
Identification of metabolic pathways and 

candidate genes associated with the process 

of foliar senescence in cultivated sunflower

(Helianthus annuus L.) by integrating 

transcriptomic, metabolomic and phenomics

data

Paula Fernandez
Instituto de Biotecnología/IABIMO

INTA – CNIA

fernandez.pc@inta.gob.ar

III Foro Internacional en Cambio Climático: “Impacto en la 
agricultura del Perú” INIA-MINAGRI



Leaf senescence process in sunflower. Why?

•Real yields ≠ Potential yields. (INTA “Brechas” Yield Program)

•In annual crops, and after anthesis, senescence process is induced and the nutrients are
relocated into young leaves and grain.

•The intercepted radiation during the grain filling phase plays an important role in crop yield
and oil content (Dosio et al., 2000; Aguirrezábal et al., 2003). Climate change and levels of radiation

Developmental 

signals

Environmental 

signals
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Großkinsky et al. (2015b)

Integration of multi-omics techniques and physiological
phenotyping within a holistic phenomis approach
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Functional Genomics Strategies applied to the study of senescence in sunflower

Leaf sampling at different 
development stages

Control Water stress

Bioinformatics data analysis and  
integration

Biomarkers (genes, transcripts & metabolites) 
of senescence process in sunflower

Physiological 
approach

• Chlorophyll
• Sugars
• Nitrogen
• Leaf area

Metabolomics
approach  

• GC-TOF-MS

Transcriptomics
approach

• 4 x 44 Agilent 
Sunflower Microarray

(Fernandez et al. 2012, PLoS ONE)

Moschen et al, 2014

Commercial Sunflower Hybrid
Putative “stay green”

Advanta Seeds
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Transcriptomic profiles
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Nutrient recycling

Lipid/Carbohydrate metabolism

Transcription regulation

Protein degradation/modification

Hormone response pathway

Redox regulation

Nucleic acid degradation

Signal transduction

Chlorophyll degradation

Environmental factors

Number of genes

Custom sunflower microarray (Agilent platform) ≈44,000 probes
Sunflower Unigene Database (SUR) http://atgc-sur.inta.gob.ar/ (Fernandez et al. 2012, PLoS ONE)

4,910 unigenes up or down regulated

168 significant Blast matches to Senescence Associated Genes  (SAGs) reported in 
Arabidopsis thaliana using the “Leaf Senescence Database” (Liu, X. et al. 2011) 
(http://psd.cbi.pku.edu.cn/)
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Transcriptomics and metabolomics profiles

Moschen et al. 2016
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Transcription Factors Analysis
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Number of genes

• Plant transcription factor database
(Perez-Rodriguez P. et al 2009)
(http://plntfdb.bio.uni-potsdam.de/v3.0/) 

≈23000 TF sequences:
- Arabidopsis lyrata
- Arabidopsis thaliana
- Oriza sativa
- Populus trichocarpa
- Vitis vinifera
- Zea mays

680 significant Blast matches
unigenes identified in sunflower 
database

140 TFs up or down regulated
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HeAn H. annuus T1 T2 T3 Arabidopsis

HeAn_S_19140 HaNAC01 0 0,48 0,86 AT5G39610 (ANAC092/ORE1)

HeAn_C_3510 HaNAC03 0 5,48 6,09 AT4G27410 (ANAC072)

HeAn_C_10816 Ha-NAC05 0 5,13 5,50 AT1G52890 (ANAC019) 

HeAn_S_40317 Ha-NAC06 0 4,33 4,92 AT3G15500 (ANAC055)

HeAn_C_11118 Ha-NAC07 0 3,91 5,23 AT1G69490 (NAC029/AtNAP)

HeAn_C_8526 Ha-NAC08 0 2,28 2,62 AT1G01720 (ANAC002/ATAF1)

HeAn_S_17088 Ha-NAC09 0 1,23 3,30 AT3G15510 

HeAn_S_22690 Ha-NAC11 0 1,15 1,38 AT4G35580 

HeAn_S_17779 Ha-NAC12 0 1,30 1,52 AT4G28530 

Moschen et al. 2016

Transcription Factors and metabolites 

integration (WGCNA)

Kim et al. 2014, J Exp Bot

HeAn_S_19140
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Selection of senescence contrasting sunflower genotypes 

135 sunflower genotypes were phenotyped:
• Growing cycle.
• Anthesis time.
• Number of leaves.
• Plant size
• Evolution of total/dry leaf.
• Green leaf at anthesis time
• SPAD

Pre-selection:
10 genotypes (5 contrasts)

Early senescence 
genotype

Delayed senescence 
genotype

c977-b C154B

R453 B481-6

2091 2021

B473-2 C829B

C818 B10

INTA Breeding Sunflower Population
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Photosynthesis

10 days after flowering

Leaf 15 DAPI                                                   TUNEL

R453

B481-6

Programed cell death (PCD) detection 
10 days after flowering

R453

B481-6

Lopez-Gialdi et al. 2016

Moschen et al ,2017

Marino et al 2017

Colaboración: Dra. Sara Maldonado, FCEyN
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Early senescence 
genotype

R453

Delayed senescence 
genotype

B481-6

10 DAA 30 DAA
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Sunflower genome

• 90935 protein coding genes (Sunflower Genome Consortium Meeting 2015)
 59817 with Full Length Best Hits (spanning 60% of the length of the A. thaliana | SwissProt | 

Unitprot_plant protein) OR « EST/RNAseq assembly » support.
 39050 with EST support over 80% of the mRNA.

 13568 gene models correspond to full length A. thaliana proteins.

• New Sunflower genome 2017 (Badouin, Helene et al. 2017, Nature)

Early 
senescence 
genotype

R453

Delayed 
senescence 
genotype

B481-6
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• Leaf 15 
• 2 Genotypes
• Anthesis and Post-anthesis-12DDA
• 3 Biological replicates (pool of 3 plants)

RNAseq analysis of sunflower leaf senescence: Illumina HiSeq
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Sig. genes:  1101 648

R453 and B481-6: (240 genes)
• All the genes showed the same expression pattern.
• Most of the genes presented higher or lower expression level in the

early senescence genotype (R453).

Early senescence genotype R453: (861 genes)
• Higher expression levels of genes realted to transporter family, cell wall

and lipid degradation, protein degradation, redox homeostasis.
• Lower expression levels of cell cycle, RNA transcription, secondary

metabolism and genes related auxin metabolism and synthesis of
different macromolecules.

delayed senescence genotype B481-6: (408 genes)
• Higher expression levels of genes related to heat shock proteins,

signalling light, signalling receptor kinases, biotic and abiotic stress
response.

• Lower expression levels of genes related to transport, some genes
related to lipid metabolism.

Functional analysis Post-anthesis vs.
anthesis time (Mapman annotation) 

Early senescence 
genotype

R453

Delayed senescence 
genotype

B481-6

Padj<0.05 and Log2FC>1 o <-1
Moschen et al 2019, In Press.III Foro Internacional en Cambio Climático: “Impacto en la 
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Development
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Chloroplast 

development

A PA

hanxrqchr02g0048351 * *

hanxrqchr14g0441141 * *

hanxrqchr03g0079621 * *

hanxrqchr05g0160581 *

hanxrqchr11g0327541 *

hanxrqchr16g0531061 *

hanxrqchr11g0327521 *

hanxrqchr03g0079641 *

hanxrqchr15g0467741 *

hanxrqchr10g0280881 *

hanxrqchr13g0407241 *

hanxrqchr05g0160641 *

hanxrqchr11g0336051 *

hanxrqchr13g0390761 *

hanxrqchr13g0397171 *

hanxrqchr17g0568801 *

hanxrqchr15g0490171 *

hanxrqchr01g0024891 * *

hanxrqchr17g0543751 * *

hanxrqchr01g0024001 * *

hanxrqchr05g0156601 * *

hanxrqchr17g0547571 * *

hanxrqchr09g0264691 * *

A PA

hanxrqchr09g0256311 * *

hanxrqchr06g0168961 * *

hanxrqchr10g0300111 * *

hanxrqchr02g0051761 * *

hanxrqchr05g0143471 * *

hanxrqchr08g0216711 * *

hanxrqchr05g0135231 * *

hanxrqchr10g0279481 * *

hanxrqchr14g0461341 * *

hanxrqchr14g0429291 * *

hanxrqchr01g0013481 * *

hanxrqchr06g0168071 * *

hanxrqchr15g0482371 * *

hanxrqchr14g0438951 *

hanxrqchr01g0017731 *

hanxrqchr01g0009621 *

hanxrqchr16g0505181 *

hanxrqchr07g0185941 *

hanxrqchr12g0355561 *

hanxrqchr06g0175941 * *

hanxrqchr16g0501791 * *

hanxrqchr14g0441161 * *

hanxrqchr17g0535851 * *

hanxrqchr01g0022251 * *

hanxrqchr12g0375411 *

hanxrqchr16g0506241 *

A PA

hanxrqchr03g0085211 *

hanxrqchr02g0032461 *

hanxrqchr09g0274431 *
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hanxrqchr09g0252311 *

hanxrqchr14g0460611 *

hanxrqchr17g0538981 *
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hanxrqchr09g0244461 *
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hanxrqchr15g0466091 *

hanxrqchr08g0209791 *

hanxrqchr05g0128791 * *

hanxrqchr09g0252601 *

hanxrqchr09g0267131 *

hanxrqchr10g0306631 *

hanxrqchr15g0464761 * *

hanxrqchr03g0082581 *

hanxrqchr10g0286841 * *

hanxrqchr10g0286621 *

hanxrqchr15g0473091 *

hanxrqchr10g0290331 * *

hanxrqchr17g0539151 * *

NACsMYBs

WRKYs

Log2 FC R453 vs. B481-6

-6 0 6

hanxrqchr07g0199641 * *

hanxrqchr17g0567951 * *

Transcription factor analysis R453 vs. B481-6: anthesis (A) and
Post-anthesis (PA)

Early senescence genotype R453

Delayed senescence genotype B481-6
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Transcription factors and QTLs associated to leaf senescence
Collaboration Dr. Nicolas Langlade, LIPM-INRA Toulousse

Sunrise (France Sunflower Breeding Program)

QTL SNP Distance Nº env Locus Tag TF_Family log2FC_A log2FC_PA Description

LES03.126 240844 2 hanxrqchr03g0079621 NAC * * Putative NAC domain

LES03.126 60158 2 hanxrqchr03g0079641 NAC * Probable NAC domain containing protein 19 (HaNAC05 - transgenic line)

LES05.209 254237 4 hanxrqchr05g0160581 NAC * Probable NAC (No Apical Meristem) domain transcriptional regulator superfamily protein

LES05.209 458893 4 hanxrqchr05g0161341 NAC Putative nascent polypeptide-associated complex NAC domain

LES05.209 44268 4 hanxrqchr05g0160711 WRKY Putative WRKY domain

LES05.209 22316 4 hanxrqchr05g0162521 NAC Putative NAC domain

LES05.209 156624 4 hanxrqchr05g0160641 NAC * Probable NAC domain containing protein 1

LES06.14 1162035 4 hanxrqchr06g0168961 MYB * * Putative myb/SANT-like domain; Harbinger transposase-derived nuclease domain

LES06.14 144607 4 hanxrqchr06g0168071 MYB * * Probable myb-like transcription factor family protein

LES06.14 170572 4 hanxrqchr06g0168101 WRKY Putative WRKY domain

LES06.14 845073 4 hanxrqchr06g0170361 WRKY Probable WRKY family transcription factor

Log2 FC R453 vs. B481-6

-6 0 6

• NAC, MYB and WRKY TFs were associated to QTLs for leaf senescence and with RNAseq data of Argentina genotypes.   
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• 4 Contrasting INTA sunflower genotypes 
-R456 y B451-6
-B473 y C817

• Genotypes SUNRISE Project

Phenotyping assay at Heliaphen platform  (INRA Toulouse)

Collaboration with Dr. Nicolas  Langlade (INRA) 

Measurements
- Number of senescent leaves 
- Rank of youngest senescent leaf
- Insertion height of petiole of youngest senescent leaf
- Total leaf number
- Ratio of senescent leaf/total leaf number
- Plant height
- Stem diameter above cotyledons
- Leaf area at anthesis
- Dualex: Indices of Anthocyanins, Flavonols, Chlorophyll and Nitrogen StatusIII Foro Internacional en Cambio Climático: “Impacto en la 
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LB RBRBCS1 HaNAC01 Term Kan

LB RBRBCS1 HaNAC07 Term Kan

Transcription factors were isolated from sunflower, cloned and overexpressed in Arabidopsis. 

Independent transgenic lines for each transcription factor were performed.  

Functional characterization of sunflower NAC transcription 
factors associated to leaf senescence in Arabidopsis

0 19 21 24 27 31 35
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Functional characterization of sunflower NAC transcription 
factors associated to leaf senescence in Arabidopsis

Johanna Diaz, degree thesis, UNSAM
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Phenotyping assays in Phenopsis platform
(LEPSE – INRA Montpellier)

Line name
Sunflower 

gene
Arabidopsis

ortholog
Transgene expression 

level

HaNAC01-1
HaNAC01 ORE1 (ANAC100)

+

HaNAC01-4 +++

HaNAC03-3
HaNAC03 ANAC072

+

HaNAC03-5 +++

HaNAC05-1
HaNAC05 ANAC019

+++

HaNAC05-5 +

HaNAC07-2
HaNAC07 ANAC029/ATNAP

+++

HaNAC07-5 +

• Eight (8) A. thaliana transgenic lines + Col 0 

• Control and drought stress treatment

Dra. Paula Fernández External fellowship for  Researchers CONICET.
Collaboration with Dra. C .Vazquez and Dr .Denis Vile & Francoise Tardieu (Labintex-INTA / LEPSE-INRA Montpellier) 
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Pots/plants dissection
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Study the triggering of natural foliar and floral senescence in 
Petunia hybrida by identifying transcription factors involved in this 

process through a transcriptional and functional analysis of 
candidate genes

Leaf and flower senescence in Petunia. hybrida
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RNAseq data NAC candidate genes

Senescencia Natural 
HOJAS

Senescencia Natural 
PETALOS

Senescencia inducida 
por polinización 

PETALOS
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6B-OX 10C-OX Mitchell RNAi-38RNAi-26

SILENCIANTES
PhNAC24

SOBREEXPRESANTES
PhNAC24

40 days
72 días

87 daysLeaf lifetime III Foro Internacional en Cambio Climático: “Impacto en la 
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