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Beyond Arabidopsis flowers, evolu�on of LEAFY 
and its partnership with UFO in land plants

How did LFY molecular network evolve in land plants and what is the role of UFO in this evolution?

The DNA binding specificity of LFY-UFO is conserved in various land plant 
groups: bryophytes, gymnosperms, eudicots, monocots. With regards to this 
conserva�on, we are tes�ng if alterna�ve LFY-UFO DNA binding specifici�es 
exist.

Taking into account func�onal, genomic, and in vitro data, we explore how 
the panel of LFY and LFY-UFO targets evolved in land plants.

Conclusion & perspectives

What happens in species that lost UFO?

ampDAP-seq

UFO originates in land plants last common ancestor

1. Monophyly of UFOs
2. Low copy number of UFOs in 

land plants
3. UFO originates in land plants 

last common ancestor

 Outgroup (closest proteins to UFOs from various vascular and non-vascular species)
 Zea mays APO1 XP 008659887.1

 Oryza sativa APO1 Q655Y0.1

 Coffea arabica XP 027085756.1

 Petunia hybrida DOT B6CNU4

 Solanum tuberosum XP 006363189.1

 Torenia fournieri BAK96215.1

 Antirrhinum majus AAB31352.1

 Vitis vinifera UFO RVX02627.1

 Theobroma cacao XP 007041011.1

 Cannabis sativa UFO XP 030479347.1

 Cucumis sativus XP 004145206.2

 Eucalyptus grandis UFO XP 010059738.2

 Arabidopsis thaliana UFO Q39090

 Brassica rapa XP 009107751.1

 Glycine max UFO XP 003524823.1

 Lotus japonicus AAN87351.1

 Pisum sativum STP AAD01204.1

 Medicago truncatula STP AAX28871.1

 Amborella trichopoda XP 006853485.1

 Ceratopteris richardii CrUFO2 KAH7283737.1

 Ceratopteris richardii CrUFO1 KAH7439627.1

 Pinus tabuliformis UFO1 AJP06363.1

 Picea sitchensis ADE76251.1

 Sphagnum fallax SfUFO KAH8969610

 Sphagnum recurvum|UHLI|2011182

 Atrichum angustatum|ZTHV|2080125

 Pallavicinia lyellii|YFGP|2106839

 Anthoceros agrestis-A|TWUW|2051783

 Anthoceros agrestis-B|BSNI|2052118

 Leiosporoceros dussii-B|ANON|2008091

 Nothoceros aenigmaticus|DXOU|2037629

 Nothoceros vincentianus|TCBC|2010486

 Phaeomegaceros coriaceus|AKXB|2067360

 Paraphymatoceros hallii|FAJB|2056549

 Phaeoceros carolinianus-gametophyte|WCZB|2119103
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Figure 2. Phylogeny of bryophytes and vascular plants UFO proteins. Vascular plants UFO group is not exhaus�ve, we 

selected species along the phylogeny to have a representa�on of diverse groups. Bryophyte UFOs were found using the 

OneKP project database, except for SfUFO that was found within ncbi databases.

Background
LEAFY (LFY) is a transcrip�on factor that originated in algae. In land plants, LFY 
shows a conserved role in the regula�on of pools of stem cells called meristems, 
while specifying floral organs iden�ty in many angiosperm species (Figure 1A). In 
Arabidopsis thaliana, UNUSUAL FLORAL ORGANS (UFO) acts as a cofactor of LFY. 
UFO redirects LFY to specific DNA binding sites, and thus to a specific panel of 
transcrip�onal targets [1]. Phenotypes of ufo mutants in various angiosperm 
species suggest that UFO also has a conserved func�on in meristem regula�on 
[2]. 

While the molecular network in which LFY operates for its floral func�on has 
been described in angiosperms, li�le is known outside this group, especially in 
bryophytes (Figure 1B). Here we ques�on the origin and evolu�on of the LFY-
UFO partnership and we characterize LFY func�on and downstream network in 
the liverwort Marchan�a polymorpha, which does not possess a UFO homolog. Figure 1. (A) ABCE model, adapted from Philippe Rieu's thesis. (B) Evolu�on of LFY and UFO func�ons in plants.
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LFY-UFO from various land plants bind the LUBS 

Figure 3. (A) Conserva�on level of AtUFO mapped on AtLFYDBD-AtUFO-DNA cryoEM structure obtained in [1].  (B) 

Electrophore�c Mobility Shi� Assay (EMSA) with LFY and UFO from Arabidopsis thaliana (At), Petunia hybrida (Ph), Oryza 

sa�va (Os), Pinus tabuliformis (Pt), and Sphagnum fallax (Sf) on dLUBSperfect.

Interac�ng regions of Arabidopsis UFO with LFY and DNA are highly conserved across 

vascular plants evolu�on (A), and LFY and UFO from various land plant species are able to 

interact with the LFY-UFO Binding Site (LUBS) from Arabidopsis (B). 
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1. MpLFY expression pa�ern

2. MpLFY func�on and targets

Overexpression and 

CRISPR-Cas9 lines

Phenotypes?

3. Integra�on with func�on and targets 
iden�fied in other species to have an 

integrated view of LFY evolu�on

In Anthoceros agres�s (Hornworts), AaLFY is 

promiscuous, it can bind type I, II, and III sequences.
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But not all LFYs are type I: are LFY-UFO 

from some species able to bind 

alterna�ve LUBS?

The LFY-UFO complex present func�onal 

varia�on in angiosperms.

How can we explain those varia�ons despite 

a conserved DNA binding specificity?

Various LFY type I can bind dLUBS 

with their UFO.

Cis-regulatory elements?

Expression pa�ern?

Target genes?

Varia�ons in:

- Floral whorls affected in mutants

- Meristema�c func�ons

- Vegeta�ve develoment func�ons

Regulators

LFY UFO

Transcrip�onal targets

Func�ons in the plant

B

SAM SAM

LFY
DBD

LFY
DBD

SAM SAM

LFY
DBD

LFY
DBD

UFO LFY
DBD

SAM

LFY
DBD

LFY
DBD

UFO

Arabidopsis

thaliana

Petunia

hybrida
Oryza

sa�va

Pinus

tabuliformis
Sphagnum

fallax

Vascular plants Moss

Through changes in:

MpLFY is expressed in gemmae apical meristems (le�) 

and in antheridia (center and right).


