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Timmis, J.N., Ayliffe, M.A., Huang, C.Y. and Martin, W. (2004). Endosymbiotic gene transfer: organelle genomes forge eukaryotic chromosomes. Nat Rev Genet. 5: 123-135.
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Adapted from Hay, A. and Tsiantis, M. (2010). KNOX genes: versatile regulators of plant development and diversity. Development. 137: 3153-3165 and Prigge, © 2013 American Society of Plant Biologists
M.J. and Bezanilla, M. (2010). Evolutionary crossroads in developmental biology: Physcomitrella patens. Development. 137: 3535-3543.



Morphological evolution in land plants: new
designs with old genes

Nuno D. Pires’ and Liam Dolan*
Department of Plant Sciences, University of Oxford, South Parks Road, Oxford OX1 3RB, UK

Plants
streptophytes
land plants (embryophytes)
charophytes bryophytes gymnosperms angiosperms

=

§

O

& & a5

(=) ) =5

g U g

150 Ma

" "vasculature
dominant sporophyte
KNOX-ARP mechapisfii controls shoot development
RSL genes control haploid filamentous development

embrye LEAFY controls sporophyte development

multicellular sporophyte

3D patterning

apical growth
MADS-box control haploid reproductive development
multicellularity (gametophyte)

1000 Ma
1400 Ma . = /
knox.prLL increase in the number of transcription factor families

evolution of auxin and ABA signalling
evolution of the oldest families of land plant miRNAs

i control
primary| diploid
endosymbiosis gevelopment

Phil. Trans. R. Soc. B (2012) 367, 508-518

Figure 1. Phylogenetic relationships between the major groups of extant plants. Key events that occurred during plant evol-
ation are indicated; in cases where enough functional data are not available, the minimum origin is indicated by an
irrowhead. The estimated divergence times are indicated in millions of vears ago (Ma). The phylogenetic relationships
retween different plant groups are based on earlier studies [3—7]. The estimated divergence times are based on previous

studies [8—11]. See also the main text for more details.



Ta TTpaciva aAyn €ival EUKOPUWTEG
TTOU PWTOOUVOETOUV
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Liverworts (~7000  Mosses (~10,000—  Hornworts (~200 idn) ~ ®utd pe
— 8500 €idn) 17,000 €idn) QayYEIOKO

ouoTnua

Etroikiouo¢ TG OTEPIAC-XEPOAia QuUTA

(Terrestrialization)
Chang, Y. and Graham, S.W. (2011). Inferring the higher-order phylogeny of mosses (Bryophyta) and relatives using a large, multigene plastid data set. Am. J. Bot. 98: 839-849 and Ligrone, R., Duckett, J.G. and Renzaglia, K.S.
(2012). Major transitions in the evolution of early land plants: a bryological perspective. Ann. Bot. 109: 851-871. Photo credits Tom Donald, Mary Williams and gjshepherd br / Foter.com / CC BY-NC-SA

© 2013 American Society of Plant Biologists
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Ta @UTA gival TTOAUKUTTOPOI,
XEPOAIOl KOl PWTOOUVOETIKOI

OPVGVKJ.”Ol Pdwroouvleon: Ta QuTa gival

NMoAukuTttapol: Opyava, 10TOUG

Xepoaiol: O1 Tpdyovol TwV QUTWV
(ouoav oT1o vePO. Ta QUTA OpwG (ouv
OTO Xepoaio TTEPIBAANOV PE OXETIKA
uwnAnR avBekTIKOTNTA OTOV £NPO aépa
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Leaf cross section image from Bouton, J.H., et al., (1986). Photosynthesis, leaf anatomy, and morphology of progeny from hybrids between C; and C,/C, Panicum Species. Plant Physiol. 80: 487-492.
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H @uoioAoyia avlpwTrou BacileTal
OTO OPYOVIKA OCUCTAMATA

AvaTrveuoTIKO MeTrTikd KukAo@opiké Neupiko EpeIOTIKO
ouoTnHA ouoThHa ouoTnUa ouoTnua oUoTnHa
AvTtaAAayn Atroppoenon  Metagopd BpeTTikWv AvTiIAnwn, EAeyX0G STAPIEN

agpiwv VEPOU Kal BpEwn Kal agpiwv Kal OpoIOCTaON

© 2013 American Society of Plant Biologists



2T (PUOCIOAOYIO (PUTWYV Ol
OIEPYOOTIEG, ME TNV EUPUTEPN EVVOIQ,
gival i01Eg

AvtaAAayn ZuoowpEeuon Opéyn AvTiAnyn (17.X. pwTOC,
agpiwyv EVEPYEING ATTO KUTTOPO O€ TTaBoyovwv)
AT 10 oTOUATIO 2T0UG KUTTAPO PEOW TTPAYUATOTTOIEITAI ATTO TOU
TWV QUAAWV PWTOOUVOETIKOUG TWV QYYEIQKWV PWTODEKTEG KAl EIBIKOUG
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[Lati ta puta elva
ONUOVTLKA?
(Lo avOpwWTTOKEVTPLKN
NPOCEyyLoN)
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XpeaCopaote uTA avOEKTIKA G€
akpaiec TepParrloviikec cuvOnKec

KAIJaTikiy aAAayn
TTEPIOPICEl TN TTPWTOYEVN

TTapaywyn

KataoTpo@r Tou 0A00UG YIa VEEC
KAAAIEPYEIEC OUVTEAET TNV
augnaon tou CO, TNG aTuéoPAIPAG
(poivikéAaio)

[MeplopidovTal o1 EUPOPEC EKTATEIG
(aoTikoTTOINON & £PnUOTTIOINGN)



Poyoaia avinon Tov ToyKOGULOV
ninOuvonov...
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Poyoaia avinon Tov ToyKOGULOV
ninOvuvouov...
]

6 ExTipnnoeic uttooTtnpiouv
OTI YIO va O1a0@AAIOTEI N
ETTAPKEIA TPOPIUWYV Ba
TTPETTEI VIO TA ETTOMEVA

; 40 xpovia va au¢nBei n
Tapaywyn Kata 70%
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O vooITIoNOg KoL 1| TELVO
OTTOTEAOVV OTTELAY

To 2004, 60 ekaToppupia avBpwrTtrol TTEBavayv.




O vooITIoNOg KoL 1| TELVO
OTTOTEAOVV OTTELAY

ATTO Ta 60 ekaToppupla ta 10
EKATOMMUpPIO Eival TTaIdIA UE
NAIKIO JIKPOTEPN TWV S XPOVWY,
atrd Ta otroia 10 99% (ouv o€
XWPEC XapnAoU Kal peoaiou
BIOTIKOU €TTITTEOOU

(Source: The State of the World's Children, UNICEF, 2007)




O vooITIoNOg KoL 1| TELVO
OTTOTEAOVV OTTELAY

H EAAEIWN TNC BITapivng A TTPOKAAEI
TO0 BAdvarto o€ 1 ekaTouuuplo TTaIdIA
KGBe Xpovo.

(Source: Vitamin and Mineral Deficiency, A Global Progress Report, UNICEF)



AU¢non TnG TTapaywyn B-KAPOTEVIOU
oTq <pUTO( (Trpo-BiTapivn A)

@ Clinical
() Severe subclinical

O Moderate subclinical
@ Mild subclinical

g‘mﬂ%u:derqrr;tlrul H GVSTI'(’XPKCIG BITG[JiVI]g A £iVGI
N KUPIA AITIO JOVIMNG TUPAWONG

© 2013 American Society of Plant Biologists
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AvCnon Tov PB-KopoTEVIOV TNV TPOPN
UTOPEL VO EEUAEIWEL TNV OVETAPKELOL
Brrapivnc A

2TO0 avOpwTTIivo ocWwpaA TO 3-carotene

* [TOAAG TPOQIUA Eival peTaTpéTeTan o€ Bitapivn A. O

(PTde o€ B-KGpOTéVIO, £TO1 avBpwTrog Traipvel BITapivn atrod Tig
, , TPOWYEG KAl OEV TNV OUVOETEI

0 aAvBpwTToC EuPavilel (aTrapaiTTo)

averrapkeia Birapivnc A

oo W

B-kKapoTévio Bitapivn A

i




To enimeoo Tov P-KopoTEVIOV
KoabopiCetarl amod T ProocvvOeon, v
ao0nKevon Kot ToV KOTOOoAIGHO

[a va augnBei 1o
ETTITTEDO [B-KApPOTEVIOU
oTa QUTA XpeladeTal va
augnoOsei n
BioouvBeon, va
BeATIWOEI N
atrodnkeuon ry/kal va
AVOOTOAEI O
KaTaBOAIOUOG

H atmmobrikeuon Twv
KAPOTEVOEIDWV YiVETAI OTOUG
XPWHOTTAACTEG
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Photo credit: University of Wisconsin




Kapotevoelon: evioydouy ToV 0pyovIGLO

2TO KOPOTEVOEIDN OEV AVINKEI
LUOVO TO B-KAPOTEVIO
(TTPOdPOWO HopIo TNG Bitapivng
A), aAAa kai n Aouteivn, n
{eagavOivn kal To AUKOTTEVIO
TTOU £XOUV EUEPYETIKI) ETTIOPAON
OTNV UyEia Tou avBpwTrou

Ta KapoTevoeldr dev
gival pévo mrpoédpoua
MOpIa TNG Bitapivng A

Geranylgeranyl
Diphosphate

= i e P

AUKOTTEVIO

NIRRT

g - B-carotene
el w// 1 ,
a-carotene B-carotene To KOPOTEVIO

G l ze+axant*hin Ty H 8TGTpé1T£TG|
W l i violaxanthin | = o€ BITGlJiVI'] A
lutein y

e | .
AourTeivn _—y \%y/ META TNV TTEYN

Cazzonelli, C.I. and Pogson, B.J. (2010). Source to sink: regulation of carotenoid biosynthesis in plants. Trends Plant Sci. 15: 266-274



Mati o1 viopateg unnpdav...
(((PpOﬁtO tOU ZGtCIVé)) Mnyn: www.Protagon.gr

la nepioootepa ano 600 xpdvia, or avBpwnor pofovroucav Tic VIoudteg.
Miotevav 6u eivar SnAntnpiwdei, ot o1 UGYICOES TIC Xpnoiuonolouoay yia va
KAVoUV TIC OKOUIES TOUG... INTAUEVES Kal Yia va yivovral AukavBpwriol.

e H 16T0pio TG OVOUOTOAOYIOC: AVKOTEVLO
= Vo And to 1300 péxpt to 1650, xtAdSec Eupwrnaiol mépacav GpLktd
BaoaviotApla Kol OTN OUVEXELOL EKTEAECTNKOV HE TNV Katnyopia

NG payeioc we Bupata tng lepig E€¢€taonc (To ovopa tou podou —

Umberto Eco). 2tov Mecaiwva unnpxe peyain kaxuvmoyia yio ta

vEQ TPOPLHAL.

Ovouocav v vioudto XTpOyvov To AVKOmEPOIKOV Solanum lycopersicum (avtn) givor 1
EMGTNUOVIKY] TNG ovouocio pEypt onuepa) aomd 10 Avkomépow Tov [ainvov, £vo
ONANTNPLOOES PUTO and TNV ALYVTTO LE KITPIVOTO YVUO Kol duvaTr] Wopmold, TPayUo mTov
taiprale wo yapd pe 06ca wictevayv to 1560 Iomavol kat Itadoi Botavordyor yia ) vioudto. Kot
mAéov Ogv glyov kould aueiPoAiio OTL Ol MAYIGGES TO YPNOULOTOLOVGAV Y10, VO, Yivouv
AOKAVOp@TOL (AVKOTEPOIKOV -> AVKOTTEVLO).

dvowd n kotnyopromoinomn MNtav  apekeyouevn. Oyt puoévo yuwuti 1 vioudto Oev NTov
ONANTNPLOGS, dALA Ko Yot OTm¢ mapatnpnoe 10 1569 o puoodipnc Kovetavico deritot dgv
Do umopovce va €xel €pbel amd Vv apyola Atyvato. X10 UETOED otnv Kobopthoovuévn, ot
Eumopol 6moOpwV mov emtfuuovoay T 01l00GN TOVS, YOV OVOUAGEL TIC VIOUATEC YPLoOUNAQ,
unAa tov Iepov, pia TS ayanns, AVKOPooddKLva Kol AAAN TOALG gvyaprotal!!



H sk@vlion ™S @ypag KNALOOS oyeTIICONEVN HE TNV NAIKIO (KVpLO,

H wypa knAida gival To KevTpikd TPRpa Tou ag@ipAnoTposidn, éva AsTmo
OTPWHA PuToEUdiTBNTWY VEUPIKWY KUTTApLV Kol Ivwv TTou PpiokeTal oTo
Tiow pépog Tou opbaApol. O ap@IPANOTROEIGNG PETOTPETEI TO QUITEVO
gpéBiopa o veupikd epéBiopa To omoio 0 sykEQaAGG pag PTTOpEl Kon
avTihapBaverar cav exdva. H wypd knAida sivar umedBuvn yia v
KEVTRIKN Opaon Kol pag eTPETTEl va PASTTOUPE pe peydhn sukpiveia £Tol
woTe va avndappavopacTe Tig AeTITopEpeieg TNG eikdvag. [a kabnuepiveg
SpootnpdTnTeg 0w To dKBacpa, Tnv odrhynaon. akdpa kai yia TNV
aQvayvwpIoT) TTPOCWTTWY, Eival uredBuvn n wypa knAida.

YAMNOEIAEE

KENTPIKO
BOSPIO

AMPIBAHZTPOEIAHE

Exg@uMhion wypac knAidag

H exgihion Tng wypdc knhidog oyxenfdpevn pe v nhkia (HEQ), civar n
MO Cuxvi] ama pn avaoTpéyipng TopAwons otov dumkd koopo. H
mabnaon aurr] TpocPdahsl v kevTpikn] Tepiof] Tou Pubol Tou ogpBaipod,
n oTroia givan Kai ) mo onpaviki. H ouvémneaia; Mia otadok peiwaon Tng
KEVTRIKNG OpaoT|C Xwpic ahha gupmmwpara.

oLTia TOPAMGTC)

ZUPTITWHAT EKQUNCTIC WYpAac KnAisag- KAVIKR EIKOvVa

H yepovmier] sxplhion Tne wypdc knAIGOC vl P TaEanom Tou 0 CUPTTWEa Sga
T OTabIaKr] PEICT] TG KEVTPIKAS Opaomnc Xwpic GhAo CUUTITOINOTa OTTWG IOV,
MoTE Gev TpoKOAZIT 0AIKT] OTTWAEI OPACEWS, SI0T TTOPOUEVEI I TTEQIPEDIKT] OpOTT].

AnA. 1 Opoory pog TOUE VO EVI EUKPNTS UM, pnBopivn OToOv KOIMOPE Vo
OVTIKEIPEVD, QAAD © MPOUOVATOMOWOS OTOV YWPO TTOPOpEVEl DI0T TO0 TEPIPEDIKD
OTITKD g TTEGID TTopapeEva pumokoyikd. DOoTO00 OF TPOXWONUEVES KOTOOTOTE
pmopoUpe va AAPE i TPOYUOTIKT OVOmngin amd Ty oy mou n OpacT W
Eivan EEoIpETIRG ¥Opnhn.




Ta KopoTEVOELDT HTOPOVY VU UTOTPEYOVV
TNV EKPVALGTN TNS OYPIS KNALOOG

H Aovteivn kot i CeacavBivn cvoompevovial otV oypd Kniida
(moptokaM ypoua). Poaivetal OTL AmTOPPOPOLY PO VYNANG
EVEPYELOG TPOGTATEVOVTOS TNV WYPA KNALOW amtd KATAGTPOPT)/

I EKPLAMGLO
i
S
Ficiis e
; EHH ATPOPN EVIOYLUEVN

; II;;,' oe AovTEivn,
| RREST CeakavOivn, Zn,

Y Buropivn C ko E

UTOPEL VO TPOCTATEYEL
TNV OPOo)

Age-Related Eye Disease Study Research Group. (2007). The Relationship of Dietary Carotenoid and Vitamin A, E, and C Intake With Age-Related Macular Degeneration in a Case-Control
Study: AREDS Report No. 22. Arch Ophthalmol. 125: 1225-1232. http://www.nei.nih.gov/photo/eyedis/images/EDA17 72.jpgl




H amoxierotikn] katavdimon poliov otn Notwe Avatolki) Acio
wPoKaAEL EAAELYN Prrapivig A wov 00NYEl 6€ POVIUT TOPA®OY).
124 ekotoppdvpro mordio rapovoralovy Earetyn Prrapivig A.

O kaOnyntéc Ingo Potrykus ko Peter Beyer amo to IvetitovTto
ETH ot Zvpiyn t™c EAPetiog omMuuovpyncay YEVETIKA
Tpomomoutnuévo polt (Golden rice) sgwoayovrag yovidoww 7OV
gvioyvovv T Proocvvlesn TOV KOPOTEVOELO®OV P-KOPOTEVIO TTOV
givanr Tpoopopo popro ¢ Prrapivns A.

O Ingo Potrykus cvvta&rodotOnke 1999. To 2014 givor wpoedpog
70V Golden Rice Humanitarian Board.

To Golden rice2 (GR2) eivar Bertiopévn dwoyoviorokny ceipa pe _ ‘:

VYNAOTEPO EMITEOO GE KAPOTEVLLL

Geranylgeranyl-PP

phytoene synthase
Phytoene
crtl

Zeta-carotene
crrl

Lycopene
lvecopene cyvclase

Beta-carotene

Golden Rice 1 Golden Rice 2

Bloteyvoroyikn €@aproyn TOV KOPOTEVOELODV, EUTAOVTIGNOS Prrapivic A 6to pOiL

«.but protestersbelieye
such genetically modmed

foods are bad for us and )
our planet. Here's why.




golden rice , y
e Tpoopsc pe vynira
TTEPIEKTIKOTNTA STUTEO0 GE l}-Kap()TSVIO
~ O€ [3-KapoTévIo
‘: \

YAukoTTaTaTa

Bitauivn A

B-kapoTévio

Tpo@iua pe
upnAn
TTEPIEKTIKOTNTA
O€ B-KapOTEVIO
TTPOKUTITOUV
aTTO EQAPUOYN
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TEXVOAOYiag
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2TOV GUYYPOVO KOGHO:

Hidden Hunger
(KpvEN TEWVE/AN0Q)

P grtell'-'fsrrg Molecular Plant
ner Ll

Perspective

Regulation of Plant Vitamin Metabolism:

Backbone of Biofortification for the Alleviation of
Hidden Hunger

Ling Jiang'-?, Simon Strobbe?-2, Dominique Van Der Straeten®:" and Chunyi Zhang'-*

new breeding strategies for
vitamin biofortification

Jiang L., Strobbe S., Van Der Straeten D., and Zhang C. (2021). Regulation of Plant Vitamin Metabolism:
Backbone of Biofortification for the Alleviation of Hidden Hunger. Mol. Plant. 14, 40-60.



Ta Broevioyovuéva gouta

BeATiOVOLV TN O1UTPOPT) LLOC

Y
| g

HarvestPlus

Breeding Grops for Better Mutrition

H un-kepdOOKOTTIK Opyavwaon
HarvestPlus aoxoAcital ye Tnv avarmruen
BIOEVIOXUMEVWY QUTWV/KAANIEPYEIWY OTOV
AVATITUOOOMEVO KOOUO, OTTWG N
YAUKOTTATATO E UWNAN TTEPIEKTIKOTNTA O€
mpofiTapivn A 1TTou KaAAigpyeital atro 0.5
EKOTOMMUPIO OIKOYEVEIEC. 2.€ ECENICN
BpiokovTal TTpoypaupaTa Blogvioxuong yia
TNV a0&non Tou £ITTEOOU TNG
TPWTEIVNG, Fe, Zn, avTiogEIOWTIKWV Kal
AAAWYV EUEPYETIKWYV EVWOEWV OTIG TPOPEG.

Sources: HarvestPlus; CIMMY T




I'eveTika Brogvioyvuéva TpogLua
AypooraTpoQn
| —

. ; | ;r 2 ;‘_ -y
.I'.-; NRE
A AL v . ||

TTEPIEKTIKOTATOC
o€ 2idnpo

NTOUATEC PE UWPNAN
TTEPIEKTIKOTNTA O€
QAVTIOZEIDWTIKA
PO uwnAng
TTEPIEKTIKOTNTAC O€
Bitapivh A

Photo credits: Golden Rice Humanitarian Board © 2007; Credit: ETH Zurich / Christof Sautter; Reprinted by permission
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Arabidopsis thaliana

Oix. Brassicaceae

A. ROCKENTRAV, TURRITIZ GEARRA L
B BACKTRAY, ARABIDOPSIS THALIANA L] SCHU,




TO (PLTO KUOVTEAO) OTN BIOAOYIA TwWV QUTWYV €ival TO:
A Arabidopsis thaliana

Model plant
species




To ovopa Tou yeévoug Arabidopsis gival EAANVIKO

® To @utd avakaAugBnke atrd Tov Johannes Thal to 1577 ota 6pn Harz 1n¢
[‘eppaviag Kal apxika ovoudoTtnke Pilosella siliquosa

® To 1753 perovoudortnke atrd tov Carl Linnaeus oe Arabis thaliana 1Tpog
Tiun Tou Thal

® To 1842, o Tleppavoc PoravoAoyoc Gustav Heynhold dnuioupyei 10
Kalvoupylo yévog Arabidopsis o010 oTroio TOoTT00€TEl TO QUTO. TO OVOoua TOU
YEVouGg gival ouvleTIKr AéEn Arabis+oywn=Arabidopsis



Koiva ovoparta tou Arabidopsis o€ d1eOveic YAwWoOEC

English: Wall cress; mouse-ear cress

German: Schmalwand, Gansekraut, Thal's Gansekresse
French: arabette rameuse, arabette des dames
Spanish: arabide

Dutch: zandraket

Danish: gasemad

Norwegian: varskrinneblom

Hungarian: ludfu

Polish: rzodkiewnik

Japanese: shiro-inu-nazuna

Redei, GP. (1992) A heuristic glance at the past of Arabidopsis genetics. In Methods in
Arabidopsis Research, eds C. Koncz, NH Chua, J Schell, Wold Scientific,Singapore pp1-15.



Arabidopsis thaliana

Owxoyévela Brassicaceae

Avantoén & BlooTiKOTNTO XTEPUATOV

A. ROCEKENTRAV, TURRITIS GEABHA L

B BACKTRAY, ARABIDOPSIS THALIANATL] SCHUE



Arabidopsis thaliana

Owxoyévera Brassicaceae

Avamtoén eutov

{\
A, RUCKEHTR!\\?. TURRITIS GLABHA L
B BACKTRAY, ARABIDOPSIS THALIANATL] SCHUN,



Tal YO POLKTNPLOTLKA TOV
Arabidopsis thaliana



Narti To Arabidopsis thaliana?

1. Mikpd péyebBog TTupnvikd yovidiwua (114.5 Mb/125 Mb total). Eivar to mrpwTto
QuUTO TToU yvwpiloupe 1O yovIdiwua Tou (Tn Xpovia 2000) va atroteAcital atrd
~25.500 yovidia

2. 'Exel 5 xpwpoowuarta yia Ta OTToid UTTAPXElI AVAAUTIKOI YEVETIKOI KAl (PUOIKOI
XOPTEG

3. 'Exel ouvtouo BIoAoyIkO KUKAO (~ 2 JAVEC aTTO OTTOPO O OTTOPO0), ETTIONG £XEI TA
XAPAKTNPIOTIKA TWV QUTWV OIKOVOUIKNG onuaagiag

4. Aivel onuavtikG aplOudé arroyovwyv oupPaAloviag otnv ypriyopn avaAuon
VEVETIKWV METAANACEWY, PEYAANOC APIOUOC PUTWV PTTOPEI va avaTtrTuxBei o PIKPO
XWPEO Kal TTapouaiAdel EUKOAIQ OTnV €TTIKOVIAON

5. YYNAO TT0000TO YEVETIKOU METAOYXNMUATIOMOU ME TO ouoTnua Agrobacterium
tumefaciens Kal eUKOAia 0TV JETOANOEOYEVEDN

6. Eival KOOUOTIOAITIKO €id0C HE MHEYAAN VYEWYPAQIK KATAVOMN OIaTNPWVTAG
YEVETIKA TTOAUMOPQPIKOUG OIKOTUTTOUG

7. YTdpxouv OlaBéoiua atmrd 1patredec dlaXEipIong YEVETIKOU UAIKOU YEVOTUTIOI,
METOAAAGEEIC, BIODEIKTEG KAl UTTOOTAPICN YIA BIOTTANPOPOPIKT) avaAuon

8. 'Exel yivel atrodoxn Tou w¢ QUTO TTPOTUTTO ATTO TTOAUAPIOUEC EPEUVNTIKEC OUADEC
(KUBEPVNTIKES 1 aKadNUAIKES) Kal ATTO IDIWTIKES Jovadeg R&D



Narti To Arabidopsis thaliana?

1. MiIkp6 péyeBog Trupnviko yovidiwua (114.5 Mb/125 Mb total). Eivail 10
TTPWTO PUTO TTOU yVwpilouue To yovidiwpa Tou (TN Xpovia 2000) va
arroteAgital amo ~25.500 yovidia



To 2000 N 0TOK®OKOTOINGT] TOV YOVIOLOUUTOS ATOTEALECE
GNULOVTIKO ETIGTUOVIKO ETITEVYA

articles NATURE | VOL 408 | 14 DECEMBER 2000 |www.nature.com

Analysis of the genome sequence of the
flowering plant Arabidopsis thaliana

The Arabidopsis Genome Initiative*

* Authorship of this paper should be dted as “The Arabidopsis Genome Iniative’ A full list of contributors appears at the end of this paper

The flowering plant Arabidopsis thaliana is an important model system for identifying genes and determining their functions.
Here we report the analysis of the genomic sequence of Arabidopsis. The sequenced regions cover 115.4 megabases of the
125-megabase genome and extend into centromeric regions. The evolution of Arabidopsis involved a whole-genome duplication,
followed by subsequent gene loss and extensive local gene duplications, giving rise to a dynamic genome enriched by lateral gene
transfer from a cyanobacterial-like ancestor of the plastid. The genome contains 25,498 genes encoding proteins from 11,000
families, similar to the functional diversity of Drosophila and Gaenarhabditis elegans— the other sequenced multicellular
eukaryotes. Arabidopsis has many families of new proteins but also lacks several common protein families, indicating that the sets
of common proteins have undergone differential expansion and contraction in the three multicellular eukaryotes. This is the first
complete genome sequence of a plant and provides the foundations for more comprehensive comparison of conserved processes
in all eukaryotes, identifying a wide range of plant-specific gene functions and establishing rapid systematic ways to identify
genes for crop improvement.
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Xoppetoyn EAlnvikic Emoetnuovikng Opnaoog
GTOV TTPOGOLOPIGUO TNS aKOAOVOLHS TOV
ypopocounatoc IV tov Arabidopsis thaliana

E =

T ——

Analysis of 1.9 Mb of ewTtroviké MavemioTApio ABNVkv
contiguous sequence Tunpa Biotexvoloylag

EpyaocTtnpio Mopiakng BioAoyiag
from chromosome 4 lMoAudeukn¢ Xar{omouAog
of Arabidopsis thaliana Tn im

The EU Arabidopsis Genome Project: M. Bevan’,

l. Bancroft', E. Bent', K. Love', H. Goodman?, C. Dean’,
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L. Drost’, P. Ridley', S.-A. Hudson’, K. Patel’, G. Murphy’,

P. Piffanelli', H. Wedler*, E. Wedler*, R. Wambutt*,
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R. James', A. Montfort™, A. Pons', P. Puigdomenech™, 7 r

A. Duuka“‘l, E. Voukelatou™, D. Milioni'®, P. Hatzopoulos ', NATURE|VOL 391{29 JANUARY 1998
E. Piravandi', B. Obermaier™, H. Hilbert™,
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C. Schueller?' & N. Chalwatzis®'



To péyebog ko yapaktnploTikd Tov Yyoviolouatog tov Arabidopsis thaliana
GE GY£0T LE YOVIOLOUATO AAA®Y OPYOVIG LDV

Organism Size (mil. bp) Genes Gene density Chromos
Homo sapiens 2900 ~30,000 1/100 Kb 46
Rattus norvegicus 2,750 ~30,000 1/100 Kb 42
Mus musculus 2500 ~30,000 1/100 Kb 40
Drosophila melanogaster 180 13,600 1/9 Kb 8
Arabidopsis thaliana 125 25,500 1/4 Kb 5
Caenorhabditis elegans 97 19,100 1/5 Kb 6
Saccharomyces cerevisiae 12 6300 1/2 Kb 16
Escherichia coli 4.7 3200 1/1,4 Kb 1

H. influenzae 1.8 1700 1/1 Kb 1

Il’ltllf C
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A Arabidopsis
i thallarma

I genome
AN sequence




[TAcov, givan yvoto 1 Bpicketon oe €CEMEN 1N OVAALGT TOV YOVIOLMUATOG

TOAADV QUTMOV OIKOVOLIKTC CTUOGTOC
Rosids

« Brassicaceae

» Arabidopsis lyrata, model plant [2[]11[”:}

» Arabidopsis thaliana Ecotype:Columbis, model plant (20001"%)

e Brassica napus, oil plant [2[][]9“5:}9 E)\G|0Kpd|.JBr]

s Brassica rapa, Crop and model organism [EEI‘I‘I[E[':}

e Thellungiella parvula, Arabidopsis relative with high salt tolerance (20117)
Cannabaceae

s Cannabis sativa, Hemp and marijuana production (20115%) > K(']\/\/(]Bn
Cucurbitaceae

e Cucumis sativus Chinese long’ inbred line 5530, vegetable crop (200914

)=> Ayyoupid

Euphorbiaceae

s Jatropha curcas Palawsn, bio-diesel crop [2[]1[][24:}
e Ricinus communis, oilseed crop (20107
Fabaceae

e Cajanus cajan, var. Asha, model legume (20122F1=7)
s Glycine max var. williams 82, protein and oil crop (2010%%) > ZéYlO
s [ofus japonicus, model legume [EEIEIB[EB:}
s [fedicago fruncatula, model legume [2[]11[332}

Malvaceae

o Corchorus olitornus, fibre plant [201[][31:[32:[33:}

s Theobroma cacao, flavouring crop [2(]1[][34:[35:

) > KakQo

Myrtaceae

» Eucalyptus grandis, Fibre and timber crop (20115
Rosaceae

e Fragaria vesca, fruit crop [E[]‘I‘I[E'T:} > CDdeU)\(}
s Malus domestica “Golden Delicicus”, fruit tree (201015150 - [\/\r] )\|(']



[TAcov, givan yvoto 1 Bpicketon oe €CEMEN 1N OVAALGT TOV YOVIOLMUATOG
TOALDV PLTOV OTKOVOULKNG OTULAGIOGC

Asterids

+ Solanaceae

s Solanum lycopersicum, tomato cultivar ‘Heinz 1706 [E[]‘I‘IHE': E[]‘IE[‘H:]-Q NTO}J(']TG
o Solanum pimpinellifolium, closest wild relative to tomato (draft EEI‘IE[‘H:}
e Solanum tuberosum, potato (2011**)> MatdTO

Monocots

» Brachypodium distachyon, model monocot [EEI‘I[]HE':}
s Elaeis guineensis, oil palm [E[]EITHT:}
s Hordeum vulgare, barley (2012!%%) > KpiBapi

*h> Mmavava
o Oryza saliva ssp indica, crop and model organism [EEIEIE[E{'-}

o Musa acuminata, banana (2012

s Oryza saliva ssp japonica, crop and model organism [2002[5'1:}9 PL')CI
s Oryza glabemma var cG14, west-African species of rice [ED‘I[][E'E:}

» Phoenix dactylifera, fruit tree (palm) (20111°%))
» Sorghum bicolor genotype BTx823, crop (20097°%)

o [nticum aestivum cv. ‘Chinese Spring’, Cereal crop [EEI‘IEI[E'E':}% 2ITAP!

» Zea mays sp msyz 873, cereal crop (2009°7) > KAAQUTTOKI



To Arabidopsis thaliana dvol&e 10 OpOUO
Y10, TN LEAETN GAA®OV QUTIKOV E10MV MG LOVTEAD,

Zea mays Oryza sativa
MovokKoTLAO il

Y

AIKOTUVAQ Lotus japonicus Antirrhinum majus Pisum sativum

oA 28
-

Arabidopsis thaliana Medicago truncatula Lycopersicon esculentum



Narti To Arabidopsis thaliana?

2. 'Exel 5 xpwuoowuara yia Ta OTToid UTTAPXEl AVOAUTIKOI YEVETIKOI Kal
(PUOIKOI XAPTEG



To Arabidopsis thaliana £xel S ypopocOpUTO

1100 kb

Chr.1 29.1 Mb
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@® Genes: yovidia

® ESTs (Expressed Sequence Tags):
unvupata mRNA

® TEs (Transposable elements):
METABETA oTOIXEID

® MT/CP (Mitochondrial and
Chloroplast Insertions): EvBéocig
MITOXOVOIOKOU  Kal  XAWPOTTAQCTIKOU
YOVIOIWMATOG

® RNAs (Transfer RNAs and small
nucleolar RNAs): t-RNA

Chr. 5 26.0 Mb e
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Pseudo-colour spectra:
High density

Low density



@ YTapXel YEVETIKOG XAPTNG

@® YTrapxel QuUOIKOG XAPTNG

@® XdapTng HOPIOKWYV OEIKTWV:

SSLP: Simple
Polymorphism

INDEL.: Insertion-Deletion

CAPS: Cleaved Amplified Polymorphic

Sequences

SNP: Single-Nucleotide Polymorphism

Sequence

The calculations assume an
average 250 kb/cM for
Arabidopsis (Lukowitz et al.,

2000)

Aocmopd Moplakov Asiktov
avd 20cM (centimorgan)

Length

CER1A

CER1E

ciw

nga114

CERZE

CERZC

CERZA

nga 162

w11

ciwd

ciwS

ngas

CER4C

ngai15

ngaiig

ciws

CERSC



Narti To Arabidopsis thaliana?

3. 'Exel ouviopo BIOAOYIKO KUKAO (~ 2 PAVEC aATTO OTTOPO OE OTTOPO),
ETTIONG £XEI TA XAPAKTAPIOTIKA TWV QUTWYV OIKOVOMIKNG ONUagiag



X0vTonog Proroyikog KOKAOG (~ 2 mveg amd 6mopo o€ 6Topo)
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"Exel 10 YopuKTNPLGTIKA TOV QUTOV OLKOVOULKNS CNILUGLOG:
Awkprtd otdora euPpvoyEveong

A Wild-type MATURE EMBRYO

WALKING-STICK ~ SM 2= Ed
HEART EMBRYO
TRANSITION EMBRYO
GLOBULAR EMBRYO
6-CELL EMBRYO

Sy s -y
T T )

210610 16- -
KUTTAP®V

‘Euppvoce  Kapdiéoynpo X14ow0
ZPupKo petofotikd suppvo KOUTTOPEVOV
éuppvo 6T0.010 KOTUANOOV®V

Qppo Epppuo
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"Ey€l 10 YopuKTNPLOTIKA TOV QUTAOV 0IKOVOULKTS GUACLOS: ALOKPLTES AvVaTOUKES COVES
70V PLIKOV GUGTNHOTOS

Pilika
TpLYio
:i: = < Lo /T\
jgf‘ = oLaPopoTOoinong
== /\ AVicOTpOTN
—ZE ,
¥'E Covn empKovvong avamTLEN
....................... — \)/
Covn
......................... _/ KOAVTTTPO

Neapo @utod Arabidopsis thaliana. Awkpivovtol ov KOpleg avotopkés Loves e piloc: 1 Lovn

olapopomoinons omov gp@aviovrar ta Plika TPLiowa, 11 (OVY EMPNKOVONS KOU 1] HLEPLGTOUOTIKI)
Covn. Xtnv Baon g pileg piokeTon | KeAOTTPOA.



"Eyel 10 YopaKTNPLOTIKA TOV QUTAOV 0IKOVOULKIS GRAcLaS: ATAN KUTTOPLKI] 0pYaveon

pilog oo Arabidopsis

E—.Ol 0y®YOol 16TOL KOl TEPIKVKALO
-Apxu«i KUTTOPO TOV PAOLOV
| P Pror6c ke evdodeppida

-Emﬁsp pida
-Tplxoﬁkdorng
-A‘r proPraotng

| Mevpwn kerdnTpo
 Kaxbnrpo

_ Eonovydlov kévtpo

Tprodo1d6TATY GTEKOVIOT TOV KUTTUPLKAV GELPAOV
OV OPYAVAOVOVTOL OKTIVOTA (LOVOKVTTOPES
oTOPAOEC) KOL OTTOTEAOVY TV TPMTOYEVI
guppvaxn pio oto uté Arabidopsis thaliana.

NEERNEND

TAEVPLKT] KAAVTTTPO
TpLyoPracTNGg
aTpLoPrdaocTng
ayyeia Tov EvAov
PA0oL0G

EVOOOEPUIOQ,

TEPLKVKAO
NOunocwinqvag




"Exel 10 YopuKTNPLOTIKE TOV GUTOV 0IKOVOULKIS GNIRACIOS: ALOKPLITES KUTTUPIKES GELPES
ot PN emogpuion (avartvéloko povtéro)

Tpropractec




"Eyel 10 opaKTNPIOTIKA TOV QUTAOV 0IKOVOULKTS GHLAcios: AveTpo TPpoTLTO
0PYAVMGTS TPLYLOLMV 6TU QUALY (aVOTTVELOKO POVTELD)

Tpyioro viiov

Syquo « Y

Ta kKOTTOpO OV TTEPIPAALOVY TO,
P00 Elvar O10YK®UEVAL KO
AEYOVTOL GVV0O G KOTTOPO,

@ H xatavoun tov tprydimv oty eTOEPUION TOV VALV £lval KOVOVIKT Kot Oyl
VYo, O10TL O1 0ITOCTAGELS LETOED TOVG Elval oTaOepPES, EVO GTdvia
opyavavovtol o€ Ceuyapia 1 6€ opdoec. Mo té€tota oratacn Le tnv onoia
OLLo@AMEETOL 1) LIKPOTEPT OTOGTAGT LETAED LELOVOUEVOV dOUDV OVOUALETOL
TPOTLVTO 0TOGTHONS (Spacing pattern) Kot eEnyel v opyavmon TOV TPLYLOL®V
ot QUAAO TOV Arabidopsis.
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Arabidopsis thaliana
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Trichome patterning control involves TTG1 interaction with SPL
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"Eyel 10 opaKTNPIOTIKA TOV QUTAOV 0IKOVOULKTS GROciog: ATTAN pop@oioyia avOoug

® X<imola (x4) ® Xtiuoveg 4 (x6)
® [lETaAa (x4) @® Ynepoc 9 (x1)

(++)




Narti To Arabidopsis thaliana?

4. Aivel onuavTikO aplBud artroyovwy OUupBAAAovTag oTnv  ypryopn
AVAAUCON VYEVETIKWY METOANACEWY, MEYAAOC QPIOUOC QUTWV MTTOPEI va
QVATITUXOEI O€ HIKPO XWEO KAl TTapouaIAdel EUKOAIQ aTnV ETTIKOVIOON



@ Avattucn oto Xwua o€ BaAduoug

@ Avatrtugn o€ TpuPAia pe BPETTTIKO NECO




['evetikéc onocTavpmoels & Anuovpyio OMA®V HETAAAAEEWDV




MovTéAo oTn MEVETIKN HE TNV EQAPHOYH TWV
Nopwv Tng KAnpovouikétntag tou Mendel
(draoTaupwoeig & peTaAAaoyéveon

Seed pods fram

Mutant sector Manmutant sector
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Narti To Arabidopsis thaliana?

5. YYnAO Tr0000TO VYEVETIKOU HETAOXNMOTIOUOU ME TO ouoTnua
Agrobacterium tumefaciens Kal eUKOAIQ oTnV JETOAAQCOYEVEDN



Bioloyiko 2ootnua Agrobacterium tumefaciens:

2100epog ustooynuatiouog & evlson T-DNA

Chromosome 'l'i—pl‘asmid [ umor P'“‘"Ol’vp(
\ /‘ : -
—_— ———/‘—\. Auxin Cytokinin

Nopaline

_ synthesised
and released in
rhizosphere

T-DNA

Ti-plasmid
Nopaline
catabolism

Infection with

Ti-plasmid

\

Aérobacterium Vi
: irulence :ocs
mmeﬁzaem Attachment to Plan_t gcncs{. - O“E.“‘ ef P Carabolised by
cells at the wound site. - replication Transfer of Agrobacterium
ran as carbon and
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Figure 1 The general features of the wild type Ti-plasmid and the disarmed Ti-plasmid vector and the process of DNA
transfer to plant cells by Agrobacterium tumefaciens.



In planta petacynuotiocndg tov Arabidopsis thaliana

A. Avatrtu¢n Qutwy

B. EpBatrTion o€ kaANiEpyela Agrobacterium
tumefaciens

C. ZUA\oyn oTTEPUATWYV

D. ETTIAOYI METAOXNMATIOHMEVWY QUTWV




H dwaoikacio tepthapuPavel LETAGYNUATIGUO YOUETIKOV KUTTAP®V
OV GTNV €MOUEVT YEVIA Ba ONULOVPYNGOLY GTAOEPH O1OLYOVIOLIKA PUTA
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H emdoyn PaciCeton otnv avOekTikdTNnTo. 6E€ OVTIPLOTIKA OTTMC 1 KOVOULKIVN
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Tn5: Neomycin phosphotransferase II (NPTII)

KanR (resistant)

KanS (sensitive)
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Nari To Arabidopsis thaliana?

6. Eival KOOMOTIOAITIKO €id0C HE MEYAAN VYEWYPAQIKI KATAVOMN
dIATNPWVTAG VEVETIKA TTOAUPOPQPIKOUG OIKOTUTTOUG



Movtého oty Moprokn Owkoroyia
Eva €idog Arabidopsis thaliana oik Brassicaceae (21aupavO<g)
OikéTUTIOI TTOAAOI:

-Wassilewskija (Ws)
- Columbia (Col-0)
- Landsberg erecta (Ler-0)
- C24
- CVI (Cape Verde Island)
I'soypo@kn amopudovoon - AT06TocH)
Awagopetikn EEEMEN & Avantuin Iowitepov XopoKTNPLoTIKOV

AVATTTUEN HOPLEKAOV TOAVUOPPLGUOV

2000 OAokArypwon Tou Sequencing oto Arabidopsis atrd 1o Arabidopsis
Genome Initiative

25.500 genes

EVTOTTIIONOC HOPIOKWY TTOAUMOP@PICHWY PETAEU DIA@OPETIKWY OIKOTUTTWYV
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Ta-0, CS6867

C24, CS906 M7323, CS6184 Van-0, CS6884 Kin-0, CS6755 Cen-0, CS6661 Nok-1, CS6808 Est, CS6173 Ms-0, CS6797
unknown unknown Vancouver, BC. Kindalville, MIl. Caen, FR Noordwijk, NL Estonia - EE Moscow, RU Tabor, CZ
location location W123/N49,1 WS85/N43,250m WO/N49 ~50m E4/NS2~Om  E25/N59,150m E37/55N,~200m E14/N49,~450m
. - L Dra-1, CS6686
- = ; \ \ < Drahonin, CZ
. 7; - 1 \ ) : E16/N49, 450m
- he
En-T, CS6176
Tajikistan - TJ
E71/N39
NFE-1, CS22163 Sha, C5929
United Kingdom - UK Pamiro-Alay, TJ
Location unknown \ E71/MN39,3400m
150°W
<60°S—;
CIBC-10, CS22229 Bay-0, CS954 Ler-2,CS8581 Er-0,CS6698 Fr-2,CS6708  Li-2:1, CS6772 Oid-2, CS6821 Ove-0, CS6823
s Bayreuth, DE  Landsberg, DE Erangen, DE  Frankfurt, DE Lnlug DE Oidenburg, DE Ovelgoenne, DE
E11/N50, ~300m E15/N53, ~100mE 11/N49,~250m E8/N50,~50m  E8/NS50,~150m E8/NS3,~50m EB8/NS3,~50m

United Kingdom - UK Blum ES
E3/N41,~50m W15fN28 126

rrrT T

Location unknown
Nd-1, CS1636 Is-0, CS6741 L
Nieduzenz,DEWqDE Goettingen, DE Neuweilnau, DEUmkirch, DE = Achkarmren, DE

Sf-2e, CS6857 Se-0, CS6852
E7/NS0,~150m 10E/S1N E8/NS0,~150m ET7/N48,~250m E8/N48,~250m

HR-5, CS22205
United Kingdom - UK San Feliu, ES San Eleno, ES
Location unknown E3/N41,~50m E2/N41,~50m




1001 Genomes 8

A Catalog of Arabidopsis thaliana Genetic Variation
‘ 1-‘ 3
>

The 1001 Genomes Project, launched at the beginming of 2008, has as a goal to discover the whole-
genome sequence variation in 1001 strains (accessions) of the reference plant Arabidopsis thaliana.
The resulting information 1s paving the way for a new era of genetics that identifies alleles
underpinning phenotypic diversity across the entire genome and the entire species. Each of the
accessions in the 1001 Genomes project 1s an inbred line with seeds that are freely available from
the stock centre to all our colleagues. Unlimited numbers of plants with identical genotype can be
grown and phenotyped for each accession, In as many environments as desired, and so the
sequence Information we collect can be used directly in association studies at biochemical,
metabolic, physiological, morphological, and whole plant-fithess levels. The analyses enabled by this
project will have broad implications for areas as diverse as evolutionary sciences, plant breeding
and human genetics.

The complete genome sequences of over 80 accessions have been released in early 2010 by the
Max Planck Institute. There are commitments for the remaining accessions, primarily from the Salk

Institute, the Gregor Mendel Institute and Monsanto, and we are hoping for completion of the 1001
Genomes project in 2012.




Cell

The 1001 Genomes Consortium, 2016, Cell 166, 481491
® Crasshack July 14, 2016 © 2016 The Author(s). Published by Elsevier Inc.
http://dx.doi.orgM0.101 6/).cell.2016.05.063

1,135 Genomes Reveal the Global Pattern of
Polymorphism in Arabidopsis thaliana

Xaptns Katoymyns/ tpoEAevong

e relicts S
= non-relicts HECORN

8000 6000 4000 2000 0
Agriculture Established (Years BCE; = 1% land area)

Highlights
# The genomes of 1,135 naturally inbred lines of Arabidopsis
thaliana are presented

# Relict populations that continue to inhabit ancestral habitats
were discovered

e The last glacial maximum was important in structuring the
distribution of relicts

e This collection will connect genotypes and phenotypes on a
species-wide level

1thors
The 1001 Genomes Consortium

Correspondence

magnus.nordborg@gmi.ceaw.ac.at
(Magnus Nordborg),
weigel@weigelworld.org (Detlef Weigel)

In Brief

Genomic sequencing analysis of over
1,000 natural inbred lines of Arabidopsis
thaliana reveals its global population
structure, migration pattems, and
evolutionary history and provides arich
genetic resource for studying phenotypic
variation and adaptation.

A

Cell

Xnpeta oviroyng tov 1,135
OLKOTUTT®OV/ YOVIOLOUATOV



e To Arabidopsis eival Suthogidng
OpPYQVLOMOG (2n)

e OLowkoTuToL Elval yewypadika
OMopoVWHEVOL TAnBuaopol Tou
i6lov eldou¢g mou mapouacLalouy
noAuvpopdiopoug, dSnAadn

; Ll napaAdayeg oe (dleg B€oelg Twv

a; - e TR I e R i g 8l xpwpoowpdtwy

e OLolKOTUTIOL Elval KBapEG OELPES,
OMOMELKTIKOL TANBUoOL

(opoluywtad yovidia)

Elite Chinese ine 97103 || X || PI296341-FR EKSTASIS F1

ie
1 1 1 1

Otav duo moAupopdikol otkotuToL (€24 kat Ler) StaoctavpwBouv tote otnv F1
dnuoupyouvtal uBpidia ota omoia, w¢ etepoluywTA ATOUA, N HLa xpwpotida Ba I
glvat C24 n aA\n xpwpatida Ler v

1 1 1 [} 1 1
:@ 1® R IR R ®
1

14 I 1 I 14 14 ‘ Y * * + *
JuvnBwg ta uBpiSla TnG F1 mapouctdlouv KAAUTEPA XOPAKTNPLOTIKA, OTIWG
14 I I I I 14 14 14 FB
avarntuén, Blopdda fi eupwotia, and TG MaTPLkéS oelpég (C24 kat Ler). To pawvodpevo I Il || " I:8
Aéyetal etépwon (heterosis). Ta xapaKTNPLOTIKA AUTA XAVOVTOL GTO ATOMO THG Pocere 1 ger st o dveo a0 L

EMOMEVNG F2 YEVLAG, YO AUTO AAAWOTE OE TIOAAEG YVWOTEC KAAALEPYELEC
xpnotpornowouvtal uBSpidia F1 omwce n motkihia Ekstasis F1 Tomato Beef mou umapyet
OUXVQA OTNV ayopa

Hybrid mimics and hybrid vigor in Arabidopsis
A6 UV(IIJ.(.CX avanapavwvr'] q Gnépwv IJ.E Gtaespd ET[LeU unrd Li Wang?, lan K. Greaves®, Michael Groszmann®7, Li Min Wu?®, Elizabeth 5. Dennis™®, and W. James Peacock®"2

“Agricutture, Commonwealth Scientific Industrial Research Organisation, Canberra, ACT 2601, Australia; and "Facuh:y of Science, University of Technology,
Sydney, NSW 2007, Australia

’ ’
XapaKtn p LGtLKa usta Tr]v F 1 Contributed by W. James Peacock, July 22, 2015 (sent for review June 12, 2015); reviewed by Bernard J. Carroll, Peter Meyer, and Jian Kang Zhu)
PNAS | Published online August 17, 2015 E4959-E4967

https://www.pnas.org/doi/epdf/10.1073/pnas.1514190112




2TV EAAGOO £Xouv TagIvOouNOEi 3 0IKOTUTTOI

TOoU Arabidopsis thaliana

Ecotype/Species: Epidaurus

Name Epidaurus
::?,::wated Epid-1

E::itr:ession SpeciesVariant5017877801
Type ecotype

Country Greece
Location Epidaurus
Altitude

(minmax) 1%/
Latitude

(minmax) /3247 N/
Longitude

(minmax)  2>0431E/

Ecotype/Species: Faneromeni
Faneromeni

Name

Abbreviated
Name

Tair
Accession
Type

Country
Location
Habitat
Altitude
(min/max)
Latitude
(min/max)
Longitude
(min/max)

® Aopntmc: Maarten Koornneef

Faner-1

SpeciesVariant5017877802

ecotype

Greece
Faneromeni
road side

640/
37,9330 N/

222236 E/

Ecotype/Species: Olympia

Name Olympia
Abbreviated Ol

Name ympia-1
Zaci(r:essi on  SPeciesVariant5017877803
Type ecotype

Country Greece
Location Olympia
Habitat on Olympia ruin
Altitude

(minmax)  >°/

Latitude

(min/max) 37,38, 18 N/
Longitude ., 5. 4o

(min/max)



Narti To Arabidopsis thaliana?

7. Ymapyxouv OiaBéoiya atrd Tpatrelec OIAXEIPIONC YEVETIKOU UAIKOU
YEVOTUTTOI, METAAAACEIC, BIOdEIKTEC KAl UTTOOTAPIEN YIa PBIOTTANPOPOPIKN
avaAuon



0 www, arabidopsis.org

Gene w Search
2
[]
* talr Home  Help Contact AboutUs  LogindRegister
Search Browse Tools Portals Download Submit News ABRC Stocks
The Arabidopsis Information Resource
The Arabidopsis Information Resource (TAIR) maintains a database of genetic and molecular e —_— : T, ‘\
hiology data for the model higher plant Arabidopsiz thaliana . Data available from TAIR includes \ il S 51; - \
the complete genome sequence along with gene structure, gene product infarmation, \ W L
plete g q g with g gene p um\dﬂcﬁ-’%;::nﬂ A ﬁj,

metabaolism, gene expression, DMNA and seed stocks, genome maps, genetic and physical
markers, publications, and information about the Arabidopsis research community. Gene
product function data is updated every two weeks from the latest published research literature
and community data submissions. Gene structures are updated 1-2 times per year using
computational and manual methods as well a5 community submissions of new and updated
genes. TAIR also provides extensive linkouts from our data pages to other Arabidopsis
resources.

The Arabidopsis Biological Resource Center at The Ohio State University collects, reproduces,
preserves and distributes seed and DMNA resources of Arabidopsiz thaliana and related
species. Stock information and ardering for the ABRC are fully integrated into TAIR.

CarNEGIE TAIR is located atthe Carneagie Institution for Science Department of Plant A
‘Sciemce  Biology and funded by the Mational Science Foundation with additional 7 @;{'
support from TAIR sponsors. aa

Ipdates on TAIR funding are available here.

g p S
Click here
to try our new online submission form

and submit the molecular function (e.g. protein kinase), biological

process (e.g. seed development), localization (e.g. plasma membrane)
or interacting partner of your favorite gene
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Arabidopsis.info

Catalogue

Zearch Catalogue

Brows=e Catalogue

HELP

How to Order
COrdering FAQ
Price Information
Order Progress
Seed Donation Form
MTA FAQ

Webservices

Transcriptomics

MASCarrays Homepage

Service

Miscellaneous

Genome Browser
Rl Map Data

About plant ontology

o o Q

arabidopsis.info

- uNASC r

The European Arabidopsis Stock Centre

Seed and information resources. *ﬁBBSRC

The University of

Nottingham

Finding your seeds or clones

Search

Browse

Genome Browser

Finding your GeneChip Service

GeneChips

Kzpecies

New and Useful

Arabidopsis/Human/rat/mouse prices only £250%.
MNew Arabidopsis chip with TAIR 10 annotation
How to reference MASC services
Donate Seed
Disclaimer / Delivery note

“including both chip and processing, please add VAT.



Buoocikteg & T'ovidia paptopeg (reporter genes)

® GUS (,B-Glucuronidase)
® GFP (Green Fluorescence Protein)

@® Luciferase



Nari To Arabidopsis thaliana?

8. 'Exel yivel atrodoxr Tou wg QUTO TTPOTUTIO ATTO TTOAUAPIOUEG EPEUVNTIKES
OMAdEC (KUPBEPVNTIKES I aKADNMAIKES) KAl ATTO IDIWTIKES povadec R&D

® Koataypapn mwov £yive 10 2008 anokdAvye tmc TEPIGGOTEPA ATO
16.000 epyaotnpla otov KOGUO YPNGLUOTOIOVV 10 Arabidopsis
thaliana ®¢ LOVTELO avaQOpPAS 61N ProAoyio UTOV, UE ETOUEVO
LOVTEAO TO PULL GTO LOVOKOTLAQ



2NUOVTIKD YOPOKTHPICTIKA:

1. Mixpo usyslog mopnyviko yovioimua (114.5 Mb/125 Mb total). Eivai
TO TTPWTO PVTO TOV YvWPILovuUE TO Yovidimua tov (T ypovia 2000) va
anoteieital ano ~25500 yovioia

2. Eyxel 5 ypouoocwmuoto yia ta, 0moia vmwopyEl AVOAVTIKOL YEVETIKOL Kol
PUOIKOL YOpPTES

3. Exet cvvTouo 104010 KOKL0 (~ 2 unves amo 6mopo 6& 6mopo)

4. Aivelr onuavtiko apiOuo oamoyovav coufdliovras oty ypyyopy
AVAADGH YEVETIKWOV UETOLLACEMY EVA UEYTALOS opIlOUOS PLTOV umopEl
va avartoyOci 6e pIkpo ywpo

5. Yynlo mocooto yeveTikod UeTOCYNUAGTICUOD HE TO CUGTHUO.
Agrobacterium tumefaciens

6. Yrapyovv o1abéoruo amo tpaneles O1ayEipions YEVETIKOD DAIKOD
YEVOTVOTIOL, UETALAACELS KAl DTOGTPIEN YIA PLOTANPOPOPIKY AVILVGH

7. 'Exet yivel amoooyn tov g puTo IPOTOTO 070 TOLVAPLOUES
EPEVVHTIKES OUAOES (KOPEPYNTIKES 1 AKAONUAIKES) KO ATTO 101 TIKES
uovaoes R&D



To @ut6 Arabidopsis thaliana povtélo otV
Mopiakn) BlioAoyia Avantoéne & Atopopomoinong
ATKOTUAN00VO

Owoyéveln ZravpavOwv Brassicaceae 1) Cruciferae yvootd KOAAEPYODUEVO
LLEAT TNC KOVVOLTiOL, AQyavo, Givart, EAAoKPAUPN

1. Mikp6 Broroytkd KOKAO, <2 Unveg

2. IToAAd omoplo G LIKPO YOPO Kot YPOVO
3. EvkoAn petailairyévveon

4. Etvol Oumho€10€¢ Ko £XEL S YPOULOCHUOTOL

5. Oha To KLTTOPOUOPPOLOYIKE & OVOTOLKE YOPAKTNPIGTIKA EVOS PLTOV
LEYAANG KOAMEPYELOG

6. To tp®@TO OMd TO PLTA TOVL TPOGIOPIGTNKE 1 VOLKAEOTIOKT) akoAovBia
(sequencing) mepimov 25500 yoviola



MetaAAagelc Ko
MetaAAagoyevveon
(amtAn avadopa)



Opwopoc: I'oviorw & Opyavoon yovidiov
* IIpoaywyéog 1 Yrokwvn g n pubotikn axkoiovdio (Elements)
* EEovio Metaypaoen: NAI
Metdepaon: NAI
* Ivtpovia Metaypaogn: NAI
Metdoppaon: OXI (splicing-pdticua)
[eEovio]GT............ AG[eEdvio]
* 5 & 3’ UTRs (Untranslated Regions)
* Ynueio 'Evapéng tne Metaypagng (RBS-Ribosome Binding Site)
* YXnueio Evapéng e Metdopaong (Kwdwovio EvapEng ATG-Methionine)
* Xnueto AMénc e Metdoppaong (Kwowkovio Anéng TAA/ TAG / TGA)

To yoviolo cvpPoriletar pe keparaio TAdywo ny. GLABRA2 (GL2)

|




Metairaén (Mutation) To d0yno popraxng froroyiog
To petdAracn cvuPorileton pe
ukpa mAayo wy. glabral (gl2)

‘Eva yoviowo
‘Eva uivopa (mRNA)
Mia Tpwteivn

Agtrtovpyia

Metarhayuéva eutd: Tpomomoinom tov yeveTikov vTOPadpov evoc uTOL gite
LLE ONUELOKES NETUAAACELS EITE LIE ELOAYMYN EVOC OLOYOVIOIOV

I'atl pog evola@EPouy oL HETOALGEES?
Awokormn) 1 AAhayn €vOg YoVidiov

Y10, VOL OOVLE POUVOTUTO KOl VO, EPUNVEVGOVLLE TNV AELTOVPYLQ

Forward Genetics: Awo ™ petdAracn 6to yoviolo

Reverse Genetics (Avaotpoen ['evetikn): Amd 10 Yoviolo 611 LETAAAAEN



Forward Genetics: Ao tn petarilhon 6to yovioro

MeTaihain

(Molecular genetics)

v

D arvoTLVTOC

(Developmental biology)

I'oviouo
(Functional genomics)
MoproKES aAnAemopacels/ Aertovpylo,

(Transcriptomics/ Proteomics/ Metabolomics/ -omics)



Tomor MetaihaCemv

Ayprog TOmog MetTairhaln

Awaotavpwon T+ X - -

, + -
Avtoyoviuoroinon F1
F2 ++ +- .-
Ayp10o¢ TOTOG Ayp10¢ TOTOG dovoTvmog Yrnoieuropevn petdaAroén
Ayplog TOTOG Davdtumog Doarvotumog Kvpiapyn petdAioén
Ayplog TOTOG Evdidpecog doarvotumoc Hpuwkvpiapyn petdiraén
dovoTuTog

T0 Tapiderypq
S Kovtrig
PiCag




Metrarhaloyéveon (Mutagenesis)

@ T-DNA €vBeon (T-DNA insertional mutagenesis/ T-DNA tagging)

@® 'EvBeon MetaBetwy Z1oixeiwv (Transposon insertional mutagenesis)
@® Xnuikn MetaAhacoyéveon (EMS — Ethyl methane sulphonate)

@® Quoikr) MetaAhacoyéveon (X-rays, Gamma-rays, Fast-neutrons)

@ [ovidiakn amrooiwTtnon (Gene silencing)



Zn usulKéC_, l.lﬁT(l)\.)\.(lgelg — Xp1ion PucuoymuKev

TPOGEYYIGEDV
Xnuikn Metarra&ryéveon (EMS — Ethyl methane sulphonate)
dvoikn Metarralryéveon (X-rays, Gamma-rays, Fast-neutrons)

YMNUELOKES LETOAAAEELS: AAAOYT] TPITAETOG KMOIKOVIOV ETOUEVOS VITAPYOVLY
OVO TUTOL CTUELOKAOV UETAAAAEEWDV:

1. Missense mutation = MetdArlan pe AdBoc vonuo, GNUEIDKN LETAAANEN
OV OALALEL TO KMOKOVIO OVTITPOGMTEVOVTOS KATO10 AALO aptvoly,
TPOTOTOIMVTOS £TGL TNV APWTOTAYH OOUY| TNC TPWOTEIVNG

Iy TAT TCT TGT CGT TAT TCT TGG CGT

Tyr Ser Cys Arg Tyr Ser Trp Arg

2. Nonsense mutation = MetdAAOEN YOPIC VONUO, CTIUELOKT] LETAALAEN TTOV
aALACEL TO KOOIKOVIO GE KMWOIKOVIO ANENS LE OTOTEAEG LA TOV TTPOWMPO
TEPUATICUO TNG LETAPPOOTS TOL Unvouatoc mRNA tov yovidiov

Iy TAT TCT TGT CGT TAT TCT TGA CGT
Tyr Ser Cys Arg Tyr Ser stop



Mopraxoti IToAvpop@ikol AgikTeg
SSLP kot CAPS vrdpyovv ce
OAOKANPO TO YOVIOIMLO TOV
Arabidopsis
(yvwortn Oéon)

Katavopn o¢ andctacn tepimov
20cM (Centimorgan)

% TG ovyvoTNTOg
OVUGULVOVOGUOV

1cM nepimov 250kb

ER1A

ER1E

il

KONTH PIZA

visible marker
(uetdiiaén/povotomog
- vmobetTikd dyvwory

Oéon)
ERSG

ga 111



EXKLVvNTEéC ue rateUOuvon 5’ ->37

FOR

REV

59281
59341
59401
59461
59521
59581
59641
59701
59701
59821
59881
59941
60001
60061

gcgtaatgttcgtgaaaaggat

[Tapdoeryua oyedtacuod SSLP marker tov V ypouocouotog uetald tmv
ToAVLoPpPIKOV okotVTwV Columbia kot Landsberg

Genomic PCR products Columbia 157bp / Ler 187bp 30bp Deletion

tgaatgttgt
tctgattaga
ctgaataatt
tctttaaatt
aaataaagtt
aacgaaaaca
ttttgaacac
tgcaaatcaa

tcgttttcca
gccattgacc
tgcatattac
gaaaagaaac
aataaatggc

aagtcaacat
acaacaaggg
ctagatgtaa
aacaagaaga
gtaatgttcg

gttcttcatg
tgttacttat
aaaggaagac
aaaagtaaag
tgaaaaggat

agaacgtgct
cttctttttc
tatattactg

ttgatacgca
tattgtgtat
tcctgtttta

aatcgaaacc
cgaaaagtaa
ctttcatatt
catagtgacg
atagacatat
ataagttata

gttataattt
caatgtagtt
agtatgttag
aagtaaccaa
atagaaaggt
cggctattat

tgtgtaaaca
gtatactata
ttagtggtta
agtgattaat
gtcaatacaa
tgattgacct

(gcaaatcaatatattactgtcctqg)
caggacagtaatatattgatttgc

ttatgcttct
tatgttaatc
cttagatatc
aaataaaaat
cagacgtgac
ggtcgcatat
ttatataaag
aaattctcag
ttcattgggt

tttgtcctta
gaatttgttt
tatacatttt
tgaaaaagga
atttgatgcc
tctttttcta
cttgttaagg
tataagaaaa
caaaataacg
gtaagcattc
cccattgagg
aacgttctga
ttttatgatc
tccattcaaa

Tm=

Tm=

gtatgaaatt
actagcagaa
gatgagcttt
ttatggagga
aaaagacaga
agtctacttc
atactcattt
aagtttcaaa
tagctcacta
aagaagacga
tgaccaaatc
gtgttactaa
caaacatatt
cgcctcatca

56.52

55.88



Ler-0

187bp
Col-0

157bp

[Tapdostyuo avédAivong SSLP marker tov V ypopocopotoc petald tov
oAV LOPPIKOV okoTOTTwV Columbia kot Landsberg




Duokég LETOAMAEELS: TO TOPBEOELY LD TNG LLOCTATIVIG

Myostatin

e Myostatin (also known as growth differentiation factor 8, abbreviated
GDF8) is a myokine, a protein produced and released by myocytes that
acts on muscle cells to inhibit muscle cell growth. In humans it is encoded
by the MSTN gene.[6] Myostatin is a secreted growth differentiation
factor that is a member of the TGF beta protein family.[7][8]

e Animals either lacking myostatin (Belgian Blue cattle) or treated with
substances that block the activity of myostatin have significantly more
muscle mass. Furthermore, individuals who have mutations in both copies
of the myostatin gene have significantly more muscle mass and are
stronger than normal. There is hope that studies into myostatin may have
therapeutic application in treating muscle wasting diseases such as
muscular dystrophy.

https://en.wikipedia.org/wiki/Myostatin
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Belgian Blue bulls are commonly born with a
Myostatin mutation which allows for
uninhibited muscle growth
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['lo KAmo1o yoviolo Ommg yio mapddetyua yio 1o auxin resistant 1 (axrl) umopet va
VITAPYOVV TEPIGGOTEPES ATO U0l LETAALACELS TOV €Y0VV TPOKANDEL €lTE IO TNV
évOeon oounc T-DNA, eite and onuetokéc petaAAAEELS. O1 O10(POPETIKEC
LETAALAEELS TOV 1010V YOVIOiov ovoudlovTol AAAAOROPPOL KOl OVAAOYOL ULE TNV
EVTOGOT) TNC QOLVOTUTIKNG AVOUOALNS TOV TOpOoLGIALOVY O10KPIVOVTOL GE 1GYVPOVS
(strong alleles) ko ao@eveig aAiniopopeovg (weak alleles). Zvvnbwg
TOPLGTAVOVTOL KOTA 00EOVTO aPOUO GOUPMVOL LLE TNV ¥POVOAOYIKT] GEPE TOV
YOPOKTNPIGTNKOAV.

axrl-3
axr]-2 évleon T-DNA

axrl-1 *
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# O1 evBéoeilg T-DNA cvvnBwc tpoxariodv ohkn EAlenyn Asttovpylog (total loss
of function/ knock out) 61011 0ev K®IKOTOIEITAL OAOKANPO TO AEITOLPYIKO
TOAVTENTION0.

## O1 ONUEIOKES LETOAAAEELC TTPOGOIO0VV UEYAAN TOIKIAID POUVOTUTT®V ECONTIOG

¢ ueyaAvtepng ovvakng kol ehactikotntog (knock out / knock down). 'Etot

Bonbovv wote va eviomictovy potifa amapaitnta yio TV 6OoTn AEITovpyia TG
TPOTEIVNG OTMC:

0) O0UEC TPOTEIVIKTC AAANAETIOpOOTC
B) evepyo kEvTpoO
V) UETAUETAPPUCTIKES TPOTOTONGELS, POGPOPVAIMGT), YALVKOGLM®ON KAT

0) potifa cUVOEGNC LLE TO KLTTOPOGKEAETO
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