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Contrasting Gene Expression Patterns During Floral Induction in Two Chenopodium 

ficifolium Genotypes Reveal Putative Flowering Regulators
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Abstract
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C. ficifolium

C. ficifolium C. ficifolium
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2. Material and methods

2.1. Plant material and experimental conditions
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2.2.  RNA extraction and RT qPCR

 µg

ACTIN11 ACT11

2.3. Phytohormone measurements

.

2.4. Transcriptome assembly and evaluation
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de novo 
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2.5. Transcriptome annotation, read mapping and DEG identification

de novo C. ficifolium 283
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2.6. The search for the genes with the contrasting expression pattern between C. 

ficifolium 283 and C. ficifolium 459.
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3. Results

3.1. The comparison of the growth and floral transition between C. ficifolium 283 and C. 

ficifolium 459
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C. ficifolium

3.2 Phytohormone contents and phytohormone related gene expression in C. ficifolium 283 

compared to C. ficifolium 459
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The identification of genes with contrasting expression pattern between C. ficifolium 283 and 
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ALTERNATVE OXIDASE 1

AOX1

The validation of gene expression by RT qPCR
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4. Discussion

4.1. Reproducibility of floral induction experiments in the C. ficifolium genotypes
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The genes upregulated during floral induction in C. ficifolium 283, but not in C. ficifolium 
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A. thaliana
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 Phytohormone concentrations in the two  genotypes responded to the 

photoperiods in a similar way
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Supplementary Figure 1. 

Supplementary Figure 2

Supplementary Figure 3. 

Supplementary Figure 4. 

 Supplementary Figure 5. 

Supplementary Figure 6. .

Supplementary Figure 7. C. ficifolium

Supplementary Figure 8. FTL1 FTL2-1 FTL2-2
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Table 1. C. ficifolium

Trinity `gene` 
ID Blastx hit Protein

Gene 
name AGI code

floral induction and floral meristem specificity
DN15587_c0_g1 MK212027.1 FLOWERING LOCUS T-like 2-1 FTL2-1 AT1G65480
DN14702_c0_g1 XP_021715316.1 LEAFY LFY AT5G61850
DN16212_c5_g1 XP_021723464.1 AGAMOUS AG AT4G18960

DN15826_c1_g8 XP_021723077.1 AGAMOUS LIKE 9 AGL9 AT1G24260

DN15826_c1_g2 XP_021756511.1 MADS box CMB1 like CMB1 AT5G15800
DN17151_c1_g3 XP_021756492.1 APETALA1 AP1 AT1G69120
DN17151_c1_g7 XP_021739401.1 APETALA1 AP1 AT1G69120
DN12941_c0_g1 XP_021759869.1 DEFICIENS-like AP3 AT3G54340
DN6382_c0_g1 XP_021716384.1 CENTRORADIALIS-LIKE ATC AT2G27550

transcription factors
DN16786_c0_g1 XP_021726586.1 REM 16 LIKE REM16 AT4G33280
DN5874_c0_g1 XP_021719303 SQUAMOSA PROMOTER BINDING-like 3 SPL3 AT2G33810
DN4836_c0_g1 XP_021721780.1 ALBA2 ALBA2 AT2G34160

DN6206_c0_g1 XP_021738539 PHD like PHD n.a.
receptors

DN16864_c2_g1 XP_021761979.1 STRUBBELIG-RECEPTOR FAMILY 5-like SRF5 AT1G78980

DN17110_c1_g3 XP_021862911.1
G-type lectin S-receptor-like serine/threonine-
protein kinase EGM1 AT1G11300

DN17858_c1_g1 XP_021854253.1 TOO MANY MOUTHS-like TMM AT1G80080

transporters, enzymes, regulatory proteins
DN6472_c0_g1 XP_021766950.1 PPDK REGULATORY PROTEIN RP1 AT4G21210
DN9403_c0_g1 XP_021774770.1 LYS/HIS Transporter n.a. AT1G47670
DN15894_c2_g2 XP_021730829.1 FORMIN LIKE 3 FH5 AT5G54650

DN16268_c2_g1 XP_021738705.1 SQUALENE SYNTHASE SQS1 AT4G34640
DN17223_c2_g3 XP_021753867.1 SUBTILISIN-like protease SBT2.6 AT2G19170

stress response
DN10374_c0_g1 XP_021725567.1 ALTERNATIVE OXIDASE 1 AOX1 AT3G22370
DN12254_c0_g1 XP_021769091.1 UDP-GLYCOSYLTRANFERASE 76B1 like UGT76B1 AT3G11340

DN12047_c0_g1 XP_021723062.1 GAP JUNCTION BETA-4 GJB4 AT5G13100
DN16205_c2_g2 XP_021763941.1 HXXXD-type acyl-transferase n.a. AT3G50280

DN44685_c0_g1 XP_021744804.1
gamma-interferon-inducible lysosomal thiol 
reductase-like GILT AT4G12960

DN10404_c0_g1 XP_021749788.1 CYTOCHROME P450 71A CYP71A AT3G48310
DN16228_c2_g9 XP_021848616.1 putative 57 kDa heat shock protein n.a. AT4G16545
DN10919_c0_g1 XP_021748941.1 F-box kelch/repeat protein n.a. AT3G23880
DN13237_c0_g1 XP_021766921.1 F-box kelch/repeat protein n.a. AT3G23880
DN7988_c0_g1 XP_021758808.1 F-box kelch/repeat protein n.a. AT1G15680
DN14014_c0_g1 XP_021732566.1 ring canal kelch homolog n.a. no hit

hypothetical proteins
DN17090_c1_g1 KNA05366.1 hypothetical protein SOVF_191020 n.a. no hit
DN34381_c0_g1 KMT14149.1 hypothetical protein BVRB_4g079700 n.a. no hit
DN6395_c0_g1 XP_021714746.1 uncharacterized protein n.a. no hit
DN34018_c0_g1 XP_021736107.1 uncharacterized protein n.a. no hit
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Figure legends

Figure 1. C. ficifolium C. ficifolium  

Figure 2. C. ficifolium  

C. 

ficifolium C. 

ficifolium 

Figure 3. 
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Figure 4. C. ficifolium 283
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Figure 7.  C. ficifolium 283
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Figure 1. The comparison of C. ficifolium 283 and C. ficifolium 459
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Figure 2. The morphology of the plants of C. ficifolium 283 
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(a) (b)

Figure 4.  a) Auxin concentrations and b) auxin-releted gene expression in C. ficifolium 283 and 459. 
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(a) (b)

Figure 5. The  gibberellic acid (GA) concentrations and GA-related gene expression in C. ficifolium 283 and 459  
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metabolite

Figure 6. a)The cytokinin (CK) concentrations in C. ficifolium 283 and 459
b) The CK metabolite concentration in  C.ficifolium 283 and 459
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Figure 7  Flowering related gene expression
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 Supplementary Figure 1. ABA metabolism-related gene expression.  Green (C.ficifolium 283) or blue (C. ficifolium 459) 
columns correspond to long day (18h light, 6h dark) treated samples, golden ones represent short day (6h ligth, 18h dark) 

treated samples. Transverse lines at each dot (median value of three biological replicates) represent standard deviation. 
Statistical significance (pvalues * < 0.05, ** < 0.01 and ***< 0.001) between pairs of differentially treated samples is 

represented by asterisks. x-axis represents 6 or 8 sampling points (two sampling points per day: morning 9.00-, and 
afternoon -15.00-; during three or  four days days after sowing respectively). y-axis represents relative expression in 
transcript coverage (TMM).

NCED4 NINE-CIS-
EPOXYCAROTENOID 
DIOXYGENASE 4 

AT4G19170.1 Catalyzes the first step of abscisic-acid 
biosynthesis from carotenoids. Chloroplast-
targeted member of a family of enzymes similar 
to nine-cis-epoxycarotenoid dioxygenase . 

PYL4 PYRABACTIN 
RESISTANCE1-
LIKE1        

AT5G46790 PYR/PYL/RCAR family proteins function as 
abscisic acid sensors. Mediate ABA-dependent 
regulation of protein phosphatase 2Cs ABI1 and 
ABI2. 

SVP SHORT 
VEGETATIVE 
PHASE 

AT5G46790 PYR/PYL/RCAR family proteins function as 
abscisic acid sensors. Mediate ABA-dependent 
regulation of protein phosphatase 2Cs ABI1 and 
ABI2. 
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 Supplementary Figure 2. JA metabolism-related gene expression. Green (C.ficifolium 283) or blue (C. ficifolium 459) 
columns correspond to long day (18h light, 6h dark) treated samples, golden ones represent short day (6h ligth, 18h dark) 

treated samples. Transverse lines at each dot (median value of three biological replicates) represent standard deviation. 
Statistical significance (pvalues * < 0.05, ** < 0.01 and ***< 0.001) between pairs of differentially treated samples is 

represented by asterisks. x-axis represents 6 or 8 sampling points (two sampling points per day: morning 9.00-, and 
afternoon -15.00-; during three or four days after sowing respectively). y-axis represents relative expression in 
transcript coverage (TMM).

AOC4 ALLENE OXIDE CYCLASE 4, 
AOC4 

AT1G13280 Encodes allene oxide cyclase,  which catalyzes an 

essential step in jasmonic acid biosynthesis.. 

COI1 COI1, CORONATINE 

INSENSITIVE 1 

AT2G39940 Required for wound- and jasmonates-induced 

transcriptional regulation.  

JAZ1 ATJAZ1, JASMONATE-ZIM-

DOMAIN PROTEIN 1 

AT1G19180 JAZ1 is a nuclear-localized protein involved in 

jasmonate signaling.  

LOX3 ATLOX3, LIPOXYGENASE 3 AT1G17420 LOX3 encode a Lipoxygenase, which catalyzes the 

oxygenation of fatty acids (FAs). 

MYC2 JAI1, JASMONATE 
INSENSITIVE 1 

AT1G32640 MYC-related transcriptional activator with a typical 
DNA binding domain of a basic helix-loop-helix 

leucine zipper motif. Binds to an extended G-Box 
promoter motif and interacts with Jasmonate ZIM-

domain proteins 
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 Supplementary Figure 3. SA metabolism-related gene expression. Green (C.ficifolium 283) or blue (C. ficifolium 459) 
columns correspond to long day (18h light, 6h dark) treated samples, golden ones represent short day (6h ligth, 18h 
dark) treated samples. Transverse lines at each dot (median value of three biological replicates) represent standard 
deviation. Statistical significance (pvalues * < 0.05, ** < 0.01 and ***< 0.001) between pairs of differentially treated 
samples is represented by asterisks. x-axis represents 6 or 8 sampling points (two sampling points per day: morning 

9.00-, and afternoon -15.00-; during three or four days after sowing respectively). y-axis represents relative expression 
in transcript coverage (TMM).

ICS1 ISOCHORISMATE 

SYNTHASE 1 

AT1G74710.1 Encodes a protein with isochorismate synthase 

activity. Mutants fail to accumulate salicylic acid 

PAL1 PHE AMMONIA LYASE 1 AT2G37040.1 Encodes phenylalanine ammonia-lyase, important for 

SA biosynthesis 

SABP2 MES11, METHYL ESTERASE 

11 

AT3G29770 It has similarity to the SABP2 methyl salicylate 

esterase from tobacco, SA-signaling pathway 

component 

SARD1 SAR DEFICIENT 1 AT1G73805 key regulator for ICS1 (Isochorismate Synthase 1) 

induction and SA synthesis. 

TGA4 TGACG MOTIF-BINDING 

FACTOR 4 

AT5G10030.1 Encodes a member of basic leucine zipper 

transcription gene family, SA-signaling pathway 

component 
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 Supplementary Figure 4. CK metabolism-related gene expression. Green (C.ficifolium 283) or blue (C. ficifolium 459) 
columns correspond to long day (18h light, 6h dark) treated samples, golden ones represent short day (6h ligth, 18h 
dark) treated samples. Transverse lines at each dot (median value of three biological replicates) represent standard 
deviation. Statistical significance (pvalues * < 0.05, ** < 0.01 and ***< 0.001) between pairs of differentially treated 
samples is represented by asterisks. x-axis represents 6 or 8 sampling points (two sampling points per day: morning 

9.00-, and afternoon -15.00-; during three or four days days after sowing respectively). y-axis represents relative 
expression in transcript coverage (TMM).

CKX3 CYTOKININ 

OXIDASE/DEHYDROGENASE 3 
AT5G56970 Cytokinin oxidase/dehydrogenase, catalyzes the 

degradation of cytokinins. 

CKX5 CYTOKININ 

OXIDASE/DEHYDROGENASE 5 
AT1G75450 Cytokinin oxidase/dehydrogenase, catalyzes the 

degradation of cytokinins. 
CKX6 CYTOKININ 

OXIDASE/DEHYDROGENASE 6 

AT3G63440 Cytokinin oxidase/dehydrogenase, catalyzes the 
degradation of cytokinins. 

IPT2 TRNAISOPENTENYLTRANSFER
ASE 2 

AT2G27760 Encodes tRNA isopentenyltransferase, CK biosynthesis 

IPT5 ISOPENTENYLTRANSFERASE 5 AT5G19040 Encodes isopentenyltransferase, CK biosynthesis 

IPT9 ISOPENTENYLTRANSFERASE 9 AT5G20040 Encodes isopentenyltransferase, CK biosynthesis 

LOG3 LOG3, LONELY GUY 3 AT2G37210 Cytokinin-activating enzyme. Phosphoribohydrolase that 

converts inactive cytokinin nucleotides to the biologically 
active free-base forms. 

LOG5 LOG5, LONELY GUY 5 AT4G35190 Cytokinin-activating enzyme. Phosphoribohydrolase that 
converts inactive cytokinin nucleotides to the biologically 
active free-base forms. 

LOG7 LOG7, LONELY GUY 7 AT5G06300 Cytokinin-activating enzyme. Phosphoribohydrolase that 
converts inactive cytokinin nucleotides to the biologically 
active free-base forms. 

LOG8 LOG8, LONELY GUY 8, MOBP2 AT5G11950 Cytokinin-activating enzyme. Phosphoribohydrolase that 
converts inactive cytokinin nucleotides to the biologically 
active free-base forms. 

ZOGb 

(paralog) 

UDP-GLUCOSYL 
TRANSFERASE 85A1, 
ATUGT85A1, UGT85A1 

AT1G22400 Deactivation of active cytokinins in senescent leaves 

ZOGc 

(paralog) 
UDP-GLUCOSYL 
TRANSFERASE 85A1, 
ATUGT85A1, UGT85A1 

AT1G22400 Deactivation of active cytokinins in senescent leaves 
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 Supplementary material 5. CK signaling-related gene expression. Green (C.ficifolium 283) or blue (C. ficifolium 459) 

columns correspond to long day (18h light, 6h dark) treated samples, golden ones represent short day (6h ligth, 18h 

dark) treated samples. Transverse lines at each dot (median value of three biological replicates) represent standard 

deviation. Statistical significance (pvalues * < 0.05, ** < 0.01 and ***< 0.001) between pairs of differentially treated 
samples is represented by asterisks. x-axis represents 6 or 8 sampling points (two sampling points per day: morning 9.00-

, and afternoon -15.00-; during three or four days days after sowing respectively). y-axis represents relative expression in 
transcript coverage (TMM). 

AHK2 HISTIDINE KINASE 2, HK2 AT5G35750 CK receptor related to bacterial two-component regulators. 

Functions as a histidine kinase and transmits the stress 

signal to a downstream MAPK cascade. This protein 
undergoes an ATP-dependent autophosphorylation at a 
conserved histidine residue. 

AHK3 HISTIDINE KINASE 3, HK3 AT1G27320 CK receptor related to bacterial two-component regulators. 

Functions as a histidine kinase and transmits the stress 
signal to a downstream MAPK cascade. Required by the 

cytokinin-dependent flower development regulation 
pathway. 

ARR11 RESPONSE REGULATOR 11 AT1G67710 Encodes an Arabidopsis response regulator (ARR) protein 
that acts in concert with other type-B ARRs in the cytokinin 

signaling pathway. Affects ABA-JA crosstalk. 

ARR12 ATARR12, RESPONSE 
REGULATOR 12, RR12 

AT2G25180 Encodes an Arabidopsis response regulator (ARR) protein 
that acts in concert with other type-B ARRs in the cytokinin 

signaling pathway. Also involved in cytokinin-dependent 

inhibition of hypocotyl elongation and cytokinin-dependent 

greening and shooting in tissue culture. 

ARR2 RESPONSE REGULATOR 2, RR2 AT4G16110 Encodes a pollen-specific transcription factor involved in the 
expression of nuclear genes for components of 

mitochondrial complex I in Arabidopsis. Acts in concert with 
other type-B ARRs in the cytokinin signaling pathway.  

ARR3 RESPONSE REGULATOR 3, RR3 AT1G59940 Type A response regulator highly similar to bacterial two-

component response regulators. Rapidly induced by CK, 

Involved in red-light signaling. Acts in the control of 

circadian period in a cytokinin-independent manner. 

CRF10 CYTOKININ RESPONSE 
FACTOR 10 

AT1G68550 encodes a member of the ERF (ethylene response factor) 
subfamily B-6 of ERF/AP2 transcription factor family. The 
protein contains one AP2 domain. 

CRF2 CYTOKININ RESPONSE 
FACTOR 2, TARGET OF 
MONOPTEROS 3, TMO3 

AT4G23750 encodes a member of the ERF (ethylene response factor) 
subfamily B-5 of ERF/AP2 transcription factor family. The 
protein contains one AP2 domain 

CRF4 CRF4, CYTOKININ RESPONSE 
FACTOR 4 

AT4G27950 Encodes a member of the ERF (ethylene response factor) 
subfamily B-5 of ERF/AP2 transcription factor family. The 
protein contains one AP2 domain. CRF proteins relocalize to 

the nucleus in response to cytokinin. 
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 Supplementary Figure 6. Stress-related gene expression panel. Green (C.ficifolium 283) or blue (C. ficifolium 459) 

columns correspond to long day (18h light, 6h dark) treated samples, golden ones represent short day (6h ligth, 18h 

dark) treated samples. Transverse lines at each dot (median value of three biological replicates) represent standard 

deviation. Statistical significance (pvalues * < 0.05, ** < 0.01 and ***< 0.001) between pairs of differentially treated 
samples is represented by asterisks. x-axis represents 6 or 8 sampling points (two sampling points per day: morning 

9.00-, and afternoon -15.00-; during three or four days days after sowing respectively). y-axis represents relative 
expression in transcript coverage (TMM). 

SE2 Acidic endochitinase SE2 AT5G24090 This protein functions as a defense against chitin 
containing fungal pathogens. This endochitinase also 
exhibits exochitinase activity, i.e. it is capable of 
hydrolyzing chito-oligosaccharides 

Antiviral 
RIP 

Antiviral ribosome 
inactivating protein 

AAF66234.1 

(Chenopodium 
album) 

Ribosome-inactivating proteins (RIPs) are rRNA N-

glycosylases from plants (EC 3.2.2.22) that inactivate 
ribosomes thus inhibiting protein synthesis.  

APX3  ASCORBATE 

PEROXIDASE 3 

AT4G35000.1 Encodes a microsomal ascorbate peroxidase APX3. 

Ascorbate peroxidases are enzymes that scavenge 

hydrogen peroxide in plant cells.  

APX5 ASCORBATE 

PEROXIDASE 5 

AT4G35970.1 Encodes a microsomal ascorbate peroxidase APX5. 

Ascorbate peroxidases are enzymes that scavenge 

hydrogen peroxide in plant cells.  

MLP43-

like 

Major latex protein 43-

like 

XP_021741515.

1 

[Chenopodium 
quinoa] 

The major latex protein/ripening-related protein 

(MLP/RRP) subfamily is known to be involved in a wide 

range of biological processes of plant development and 

various stress responses. 

PER42 

like 

Peroxidase 42 AT4G21960.1 Peroxidase 42; Removal of H(2)O(2), oxidation of toxic 
reductants, biosynthesis and degradation of lignin, 
suberization, auxin catabolism, response to 
environmental stresses such as wounding, pathogen 

attack and oxidative stress.  

PER4 like Peroxidase 4 AT1G14540.1 Peroxidase 4; Removal of H(2)O(2), oxidation of toxic 
reductants, biosynthesis and degradation of lignin, 
suberization, auxin catabolism, response to 
environmental stresses such as wounding, pathogen 

attack and oxidative stress. 

PER7 like Peroxidase 7 XP_021753728.

1 [C. quinoa] 

Peroxidase 7; Removal of H(2)O(2), oxidation of toxic 
reductants, biosynthesis and degradation of lignin, 
suberization, auxin catabolism, response to 
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DN16425

_c3_g3 

environmental stresses such as wounding, pathogen 

attack and oxidative stress 

PER7 like 

 

DN16645

_c1_g1 

Peroxidase 7 XP_021753729.

1 [C. quinoa] 

Peroxidase 7; Removal of H(2)O(2), oxidation of toxic 
reductants, biosynthesis and degradation of lignin, 
suberization, auxin catabolism, response to 
environmental stresses such as wounding, pathogen 

attack and oxidative stress 

Protease 

inhibitor 

2 

Protease inhibitor 2 PWA57992.1 

[Artemisia 
annua] 

 

Involved in abiotic stress response 

 

RBOHE 

 

NADPH 
oxidase/respiratory 

burst oxidase homolog 

AT1G19230.1 

 

Riboflavin synthase-like protein; Calcium-dependent 

NADPH oxidase that generates superoxide 
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Supplementary Figure 7. The genes with contrasting expression between the two C. ficifolium genotypes. Green 

(C.ficifolium 283) or blue (C. ficifolium 459) columns correspond to long day (18h light, 6h dark) treated samples, golden 

ones represent short day (6h ligth, 18h dark) treated samples. Transverse lines at each dot (median value of three 

biological replicates) represent standard deviation. Statistical significance (pvalues * < 0.05, ** < 0.01 and ***< 0.001) 

between pairs of differentially treated samples is represented by asterisks. x-axis represents 6 or 8 sampling points (two 

sampling points per day: morning 9.00-, and afternoon -15.00-; during three or four days days after sowing respectively). 
y-axis represents relative expression in transcript coverage (TMM).

ATC CENTRORADIALIS AT2G27550 protein similar to TFL1. overexpression leads to similar 

phenotype as TFL1 overexpression. It acts non-cell 

autonomously to inhibit floral initiation. 

AGL9 AGAMOUS LIKE 9, 
SEPALLATA 3 

AT1G24260 MADs box transcription factor family. SEP3 is 
redundant with SEP1 and 2. Flowers of SEP1/2/3 triple 
mutants show a conversion of petals and stamens to 

sepals. 

REM16 REM16-like AT4G33280 B3 domain transcription factor that binds to and 
regulates the expression of SOC1 and FT. 

CMB1 MADS-BOX CMB1, 
SEPALLATA 1 

AT5G15800 MADS box transcription factor involved flower and 
ovule development. Functionally redundant with SEP2 
and SEP3. 

DEFICIENS DEFICIENS, AP3 AT3G54340 Floral homeotic gene encoding a MADS domain protein 
homologous to SRF transcription factors. Specifies 
petal and stamen identities 

SPL3 SPL3, SQUAMOSA 
PROMOTER BINDING 
PROTEIN-LIKE 3 

AT2G33810.1 Encodes a member of the SPL gene family encoding DNA 
binding proteins and putative transcription factors. It binds 
DNA, may directly regulate AP1, and is involved in 
regulation of flowering and vegetative phase change.  

PHD PHD-like n.a.

(XP_021738539) 
Unknown function 

ALBA2 ALBA2 AT2G34160 forms a complex with ALBA1 that binds genic R-loops and 

safeguards genome stability 

KELCH-

REPEAT 

F-BOX KELCH/REPEAT
protein

AT1G15680 F-box family protein

AOX1 ALTERNATIVE OXIDASE 
1A 

AT3G22370 Alternative oxidase of plant mitochondria transfers 
electrons from the ubiquinone pool to oxygen without 

energy conservations. also functions as a marker for 
mitochondrial retrograde response. 
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C. ficifolium 283 C. ficifolium 459

 Supplementary Figure S8. Relative 

expression of the FTL1, FTL2-1, and FTL2-2 

genes in C. ficifolium 459 and 283 estimated 

by RT qPCR. Plants were grown since 14 to 24 

days after sowing at LD and SD: blue columns 

correspond to LD treated samples, golden 

ones represent SD treated samples. 

Transverse lines at each dot (median value of 

three biological replicates) represent standard 

deviation. Statistically significant values are 

labeled by asterisk (p-value < 0.05, t-test). 
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