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Tadege’s Lab Research Focus
Biomass Functional Genomics

Our ultimate aim is to understand the molecular basis of
biomass accumulation in switchgrass and sorghum by
dissecting plant developmental programs.

We focus on two developmental programs for this talk.

 Control of flowering time.
and
* Reqgulation of leaf blade development.

We use models to facilitate our study



CONTROL OF FLOWERING TIME

Delaying the onset of flowering leads to increase in total vegetative biomass accumulation
in several species provided that the delaying is not caused by other developmental defects.
Consider the following examples:

He and Amasino, TIPS, 2005 unpublished
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Flowering pathways in Arabidopsis
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We chose to focus on
4 switchgrass genes:

Floral meristem identity genes @ . @ PVvFT

| = PVAP1
Flowering PvSOC1
PvID1 — homolog of maize ID1
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Kim et al. Annu. Rev. Cell Dev. Biol. 2009.
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Strategy of cloning target genes from switchgrass

Step 1
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GSLRI
TaSLRI
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SbSLR1
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TGACORCT TCAOGGAGIGOCTGCACTACTACTACACCATGI TAGATTCTCTAGAG33G 1537
OGACOGCT TCACOGAGTOBCTGCACTACTACTACAQCATGI TAGATTCTCTOGAGE30C 1532
OGAOOGGET TCAQOGAGTGBCTGCACTACTACTOCACCATGI TOGATTOOCTOGAGE303S 1526
GGAOORCT TCAQOGAGT CTCTGCACTACTACTOCACCATGI TOGATTOOCTOGAGE303S 1508
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CAGCTOOB00AGS - - - - - (QOGAGCTCTCTOOGI0RACTGO0E333G - - - - - Ca303G 1574
CAGCTOOB0BE0GE00CATOCGAAGTCTCATORB3BCTACTGCTACTACTGI0R00RC 1568
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OB3CAOGGACCAGETCATGIGOGAGGET GTACCTGEE0033CAGATCTACAACGT TGTGXC 1640
OB3CAOGGACCAGETCATGIOBGAGET GTACCTOGE0033CAGATCTACAACGTGETGC 1640
TGECACGGAOCAGGTCATGTO0GAGET GTACCTOG300EECAGATCTGCAACGTAGTGRC 1634
OG3CAOGGACCAGSTCATGIGOGAGGET GTACCTOGE0033CAGATCTACAAOGT GGG 1628

Khkkkkhhhhkhhkhhhhkhhhhk Khkkhhhkhhhkhk *hhhhkkhkkhhhhhkhkkhkk *hkkkk

ATGTGAGE3C0EGAGIECA0GGAROECAOGAGACBCTGNGT CAGTG303033303CT 1700
GIGGAGEE0EIGEGAGOECACEEAGOEOCACGAGNOGRCTG330CAGTG303CAGO3CT 1700
GIGIGAGEE0CEIGEGAGOECACEEAGOGEOCACGAGNOGCTGEE3CAGTG3I3CAAOOACT 1694
CTGOGAGEE3E30GGACIECACAGNGIGEOCACGAGNOGCTG33ICAGT G3OE3MO03XTT 1688

kk kkkkk kkkkkkkkkkk kkkkkkkkkkhkkkkkkkk Kk kkkkkkokk ko kk

(OGTOBE3CTO0EEE TOGAGIOOGTGCACCTG33CTACAATGICTACAAGCAGEIGNACAC 1760
(OG30C3CTO0E3ET TAR0E300GTGCACCTG33CTOCAATGICTACAAGCAGEIGAGCAC 1760
(OG300C0E0033CT TOGAGIOOGTGCACCTGICTOCAATGICTACAAACAGEOGAGCAC 1754
G33CAAOGEO0E3ET TOGAGACOGTOCACCTG3CTOCAATGICTACAAGCAGZOGAGCAC 1748

* ok ok kkkk kkkk Kk kkkk kkkkkkkkkkkkkkkkkkhkkkkk kkkkkkkkkkk

GCTGCTGECACT CTTCAACGEOG30GACGEGTACAGSET GGAGGAGMGEAOB3ETAXCT 1820
GCTGCTGE0RCTCT TOR00GE0CE30GA0GEETACAGSET GAGGAGMGEAOB3ETAXCT 1820
GCTOCTOR0ACTTTTOE00GE30C30GACEECTACOGEGETGAGGAGAAGGAGEACTAXTT 1814
GCTGCTGE0CCTCT TOG00GE30CE30GACEECTACAAGETGAGGAGAAGEAAGECTAXCT 1808
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Ectopic expression of PvFT and PVAP1 cause
extremely early flowering in Brachypodium

PVAP1-1 PVAP1-2

Bar=0.5cm



Planning for the next step

Complement Arabidopsis late flowering ft and apl mutants

Silence PvFT and PvAP1 by RNAI in switchgrass
- Zeng Yu Wang.

Analyze total biomass, cell wall composition and digestibility
In transgenic plants.

Map PvFT, PvAP1, PvSOC1 and PvID1 genes in switchgrass
mapping population and use as molecular markers to select
for late flowering and high biomass yielding lines.

- Yangi Wu.



STF mediated regulation of leaf blade expansion

Why bother?

Leaves are the major organs of photosynthesis
and gaseous exchange in plants

6C02 + 12H20 + sun light ———— C6H1206 + 602 + 6H20

Carbon dioxide + light energy c—— chemical energy + oxygen
« Solar panel — chemical energy for making biomass.

« CO02 sink — reduces environmental polution.
« 02 release — fresh air for aerobic life.

Leaf blade is the biomass synthesis and transpiration storehouse.



The stf mutation in Medicago deletes most of the lamina
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Effect of the stf mutation on total plant biomass
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The effect on biomass is even worse in the lam1 mutant of tobacco

leaves Adult plant

How does STF/LAM1 regulate blade outgrowth?
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STF-like proteins have a conserved motif at the C-terminus

STF

STF

VvSTL1
GmSTL1
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WUS box STF box
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STF encodes a WOX domain protein
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The WOX family is evolutionarily dynamic.

(a) Homeobox family

3 clades of the WOX family

(b) WOX family
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van der Graaff et al., 2009, Genome Biology =



WOX proteins in lateral organ development

' WT R108

Tadege et al., 2011, Plant Cell.

nsl/ns2 nsl ns2
Nardmann et al., 2004, Development.

chsu maw maw
chsu

Vandenbussche et al., 2009, Plant Cell.




Summary

Combined analysis of transcript and metabolite
profiling suggests that STF is a “master switch”.

Auxin
Cytokinin
ABA

GA

SA
Others?

Sugar metabolism

Shikimate pathway

flavonoids — lignin

Metrix polysaccharides, cellulose
Fatty acids and phospholipids
Amino acids

Polyamines

Alkaloids

Stress response
Membrane transport
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Ectopic expression of STF in tobacco leads to auxin
and cytokinin overproduction phenenotypes

35S::NbSTF1

tumors
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Application of auxin and cytokinin together
partially rescues the lam1 blade

10 mM BAP

& 10 mM BAP + 10 mM NAA

S8 10 MM BAP + 1 mM NAA
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Purification of STF protein for
EMSA

STF binding site

MBP-STF

[a)
-
o
@
=

MBP

kda

100

bits
-

75

50

37
consensus

[CT][TG][TAG]T[CT]AAT[TA]
25

20



STF binds to the promoter of MtLOB38 (MtLBD38)
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BD3 AAGGATGAGCCTCAATAGATGAGCCATCAAAATTTATCTTGATCACATT MtLBD38.BD2

BD1 2 3
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free probe

.'_‘I
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STF regulates cell division in leaf margins
through GRAS and Cyclin genes.

e
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Cell eyele

How is the cell cycle affected only in the mediolateral axis?
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Yeast Two-hybrid screening using Matchmaker Gold Y2H System

Library construction Bait preparation
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Confirmation and sequencing of positive colonies

Growth on DDO Growth on QDO/X/A

Re-confirmation PCR confirmed colonies y



Multilevel regulation of phenylpropanoids by STF

Carbohydrate I?A
metabolism IAA _
Tryptophan — alkaloids
Erythrose-4-p T
+ —— DAHP —— Shikimate —— Chorismate —— Tyrosine
PEP
| ' | |

Phenylalanine

l

Cinnamate

STF — LBD38/39 \

P AD1 } X Coumarate
PAP2 Flavonoids
CAD v
CCOMT Lignins
COMT 25



Working Model

Endogenous signals Environrgental signals
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Metabolicsu{izrs « / / l\\:Phytohormones
Flavonoids TCP3
GRAS
Polyamines l

J
CYCD6 v

Stress response

Stress response

\ 4

Cell division/expansion

Leaf blade outgrowth

26



Acknowledgements

AGRICULTURE

Lab memebers Collaborators

Hao Lin Kirankumar Mysore
L'f"?‘”g Niu Paco Maduefio

Fei Zhang :

Tezera Walebu Neil McHale

Hui |_|ng Yeang Pascal Ratet

Mohamed Bedair
Yuhong Tang
Jiangqgi Wen

g E\Cﬂk OCFAIST NOBLE

FOUNDATTION


http://www.i2e.org/wp-content/uploads/2010/09/OCAST-Trans.png

