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Model Legume

Medicago truncatula

Diploid (2n=16)
Autogamous (homozygous lines)
Small genome size (550 Mb / 1C)

Genetic, physical and cytogenetic maps
Whole Genome Sequence

Efficient transformation by Agrobacterium
tumefaciens and Agrobacterium rhizogenes

High level of natural polymorphism

Many mutant populations available: Ethyl
Methyl Sulfonate (EMS), g-Ray, Fast
Neutron Bombardment (FNB)...

RNAi and CRISPR/Cas systems

Tribe  Genus Species

Lens L. culinaris (lentil) \
Vice Vicia ¥, faha(faba bean)
“Pisum P sarivam (garden pea)

Trifoliege=d —Trifolium 7, pratense (red clover)

Medicago | M. truncatida

e} £ £ G CE T Coarietinm (chickpea)

=Lofeae Lofus L..japoniaus J
- Phaseolus P, yulgaris.(commion bean): §
Vigna V. radiata (mung bean)

Phaseolcae Glycine . max (soybean)

Cajanus €. cajun (pigeonpea)

_[Mel ilotus M. officinalis (sweet claver)

Cool
season legumcs
{Galegoid)

Tropical
season leF,umes
(Phaseoloid)
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Post-Translational Modifications
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Disulfide bonds Glycosylation

Prenylation Acyl lipidation



Quantitative proteomics workflow
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Blant O Proteins Blant O Proteins
ant rgan identified ant Lrgan identified
m Flower 13,783 Root 11,051
11,700 Nodule (10dpi) | 11,099
11,658 Nodule (14 dpi) 11,244

(@) .
9,919 Nodule (28 dpi) 9,388

0,941




Proteins Proteins

Plant Organ identified Plant Organ identified

& ) Fow , 11,051
" proteins: 18,798

phosphorylation sites: 1%

214352 11,244
acetylation sifes: o/4 0 388

0,941




M. truncatula consensus database

3 -\ 1
ﬁw truncatula Uniprot FAST{\ Total M. truncatula entries: 105,280
ﬁw. truncatula Ensembl FASTA

N
FM. truncatula RefSeq FASTA

- N\
M. truncatula Consensus FASTA

>00000004|MEDTR 0fd7c2e450461aa99a8deef6e4c50435 1

" I MGMQSSLPLPSWRVVLTQIIFYFILEDFVFYWGHRILHTKWLYKHVHSYHHEYATPFGLT
M. truncatula JCVI F A ST A SEYAHPAEILFLGFATIVGPAITGPHLITLWLWMVLRVLETVEAHCGYHFPWSPSNFLPL
YGGIFGTDIGYRKLKALKNAEVEYSSEQKKQ
>Medtr5g066070.1 | leghemoglobin Lb120-1 | HC | chr5:27842828-27839905 | 20130731 >00000006|MEDTR af290f7b8bb67a69286110945c507eb2 2
MSFTDKQEALVNSSYEAFKQNLSGYSVFFYTVILEKAPAAKGLFSFLKDSAGVQDSPQLQ MALSTEMEALPQQFLEGPRVLVIDHDTTIHNVIVEKSIGWDFKVTTCSNASFALTLLREA
AHAEKVFGLVRDSASQLRATGGVVLGDAALGAIHIQKGYVDPHFVVWKEALLKTIKEAAG KGCFDVILIEEQISDMNSYDFLQQITQQINIPVIMMGKDGSTSAAMKAIANGACEYCVKP
DKWSEELSTAWEVAYDALATEIKKAMS* LSDDDLIKNICQHVSRKSLNENKHDQIHVDNGTKETHVDVVEKDNYQPPTKKNRLKWS QA
_— ) MQQEFLRAVNQFGLDNAKPKKIEVMNVPGLTKEHIASHLQKLRIALKNEMPKGKWKKSK

>Medtr5g068585.1 | Nodule Cysteine-Rich (NCR) secreted peptide | HC | |/ QDQCHHPTETQLGLEAAKSTPELDQNVKNSVIQCDNNSHAPQHSSIFANLFTDQSDVQSS

chr5:29049207-29048983 | 20130731

MAMVSKEFIESKFSCLLIHNLLYHFINILIFFFFTTVLVECIENNDCEKGMCKEPEIVRC VIQCDNNSYTPQHSQTFANIFTHOSNVONFVIQCDNNSHAPQHSPPFANIFTAQSSVLNS

LMDQCKCVRILNLI w YAPQHSSTFGNIFTYQSNMNPYDEFFN
00000008|MEDTR ¢278e171a98435¢cd0eb371e2fe1100a6 2
>Medtr59067700.1 | WRKY family transcription factor | LC | chr5:28615004-28610470 | 20130731 :ﬂTGLLHEI(I]EVPMNII;FGNeI\ISS;IQDSG;M;KKKV?G‘FLERSELEKCGFLEEERRKMRFL
MDNNIPESVRKKVIIKELVKGQEAATKLKFLLQNENPYGADHLAAYVLRSFTEALSIISQ DFGRRKKEELGIMVTILISYRERRRKRRERRRRKORENKKKRTEDLREKLLILERRRKRR
PSCODFLNLIKSADSINESRKKGRRGCYKRRKSAAEIWTIVSQTIVONHSWRKYGQKKIM vy QNPGEFHLLPREKVFVEYD
DSEFPRSYFRCSHKDDQGCSATKQVQMTHDNPDMYQTTYIGIHTCNNTPKASTSNEAIFY \_ )
NSDAEVTPTPSLTIKQEYLKEETPSNVMECDDADDMLVFQNLALEFGDIEFNFDEN® )
ﬁ/’. truncatula A t FASTA\
ugustus
>AUGUSTUS|cGLI82919.g1.t1 GLIB2919:-1:1835:-1 P ~
MGDKLHRREGNSPDHQLRPLNDRSVIKEMNGAKRSAEAVGCQNASVGERSALEGSNRESG i 1 .
GRRSGSEMVGLSMANIGENPMPRKPKGSSARFVHGGYRRGRENASSQCSSTRRYGAEGTH S.m Eh "'0 ti U ni prot FA STA
AILPGKARTTFKQKGTCTRNRHRWVEGEEGPLPGGPEPSVRYHSGRARNSNLYSGPTGQG
TVSGROFLWGVGLPKGNGGVORFPRAGRRLALECKGRRELDCKTHPSSROESRPYYRAHG >tr|[F6BZY6|FEBZY6E_SINMB Nitrogenase molybdenum-iron cofactor biosynthesis protein
KRWVAKCGGITAESIK NifN OS=Sinorhizobium meliloti (strain BL225C) GN=SinmeB_6067 PE=3 SV=1
MVRILSQTKWATINPLKSSQPLGGALAFLGVGGAIPLFHGSQGC TSFALVLLVRHFKEAI
>AUGUSTUS|cGL982959.g4.t1 GL9B2959:106:1710:1
PLQTTAMDDVAIVLGGAGHLEQAILNLKIRAKPKLIGICT TALVETRGEDLAGDLASIKL
MNVLSANVVQQLSFSFSKSLSSFEWENKNKNALFLTVTVAKPPSRSTVIRMGGGPRTYPG ERAEELTGTDVVLANTPDFDGAMEEGWAKAVTAMIKAITRIGEQERQSRTIAILPGWNLT
GVSKWQWKRMQAKKAKQLLKARLCRERQIYEMRKRAELKAAVSDLERPWEVVEKPPKLFS IADIEQLRDIVESFGLKPIILPDLSGSLOGIVPDDRWYPTTYGGISVEEIRELGTAAGC]
IKADEQLKVLADRFQKPGGFDLWTENDGPQLFQTPDELPSARFFPKGVVHSIKPYMKVTS AIGEHMRGPAEEMKTLTGVPYVLFQSLTGLNAVDRFVSLLSSISGRPAPAKVRRRRAGLO
DOLLEGSDVLENDGGEGYGSDDVHDGDVORPDNEDPYSSLNSGRNGSNIDARMRKHGNGR DALLDGHFHSAGKKIAIAAEPDOLYQLATFFICLGAEIVAAVTTKGASKILHKVPVEIQ
KFIPKGVDGSDDAERSSPSHARNGASFDGNFGNKGSARRVLSNDGDAVRSNGSGDIRLRR VGOLGDLESLATHADLLVTHSHGQHASARLGTPLMRVGFPVFDOLGSQHKLTILYHGTRD
KESGKRFMSKDVNGSNGMYAGRDASGRTQRGSNSIAGRRYGKY TQRSSMNVSRRVRDADS LIFEVSNIFQSHSLAPTHRGT
\EWDMGLQQDGSYQFLQNEQPDSTSW ) S Y
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# organs protein identified in

- N
9 8 7 6 5 4 3 2

(DaY 28) Maeay: relative protein abundance
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# organs protein identified in
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Proteome comparison of the major organs of
the M. truncatula plant

Pearson's Correlation
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Proteome comparison of the major organs of
the M. truncatula plant

Nodules Root Stem Leaf Flower Seed
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Proteome comparison of the major organs of
the M. truncatula plant

Nodules Root Stem Leaf Flower Seed
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NADH dehydrogenase
(plastoquinone) activity

Photosynthesis (PSN)
Photosystem I
PSN, light harvesting

Chlorophyll binding
18

6 12
-log, (P-value)

Peroxidase activity
Response to oxidative stress
Response to biotic stimulus
Defense response

Heme binding
6
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LLeghemoglobins

proteins: 10
phosphorylated proteins: 7
unique phopsho-sites: 13
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Bacteria

2
8e + 16 ATP

|

2NH, +H, +
16 ADP + 16 Pi

Bacteriod




Nodule proteome gives insight into mechanisms
behind symbiotic nitrogen fixation

-log, (P-value)

Function
@® known
® unknown

' . @ NCR peptide

6 4 -2 0 2 4 6 8 1012

log,(nodules/root)

-log, (P-value)

C Phospho j
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0.01 Function
@ known
103 i ® unknown
| . @ leghemoglobin |
104| et rr ot rt Tt
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Nodule proteome gives insight into mechanisms
behind symbiotic nitrogen fixation

-log, (P-value)
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Nodule proteome gives insight into mechanisms
behind symbiotic nitrogen fixation
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From Data to Wisdom

nFoRmyton:

I{ﬂahﬂfd‘jE :

Ackoff, R. L., "From Data to Wisdom", Journal of Applied Systems Analysis,

Volume 16, 1989 p 3-9




Inferring protein and phospho-protein regulation
in the nodules using transcript co-expression




Inferring protein and phospho-protein regulation
in the nodules using transcript co-expression




Inferring protein and phospho-protein regulation
in the nodules using transcript co-expression




Inferring protein and phospho-protein regulation
in the nodules using transcript co-expression

Protein identified




Inferring protein and phospho-protein regulation
in the nodules using transcript co-expression

Leghemoglobins




Inferring protein and phospho-protein regulation
in the nodules using transcript co-expression

/

NCR Peptides




Inferring protein and phospho-protein regulation
in the nodules using transcript co-expression

Phosphorylated proteins
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Inferring protein and phospho-protein regulation
in the nodules using transcript co-expression

/
Phospho motif proteins




Inferring protein and phospho-protein regulation
in the nodules using transcript co-expression

Acetyled proteins




Inferring protein and phospho-protein regulation
in the nodules using transcript co-expression

Calmodulin-binding proteins

Kinases
g




Future Directions

Make this resource available to the community
http://www.medicago.wisc.edu/compendium/

Experimental validation of hypotheses
(genetics, genome editing)

Conservation in leguminous crops
(evolutionary analyses)


http://www.medicago.wisc.edu/compendium/

Wisconsin Medicago Group

A

Jean-Michel Ané Joshua J. Coon Michael R. Sussman Sushmita Roy
Chileen Jayaraman Harald Marx Jeremy Volkening Alireza F. Sihapirani
Shanmugam Rajasekar Catherine E. Minogue ->iapirant
Junko Maeda Alicia L. Richards
Kevin Garcia Nicholas W. Kwiecien
Angel R. Del Valle-Echevarria Michael S. Westphall

NSF 10S # 0701846
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