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/H�YDULHWj�GL�Vitis vinifera�PDQLIHVWDQR�XQD�GLYHUVD�VXVFHWWLELOLWj�DOOD�)ODYHVFHQ]D�GRUDWD��)'��
GHOOD� YLWH�� VXJJHUHQGR� O¶HVLVWHQ]D�GL� VSHFLILFL� WUDWWL� JHQHWLFL� DVVRFLDWL� DOOD� UHVLVWHQ]D� D� TXHVWD�
PDODWWLD��1HO�SUHVHQWH�VWXGLR�YHQJRQR�LQYHVWLJDWH��D�OLYHOOR�GL�HVSUHVVLRQH�JHQLFD��OH�PRGDOLWj�
FRQ� FXL� GXH� YDULHWj� GLYHUVDPHQWH� VXVFHWWLELOL� DOOD� PDODWWLD�� &KDUGRQQD\� H� 7RFDL� IULXODQR��
ULVSRQGRQR� DOO¶DWWDFFR� GD� SDUWH� GHOO¶LQVHWWR� YHWWRUH�� Scaphoideus titanus�� H� GHO� ILWRSODVPD�
DJHQWH�FDXVDOH�GL�)'��1H�q�ULVXOWDWR�LQQDQ]LWXWWR�FKH�HVLVWH�XQD�GLIIHUHQ]D�GL�EDVH�QHOOH�YLH�GL�
DWWLYD]LRQH�GHOOH�GLIHVH�GHOOH�GXH�YDULHWj��JLj�SULPD�FKH�O¶LQVHWWR�H�LO�ILWRSODVPD�UDJJLXQJDQR�OD�
SLDQWD�� H� FKH� WDOL� GLIIHUHQ]H� YHQJRQR� DPSOLILFDWH� GDOO¶LQIH]LRQH� FRQ� LO� ILWRSODVPD�� 4XHVWL�
PHFFDQLVPL�PROHFRODUL�VXVFLWDQR�QHOOH�GXH�YDULHWj�ULVSRVWH�GL�GLIHVD�GLYHUVH�SHU�WLSRORJLD�H�SHU�
WHPSLVWLFD��H�QH�GHILQLVFRQR�OD�GLIIHUHQWH�VXVFHWWLELOLWj�DOOD�PDODWWLD��/D�ULFHUFD�GHL�WUDWWL�JHQLFL�
D�PRQWH� GL� TXHVWL�PHFFDQLVPL�PROHFRODUL� q� DWWXDOPHQWH� LQ� FRUVR� DWWUDYHUVR� OR� VWXGLR� GL� XQD�
SRSROD]LRQH�GHULYDQWH�GDOO¶LQFURFLR�IUD�&KDUGRQQD\�H�7��IULXODQR��
3DUROH� FKLDYH�� SRSROD]LRQH� VHJUHJDQWH�� UHVLVWHQ]D�� 51$�6HT�� Scaphoideus titanus��
7523,&6$)(�
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*UDSHYLQH�YDULHWLHV�VKRZ�GLIIHUHQFHV�LQ�VXVFHSWLELOLW\� WR�)ODYHVFHQFH�GRUpH��)'���VXJJHVWLQJ�
WKH�H[LVWHQFH�RI�VSHFLILF�JHQHWLF�WUDLWV�DVVRFLDWHG�ZLWK�UHVLVWDQFH�WR�WKH�GLVHDVH��,Q�WKH�SUHVHQW�
VWXG\�� WKH� WUDQVFULSWRPLF� UHVSRQVH� LQGXFHG� E\� WKH� )'� SK\WRSODVPD� DQG� E\� LWV� YHFWRU��
Scaphoideus titanus��ZDV�LQYHVWLJDWHG�RQ�WZR�FXOWLYDUV��&KDUGRQQD\�DQG�7RFDL�IULXODQR��ZKLFK�
GLVSOD\� YHU\� GLIIHUHQW� VXVFHSWLELOLW\� WR� )'�� 5HVXOWV� VKRZHG� WKDW� FRQVWLWXWLYH� GLIIHUHQFHV� RQ�
GHIHQVH� VWUDWHJLHV� EHWZHHQ� WKH� WZR� YDULHWLHV� ZHUH� DPSOLILHG� DIWHU� WKH� FKDOOHQJLQJ� ZLWK� WKH�
LQVHFW� RU�ZLWK� WKH�)'�SK\WRSODVPD��7KRVH�PROHFXODU�PHFKDQLVPV� FDXVHG�GHIHQVH� UHVSRQVHV�
GLIIHUHQW� LQ� WKH� W\SH�� DPSOLWXGH� DQG� NLQHWLFV� RI� JHQH� LQGXFWLRQ�� WKXV� GHILQLQJ� WKH� GLYHUVH�
VXVFHSWLELOLW\� WR� )'� RI� WKH� WZR� JUDSHYLQH� FXOWLYDUV�� 7KH� VHDUFK� IRU� JHQH� WUDLWV� XSVWUHDP� RI�
WKHVH�PROHFXODU�PHFKDQLVPV�LV�FXUUHQWO\�XQGHU�ZD\�WKURXJK�WKH�VWXG\�RI�D�SRSXODWLRQ�GHULYLQJ�
IURP�WKH�FURVV�EHWZHHQ�&KDUGRQQD\�DQG�7��IULXODQR��
.H\ZRUGV��VHJUHJDWLQJ�SRSXODWLRQ��UHVLVWDQFH��51$�6HT��Scaphoideus titanus��7523,&6$)(�
�

,1752'8=,21(��
/D�IODYHVFHQ]D�GRUDWD��)'��q�XQD�GHOOH�PDODWWLH�SL��GDQQRVH�SHU�L�YLJQHWL�HXURSHL��FRQ�VHYHUH�

FRQVHJXHQ]H� HFRQRPLFKH� SHU� L� PDJJLRUL� 3DHVL� SURGXWWRUL� YLWL�YLQLFROL�� &DXVD� LQIDWWL� LQJHQWL�
SHUGLWH�GL�SURGX]LRQH��VLD�D�OLYHOOR�TXDQWLWDWLYR�FKH�TXDOLWDWLYR��QRQFKp�LO�SURJUHVVLYR�GHFOLQR�H�
GHSHULPHQWR�GHOOH�SLDQWH��/D�ORWWD�DOOD�)'�q�EDVDWD�SULQFLSDOPHQWH�VXOO¶DGR]LRQH�GL�VSHFLILFKH�
VWUDWHJLH�GL�SUHYHQ]LRQH�H�SURWH]LRQH�ILWRVDQLWDULD��IRQGDWH�VRSUDWWXWWR�VX�WUDWWDPHQWL�LQVHWWLFLGL�
SHU� LO� FRQWHQLPHQWR� GHO� YHWWRUH�� OD� FLFDOLQD� Scaphoideus titanus�� 1RQRVWDQWH� OH� PROWLVVLPH�
FRQRVFHQ]H� DFTXLVLWH� ILQRUD� H� OD� ORWWD� REEOLJDWRULD�� OD� PDODWWLD� H� LO� VXR� YHWWRUH� VWDQQR�
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FRQWLQXDQGR�DG�HVSDQGHUVL��3HUPDQH�XQD�JUDYH�SUHRFFXSD]LRQH�LQ�FHUWL�DUHDOL�H�QHOOH�D]LHQGH�D�
FRQGX]LRQH� ELRORJLFD�� FKH� VRQR� IUD� O¶DOWUR� LQ� FUHVFLWD�� SHUFKp� L� PH]]L� GL� ORWWD� HVLVWHQWL� QRQ�
YHQJRQR�XWLOL]]DWL�DGHJXDWDPHQWH�R�SHUFKp�QRQ�VRQR�DEEDVWDQ]D�HIILFDFL��,QROWUH��QHOO¶RWWLFD�GL�
XQ¶DJULFROWXUD�SL��VRVWHQLELOH��OH�WHFQLFKH�WUDGL]LRQDOPHQWH�XVDWH�GRYUHEEHUR�HVVHUH�DIILDQFDWH�
GD�DSSURFFL�SL��PRGHUQL��FRQVLVWHQWL�DG�HVHPSLR�QHOO¶XVR�GL�HOLFLWRUL�GHOOH�GLIHVH�GHOOD�YLWH�H���R�
QHOOR�VYLOXSSR�GL�SLDQWH�UHVLVWHQWL�DOOD�PDODWWLD��
/D� SUHVHQ]D� GL� GLIIHUHQ]H� QHOOD� VXVFHWWLELOLWj� DOOD� )'� LQ� GLYHUVH� YDULHWj� GL� Vitis vinifera�

VXJJHULVFH� O¶HVLVWHQ]D� GL� IDWWRUL� JHQHWLFL� FKH� LQIOXHQ]DQR� OD� VXVFHWWLELOLWj� H� OD� UHVLVWHQ]D� DL�
ILWRSODVPL�QHOOD� YLWH� �6FKYHVWHU�HW� DO���������%RXGRQ�3DGLHX��������%RUJR�H�$QJHOLQL��������
0DL[QHU�HW�DO���������3DYDQ�HW�DO���������(YHLOODUG�HW�DO����������6FRSR�GHO�SUHVHQWH�ODYRUR�q�OD�
ULFHUFD��PHGLDQWH�GXH� DSSURFFL� GLYHUVL�� GL� JHQL� DVVRFLDWL� DOOD� UHVLVWHQ]D�VXVFHWWLELOLWj� DOOD�)'�
SUHQGHQGR� LQ�FRQVLGHUD]LRQH�GXH�YDULHWj��&KDUGRQQD\�H�7RFDL� IULXODQR��SRUWDWULFL�GL�FDUDWWHUL�
RSSRVWL�� ULVSHWWLYDPHQWH� GL� VXVFHWWLELOLWj� H� SDU]LDOH� UHVLVWHQ]D� DOOD� )'�� ,O� SULPR� DSSURFFLR�
FRQVLVWH� QHOO¶HVDPLQDUH� OD� UHD]LRQH�GHOOD�SLDQWD�QHOOH�SULPH� IDVL�GHOO¶LQIH]LRQH�GD�)'�� VLD� LQ�
YDULHWj�VXVFHWWLELOL�FKH�UHVLVWHQWL��H�TXLQGL�FRQIURQWDUOH��9HQJRQR�TXL�ULSRUWDWL�L�GDWL�RWWHQXWL�GD�
XQ� HVSHULPHQWR� LQ� FXL� q� VWDWR� VHTXHQ]LDWR� O¶51$� WRWDOH� �51$�6HT�� SHU� FRQIURQWDUH� L�
FDPELDPHQWL� WUDVFUL]LRQDOL� FKH� DYYHQJRQR� LQ� &KDUGRQQD\� H� 7�� IULXODQR� QHO� FRUVR�
GHOO¶LQWHUD]LRQH� WULWURILFD� ³YLWH� �� ILWRSODVPD� GHOOD� )'� �� S. titanus´�� ,O� VHFRQGR� DSSURFFLR��
DYYLDWR� QHO� �����H� DWWXDOPHQWH� LQ� FRUVR� QHOO¶DPELWR�GHO� SURJHWWR� HXURSHR�7523,&6$)(�� VL�
EDVD� LQYHFH� VXOOR� VWXGLR� GHOOD� SURJHQLH� GHULYDQWH� GDOO¶LQFURFLR� GL�&KDUGRQQD\� H�7�� IULXODQR��
VHJUHJDQWH�SHU�JOL�VSHFLILFL�FDUDWWHUL�GL�VXVFHWWLELOLWj�UHVLVWHQ]D�DOOD�)'���
�

0$7(5,$/,�(�0(72',���
6WXGLR�GHL�SURILOL�GL�HVSUHVVLRQH�PHGLDQWH�51$�6HT��
,O�SLDQR�VSHULPHQWDOH�KD�LQFOXVR����WUDWWDPHQWL��FLDVFXQR�GHL�TXDOL�ULSURGRWWR�LQ�WUH�UHSOLFKH�

ELRORJLFKH��SHU�XQ� WRWDOH�GL����FDPSLRQL��1HO�GHWWDJOLR��VRQR�VWDWH�FRQVLGHUDWH�GXH�YDULHWj�GL�
YLWH�FDUDWWHUL]]DWH�GD�GLYHUVD� VXVFHWWLELOLWj�DL� JLDOOXPL��7�� IULXODQR�FORQH� ,69��H�&KDUGRQQD\�
FORQH�5���/H�SLDQWLQH�PLFURSURSDJDWH�GHOOH�GXH�YDULHWj�VRQR�VWDWH�HVSRVWH�D�YHWWRUH�LQIHWWLYR��D�
YHWWRUH�VDQR�R�VRQR�VWDWH�PDQWHQXWH�LQ�DVVHQ]D�GL�YHWWRUH��ILJXUD������
1HJOL�HVSHULPHQWL�GL�WUDVPLVVLRQH�VRQR�VWDWL�XVDWL�LQVHWWL�DOOHYDWL�LQ�FRQGL]LRQL�FRQWUROODWH���,�

WUDOFL�UDFFROWL�GXUDQWH�LO�SHULRGR�LQYHUQDOH�GD�XQ�YLJQHWR�PROWR�LQIHVWDWR�GD�S. titanus�VRQR�VWDWL�
SRVWL� LQ� XQD� JDEELD� GL� DOOHYDPHQWR� SRVWD� LQ� XQD� FDPHUD� FOLPDWLFD� �WHPSHUDWXUD� ��� �� ��&��
IRWRSHULRGR� ����� K�� XPLGLWj� UHODWLYD� �������� LQ�PRGR� GD� IDYRULUH� OD� VFKLXVD� GHOOH� XRYD�� ,Q�
FLDVFXQD�JDEELD�HUD�VWDWD�DJJLXQWD�XQD�IRJOLD�GL�YLWH�IUHVFD�VRSUD�L�WUDOFL�GL�OHJQR�LQ�PRGR�GD�
DWWUDUUH� OH� ODUYH�GL�SULPR�VWDGLR��FRQVHQWHQGR� ORUR�GL�DOLPHQWDUVL�� 8Q�JUXSSR�GL� ODUYH�q� VWDWR�
WUDVIHULWR�GLUHWWDPHQWH�LQ�JHUPRJOL�GL�YLWL�VDQH��PHQWUH�XQ�VHFRQGR�JUXSSR�q�VWDWR�ULSRVWR�QHOOH�
JDEELH� GL� DOOHYDPHQWR� LQ� FDPHUD� FOLPDWLFD� H�� XQD� YROWD� UDJJLXQWR� LO� VHFRQGR�WHU]R� VWDGLR�� q�
VWDWR�DOLPHQWDWR�FRQ�IRJOLH�VLQWRPDWLFKH��UDFFROWH�GD�YLWL�GL�3LQRW�JULJLR�LQIHWWH�GD�)'��SHU�FLUFD�
������JLRUQL� �SHULRGR�GL�DFTXLVL]LRQH���GRSR� L�TXDOL� OH�QLQIH� VRQR�VWDWH� WUDVIHULWH� VXOOH� IRJOLH�
VDQH�SHU�FLUFD�XQ�PHVH��SHULRGR�GL�ODWHQ]D���
/H�SURYH�GL�WUDVPLVVLRQH�VRQR�VWDWH�HVHJXLWH�XWLOL]]DQGR�S. titanus��VDQL�H�LQIHWWLYL��FKH�HUDQR�

DO�TXLQWR�VWDGLR�R�DGXOWL��HWj�QHOOH�TXDOL�VL�VXSSRQH�FKH�O¶LQVHWWR��DOLPHQWDWR�VX�IRJOLH�LQIHWWH��
DEELD� DFTXLVLWR� LO� ILWRSODVPD� H� VLD� GLYHQWDWR� LQIHWWLYR� �&KXFKH� H� 7KLHU\�� ������� /H� SLDQWLQH�
PLFURSURSDJDWH��GL�HWj�H�GLPHQVLRQL�VLPLOL�� VRQR�VWDWH�GLVSRVWH�DOO¶LQWHUQR�GL�ER[� WUDVSDUHQWL��
FRQ�FRSHUFKLR� WUDVSLUDQWH�H�VXEVWUDWR�EDJQDWR�SHU�PDQWHQHUH� LQYDULDWD� O¶XPLGLWj�� ,Q�RJQL�ER[�
VRQR�VWDWH�SRVL]LRQDWH� VHL�SLDQWLQH��FKH� VRQR�VWDWH� VHSDUDWH�D�GXH�D�GXH�PHGLDQWH�XQD�SDUHWH�
WUDVSDUHQWH�� LQ� PRGR� GD� SRWHU� FRQWUROODUH� TXRWLGLDQDPHQWH� L� PRYLPHQWL� GHJOL� LQVHWWL�� 'XH�
LQGLYLGXL�GL�S. titanus�VRQR�VWDWL�DJJLXQWL�VX�RJQL�FRSSLD�GL�SLDQWLQH�PLFURSURSDJDWH��VXOOH�TXDOL�
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essi sono stati liberi di alimentarsi per tre giorni, nel corso dei quali venivano osservati 
giornalmente i movimenti degli insetti e venivano raccolti eventuali individui morti. Una parte 
delle piantine micropropagate è stata raccolta dopo tre giorni (trattamento 3 dpi) e un’altra 
parte dopo sei giorni (trattamento 6 dpi).  

Dagli insetti e dalle piantine usati nella prova di trasmissione è stato estratto il DNA 
seguendo il protocollo che prevede l’uso del CTAB (cethyl-trimethyl-ammonium bromide) ed 
è stata effettuata la real time PCR per rilevare l’eventuale presenza del fitoplasma della FD 
(Bertazzon et al., 2019).  

Dalle piantine usate nella prova di trasmissione è stato estratto anche l’RNA totate, mediante 
il kit commerciale Norgen, che è stato in seguito sottoposto a sequenziamento (RNA-Seq) 
tramite piattaforma “Illumina”. Il sequenziamento ha generato una serie di corte sequenze, 
chiamate “read”, di lunghezza media di 300 paia di basi, che sono state allineate sul genoma 
di V. vinifera di riferimento. Queste sono state utilizzate per costruire un profilo di espressione 
per ogni gene. L’analisi bioinformatica e la determinazione dei geni differenzialmente espressi 
(DEGs) tra trattamenti diversi è stata eseguita con il pacchetto DESeq2 ver. 1.2.8 
(Bioconductor). 

 
Figura 1. Diagramma illustrante l’allevamento e l’infezione di S. titanus (HSt: sani; FDSt: 
infettivi) in condizioni controllate e le prove di trasmissione. Vengono indicati le fasi di 
raccolta per l’analisi delle piantine e degli insetti durante l’esperimento (dpi: giorni post-
infestazione) 

 
 

Studio della popolazione d’incrocio tra Chardonnay e T. friulano  
Per ottenere la popolazione segregante sono state svolte due campagne d’incrocio, una nella 

primavera del 2011 e la seconda nel 2017, usando come parentali T. friulano ISV6 e 
Chardonnay R8. Dalla campagna 2011 sono stati ottenuti 61 grappoli, da cui sono stati estratti 
in totale 1020 vinaccioli. Dai vinaccioli sono germogliate 169 piantine, che sono state 
coltivate prima in vaso e successivamente in campo. Tra queste, nell’inverno 2017 sono stati 
scelti 54 biotipi che sono stati moltiplicati in vivaio per produrre almeno 20 barbatelle 
ciascuna, innestate su portainnesto SO4. Le barbatelle di ciascun genotipo sono state suddivise 
in tre gruppi e piantate, secondo uno schema a blocchi randomizzati, in un campo 
sperimentale situato ad Alba (CN), zona ad alta incidenza di malattia, per l’infezione naturale 
tramite il vettore S. titanus. In aggiunta, nello stesso vigneto sono state piantate 40 barbatelle 
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GL�7��IULXODQR�,69��H�&KDUGRQQD\�5���GD�XVDUH�FRPH�ULIHULPHQWL�GXUDQWH�OD�IHQRWLSL]]D]LRQH��
1HOOD� VHFRQGD� FDPSDJQD� G¶LQFURFLR�� HVHJXLWD� FRQ� JOL� VWHVVL� SDUHQWDOL�� VRQR� VWDWL� RWWHQXWL� ���
JUDSSROL� H� ����� YLQDFFLROL�� GD� FXL� VRQR� JHUPRJOLDWH� ���� SLDQWLQH� FKH�� GRSR� XQD� IDVH� GL�
DFFUHVFLPHQWR�LQ�IHUWLUULJD]LRQH��YHUUDQQR�PROWLSOLFDWH�QHOO¶LQYHUQR�������
3HU� OD� JHQRWLSL]]D]LRQH�� GD� ���� ELRWLSL�� VFHOWL� WUD� TXHOOL� RWWHQXWL� FRQ� OH� GXH� FDPSDJQH� GL�

LQFURFLR��q�VWDWD�SUHOHYDWD�XQD�IRJOLD�JLRYDQH�GD�FXL�q�VWDWR�HVWUDWWR�LO�'1$�JHQRPLFR�FRQ�XQ�
NLW� FRPPHUFLDOH� 4LDJHQ�� ,� JHQRWLSL� GHULYDWL� GD� DXWRIHFRQGD]LRQH� VRQR� VWDWL� ULOHYDWL� JUD]LH�
DOO¶DPSOLILFD]LRQH�GL����PLFURVDWHOOLWL��665��H�YHULILFD�GHJOL�VWHVVL�FRQ�O¶DQDOL]]DWRUH�JHQHWLFR�
*HQHWLF�$QDO\]HU������;/���
�

5,68/7$7,���
/H�GLIIHUHQ]H�GL�HVSUHVVLRQH�FRVWLWXWLYH�WUD�&KDUGRQQD\�H�7��IULXODQR��
0HGLDQWH� 51$�6HT� VRQR� VWDWL� GHWHUPLQDWL� L� SURILOL� GHL� JHQL� HVSUHVVL� LQ� SLDQWLQH� GL�

&KDUGRQQD\�H�7��IULXODQR��UDFFROWH�GRSR�WUH�H�VHL�JLRUQL�GDOO¶LQL]LR�GHOO¶LQIHVWD]LRQH�GD�SDUWH�GL�
S. titanus�VDQL�R�LQIHWWLYL��H��FRPH�FRQWUROOR��GD�SLDQWLQH�QRQ�LQIHVWDWH�GHOOH�GXH�YDULHWj���
/D�FRPSDUD]LRQH�D�OLYHOOR�GL�HVSUHVVLRQH�JHQLFD�GL�SLDQWLQH�VDQH�GHOOH�GXH�YDULHWj�KD�PHVVR�

LQ�HYLGHQ]D�XQ¶HOHYDWD�GLIIHUHQ]D�FRVWLWXWLYD��VRQR�VWDWL�LQGLYLGXDWL������'(*V��GHL�TXDOL�FLUFD�
OD�PHWj�FRQ�XQ�OLYHOOR�GL�HVSUHVVLRQH�SL��DOWR�LQ�7��IULXODQR���������1RQRVWDQWH�LO�QXPHUR�FRVu�
HOHYDWR� GL� '(*V�� O¶DQDOLVL� IXQ]LRQDOH� KD� ULYHODWR� LO� FRLQYROJLPHQWR� GHOOD� PDJJLRU� SDUWH� GL�
TXHVWL� JHQL� LQ� PHFFDQLVPL� GL� ULVSRVWD� DJOL� VWUHVV� H� LQ� YLH� GHO� PHWDEROLVPR� VHFRQGDULR�� 7��
IULXODQR� KD� PRVWUDWR� XQ� OLYHOOR� GL� HVSUHVVLRQH� FRVWLWXWLYDPHQWH� SL�� DOWR� GL� PROWL� JHQL�
FRGLILFDQWL�SHU�SURWHLQH�FRLQYROWH�QHO�VLVWHPD�GL�VRUYHJOLDQ]D�LQQHVFDWR�GDO�ULFRQRVFLPHQWR�GHL�
SDWRJHQL� H� SHU� SURWHLQH� GL� GLIHVD� �35�SURWHLQ��� ,QROWUH�� QXPHURVL� JHQL� GHO� PHWDEROLVPR�
VHFRQGDULR�� LQ� SDUWLFRODUH� TXHOOL� FRLQYROWL� QHO� PHWDEROLVPR� IHQROLFR� H� VRSUDWWXWWR� QHOOD�
ELRVLQWHVL� GL� PRQROLJQROL� H� VWLOEHQL�� HUDQR� PDJJLRUPHQWH� HVSUHVVL� LQ� 7�� IULXODQR�� 4XHVWL�
FRPSUHQGHYDQR� DOFXQL� JHQL� GHOOD� YLD� JHQHUDOH� GHL� IHQLOSURSDQRLGL�� FRPH� OD� fenilalanina 
ammonio liasi� �3$/��H� OD�4-cumarato-CoA ligasi� ��&/���PROWL�JHQL�GHGLFDWL�DOOD�SURGX]LRQH�
GHL�SUHFXUVRUL�GHL�PRQROLJQROL��cinnamoil-CoA reduttasi��&&5���ferulato 5-idrossilasi��)�+���
caffeoil-CoA 3-O-metiltransferasi��&&R$207��H�cinnamil-alcol deidrogenasi��&$'���H�YDUL�
JHQL�FRGLILFDQWL�SHU�OH�ODFFDVL��HQ]LPL�FRLQYROWL�QHO�SURFHVVR�GL�SROLPHUL]]D]LRQH�GHOOD�OLJQLQD��
$QFKH� QXPHURVL� JHQL� GHOOD� VWLOEHQH� VLQWDVL� �676��� HQ]LPD� FKH� FDWDOL]]D� OD� VLQWHVL� GL� VWLOEHQL�
SDUWHQGR� GDJOL� LQWHUPHGL� GHOOD� YLD� JHQHUDOH� GHL� IHQLOSURSDQRLGL�� HUDQR� SL�� HVSUHVVL� LQ� 7��
IULXODQR��1XPHURVL�'(*V� VRQR� VWDWL� RVVHUYDWL� DQFKH� QHOOD�YLD�GHO�PHWDEROLVPR� IHQROLFR� FKH�
SRUWD� DOOD� ELRVLQWHVL� GHL� IODYRQRLGL�� FRLQYROWL� LQ� SDUWLFRODUH� QHOOD� SURGX]LRQH� GL� IODYRQL��
IODYRQROL� H� DQWRFLDQLQH�� FRQ� SURILOL� GL� HVSUHVVLRQH� GLYHUJHQWL� QHOOH� GXH� YDULHWj�� 'LIIHUHQ]H�
VLJQLILFDWLYH�WUD�&KDUGRQQD\�H�7��IULXODQR�VRQR�VWDWH�RVVHUYDWH�QHL�SURILOL�GHL�WUDVFULWWL�GL�JHQL�
FRLQYROWL�QHO�PHWDEROLVPR�GHL�WHUSHQRLGL�����JHQL�GHOOD�YLD�GHOO¶DFHWDWR�PHYDORQDWR��FKH�SRUWD�
DOOD�VLQWHVL�GL� LVRSHQWHQLO�SLURIRVIDWR��SUHFXUVRUH�IRQGDPHQWDOH�GL�WXWWL� L� WHUSHQRLGL��H����JHQL�
DQQRWDWL� FRPH� WHUSHQH� VLQWDVL� �736��� VSHFLILFDPHQWH� FRLQYROWH� QHOOD� SURGX]LRQH� GL�
PRQRWHUSHQL�� VHVTXLWHUSHQL� H� WULWHUSHQL�� ,QILQH�� VRQR� VWDWH� RVVHUYDWH� GLIIHUHQ]H� WUDVFUL]LRQDOL�
VLJQLILFDWLYH�WUD�OH�WHVL�FRQWUROOR�GL�&KDUGRQQD\�H�7��IULXODQR�SHU�XQ�JUXSSR�GL�JHQL�FRLQYROWL�
QHOOD� ELRVLQWHVL� GHJOL� RUPRQL�� QHOOD� ORUR� PRELOLWD]LRQH� H� QHOOD� WUDVGX]LRQH� GL� VHJQDOL�� ,Q�
SDUWLFRODUH��PROWL�JHQL�FRLQYROWL�QHOOD�ELRVLQWHVL�GHOO¶DFLGR�MDVPRQLFR��-$��HUDQR�SL��HVSUHVVL�
LQ�7��IULXODQR��RWWR�JHQL�FRGLILFDQWL�SHU�OLSRVVLJHQDVL� �/2;���HQ]LPD�FKLDYH�GHOOD�SULPD�SDUWH�
JHQHUDOH�GHOOD�YLD�GHJOL�RWWRGHFDQRLGL��FKH�SRUWD�DOOD�SURGX]LRQH�GL�MDVPRQDWL�H�GL�XQ�JUXSSR�GL�
RVVLOLSLQH� FKLDPDWH� ³JUHHQ� OHDI� YRODWLOHV´� �*/9��� H� GXH� JHQL� SHU� DFLGR� RVVR�ILWRGLHQRLFR�
UHGXWWDVL��235���HQ]LPD�VSHFLILFR�SHU�OD�VLQWHVL�GL�MDVPRQDWR��
�
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/H� ULVSRVWH� GL� &KDUGRQQD\� H� 7�� IULXODQR� DOO¶DWWDFFR� GHO� ILWRSODVPD� GHOOD� )'� H� GHO� VXR�
YHWWRUH�S. titanus 
3HU� VWXGLDUH� OD� ULVSRVWD�PHVVD� LQ� DWWR� GDOOD� YLWH� DOO¶DWWDFFR� GL�S. titanus� VDQL� R� LQIHWWLYL�� SHU�
FLDVFXQD�YDULHWj�H�SHU�FLDVFXQ�SUHOLHYR��L�SURILOL�GHL�WUDVFULWWL�RWWHQXWL�GDOOH�SLDQWH�LQIHVWDWH�FRQ�
LQVHWWL� VDQL� VRQR� VWDWL� FRQIURQWDWL� FRQ� TXHOOL� RWWHQXWL� GDL� FRQWUROOL�� LQ�PRGR� GD� LGHQWLILFDUH� L�
FDPELDPHQWL� WUDVFUL]LRQDOL� GRYXWL� DOO¶LQWHUD]LRQH� SLDQWD�LQVHWWR� �+6W��� 6RQR� VWDWL� LQROWUH�
FRQIURQWDWL� L� WUDVFULWWL� GL� SLDQWH� LQIHWWDWH� FRQ� LO� ILWRSODVPD� )'� H� L� WUDVFULWWL� GHL� FRQWUROOL� SHU�
VWXGLDUH� L� FDPELDPHQWL� GL� HVSUHVVLRQH� JHQLFD� FKH� VL� YHULILFDQR�QHOO¶LQWHUD]LRQH� WUL�WURILFD� WUD�
SLDQWD�LQVHWWR�ILWRSODVPD� �)'6W��� ,� '(*V� RWWHQXWL� VRQR� VWDWL� UDJJUXSSDWL� LQ� EDVH�
DOO¶DSSDUWHQHQ]D� D� FDWHJRULH� IXQ]LRQDOL� �*2�� FRQ� IUHTXHQ]D� VXSHULRUH� D� TXHOOD� DWWHVD�� 1HOOD�
WDEHOOD� �� YHQJRQR� LQGLFDWL� LO� QXPHUR� GL�'(*V� LQGLYLGXDWL� H� LO� QXPHUR� GL� SURFHVVL� ELRORJLFL�
PRGXODWL�LQ�PRGR�VWDWLVWLFDPHQWH�VLJQLILFDWLYR���
,�SURILOL�GHL�WUDVFULWWL�LQGLYLGXDWL�LQ�ULVSRVWD�DG�+6W�H�)'6W�VRQR�VWDWL�PROWR�GLYHUVL�IUD�OH�GXH�

YDULHWj��/D�ULVSRVWD�GL�&KDUGRQQD\�DOO¶LQIHVWD]LRQH�GL�+6W�q�VWDWD�PROWR�HOHYDWD�D���GSL�PD�KD�
VXELWR� XQD� GUDVWLFD� ULGX]LRQH� D� �� GSL�� PHQWUH� q� VWDWR� RVVHUYDWR� XQ� DXPHQWR� QHO� WHPSR� GHO�
QXPHUR� GL� WHUPLQL� *2� DUULFFKLWL�� $O� FRQWUDULR�� VL� q� YHULILFDWR� XQ� VLJQLILFDWLYR� DXPHQWR� QHO�
WHPSR�VLD�GL�'(*V�FKH�GL�WHUPLQL�*2�DUULFFKLWL�LQ�ULVSRVWD�D�LQIH]LRQL�GL�)'6W��,Q�HQWUDPEL�L�
FDVL��LO�QXPHUR�GL�'(*V�FRQGLYLVL�D���H���GSL�q�VWDWR�PROWR�EDVVR�����SHU�+6W�H����SHU�)'6W���
,Q�7��IULXODQR��QRQRVWDQWH�VLD�VWDWR�RVVHUYDWR�XQ�QXPHUR�PROWR�VLPLOH�GL�'(*V�D���H���JLRUQL�
GRSR�O¶DWWDFFR�GL�+6W��O¶DQDOLVL�IXQ]LRQDOH�GL�TXHVWL�JHQL�KD�ULOHYDWR�VROR���WHUPLQL�*2�FRPXQL�
WUD�L�GXH�WHPSL��$QFKH�OD�ULVSRVWD�DOO¶LQIH]LRQH�GL�)'6W�q�ULPDVWD�FRVWDQWH�QHO�WHPSR��PD�VRQR�
VWDWL�LQGLYLGXDWL�VROR�����'(*V�H����WHUPLQL�*2�FRPXQL�D���H���GSL��
�

7DEHOOD� ��� 1XPHUR� GL� JHQL� PRGXODWL� �'(*V��� VRYUDUHJRODWL� R� VRWWRUHJRODWL�� H� GL� SURFHVVL�
ELRORJLFL� �*2��DUULFFKLWL��QHOOD� ULVSRVWD�GL�&KDUGRQQD\�H�7RFDL� IULXODQR GRSR� WUH�R�VHL�JLRUQL�
�GSL��GDOO¶DWWDFFR�GL�S. titanus�VDQL��+6W��R�LQIHWWLYL��)'6W��
�
��

�� +6W� )'6W�
�� &KDUGRQQD\� 7RFDL�IULXODQR� &KDUGRQQD\� 7RFDL�IULXODQR�
�� ��GSL� ��GSL� ��GSL� ��GSL� ��GSL� ��GSL� ��GSL� ��GSL�
Q��'(*V� ����� ���� ���� ���� ���� ����� ����� �����
Q��'(*V�XS�UHJRODWL� ���� ���� ���� ���� ���� ���� ���� ����
Q��'(*V�VRWWR�UHJRODWL� ���� ���� ���� ���� ���� ���� ���� ����
Q��*2�DUULFFKLWL� ��� ���� �� ��� ��� ���� ���� ���
�
'LYHUVL�JHQL�FRLQYROWL�LQ�YLH�GL�SHUFH]LRQH�H�WUDVGX]LRQH�GHJOL�VWLPROL�DPELHQWDOL�SHU�O¶DYYLR�

GHOOD� ULVSRVWD� GL� GLIHVD� EDVDOH� GHOOD� SLDQWD� VRQR� ULVXOWDWL� VRYUDHVSUHVVL� LQ� &KDUGRQQD\� GRSR�
O¶DWWDFFR�GL�+6W��7UD�TXHVWL�����JHQL�SHU�³UHFHSWRU�OLNH�NLQDVHV´��5/.��H����JHQL�FRGLILFDQWL�
SHU� SURWHLQH� OHJDQWL� LO� &D���� FRPH� OD� FDOPRGXOLQD� R� SURWHLQH� VLPLOL� �&0/�� H� SURWHLQH�
FKLQDVLFKH� GLSHQGHQWL� GDO� &D���� 8QD� ULVSRVWD� GHOOD� VWHVVD� WLSRORJLD�� PD� TXDQWLWDWLYDPHQWH�
PROWR�SL��DWWHQXDWD��q�VWDWD�RVVHUYDWD�DQFKH�LQ�7��IULXODQR��$O�FRQWUDULR��LQ�HQWUDPEH�OH�YDULHWj��
GRSR�VHL�JLRUQL�GDOO¶LQIH]LRQH�GL�)'6W�q�VWDWD�ULOHYDWD�XQD�JHQHUDOH�VRWWRHVSUHVVLRQH�GL�5/.�H�
GL�JHQL�FRLQYROWL�QHOOD�WUDVGX]LRQH�GHO�VHJQDOH�PHGLDWD�GDO�&D����ILJXUD�����
,Q�&KDUGRQQD\��O¶DWWDFFR�GL�+6W�KD�LQGRWWR�OD�WUDVFUL]LRQH�GL�PROWL�JHQL�FRLQYROWL�QHOOD�VLQWHVL�

GL� WUH� RUPRQL�� -$�� HWLOHQH� �(7�� H� DFLGR� DEVFLVVLFR� �$%$�� H�QHOOH� ULVSRVWH�PHGLDWH�GD�TXHVWL�
RUPRQL�� FRLQYROWH� QHOOD� UHJROD]LRQH� GHJOL� VWUHVV� H� GHOOD� ULVSRVWD� DL� SDWRJHQL�� *HQL� GHOOD� YLD�
GHJOL�RWWRGHFDQRLGL��LPSOLFDWL�QHOOD�ELRVLQWHVL�GL�-$��VRQR�ULVXOWDWL�IRUWHPHQWH�VRYUDUHJRODWL��WUH�
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LOX�� GXH� OPR� H� XQD� JA metil transferasi� �JAMT��� ,QROWUH�� q� VWDWD� RVVHUYDWD� OD�
VRYUDHVSUHVVLRQH�GL�GXH�JHQL�FRGLILFDQWL�SHU�GXH�HQ]LPL�FKLDYH�QHOOD�ELRVLQWHVL�GL�(7��O¶DFLGR�
��DPPLQRFLFORSURSDQ���FDUERVVLOLFR� �$&&�� VLQWDVL� H� O¶$&&� RVVLGDVL� �$&2��� H� GL� ��� JHQL�
FRGLILFDQWL� SHU� IDWWRUL� GL� WUDVFUL]LRQH� GHOOD� IDPLJOLD� $3(7$/$��(7�UHVSRQVLYH� IDFWRUV�
�$3��(5)���/D�SXQWXUD�GL�+6W�LQ�&KDUGRQQD\�KD�LQGRWWR�DQFKH�O¶HVSUHVVLRQH�GL�QXPHURVL�JHQL�
GHOOD�YLD�ELRVLQWHWLFD�GHOO¶$%$�H�GL� JHQL�FRLQYROWL� QHOOD� ULVSRVWD�PHGLDWD�GD�TXHVWR�RUPRQH��
FRPH� OD� ��FLV�HSRVVLFDURWHQRLGH�GLRVVLJHQDVL� �1&('��H� O¶$%$�DOGHLGH�RVVLGDVL� �$$2��� �$O�
FRQWUDULR�� QHOOD� ULVSRVWD� GL� &KDUGRQQD\� DOO¶LQIH]LRQH� GL� )'6W� q� VWDWR� RVVHUYDWR� XQ� QXPHUR�
PROWR�SL��EDVVR�GL�'(*V�FRLQYROWL�QHOOH�YLH�GL�WUDVGX]LRQH�GL�(7�H�-$��ILJXUD�����3HU�HVHPSLR��
WUD�L�JHQL�FRLQYROWL�QHOOD�ULVSRVWD�GL�GLIHVD�PHGLDWD�GD�-$�����HUDQR�GLIIHUHQ]LDOPHQWH�HVSUHVVL�
LQ�VHJXLWR�DOO¶LQIHVWD]LRQH�GL�+6W��PHQWUH�VROR�XQ�JHQH�/2;�HUD�PRGXODWR�GRSR�O¶LQIH]LRQH�GL�
)'6W��6LPLOPHQWH�� WUD�L�JHQL�LPSOLFDWL�QHOOD�GLIHVD�PHGLDWD�GD�(7��ULVSHWWLYDPHQWH����H� QRYH�
JHQL�VRQR�ULVXOWDWL�PRGXODWL�GRSR�O¶LQIHVWD]LRQH�GL�+6W�H�)'6W��,Q�7��IULXODQR�O¶LQIHVWD]LRQH�GL�
+6W�KD�PRGLILFDWR�SRFR� O¶HVSUHVVLRQH�GHL� JHQL� FRLQYROWL� QHOOH�YLH�GL� WUDVGX]LRQH�PHGLDWH�GD�
RUPRQL��,Q�SDUWLFRODUH��OD�WUDVFUL]LRQH�GL�VHWWH�VX�QRYH�JHQL�LPSOLFDWL�QHOOD�YLD�GL�ELRVLQWHVL�H�GL�
ULVSRVWD� GHOO¶$%$� q� ULVXOWDWD� GHSUHVVD�� ,Q�PDQLHUD� VLPLOH�� QHOOD� ULVSRVWD� GHOOD� VWHVVD� YDULHWj�
DOO¶LQIH]LRQH�GL�)'6W��O¶HVSUHVVLRQH�GL�JHQL�LQGRWWL�GDOO¶$%$�q�ULVXOWDWD�UHSUHVVD��FRPH�DQFKH�
TXHOOD�GL�DOFXQL�JHQL�GHOOD�YLD�GHJOL�RWWRGHFDQRLGL��GXH�LOX��WUH�OPR�H�XQD�JAMT���
/D� WUDVFUL]LRQH� GL� PROWL� JHQL� FRLQYROWL� QHO� PHWDEROLVPR� GHOOD� SDUHWH� FHOOXODUH� q� VWDWD�

PRGLILFDWD�GDOO¶DWWDFFR�GL�)'6W�VRSUDWWXWWR�LQ�7��IULXODQR��GRSR�VHL�JLRUQL�QRYH�JHQL�FRGLILFDQWL�
HQ]LPL� SHU� OD� ELRVLQWHVL� GL� HOHPHQWL� GL� SDUHWH�� LQ� SDUWLFRODUH� FHOOXORVD� VLQWDVL�� H� ��� JHQL�
LPSOLFDWL� QHOOD�GHJUDGD]LRQH�PRGLILFD]LRQH�GHOOD� SDUHWH� FHOOXODUH�� FRPH�XTH� H�pectina liasi��
VRQR�ULVXOWDWL�VRWWRHVSUHVVL��
7UD� OH� YLH� GHO� PHWDEROLVPR� VHFRQGDULR�� TXHOOD� GHL� IHQLOSURSDQRLGL� q� ULVXOWDWD� PRGXODWD� LQ�

PRGR�VLJQLILFDWLYR�LQ�&KDUGRQQD\�D�VHL�JLRUQL�GDOO¶LQIH]LRQH�GL�)'6W��WUH�JHQL�FRGLILFDQWL�SHU�
OD�3$/�H�OD�&�+�HUDQR�VRYUDHVSUHVVL��FRPH�DQFKH����STS�H����ODFFDVL��,Q�7��IULXODQR�q�VWDWD�
RVVHUYDWD�O¶LQGX]LRQH�QHOOD�WUDVFUL]LRQH�GL�DOFXQL�JHQL�GHO�PHWDEROLVPR�GHL�IODYRQRLGL��FRPH�OD�
IODYRQRLGH�UHGXWWDVL�H�O¶RVVRJOXWDUDWR�RVVLJHQDVL��WUH�JLRUQL�GRSR�O¶LQIHVWD]LRQH�GL�+6W��$QFKH�
O¶HVSUHVVLRQH� GL� DOFXQL� JHQL� LPSOLFDWL� QHO� PHWDEROLVPR� GHL� WHUSHQRLGL� q� VWDWD� PRGLILFDWD� LQ�
VHJXLWR�DOO¶DWWDFFR�GL�+6W�R�)'6W�QHOOH�GXH�YDULHWj��,Q�&KDUGRQQD\��OD�SXQWXUD�GL�+6W��GRSR�WUH�
JLRUQL�� KD�HOLFLWDWR� OD� WUDVFUL]LRQH�GHOOD�3 (+)-delta-cadinene sintasi�� FKH�SURGXFH�XQ�HQ]LPD�
FKH� FDWDOL]]D� OD� UHD]LRQH� GL� VLQWHVL� GHO� WHUSHQRLGH� GHOWD�FDGLQH�� FRVWLWXHQWH� LPSRUWDQWH� GL� ROL�
HVVHQ]LDOL��/D�ULVSRVWD�GL�7��IULXODQR�DOO¶LQIH]LRQH�GL�)'6W�q�VWDWD�FDUDWWHUL]]DWD�LQ�HQWUDPEL�L�
WHPSL�GDOOD�VRYUDHVSUHVVLRQH�GL�JHQL�FRLQYROWL�D�YDUL�OLYHOOL�QHOOD�VLQWHVL�GHL�WHUSHQRLGL��
�
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Figura 2. Modulazione di geni coinvolti in meccanismi di risposta a stress biotici a tre giorni 
dall’attacco di S. titanus sani (HSt) o infetti (FDSt) in Chardonnay. Sono illustrate le principali 
vie di percezione e trasduzione del segnale e alcune risposte di difesa. Il colore rosso indica i 
geni sovraespressi e il blu i geni sottoespressi 
 

 
 
Risultati preliminari nella ricerca dei tratti genetici responsabili dei diversi gradi di 
suscettibilità alla FD nelle varietà T. friulano e Chardonnay 

L’individuazione dei QTL (Quantitative trait loci) responsabili della suscettibilità/resistenza 
alla FD richiede la fenotipizzazione di ciascun genotipo della popolazione segregante 
utilizzando una scala di suscettibilità alla malattia. A causa della bassa popolazione di S. 
titanus, rilevata nella primavera-estate 2018 nel vigneto sperimentale in Piemonte, è stato 
necessario l’utilizzo di un metodo di fenotipizzazione controllata, diverso dall’infezione 
spontanea. Per la trasmissione controllata di FD, su ogni pianta, all’interno di manicotti in 
rete, sono stati posizionati 20 individui di S. titanus, prelevati da vigneti della zona con elevata 
incidenza di FD. Durante l’estate 2018 sono stati posizionati 120 manicotti, 20 per ogni 
genotipo, e ulteriori 20 manicotti sui riferimenti parentali. Nel 2021 inizierà anche la 
fenotipizzazione dei genotipi ottenuti con la seconda campagna d’incrocio (2017), che 
verranno moltiplicati e piantati in Veneto. Al fine di individuare i vigneti in cui verranno 
raccolti gli insetti, nell’estate 2018 è stato svolto un monitoraggio che ha coinvolto 89 aziende 
del Veneto, di cui 49 con una percentuale di giallume maggiore del 30%. 
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3HU�OD�JHQRWLSL]]D]LRQH�GHOOD�SRSROD]LRQH�G¶LQFURFLR��q�VWDWR�HVWUDWWR�LO�'1$�GL�����ELRWLSL��
���� GHOOD� FDPSDJQD� GHO� ����� H� ���� GL� TXHOOD� GHO� ������� /¶DQDOLVL� GHL� PLFURVDWHOOLWL� KD�
HYLGHQ]LDWR�XQ�QXPHUR�GL�DXWRIHFRQGDWL�SDUL�DO����QHOOD�SULPD�FDPSDJQD�G¶LQFURFLR�H�DO������
QHOOD�VHFRQGD�FDPSDJQD��FKH�VRQR�VWDWL�VFDUWDWL��,�ULPDQHQWL�����ELRWLSL�YHUUDQQR�JHQRWLSL]]DWL�
FRQ�LO�PHWRGR�*%6��genotyping-by-sequencing���4XHVWD�WHFQRORJLD�EDVDWD�VXO�VHTXHQ]LDPHQWR�
GL�QXRYD�JHQHUD]LRQH��1*6��FRQVHQWH�GL�LQGLYLGXDUH�H�JHQRWLSL]]DUH�XQ�HOHYDWLVVLPR�QXPHUR�
GL� SROLPRUILVPL� JHQHWLFL� �613�� LQ� XQ� VLQJROR� SDVVDJJLR�� SHUPHWWHQGR� XQ¶HIILFLHQWH� DQDOLVL�
GHOOD� GLYHUVLWj� GHO� PDWHULDOH� VHJUHJDQWH�� LQ� XQ� PRGR� YHORFH� H� QRQ� WURSSR� FRVWRVR�� JUD]LH�
DOO¶XVR�GL�HQ]LPL�GL�UHVWUL]LRQH��(OVKLUH�HW�DO�����������
�
�

',6&866,21(�(�&21&/86,21,�
,Q� TXHVWR� ODYRUR�� L� PHFFDQLVPL� FRLQYROWL� QHOOD� VXVFHWWLELOLWj� H� QHOOD� UHVLVWHQ]D� DOOD� )'� GL�

&KDUGRQQD\� H� 7�� IULXODQR�� VRQR� VWDWL� LQYHVWLJDWL� SUHQGHQGR� LQ� FRQVLGHUD]LRQH� OH� ULVSRVWH�
WUDVFUL]LRQDOL�PHVVH�LQ�DWWR�GDOOH�GXH�YDULHWj�LQ�VHJXLWR�DOO¶LQIH]LRQH���
,Q�JHQHUDOH��OH�SLDQWH�SRVVLHGRQR�GXH�WLSL�SULQFLSDOL�GL�VWUDWHJLD�GL�GLIHVD��PHFFDQLVPL�SDVVLYL�

R�SUHHVLVWHQWL��FKH�FRLQYROJRQR�EDUULHUH�VWUXWWXUDOL��TXDOL�FXWLFROH�VSHVVH�R�ULVHUYH�GL�FRPSRVWL�
DQWLPLFURELFL�� H�PHFFDQLVPL� GL� GLIHVD� DWWLYL�� FKH� YHQJRQR� LQGRWWL� LQ� VHJXLWR� DO� VXSHUDPHQWR�
GHOOH�EDUULHUH�VWUXWWXUDOL�GD�SDUWH�GHL�SDWRJHQL��
/D�SUHVHQ]D�GL�PHFFDQLVPL�GL�GLIHVD�SDVVLYL�q�VWDWD�VWXGLDWD�QHOOH�GXH�YDULHWj�GL�YLWH�PHGLDQWH�

OD�FRPSDUD]LRQH�GL�SLDQWH�QRQ�LQIHWWH�FUHVFLXWH�H�PDQWHQXWH�LQ�FRQGL]LRQL�FRQWUROODWH�LGHQWLFKH��
/¶DQDOLVL� FRPSDUDWLYD� GHL� SURILOL� GHL� WUDVFULWWL� FRVWLWXWLYL� KD� ULYHODWR� FKH� &KDUGRQQD\� H� 7��
IULXODQR� SRVVLHGRQR� XQ� background� JHQHWLFR� PROWR� GLYHUVR�� FRPSUHQGHQWH� PROWL� '(*V�
FRLQYROWL� LQ� YLH� GHO� PHWDEROLVPR� VHFRQGDULR�� 9DUL� JHQL� SRWHQ]LDOPHQWH� DVVRFLDWL� FRQ�
PHFFDQLVPL� GL� GLIHVD� GHOOH� SLDQWH� FRQWUR� VWUHVV� ELRWLFL� H� DELRWLFL� KDQQR� PRVWUDWR�
XQ¶HVSUHVVLRQH� SUHIHUHQ]LDOH� LQ� 7�� IULXODQR�� VXJJHUHQGR� SHU� TXHVWD� YDULHWj� LO� SRVVLELOH�
FRLQYROJLPHQWR�GL� VWUDWHJLH�GL�GLIHVD�FRVWLWXWLYH�FRQWUR�S. titanus� H�R� LO� ILWRSODVPD�GHOOD�)'��
,QIDWWL��q�HPHUVR�XQ�SL��HOHYDWR�OLYHOOR�GL�HVSUHVVLRQH�GL�JHQL�SXWDWLYDPHQWH�FRLQYROWL�LQ�YDULH�
YLH�GL�SHUFH]LRQH�H�WUDGX]LRQH�GHO�VHJQDOH��DWWLYH�FRQWUR�DWWDFFKL�GL�SDWRJHQL�R�GL�LQVHWWL��H�GL�
QXPHURVL� JHQL� DVVRFLDWL� DOOD� SURGX]LRQH� GL� FRPSRVWL� DQWLPLFURELFL�� FRPH� YDUL� FRPSRVWL�
IHQROLFL�� WUD� FXL� JOL� VWLOEHQL�� H� OH� SURWHLQH� 35�� OD� PDJJLRU� SDUWH� GHL� TXDOL� FRVWLWXLVFRQR�
PHFFDQLVPL�GL� GLIHVD� WLSLFDPHQWH�PHVVL� LQ� DWWR� FRQWUR� JOL� LQVHWWL� �:DU� HW� DO��� ������� ,QROWUH��
DQFKH�JHQL�FRLQYROWL� QHOOD�YLD�ELRVLQWHWLFD�GHO� -$� VRQR� ULVXOWDWL�PDJJLRUPHQWH�HVSUHVVL� LQ�7��
IULXODQR��,O�-$�YLHQH�FRQVLGHUDWR�XQR�GHL�SL��LPSRUWDQWL�HOLFLWRUL�GHOOD�ULVSRVWD�GL�GLIHVD�GHOOD�
SLDQWD�FRQWUR�JOL�LQVHWWL��LQGXFHQGR�OD�SURGX]LRQH�GL�GLYHUVL�FRPSRVWL�GL�GLIHVD��6KLYDML�HW�DO���
�������,O�VXR�UXROR�q�VWDWR�GLPRVWUDWR�DQFKH�LQ�UHOD]LRQH�DG�DOFXQH�ILWRSODVPRVL��LO�VXFFHVVR�GHO�
YHWWRUH�GHO� ILWRSODVPD�Aster Yellow�QHOO¶LQIHVWD]LRQH�GL�Arabidopsis�q� IRUWHPHQWH�GLSHQGHQWH�
GDOOD�ULGX]LRQH�GHL�OLYHOOL�GL�-$��6XJLR�HW�DO����������LQROWUH��O¶DWWLYD]LRQH�GHOOH�GLIHVH�PHGLDWH�
GD� -$� q� VWDWD� RVVHUYDWD� QHO� FRUVR� GHO� ULVDQDPHQWR� VSRQWDQHR� GL� YLWL� FKH� DYHYDQR� VLQWRPL� GL�
JLDOOXPL��3DRODFFL�HW�DO�����������
/¶DWWLYD]LRQH� GL� PHFFDQLVPL� GL� GLIHVD� DWWLYL� LQGRWWL� GDOO¶LQIHVWD]LRQH� GL� S. titanus� VDQL� R�

LQIHWWL� q� VWDWD�FRPSDUDWD�QHOOH�GXH�YDULHWj�FRQ�GLYHUVD� VXVFHWWLELOLWj�DOOD�)'�� /D�GLIHVD�DWWLYD�
FRQVLVWH� QHOO¶HUH]LRQH� GL� XQD� VHULH� DOWDPHQWH� FRRUGLQDWD� GL� EDUULHUH� D� OLYHOOR� PROHFRODUH��
FHOOXODUH�H� WLVVXWDOH��FKH� VL�YHULILFD� LQ�VHJXLWR�DG�XQ�FRPSOHVVR�VFDPELR�GL�VHJQDOL� LQQHVFDWR�
GDOO¶LQWHUD]LRQH�SLDQWD�SDWRJHQR�� ,Q�TXHVWR� ODYRUR�7�� IULXODQR�H�&KDUGRQQD\�KDQQR�PRVWUDWR�
GHOOH� DPSLH� GLIIHUHQ]H� QHOO¶DPSLH]]D� H� QHOOD� WLSRORJLD� GL� FDPELDPHQWL� WUDVFUL]LRQDOL� LQGRWWL�
GDOO¶LQIH]LRQH�� ,Q� SDUWLFRODUH�� O¶LQIH]LRQH� GL� )'� FDXVD� QHOOD� YDULHWj� SDU]LDOPHQWH� UHVLVWHQWH�
UDSLGL� H� DPSL� FDPELDPHQWL� GHL� WUDVFULWWL�� FKH� SRUWDQR� DOO¶HUH]LRQH� GL� GLIHVH� DWWLYH� VLQ� GDOOH�
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SULPH� IDVL� GL� LQIH]LRQH�� EDVDWH� VRSUDWWXWWR� VXO� ULPRGHOODPHQWR� GHOOD� SDUHWH� FHOOXODUH��
$OO¶RSSRVWR�� OD� YDULHWj� VXVFHWWLELOH� q� FDUDWWHUL]]DWD� GD� XQ¶DWWLYD]LRQH� ULWDUGDWD� GL� VWUDWHJLH� GL�
GLIHVD��FRQVLVWHQWL�SULQFLSDOPHQWH�QHOO¶LQGX]LRQH�GHOOD�VLQWHVL�GL�ILWRDOHVVLQH��WLSLFD�UHD]LRQH�GL�
GLIHVD�ULSRUWDWD�SHU�RVSLWL�VXVFHWWLELOL��.XF����������
,O� SLDQR� VSHULPHQWDOH� XWLOL]]DWR� LQ� TXHVWR� VWXGLR� FKH� LQFOXGHYD� WUH� WUDWWDPHQWL� �YHWWRUH�

LQIHWWLYR��YHWWRUH�VDQR�H�DVVHQ]D�GL�YHWWRUH��KD�FRQVHQWLWR�GL�RWWHQHUH�L�SURILOL�GHL�WUDVFULWWL�GHOOH�
GLYHUVH� ULVSRVWH�GHOOD� YLWH��4XHVWR� DSSURFFLR�KD� FRQVHQWLWR�GL� LQGDJDUH�SHU� OD� SULPD� YROWD� OD�
PRGXOD]LRQH�GHOO¶HVSUHVVLRQH�JHQLFD�GHOOD�YLWH�HOLFLWDWD�GDOOD�SXQWXUD�GL�S. titanus�LQIHWWL�H�VDQL�
H� SRL�� LQ� DJJLXQWD�� O¶HIIHWWR� LQGRWWR� GDO� ILWRSODVPD� GHOOD� )'� QHL� SULPL� VWDGL� GL� LQIH]LRQH��
SHUPHWWHQGR�TXLQGL�OD�GLVVH]LRQH�GHOO¶LQWHUD]LRQH�SLDQWD�SDWRJHQR�YHWWRUH�D�OLYHOOR�PROHFRODUH��
,Q�&KDUGRQQD\�� D� WUH� JLRUQL� GDOO¶LQIH]LRQH�� VRQR� DYYHQXWL� DPSL� FDPELDPHQWL� GHL� WUDVFULWWL� LQ�
ULVSRVWD� DOO¶LQVHWWR� VDQR�� PHQWUH� OD� ULVSRVWD� GL� GLIHVD� D� S. titanus� LQIHWWR�� ULVXOWDQWH�
GDOO¶LQWHUD]LRQH� WUD� SLDQWD�SDWRJHQR�LQVHWWR�� q� DSSDUVD� PROWR� SL�� OLPLWDWD�� ,Q� SDUWLFRODUH�� OD�
FKLDUD� DWWLYD]LRQH� GL� GLYHUVH� YLH� GL� WUDVGX]LRQH� GHO� VHJQDOH�� RVVHUYDWD� LQ� ULVSRVWD� DOO¶LQVHWWR�
VDQR��PHGLDWH� GDO� FDOFLR� H� GDJOL� RUPRQL� -$�� (7� HG�$%$�� H� QRQ� q� SL�� VWDWD� RVVHUYDWD� GRSR�
O¶LQIH]LRQH�GL�)'6W��1HO�FRPSOHVVR�L�GDWL�ULSRUWDWL�LQ�TXHVWR�ODYRUR�LQGLFDQR�FKH�QHOOD�YDULHWj�
VXVFHWWLELOH�� LO� ILWRSODVPD� GHOOD� )'� LQGXFH� XQ¶LQLEL]LRQH� GHOOD� YLD� GL� GLIHVD� GHO� -$��
JDUDQWHQGRVL�LQ�TXHVWR�PRGR�LO�VXFFHVVR�QHOO¶LQIH]LRQH��
0HGLDQWH�51$�6HT�VRQR�VWDWL� LQGLYLGXDWL� L�PHFFDQLVPL�FKH�SRVVRQR�HVVHUH�FRLQYROWL� QHOOD�

VXVFHWWLELOLWj�H�SDU]LDOH� UHVLVWHQ]D�GL�TXHVWH�GXH�YDULHWj��PD�QRQ� L� VRYUDVWDQWL�FDUDWWHUL�JHQLFL�
VSHFLILFL�� ,O�SULPR�SDVVR�SHU� O¶LGHQWLILFD]LRQH�GHL�JHQL�DVVRFLDWL� DOOD� UHVLVWHQ]D�DOOD�)'�SDVVD�
SHU�OD�ULFHUFD�GL�47/�QHOOH�SRSROD]LRQL�VHJUHJDQWL�RWWHQXWH�WUDPLWH�LQFURFLR��/H�PHWRGLFKH�GL�
JHQRWLSL]]D]LRQH�H�GL�IHQRWLSL]]D]LRQH�GHOOD�SRSROD]LRQH�GHULYDWD�GD�&KDUGRQQD\�H�7��IULXODQR�
VRQR� JLj� VWDWH� GHILQLWH� H� DYYLDWH�� 8QD� YROWD� RWWHQXWL�� L� GDWL� JHQRWLSLFL� H� IHQRWLSLFL� VDUDQQR�
LQWHJUDWL� LQ� XQD� PDSSD� JHQHWLFD� SHU� FLUFRVFULYHUH� L� WUDWWL� FURPRVRPLFL� FRQWHQHQWL� L� JHQL� GL�
LQWHUHVVH� SHU� OD� UHVLVWHQ]D� DOOD� PDODWWLD�� 4XHVWR� ODYRUR� VDUj� IDFLOLWDWR� DQFKH� GDOO¶XQLRQH� GL�
TXHVWL�XOWLPL�GDWL�GL�PDSSD�FRQ�L�ULVXOWDWL�UHODWLYL�DL�JHQL�GLIIHUHQ]LDOPHQWH�HVSUHVVL�QHOOH�GXH�
YDULHWj��
,�ULVXOWDWL�GL�TXHVWH�VSHULPHQWD]LRQL�KDQQR�JLj�DYXWR�GHOOH�ULFDGXWH�VFLHQWLILFKH��'DO�SUHVHQWH�

ODYRUR� q� HPHUVR� FKH� OD� YLD� GL� GLIHVD� PHGLDWD� GDO� -$� VHPEUD� DYHUH� XQ� UXROR� FUXFLDOH� QHOOD�
SURWH]LRQH�QHL�FRQIURQWL�GL�VLQWRPL�GL�JLDOOXPL�LQ�YLWH��6XOOD�EDVH�GL�TXHVWD�LQIRUPD]LRQH�q�QDWR�
LO� SURJHWWR� UHJLRQDOH� 0,',)(1'2�� FKH� SUHYHGH� O¶XWLOL]]R� GL� FRPSRVWL� RUJDQLFL� YRODWLOL�
PLFURELFL��P92&��FDSDFL�GL�DWWLYDUH�OD�YLD�GL�GLIHVD�GHO�-$��FRQ�OR�VFRSR�GL�LQGXUUH�QHOOD�YLWH�
OH�YLH�GL�GLIHVD�QHFHVVDULH�SHU�SURWHJJHUVL�FRQWUR�O¶LQIH]LRQH�GHO�ILWRSODVPD�UHVSRQVDELOH�GL�)'��
�
5LQJUD]LDPHQWL��
6L�ULQJUD]LDQR�LO�'U��3DROR�%DJQDUHVL��OD�'U�VVD�(OLVDEHWWD�0D]]XFRWHOOL��LO�'U��'DYLGH�*XHUUD��
OD�'U�VVD�$QWRQHOOD�=HFKLQL�H�LO�'U��/XLJL�&DWWLYHOOL��GHO�&5($���&HQWUR�GL�ULFHUFD�*HQRPLFD�H�
%LRLQIRUPDWLFD��SHU�LO�ORUR�FRQWULEXWR�QHO�ODYRUR�GL�51$�6HT��
6L� ULQJUD]LDQR� OD�'U�VVD�0DQQD�&UHVSDQ� H� LO� 'U��'DQLHOH�0LJOLDUR�SHU� OD� FROODERUD]LRQH�QHO�
SURJHWWR�7523,&6$)(��
6L�ULQJUD]LDQR�O¶$VVRFLD]LRQH�9LYDLVWL�9HURQHVL��9LWLYHU���LO�'U��/RUHQ]R�&DORULR�H�O¶$]��$JU��
5LJR�GL�$OED��&1��SHU�LO�ORUR�FRQWULEXWR�QHOOH�DWWLYLWj�LQ�YLJQHWR��
4XHVWR� ODYRUR� q� VWDWR� LQ� SDUWH� VXSSRUWDWR� GDO� SURJHWWR� HXURSHR� 7523,&6$)(� +�����
�FRQWUDWWR�1�����������
�
�
�
�
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