FaVey = o L=Tod 1 001 1<) o Lo LSO OSSPSR 5

W 0] o) 2374 U L) 13T P PSPPI 7

INAEX Of fIGUTES ...ttt ettt e et e et a e she s e reeaae e ea e she e ebeea e she e s e eeeaneesne sbeeeneenneeannennas 9

INAEX Of TADIES ...u ittt s b bt s 9
B3 00200 0 =1 U STR 10
2 SE] 00 L) T 11
3 SE] U oo TP 12
62 0TS = 80310 010 18 ot o) o PPN 13
Plant Molecular FArming..........oo oottt e e e e e s er e e e en e e e e nns e s 13
Nicotiana bentRamiAna aS NOST.........ucciiii it e e e e e e ere e er s e e e sreeneeneeereeneen s 14
Approaches to improve the ChasSiS. ... e e 17
SUpPression Of GEeNE SIIENCINEG.......cuiiiiie et e e e e e e e e e r s e e e sreene e e e ereenennens 17
STOrage COMPATTIMIEIES. ..uiiiitiii it e e s sr e e e she e e e s ea e s rr e snbe s sreee e aa 17
(00 0123 0] 4 LoESIR Uot AT Ly /PSSO 18
PrOteASE ACTIVIEY ... uii ittt e e e e e e e e s n e 18
Remodulation of host cell proteins abUndance..........ccuecveieiiiiiinniniee e e s 19
Strategies to avoid toXiC MetaDOIItES . .cccviirieiie e e e e e e e e 19
Self-catalysing residual DIOMASS ... ...ccoveriiiiiririe et s r s e e st e e e e se et e e e seenes 20
L0 foTcd o Ty o TT=) o oV OSSR OPPTRN 20
L0153 00 1 T =Ta LU0 o L= PP OO 21
L0 DU 0 (= oV PSPPSR 23
Genome editing in the context of biofactory breeding........c.ccvveeiinin e 24
Growth habits and developmental phase transitions in the context of biofactories.........c.ccccoceeveniininiens 25
Mechanisms controlling flowering time: the predominant role of FT genes........ccccuoeevennsseeseeeeneerennens 26

The SPL genes and their role in controlling plant architecture and developmental phase transition....27
FTs and SPLs as possible targets for biofactory breeding..........c.ocooooviininiiiiininn 29
10 o) F=Tot w171 TSSO UPTYPPTPR 30

Chapter 1. Comparative analysis of the SQUAMOSA PROMOTER BINDING-LIKE (SPL) gene family in
Nicotiana benthamiana and NiCOEIANA EADACUM ..........ueueeuveneeureneeirereuresssssessessesseseesesseesessresessresesssesessessessessemmn 31



N 13 o o= Ut o 31

0 0 0T L (10 T ) o TR 32
Materials and MethOdS. .. ...oici ittt e e e e e e n e e e ere e 34
Search of SPL genes in N. benthamiana and N. tabacum cv. K326.......cccoueueieiinnn e e 34
Reannotation of N. tabacum cv. K326 SPLS MEMDEI'S.......cccceeiiirererieinis s ene e e s e e ennenens 34
Identification of SBP conserved domains and motif analysis........ccuuurieereriienieireieicee e e e 34
Gene structure and miRNA156 complementary regions........cccvverieierirneesesie s e s s e ese e 35
Phylogenetic tree and family classification..........coouroiir e e e e 35
Plant material, growing conditions and samples collection for RNA extraction..........c..ccceeverenneciennennen. 35
N. benthamiana PRENOLYPINEG . ......ccviee it e ee e s e e e e s ene e e sr e s e e seeeneaeenneen en e nne s 36
RNA eXtraction and SEQUEINCINE . ......cocoeertuiriieeeirtieiee sttt s ere e e sre e sr e seeee e ss e seeeeeesnes saeess e s seesaeeennessresnneens 36
1514 0) (T TS 10 =N a = 1)) (OO U SRS PUPTRPPRPN 36
Plasmid @SSEIMDIY ... ..o it e e e e e e e re e e s e e e e e rn e en e rens 36
Plant material and genetic transformation............cueecrir it s 37
Genomic DNA extraction and editing efficiency evaluation..........ccoceeoverirercrinesin s e 38
RESULES 1.ttt e e R s 39
Phylogenetic analysis of the SPL family in N. tabacum and N. benthamiana................ccccoecvvivnnnnnninnns 39
Protein structure of SPL genes: the SBP domain.........coueiiinie ettt s 40
Gene structure of SPL genes: exon-intron structure, putative miRNA156 target site........ccccverveienennenn. 43
Expression analysis of SPL genes in 1€aves..........cooov e e s e e e e 44
Gene editing of NbSPL13 gene subfamily resulted in delayed flowering..........ccccvoeiiniiin e cceincniiniees 46
LD R oD 1] () o T PP PRSP 50
(000} 4 T LT3 ) o TP RPN 53
Supplementary MAtETTal.......ccierieiirir et e e et re s e e e ene e e e en e es 54

Chapter 2. Extension of vegetative phase in Nicotiana benthamiana using genome editing of FLOWERING

LOCUS T (FT) and SQUAMOSA PROMOTER BINDING-LIKE (SPL) SENES.......cecoeeiereireireienienes e e ereesseeneennes 68
N 13 5 = Ut 68
5910 Yo L0 o 5 e ) s U 69

Y = To=] o 1 = o Lo I8 0 =] s o Yo (- 72



Protein identification and phylogenetic tree CONStrUCtiON.........cvvveeiercrier i e 72

LTS]S0 D ot D 0 PP 72
Plasmid @SSEIMDBLY........oceiiiie et e e e et e e eh e b e e e et e e e s eenre s 72
Plant material and stable transformation.......c.cooceieeoeiienine e e e e e e 72
Transient expression and fluoreSCENCe detECLION . ......iiceer e ittt e e e s 73
Vacuum infiltration and fluorescence deteCtion.......c..coooveceireiriieiinies s e e e e 74
Genomic DNA extraction and editing efficiency evaluation..........c.ccooueein i 74

o s T=) o (o) 74011 ¥R SRR PRSP 74
RESUIES ... ettt ettt e e e e e et et e e she e ea e s Re e e £ e a e SRe e Rt e e SRt e eRRes eEeaeeen e sarees e e areereennen nrens 75
Generation of FT5 and SPL13 KNock-0Ut INES.......ccciir e e e s e e 75
Stacking FT4 mutations on FT5 and SPL13 knock-out lines.........ccuooieiiiniinni s 79
Comparative analysis of flowering time and biomass-related parameters in FT4, FT5 and SPL13 mutant
(0001310310 F:Un (o) o LTSRS 81
Analysis of recombinant protein expression in mutant N. benthamiand lines............ccccceveeeviesveiveesinnnen, 86

I 017 o) PP 91
Supplementary MAtEITal.......ccooerieiirir e e rr s e e e re s e e ene e e en e es 95
GENETAL AISCUSSIOMN ... e tieeirtiis ettt et sttt e et e e e e es e she e e ee e seesseeae e ereeenbes sheaseen e sneees e nnens 102
000 1ol 10 ) U ) o TSP PPTUPP 107

BIDLIOGIaD Y ... .t e e e e e et eh e e e e en e ehe e s e e e e en e e eaens 108



