP aQd HDEL-mCheUU\. OSeQ aUURZheadV iQdicaWe mRbile SXQcWaWe VWUXcWXUeV. ImageV ZeUe 751 
WakeQ aW 36 hRXUV afWeU iQfilWUaWiRQ. BaUV = 10 ȝm. 752 

Supplementary Figure 8. | TUaQVieQW e[SUeVViRQ Rf GFP-Wagged CEC3 SURWeiQ-iQdXced QXcleaU 753 
e[SaQViRQ iQ N. EHQWKDPLDQD leaf cellV. IQ meUged imageV, gUeeQ UeSUeVeQWV GFP VigQalV, c\aQ 754 
UeSUeVeQWV DAPI VigQalV, aQd mageQWa UeSUeVeQWV chlRURSh\ll aXWRflXRUeVceQce. OSeQ aUURZheadV 755 
iQdicaWe e[SaQded QXclei. CRCEC3-2.2ǻSP-GFP iV QRW iQclXded becaXVe QR GFP VigQal ZaV deWecWed. 756 
ImageV ZeUe WakeQ 24 hRXUV afWeU iQfilWUaWiRQ. BaUV = 10 ȝm. 757 

Supplementary Figure 9. | IQfecWiRQ Rf A. WKDOLDQD ecRW\Se CRl-0 ZiWh C. KLJJLQVLDQXP. (A) 758 
ASSUeVVRUia fRUmed RQ Whe leaf VXUface aW 22 hRXUV afWeU iQRcXlaWiRQ. (B) AQ aSSUeVVRUiXm SeQeWUaWiQg 759 
aQ eSideUmal cell WR deYelRS a Vmall SUimaU\ h\Sha (black aUURZhead). (C) AQ aSSUeVVRUiXm fRUmiQg 760 
a SUimaU\ h\Sha (black aUURZhead) aQd aQ aSSUeVVRUiXm fRUmiQg aQ iQfecWiRQ YeVicle (ZhiWe 761 
aUURZhead). (D) SecRQdaU\ h\Shae (black aUURZheadV) gURZiQg iQ aQ eSideUmal cell UeVXlWiQg iQ cell 762 
deaWh 60 hRXUV afWeU iQRcXlaWiRQ. BaUV = 20 ȝm. 763 

Supplementary Figure 10. | Semi-TXaQWiWaWiYe PCR aQal\ViV WR cRQfiUm Whe cRQVWiWXWiYe e[SUeVViRQ Rf 764 
CKCEC3 iQ fXQgal h\Shae cXlWXUed iQ PD bURWh fRU WZR da\V aW 24�C iQ Whe daUk. CKTXEXOLQ ZaV XVed 765 
aV a UefeUeQce fRU YaUiaWiRQ iQ fXQgal biRmaVV. 766 
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Supplementary Figure 11. | BacWeUial W\Se III VecUeWiRQ V\VWem-baVed effecWRU deliYeU\ V\VWem. (A) 767 
The SURdXcWiRQ Rf AYURPS4N-HA-YFP aQd AYURPS4N-HA-ChCEC3ǻSP b\ PWR DC3000. The 768 
SURdXcWiRQ Rf ChCEC3ǻSP ZaV QRW deWecWed dXe WR lRZ e[SUeVViRQ RU iQVWabiliW\ Rf WhiV SURWeiQ. CBB 769 
VWaiQiQg VhRZV RXbiVcR laUge VXbXQiW SURWeiQ aV a lRadiQg cRQWURl. (B) RelaWiYe gURZWh Rf PWR DC3000 770 
caUU\iQg AYURPS4N-HA-YFP aQd AYURPS4N-HA-ChCEC3ǻSP iQ A. WKDOLDQD ecRW\Se CRl-0. LeaYeV 771 
Rf 5-Zeek-Rld SlaQWV ZeUe haQd-iQRcXlaWed ZiWh OD600 = 0.0002 VXVSeQViRQV Rf PWR DC3000 VWUaiQV. 772 
SamSleV ZeUe WakeQ fRXU da\V afWeU iQRcXlaWiRQ WR deWeUmiQe Whe e[WeQW Rf bacWeUial cRlRQi]aWiRQ. EUURU 773 
baUV UeSUeVeQW Whe VWaQdaUd deYiaWiRQV fURm Whe meaQ Rf eighW VamSleV fRU each VWUaiQ. The e[SeUimeQWV 774 
ZeUe UeSeaWed WhUee WimeV ZiWh VimilaU UeVXlWV. 775 
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FIGURE 1. | Conservation patterns of proteomes from 24 ascomycete fungi. (A) Number of proteins assigned to 

orthogroups. A maximum-likelihood species phylogeny was drawn based on the alignment of single-copy orthologs 

obtained using OrthoFinder. Bootstrap values are based on 1,000 replicates. The yellow box indicates Colletotrichum 

species. SCER: Saccharomyces cerevisiae, ANID: Aspergillus nidulans, LEPM: Leptosphaeria maculans, BIMA: 

Bipolaris maydis, SCSC: Sclerotinia sclerotiorum, BOTC: Botrytis cinerea, EUTL: Eutypa lata, MGOR: Magnaporthe 

oryzae, NCRA: Neurospora crassa, PODA: Podospora anserine, CHGL: Chaetomium globosum, METR: Metarhizium 

robertsii, TRIV: Trichoderma virens, NECH: Nectria haematococca, FUGR: Fusarium graminearum, FUOX: Fusarium 

oxysporum f. sp. lycopersici, VDAH: Verticillium dahliae, CFIO: C. fioriniae, CGRA: C. graminicola, CINC: C. 

incanum, CMAF: C. higginsianum, CCHL: C. chlorophyti, CFRU: C. fructicola, CORB: C. orbiculare. (B) Heatmap 

showing the conservation of orthogroups of all proteins (upper) and effector candidates (lower) between each species. 

Colletotrichum species are highlighted with yellow boxes. (C) Conservation patterns of effector candidates from 

Colletotrichum species. The bar chart indicates the number of effector candidates in orthogroups by conservation pattern.
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FIGURE 2. | (A) Conservation patterns of CEC genes examined using BLASTP. The maximum-likelihood species 

phylogeny was drawn based on the alignment patterns of single-copy orthologs obtained using OrthoFinder. Bootstrap 

values are based on 1,000 replicates. Colored boxes represent species complexes within the Colletotrichum genus. (B) 

Predicted functional domains of CEC proteins found in C. higginsianum MAFF 305635-RFP. Red letters indicate 

effector candidates that are up-regulated during infection as reported previously (O’ Connell et al., 2012). (C) 

Representative cell death assay result using A. tumefaciens harboring pSfinx vectors. The image was taken six days after 

infiltration under UV illumination. No GFP fluorescence was visible, as it was weaker than fluorescence from dead leaf 

tissue.
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FIGURE 3. | Transient expression of GFP-tagged CEC3 gene-induced cell death in N. benthamiana. N. benthamiana 

leaves were detached five days after infiltration with A. tumefaciens strains carrying GFP-tagged CEC3 genes in binary 

vectors, and stained with trypan blue to visualize cell death. Stacked bars are color-coded to show the number of each 

FHOO�GHDWK�OHYHO��������������í���&HOO�GHDWK�LQGXFWLRQ�OHYHOV�ZHUH�GHWHUPLQHG�IURP�REVHUYDWLRQ�RI�HLJKW�GLIIHUHQW�VWDLQHG�

leaves. Representative stained leaf images are shown on the left of the stacked bars. Bar = 5 mm.
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leaf cells. In merged images, green represents GFP signals, cyan represents DAPI signals, and magenta represents 

chlorophyll autofluorescence. Open arrowheads indicate expanded nuclei. Images were taken 24 hours after infiltration. 

%DUV� ����ȝP��(B) Boxplots of nuclear diameters resulting from transient expression of GFP-tagged CEC3 proteins. Data 
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included because no GFP signal was detected. Analysis of variance with Tukey post-hoc honestly significant difference 

test (P < 0.05) was performed.
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FIGURE 5. | (A) RT-qPCR analysis of ChCEC3 transcript levels in hyphae in vitro versus in planta infection time 

course. ChCEC3 transcript levels were normalized against ChTubulin. Data represent the means of biological replicates. 

Error bars indicate standard error of the mean. N represents the number of biological replicates. (B and C) Boxplots of 

lesion area assays using ChCEC3 overexpressors and knock-out mutants. For lesion area assays, A. thaliana ecotype 

Col-0 was inoculated with C. higginsianum strains. Symptoms were observed six days after inoculation. Data represent 

the medians of biological replicates. N represents the number of biological replicates. Analysis of variance with Tukey 

post-hoc honestly significant difference test (P < 0.05) was performed. The experiments were repeated three times with 

similar results.
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