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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. 

• Control of flowering time. 

 and 

• Regulation of leaf blade development. 

We focus on two developmental programs for this talk. 

We use models to facilitate our study 
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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: 

Kazuki et. al. Plant Physiol. 2008  Joseph et.al., Cell, 1998 He and Amasino, TIPS,  2005 unpublished 
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Flowering pathways in Arabidopsis 

Kim et al. Annu. Rev. Cell Dev. Biol. 2009. 

We chose to focus on 

4 switchgrass genes: 
PvFT 

PvAP1 

PvSOC1 

PvID1 – homolog of maize ID1 
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Strategy of cloning target genes from switchgrass   

Step 1 Step 2 

SbSLR1          TGACCGCTTCACGGAGTCCCTGCACTACTACTCCACCATGTTCGATTCTCTCGAGGGCG-  1537

ZmSLR1          CGACCGCTTCACCGAGTCGCTGCACTACTACTCCACCATGTTCGATTCTCTCGAGGGCGC 1532

OsSLR1          CGACCGGTTCACCGAGTCGCTGCACTACTACTCCACCATGTTCGATTCCCTCGAGGGCGG 1526

TaSLR1          GGACCGCTTCACCGAGTCTCTGCACTACTACTCCACCATGTTCGATTCCCTCGAGGGCGG 1508

                 * ****  *****  *****  *****************************  **********  

SbSLR1          - - - - - CCGGCTCCGGCCAATCCACCGATGCCTCTCCGGCCGCGGC- - - - - - - - - - - - CGG 1580

ZmSLR1          CGGCGCCGGCTCCGGCCAGTCCACCGACGCCTCCCCGGCCGCGGC- - - - - - - - - - - - CGG 1580

OsSLR1          CAGCTCCGGCCAGG- - - - - - CCGAGCTCTCTCCGCCGGCTGCCGGGGG- - - - - - CGGCGG 1574

TaSLR1          CAGCTCCGGCGGCGGCCCATCCGAAGTCTCATCGGGGGCTGCTGCTGCTCCTGCCGCCGC 1568

                     * ****    *       * *        *   *    * **  * *  *              * *  

SbSLR1          CGGCACGGACCAGGTCATGTCCGAGGTGTACCTGGGCCGGCAGATCTGCAACGTTGTGGC 1640

ZmSLR1          CGGCACGGACCAGGTCATGTCGGAGGTGTACCTCGGCCGGCAGATCTGCAACGTGGTGGC 1640

OsSLR1          TGGCACGGACCAGGTCATGTCCGAGGTGTACCTCGGCCGGCAGATCTGCAACGTCGTGGC 1634

TaSLR1          CGGCACGGACCAGGTCATGTCCGAGGTGTACCTCGGCCGGCAGATCTGCAACGTGGTGGC 1628

                 * *******************  ***********  ********************  *****

SbSLR1          ATGTGAGGGCGCGGAGCGCACGGAGCGCCACGAGACGCTGAGTCAGTGGCGCGGCCGCCT 1700

ZmSLR1          GTGCGAGGGCGCGGAGCGCACGGAGCGCCACGAGACGCTGGGCCAGTGGCGCAGCCGCCT 1700

OsSLR1          GTGCGAGGGCGCGGAGCGCACGGAGCGCCACGAGACGCTGGGGCAGTGGCGCAACCGCCT 1694

TaSLR1          CTGCGAGGGGGCGGAGCGCACAGAGCGCCACGAGACGCTGGGCCAGTGGCGGAACCGGCT 1688

                 * *  * ****  ***********  ******************  *  * *******    * **  **

SbSLR1          CGTCGGCTCCGGGTTCGAGCCCGTGCACCTGGGCTCCAATGCCTACAAGCAGGCGAGCAC 1760

ZmSLR1          CGGCGGCTCCGGGTTCGCGCCCGTGCACCTGGGCTCCAATGCCTACAAGCAGGCGAGCAC 1760

OsSLR1          CGGCCGCGCCGGCTTCGAGCCCGTGCACCTGGGCTCCAATGCCTACAAACAGGCGAGCAC 1754

TaSLR1          GGGCAACGCCGGGTTCGAGACCGTCCACCTGGGCTCCAATGCCTACAAGCAGGCGAGCAC 1748

                 *  *   *  * ***  ****  *  * ***  ***********************  ***********

SbSLR1          GCTGCTGGCACTCTTCAACGGCGGCGACGGGTACAGGGTGGAGGAGAAGGACGGGTGCCT 1820

ZmSLR1          GCTGCTGGCGCTCTTCGCCGGCGGCGACGGGTACAGGGTGGAGGAGAAGGACGGGTGCCT 1820

OsSLR1          GCTCCTCGCGCTTTTCGCCGGCGGCGACGGCTACCGGGTGGAGGAGAAGGAGGGCTGCCT 1814

TaSLR1          GCTGCTGGCGCTCTTCGCCGGCGGCGACGGCTACAAGGTGGAGGAGAAGGAAGGCTGCCT 1808

                * **  * *  * *  * *  * **   * ***********  ***   * **************  **  * ****

Switchgrass cDNAs 

+ 
Degenerate 

primers 

Gene specific target 

Step 3 

5’ RACE 3’ RACE 

ORF 

ATG TAA 

5’UTR 3’UTR 

Gene specific target 

5 



 PvAP1

 ZmZAP1/NP 001105333

 SbAP1/Sb02g001090

 OsMADS15/Os07g01820

 TaAGL29/ABF57930

 BdFUL2/Bradi1g59250

 TaVRN1/AAW73221

 BdVRN1/BdFUL1/Bradi1g08340

 OsMADS14/Os03g54160

 SbFUL/Sb01g007790

 ZmZMM4/NP 001105151

 AtFUL/At5g60910

 AtAP1/At1g68120

 AtCAL/AT1G26310

 PvSOC1

 ZmSOC1/NP 001105152

 SbSOC1/XP 002465961

 OsMADS50/Q9XJ60/Os03g0122600

 TaSOC1/BAF56968

 BdSOC1-like/Bradi3g32090

 BdSOC1/Bradi1g77020

 AtSOC1/At2g45660

 PvID1

 SbID1/Sb01g021480

 ZmID1/AAC18941

 BdID1/Bradi3g26910

 LmID1/ABC58221

 LpID1/ABC58220

 HvID1/BAJ92661

 OsID1/Os10g28330

 PvFT

 HvFT2/ABB99414

 BdFTL1/Bradi2g07070

 OsFTL2/Os06g06320/Hd3a

 OsFTL3/Os06g06300/Hd3b

 SbFT/Sb10g003940

 BdFTL2/Bradi1g48830

 HvFT1/AAZ38709

 TaFT/AAW23034

 AtTSF/AT4G20370

 ZmFT/ZmZCN8/ABW96231

 AtFT/At1g65480
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orthologs of the FT, AP1, 

SOC1 and ID1 proteins 
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Constructs introduced into 

Brachypodium 
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Bar=0.5cm 

GUS PvFT-1 PvFT-2 PvFT-1 

PvFT-1 

PvAP1-1 PvAP1-2 PvAP1-3 

Ectopic expression of PvFT and PvAP1 cause 

extremely early flowering in Brachypodium  
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Planning for the next step 

• Complement Arabidopsis late flowering ft and ap1 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. 

 - Yanqi Wu. 
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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                             chemical energy + oxygen 

•   Solar panel – chemical  energy for making biomass. 

•   C02 sink – reduces environmental polution. 

•   02 release – fresh air for aerobic life. 

Leaf blade is the biomass synthesis and transpiration storehouse. 
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WT lam1 lam1 

leaves Adult plant 

The effect on biomass is even worse in the lam1 mutant of tobacco 

How does STF/LAM1 regulate blade outgrowth? 
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STF 

STF     1   MWMVGYNEGGEFNMADYPFSG-RKLRPLIPR--PVPVPTTSPNNTS-TITPSLNRIHGGNDLFSQYHHNLQQQASVGDHSKRSELNNNNNPSAAVVVSSRWNPTPEQLRALEELYRRGTR 116 

VvSTL1  1   MWMMGYNDGGELNM-PDSFNG-RKLRPLIPR------PATSTSGTATTTSSCLSRIHG-TDLFGLNHHLE-------QSNIR-EFNTTPV-----IVSSRWNPTPEQLRTLEELYRRGTR 98  

GmSTL1  1   MWMVGYNEGGEFNMADYGFNG-RKLRPLMPR------PVTSPNNTSNTNSPCLSRIHHGNNFFSQYHNLVADQ------GKR-EFNPP-----PVVVSSRWNPTPEQLRALEELYRRGTR 101 

MsSTL1  1   MWMVGYNEGGEFNMADYPFGG-RKLRPLMPRPVPVPVPTTSPNNTS-TITPSLNRIHGGNDLFSQYHHNLQQQ---GDHSKRSELNNN---PAAVVVSSRWNPTPEQLRALEELYRRGTR 112 

NsSTF1  1   MWMMGYNDGGDFNM-QDSFNG-RKLRPLMPR------VPHLPTANISTNPTCLRSIHG-ENFVALNHHQLAMS----EQNKR-DFNTQQL-----VVSSRWNPTPEQLQTLEELYRRGTR 101 

RcSTL1  1   MWMMGYSDGGEFNMTADSFNG-RKLRPLIPRT----PGPNSTNNTSNSSPPTLSRLHG-TDFFSLNHHLATMA----DQSKR-DFHTQPV-----VVSSRWNPTPEQLRALEELYRRGTR 104 

PxhMAW  1   MWMMGYNDGGDFNM-PDSFNG-RKLRPLMPR------IPHVPTATSSTN--CLRSIHG-DNFIALNHHQLGMS----EPNKR-DYNTQQL-----VVSSRWNPTPEQLQTLEELYRRGTR 99  

MeSTL1  1   MWMMGYNDGGELNM-ADSFNG-RKLRPLVPRT----PPVPSPNTTSSSSPPRLSRIHG-NDFFSLNHHLATMA----DQSKR-EFHTQP------VVSSRWNPTPEQLRTLEELYRRGTR 102 

AtWOX1  1   MWTMGYNEGG-----ADSFNGGRKLRPLIPR------LTSCPTAAVNTNSDHRFNMAVVTMTAEQNKRELMML--------NSEPQHPPV-----MVSSRWNPTPDQLRVLEELYRQGTR 96  

STF     117 TPSAEQIQQITAQLRKFGKIEGKNVFYWFQNHKARERQKRRRQMESA-----------------AAEFDSAIEKKDL--GASRTVFEVEHTKNWLPSTNSSTSTLPLAEESVSIQRSAAA 217 

VvSTL1  99  TPSAEQIQHITAQLRRYGKIEGKNVFYWFQNHKARERQKRRRQLE----------PDE------QNRDVESTERKES--GGSRTGFE-EQTKNWALSTNCSI----LAEESLSIQRAAKA 195 

GmSTL1  102 TPSAEQIQQITAQLRRFGKIEGKNVFYWFQNHKARERQKRRRQMESAA-------EGH-----HTRDFDSTLEKKDL--GASRTVFEVDQTKNWAPSTNCST----LAEESVSIQRAAKA 203 

MsSTL1  113 TPSAVQIQQITAQLRKFGKIEGKNVFYWFQNHKARERQKRRRQMES------------------AAEFDSALEKKDL--GASRTVFEVEHTKNWLPSTNSSTSTLPLAGESVSIQRSAAA 212 

NsSTF1  102 TPSAEQIQHITAQLRRYGKIEGKNVFYWFQNHKARERQKRRRQLESAAGGGAANAAGGGDDQSRSNCNPENTERKES--GANRTGFEIEQTKNWPSPTNCSTLA----EKTVATTKAAAA 215 

RcSTL1  105 TPTTEQIEHITKQLRRYGKIEGKNVFYWFQNHKARERQKRRRQMESAV-------PDHDQQQQQQHHDIEIFESKES--EANRTGYEGEQTKNWPPSTNCST----LPEESISIHRAAKA 211 

PxhMAW  100 TPSAEQIQHITAQLRRYGKIEGKNVFYWFQNHKARERQKRRRQLESNA----ANDGGGGDEQSRNNCNVENAERKDSGAGANRTGFEIEQTKNWPSPTNCSTLSP---EKTVATTKAAA- 211 

MeSTL1  103 TPSAEQIQNITAQLRRYGKIEGKNVFYWFQNHKARERQKRRRQMESEA-------PEH--QHQQQNRDIEIFERKES--GANRTAYEVEQTKNWAPSSNCST----LLEEDMTIQREAKG 207 

AtWOX1  97  TPSADHIQQITAQLRRYGKIEGKNVFYWFQNHKARERQKRRRQMETGH--------------EETVLSTASLVSNHGFDKKDPPGYKVEQVKNWICSVGCDTQ----PEKPSRDYHLEEP 198 

STF     217 --------KADGWLQFD-EAELQ-QRR---NFMERNATWHMMQLTSSCP---------------TASMSTTT----------------------------TVTTRLMDP--KLIKTH-EL 278 

VvSTL1  196 TAAAAECR-TDGWIQFD-EGELQ-HRR---SLVERNAIWQMMQLSCPSP----------TTHLINTTTTTRT--------------------------KEAAAVRRMDP--KFIKTR-DL 270 

GmSTL1  204 A---IAECRTDGWLQFD-EGELQ-HRR---NFMERNATWHMMQLSCPPPPTVSPHLINTSPITSTTSMATAT----------------------------TVTARLMDP--KLIKTH-DL 284 

MsSTL1  212 --------KADGWLQFD-EAELQ-QRR---NFMERNATWHMMQLTSSCP---------------TASMSTTT----------------------------TVTTRLMDP--RLIKTH-EL 273 

NsSTF1  216 GGVAECRVAAERWIPFD-EGE---QRRSLLLADQRNATWQMMHLSCSPPTS-------TTPHHHLMNINSSTAAISNTISGTTSPIICSSNT-------PSTPRTTMEPK-QLFKTKDHL 316 

RcSTL1  211 --AVAECRAGDGLIQFD-EVEFQ-HRR---SFMERNATWQMMQLSCPS-----------PTHLINTSSSTSTNTTSTTATTLTAAATSTATTTTSTAPTAAATRRTMDP--KLIKTSHDL 311 

PxhMAW  211 --VAEYR-SAERWIPFD-EGATEMQQRRSLLA-ERNATWQMMHLSCSPP----------TPHHHMN--NSST---SNTIT-TTTTIISS----------PSTPR-TMEPK-HFPKVKDHL 298 

MeSTL1  207 --VVAECR-GEGWTQYENEVELQ-HRRN--YIMERNATWQMMQLSCPS-----------TTHLINTSSGTCT-ITTTTATILAEEAEATTST------VAAETIRTMDPNRQLIKTHTGL 303 

AtWOX1  198 ---------ANIRVEHNARCGGD-ERR---SFLGINTTWQMMQLPPSFYSS------SHHHHQRNLILNSPTVSSNMSNSNNAVS--------------ASKDTVTVSP--VFLRTREAT 283 

STF     279 NLFISPHTYKERENAFIHLNTSSTH----------QNES--DQTLQLFPIRNGDHGCTDHHHHHHNIIKETQIS---ASAINA----PNQFIEFLPLKN 358 

VvSTL1  271 NIFIAPYRSEGHNHLAGVGADHSNE----------EEGGES-QTLQLFPLRSGDGN----ENINE---KEGEIS---VAAMNTNLT-PHQFFEFLPLKN 347 

GmSTL1  285 SFFTSPN----RENGIIHLSSISTQ----------DDNSVESQTLQLFPTRNADR-SSDNINQQ----KETEVS---VSAMNA----PSQFFEFLPLKN 357 

MsSTL1  274 NLFISPHTYKERENAFIHLNTSSTH----------QNES--DQTLQLFPIRNGDHGCTDHHHHHHNIIKETQIS---ASAINA----PNQFIEFLPLKN 353 

NsSTF1  317 NIFIAPFRTDNRKHENMENIVGDEG-------------QEESQTLELFPLRSSNDNNDDNNFSEK---DEVEISGADANSNSNFSGSHYQFFEFLPLKN 399 

RcSTL1  312 NIFIAPY-YRENG--NGLIYNYNNFNNSHVINEQDNGCGES-QTLQLFPLRSGGGGGDGNESIND---KETETS-AVAAAMNANFT-PYQFFEFLPLKN 401 

PxhMAW  299 NIFITPFRTDDHSKHSLSEIHGD------------------SQTLELFPLRSNNEINDENNISEK---DDIEISGAVATSNTNFSGSNYQFFEFLPLKN 376 

MeSTL1  304 NIFIAPY-IENNIGQHGLIHHFSNE-------EDHNGCGDSHQTLQLFPLRNGGGG----ECIHD---KETETSSAVAAAMNANFATPCQFFEFLPLKN 387 

AtWOX1  284 NTETCHRNGDDNKDQEQHEDCSNGE------------LDHQEQTLELFPLR-----------------KEGFCS---DGEKDKNISGIHCFYEFLPLKN 350 

WUS box STF box 

STF-like proteins have a conserved motif at the C-terminus 
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3 clades of the WOX family 

Ancient clade: green algae & moss 

WOX10, 13 and 14. 

Intermediate clade: vascular plants 

WOX8, 9, 11 and 12. 

WUS/modern clade: seed plants 

WUS, WOX1-7. 

Distinct WUS and WOX5 - Angiosperms 

The WOX family is evolutionarily dynamic. 

Distinct STF and WOX3 – dicots? 

van der Graaff et al., 2009, Genome Biology 

(a) Homeobox family 
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Vandenbussche et al., 2009,  Plant Cell. 

WOX proteins in lateral organ development 
 

ns1/ns2 WT ns1 ns2 

Nardmann et al., 2004, Development. 

A B 

C 

WT R108 stf1-2 

WT lam1 

Tadege et al., 2011, Plant Cell. 
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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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WT 35S::NbSTF1 

Ectopic expression of STF in tobacco leads to auxin  

and cytokinin overproduction phenenotypes 

tumors 
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A B 

C D 

E F 

Application of auxin and cytokinin together 

 partially rescues the lam1 blade 

10 mM BAP 

10 mM BAP + 10 mM NAA 

10 mM BAP + 1 mM NAA 
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Purification of STF protein for 

EMSA 
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STF binds to the promoter of MtLOB38 (MtLBD38)  
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MtLBD38-BD1 
MtLBD38-BD2 

MtLBD38-BD3 

A 

BD1 AAAAAAAAATTATATATTAATAGTAATAAATAATAAAAAATAAT 

BD2 TCAAATTTCAAATAGAATAAATTTGAAAGTGATAAATGATTAATTATTTT 

BD3 AAGGATGAGCCTCAATAGATGAGCCATCAAAATTTATCTTGATCACATT 

B 

C 
  MtLBD38-BD1 

 -    +     -     -    -  
 -     -     +    +   + 
 -     -     -     +  ++ 

DNA probe 

MBP 

MBP-HD 

Competitor 

 MtLBD38-BD2 

free probe 

free probe 

BD1     2        3 
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STF regulates cell division in leaf margins  

through GRAS and Cyclin genes. 

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

 

In-vivo recombination in  

Yeast strain Y187 

(EcoR I-STF full-length-BamH I) 

Bait preparation 

Yeast strain Y2H gold transformation 

Pool colonies and aliquot 

into 1 ml vials 

Mating 

Library construction 

DDO/X/A QDO/X/A 

mRNA-cDNA-dscDNA 

23 



Growth on DDO  Growth on QDO/X/A  

 Confirmation and sequencing of positive colonies 

 1   2   3   4    5    6    7   8   9   10  11  12  13  

Re-confirmation PCR confirmed colonies 
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Carbohydrate 

 metabolism 

Erythrose-4-p 

       + 

     PEP 

DAHP Shikimate Chorismate 

Tryptophan alkaloids 

IAA 

IAA 

Tyrosine 

Phenylalanine 

Cinnamate 

Flavonoids 

Lignins 

Coumarate 

STF LBD38/39 

PAP1 

PAP2 

COMT 

Multilevel regulation of phenylpropanoids by STF 

CAD 

CCOMT 
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GRAS 

CYCD6 

Cell division/expansion 

Leaf blade outgrowth 

Phytohormones Metabolic sugars 

Environmental signals Endogenous signals 

Polyamines 

BOP1 /2 

LBD38/39 

KNAT2 

KNAT6 

Stress response Stress response 

TCP3 Flavonoids 

26 



Acknowledgements 

Collaborators 

Kirankumar Mysore 

Paco Madueño 

Neil McHale 

Pascal Ratet 

Mohamed Bedair 

Yuhong Tang 

Jiangqi Wen 

Lab memebers 

Hao Lin 

Lifang Niu 

Fei Zhang 

Tezera Walebu 

Hui Ling Yeang 

27 

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

