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Detail Experimental Procedures and Notes 
 
Analysis of dormancy classes across Apiaceae phylogeny 
The Apiaceae is an advanced Asterid family with ca. 430 genera divided into the four subfamilies 
Apioideae, Saniculoideae, Azorelloideae, and Mackinlayoideae, which are considered to be 
monophyletic groupings (Vandelook et al., 2012, Calvino et al., 2016, Wen et al., 2020). The 
Apiaceae phylogenies of Calvino et al. (2016) and Vandelook et al. (2012) were based on ribosomal 
ITS and rps16 sequences from a large number of accessions (211 and 323, respectively), and the 
most recent phylogeny of Wen et al. (2020) was based on 3351 single copy gene trees. To generate 
the phylogeny presented in Figure 1 we reduced the species level phylogenies of Calvino et al. 
(2016) and Vandelook et al. (2012) to tribe or clade level and used as divergence times of the nodes 
the point estimate of divergence times values from Table 1 in Calvino et al. (2016). Fossil calibration 
of their Apiaceae phylogenies resulted in similar estimated divergence times (Calvino et al., 2016, 
Wen et al., 2020). The genus level phylogeny of the Apieae tribe (Figure 1) was also generated from 
the species level phylogenies of Calvino et al. (2016) and Vandelook et al. (2012) by combining them 
and reducing them to genus level. The phylogenetic relationships between the Apieae genera 
(Figure 1) are in agreement with detail analysis of this tribe and the Apioideae subfamily (Spalik et 
al., 2010, Vandelook et al., 2012, Jimenez-Mejias and Vargas, 2015, Calvino et al., 2016, Wen et 
al., 2020). According to Li at al. (2019) the origin of the Apiales with its families Apiaceae, Araliaceae, 
Myodocarpaceae, Pittosporaceae, Griseliniaceae and Pennantiaceae was in the Late Cretaceous 
with a median estimated node age of 80.5 MYA. The estimated origin of the Apiaceae as the 
youngest Apiales family was in the Late Cretaceous: 51.9 MYA (median estimated node age, Li et 
al., 2019), 65.8 MYA (point estimate crown age, Calvino et al., 2016) and 64.3 MYA (estimated age 
stem group, Vandelook et al., 2012). For the large Apioideae subfamily the estimated divergence 
times were 58.4 MYA (Calvino et al., 2016), 56.7 MYA (Wen et al., 2020) and 59.3 MYA (Vandelook 
et al., 2012).  
This solid phylogeny of the Apiaceae with its four monophyletic subfamilies Apioideae, 
Saniculoideae, Azorelloideae and Mackinlayoideae (Vandelook et al., 2012, Calvino et al., 2016, 
Wen et al., 2020) allowed us to investigate the family-wide distribution of the morphophysiological 
(MD) and morphophysiological (MPD) seed dormancy classes on tribe, clade, genus (Figure 1) and 
species (SI Data S1) level. In order to do this, we accessed the Baskin Dormancy Database 
(http://www.charlesgwillis.com/baskins-dormancy-database, accessed 29/11/2020) which contains 
the information of the book "Seeds" (Baskin and Baskin, 2014). We extracted the seed dormancy 
information for the Apiaceae and compiled it in SI Data 1. We then added to the dormancy class 
(which was either MD or MPD) information the dormancy level and embryo type (Martin, 1946, 
Baskin and Baskin, 2014). For several species we verified the dormancy class assignment in the 
original literature cited in the book "Seeds" (Baskin and Baskin, 2014); by doing so we for example 
found that there is no evidence for Bunium persicum to have PD (Baskin and Baskin, 2014) in the 
cited publication of Sharma and Sharma (2010), but the described MPD was confirmed (Sharifi and 
Pouresmael, 2006). Further to this, we complemented the 169 entries from the database by 32 new 
entries for which the dormancy class information was derived from the following literature: Aciphyllya 
glacialis (Hoyle et al., 2014), Ammi majus (Madakadze et al., 1993, Jimenez-Mejias and Vargas, 
2015), Anethum graveolens (Unver and Tilki, 2012, Jimenez-Mejias and Vargas, 2015), Angelica 
keiskei (Zhang et al., 2019), Apium bermejoi (Cursach and Rita, 2012b), Apium graveolens 
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(Jacobsen et al., 1976, Jacobsen and Pressman, 1979, Van der Toorn and Karssen, 1992), 
Bupleurum aureum (Baskin and Baskin, 2014, Chugunov and Khapugin, 2020), Bifora radicans 
(Mennan, 2003), Bubon macedonicum (Di Cecco et al., 2018), Cenolophium denudatum (Baskin 
and Baskin, 2014), Cicuta virosa (Cho et al., 2018), Conium maculatum (Baskin and Baskin, 1990), 
Conopodium majus (Blandino et al., 2019), Cuminum cyminum (Soltani et al., 2019), Deverra 
triradiata (Bhatt et al., 2019, Bhatt et al., 2020), Eryngium sparganophyllum (Wolkis et al., 2020), 
Eryngium viviparum (Ayuso et al., 2017), Ferula ovina (Fasih and Afshari, 2017), Hladnikia 
pastinacifolia (Sajna et al., 2019), Heracleum asperum (Baskin and Baskin, 2014), Heracleum 
laciniatum (Baskin and Baskin, 2014), Heracleum sosnowskyi (Baskin and Baskin, 2014, Koryzniene 
et al., 2019), Heracleum sphondylium (Baskin and Baskin, 2014), Naufraga balerrica (Ronse et al., 
2010, Cursach and Rita, 2012a, Jimenez-Mejias and Vargas, 2015), Osmorhiza claytonia (Hawkins 
et al., 2007), Petagnaea gussonei (De Castro et al., 2015), Petroselium crispum (Olszewski et al., 
2004, Olszewski et al., 2005, Jimenez-Mejias and Vargas, 2015), Peucedanum ostruthium (Baskin 
and Baskin, 2014), Pimpinella anisum (Lamichaney et al., 2016), Rouya polygama (Santo et al., 
2014), Sison amomum (Van Assehe et al., 2011), and Turgenia latifolia (Nurulla et al., 2014). 
The Apiaceae also provide many examples that individual species, populations and even individual 
plants can produce mixtures of MD (small embryo, no physiological dormancy) and MPD (small 
embryo, physiological dormancy) diaspores, as well as mixtures of diaspores with different levels of 
MPD (Figure 1, Data S1). This is consistent with ecophysiological studies indeed suggest that there 
is a very close association between the MD and MPD classes, as well as the MPD levels (Baskin 
and Baskin, 2014). Examples for species with both MD and MPD fruits either on the same plant or 
on plants from distinct populations or depending on the season or year are found in all Apiaceae 
tribes (labelled with "*" in Figure 1 and Data S1) and include Cicuta maculate, Conium maculatum, 
Conopodium majus, Pastinaca sativa, Ptilimnium nuttallii, Smyrnium olusatrum, Torilis arvensis, 
Trepocarpus aethusae (Sorensen and Holden, 1974, Baskin and Baskin, 1975, Baskin and Baskin, 
1979, Grime et al., 1981, Mulligan and Munro, 1981, Baskin and Baskin, 1990, Baskin and Baskin, 
2014, Blandino et al., 2019). Similarly, there are examples for mixtures of different MPD levels in 
Apiaceae diaspore collections from one species (Data S1). The dormancy of Ferula gummosa was 
initially described deep complex MPD (Baskin and Baskin, 2014). Subsequent work by Zardari et al. 
(2019) demonstrated for a F. gummosa seed lot that 80% of the seeds had indeed deep complex 
MPD, but the other 20% had intermediate complex MPD. The presence of both intermediate and 
deep complex MPD was interpreted as adaptation to its natural habitat (Zardari et al., 2019). Work 
with Sanicula species demonstrated that they have either non-deep complex or deep complex MPD, 
and Sanicula canadensis can have both non-deep complex and deep complex MPD (Data 1, 
Vandelook and Van Assche, 2008, Hawkins et al., 2010, Baskin and Baskin, 2014). Taken together, 
the associations between MD and the different levels of MPD are evident across the Apiaceae and 
provide a multitude of related model systems to study the adaptations of diaspores with 
underdeveloped embryos in one family.  
 
Synchrotron-Based X-Ray Tomographic Microscopy (SXRTM) 
Celery seeds were sampled in the dry state as well as after 5 days of imbibition in water. Samples 
were fixed, critical point dried and mounted to 3 mm diameter brass pins using the method described 
by Arshad et al. (2020). SXRTM was performed using the TOmographic Microscopy and Coherent 
rAdiology experimentTs (TOMCAT) beamline at the Swiss Light Source, Paul Scherrer Institute, 
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Villigen, Switzerland (Project ID: 20180809). Data were acquired using the 10x objective and a 
sCMOS camera (PCO.edge; PCO, Kelheim, Germany) with an exposure time of 80 ms at 12keV 
and a voxel size of 0.65 µm. Projections were post-processed (Paganin phase retrieval) and 
reconstructed using a Fourier-based algorithm (Marone and Stampanoni, 2012). Subsequently 
images were reconstructed and processed using Avizo™ 9.5.0 (Thermofisher ScientificTM, 
Visualization Science Group Inc., Burlington, MA, USA) as described (Arshad et al., 2020).  
 
Phytohormone Quantification 
Gibberellins. The sample preparation and analysis of GAs was performed according to the method 
described (Urbanova et al., 2013) with some modifications described here. Briefly, aliquots of 10 mg 
of lyophilized samples were combined with 1 ml of ice-cold extraction solution (80% acetonitrile + 
5% formic acid). Samples were homogenised at 27 Hz for 3 min using 2.8-mm zirconium oxide beads 
(Next Advance Inc., Troy, NY, USA) and an MM400 vibration mill (Retsch Technology GmbH, Haan, 
Germany), before being sonicated for 5 mins using an ultrasonic bath. Samples were then extracted 
overnight at 4 ºC with rotation using a benchtop laboratory rotator (Bibby Scientific Ltd., Staffordshire, 
UK) after adding deuterium labelled GA internal standards ([2H2]GA1, [2H2]GA3, [2H2]GA4, [2H2]GA5, 
[2H2]GA6, [2H2]GA7, [2H2]GA8, [2H2]GA9, [2H2]GA15, [2H2]GA19, [2H2]GA20, [2H2]GA24, [2H2]GA29, 
[2H2]GA34, [2H2]GA44, [2H2]GA51 and [2H2]GA53; OlchemIm, Czech Republic). The homogenates were 
centrifuged at 36670 g and 4 ºC for 10 min, corresponding supernatants were further purified using 
reversed-phase and mixed mode SPE cartridges (Waters, Milford, MA, USA) and analysed by ultra-
high performance liquid chromatography-tandem mass spectrometry (UHPLC-MS/MS; Micromass, 
Manchester, UK). 
Abscisates and auxins. For quantification of cis-S(+)-abscisic acid (ABA), indole-3-acetic acid (IAA) 
and their metabolites, internal standards, containing 10 pM of [2D6]-ABA and 5 pM each of [2D3]-PA, 
[2D3]-DPA, [13C6]-IAA, [13C6]-oxIAA, [13C6]-IAAsp and [13C6]-IAAGlu, and 1 ml of ice-cold 
methanol:water (10:90, v/v) were added to 10 mg of  freeze-dried and homogenized sample. Sample 
mixtures were homogenized using an MM301 Vibration Mill for 5 min at 27 Hz (Retsch Technology 
GmbH), sonicated for 3 min at 4 ºC using an ultrasonicator bath, then extracted for 30 min (15 rpm) 
at 4 ºC using a rotary disk shaker. Samples were centrifuged at 20,000 rpm (15 min, 4 ºC), the 
supernatant purified using pre-equilibrated Oasis HLB cartridges (1 cc, 30 mg, Waters), and 
evaporated to dryness under nitrogen (30 ºC) (Flokova et al., 2014). The evaporated samples were 
reconstituted in 40 μl of the mobile phase (15% acetonitrile, v/v) and analysed by UHPLC-ESI-
MS/MS as described by Šimura et al. (2018). 
All phytohormones were detected using multiple-reaction monitoring mode of the transition of the 
precursor ion to the appropriate product ion. Masslynx 4.1 software (Waters, Milford, MA, USA) was 
used to analyze the data and the standard isotope dilution method (Rittenberg and Foster, 1940) 
was used to quantify the phytohormone levels. Five independent biological replicates were 
performed. 
 
Quantitative Real-Time RT-PCR (RT-qPCR) 
Total RNA extraction and RT-qPCR were as described by Graeber et al. (2011) with the following 
modifications: Total RNA was extracted using the RNAqueous RNA Isolation kit with addition of the 
Plant RNA Isolation Aid (Ambion, Austin, Texas, USA). Total RNA was treated with RNase-free 
DNase (Qiagen, Hilden, Germany) to remove genomic DNA contamination as described (Graeber 
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et al., 2011). RNA quality and concentration were assessed using a bioanalyzer (Agilent, Santa 
Clara, California, USA). Synthesis of cDNA was performed using 1 µg total RNA, random hexamers 
and the Superscript® III synthesis system according to the manufacturer’s instructions (Invitrogen, 
Carlsbad, California, USA). Synthesised cDNA was used for RT-qPCR using ABsolute qPCR SYBR 
Green Mix (Thermo Fisher Scientific, Waltham, Massachusetts, USA) and a BioRad CFX96 thermal 
cycler (BioRad, Hercules, California, USA). Primers were designed using Geneious (Geneious, 
Auckland, NZ) on celery sequences selected through BLASTs of known Arabidopsis thaliana and 
Nicotiana spp. sequences on the celery genomic database (Feng et al., 2018). The sequences of all 
primers can be found in Table S2. PCR products were sanger sequenced to confirm target 
amplification. Raw fluorescence data was analysed by PCR miner (http://ewindup.info/miner/). 
Reference gene suitability was assessed by the geNorm software (https://genorm.cmgg.be/), which 
identified celery homologs of two established seed reference genes (MAP2B, Clathrin) as the most 
stable and uniformly expressed across all treatments. Target gene normalization was performed 
against the geometric mean of the expression levels of these two reference genes as described 
(Graeber et al., 2011). Celery gene nomenclature is based on a combination of sequence homology 
and expression profile comparison with putative homologous genes in Arabidopsis thaliana. 
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Figure S1.  Embryo growth and micropylar endosperm thickness in imbibed fruits of three Apium 
graveolens (celery) cultivars. (a) Progression of embryo growth inside the fruit and germination 
during incubation at 20 ºC in continuous light. Embryo growth within fruits was scored as embryo:fruit 
(E:F) ratios calculated from the embryo and fruit lengths. The critical E:F ratio represents the embryo 
growth threshold value at which radicle protrusion occurs. Mean values ± SEM are presented, N=50. 
The sigmoidal non-linear regression curve fitted to the E:F ratio data had the indicated goodness of 
fit R2 values and P<0.0001. (b) Thickness of the micropylar endosperm in imbibed celery fruits. Mean 
values ± SEM are presented, N=48. Note that linear regression analysis with the R2 values indicated 
confirms that the thickness of the micropylar endosperm does not change between the start of 
imbibition and day 6. Significance was inferred using one-way ANOVA and found to be not 
significant. 
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Figure S2. Comparative SXRTM imaging of embryo growth within celery fruits. Digitally produced 

longitudinal sections of Synchrotron Radiation X-Ray Tomographic Microscopy (SXRTM) images of 

dry (a) and 5-day imbibed fruits (b). White boxes indicate the location of regions amplified in panels 

c-f. Intact endosperm cells in dry fruits (c) compared to degraded endosperm cells adjacent to the 

growing embryo in 5-day imbibed fruits (d); note the reduction in the number of aleurone grains (AL) 

and the depleted endosperm cells. (e) Small embryo and micropylar endosperm region in dry fruits 

with dense cells in the radicle and embryonic shoot including the cotyledons. (f) Radicle and 
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micropylar endosperm/pericarp region in 5-day imbibed fruits. The observed radicle tissue pattern 

as well as the cell size, shape and number, support that the embryo growth occurs by both cell 

expansion and division, this conclusion is consistent with earlier work (Van der Toorn and Karssen, 

1992). The depleted area around the radicle is part of the endospermic cavity which the embryo 

induces to permit its growth within the fruit. Note further that the expected weakening of the 

micropylar endosperm during the 5-day imbibition is not associated with a change in the thickness 

of this tissue (for measurements see Figure S1) and that the micropylar pericarp is a constraint to 

embryo emergence (see Figure S3).  
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Figure S3.  Effect of pericarp removal on celery fruit germination. (a) Germination and calculated 
germination rates (1/t50%) of celery fruits imbibed (20 ºC in continuous light) with intact (control) 
pericarp or with a portion (as indicated) of the pericarp removed. (b) Germination and calculated 
germination uniformity (t25%-t75%) of celery fruits with intact pericarp or with a portion of the pericarp 
removed. Mean values ± SEM are presented, N=50. Note that removal of the micropylar pericarp, 
but not the distal pericarp, affected celery fruit germination. 
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Figure S4.  Expression analysis of hormone-related genes during embryo growth and germination 
of celery fruits. (a) Whole fruit and compartment-specific relative transcript abundance patterns (RT-
qPCR) during celery fruit imbibition in continuous light at 20 ºC of GA- and ABA-related genes. The 
sum of AgrNCED transcripts was calculated from the results obtained for AgrNCED2, ArgNCED6 
(Figure 4) and AgrNCED9. (b) Spatiotemporal expression patterns of IAA-related genes. (c) 
Hormonal regulation of expansin, oleosin and endo-b-1,4-mannanase expression. Mean values ± 
SEM of 3 (RT-qPCR) biological replicate samples are presented; for further details see Figure 4. 
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Figure S5.  Population-based threshold modelling of ABA effects on celery fruit germination. The 
theory behind these models is that the sensitivity threshold (or base) values for each hormone are 
normal distributed within the population and that hormone concentrations above these threshold 
values trigger dose responses over time which can be described by a hormone time constant (Ni 
and Bradford, 1992, Bradford and Trewavas, 1994, Fennimore and Foley, 1998, Still and Bradford, 
1998, Bradford, 2005, Bradford et al., 2008). (a) Germination Rate (GR) analysis of ABA effects on 
the germination responses of celery fruits. The GR(g) values (speed of germination in 1/hour) are 
the inverse times to a specified germination percentage g and were derived for the percentages 
indicated from the obtained time courses (Figure 3b) of the individual germination dishes (each with 
50 fruits) for each of the three replicates either without (control) or with ABA or fluridone added at 
the concentrations indicated. 1 µM ABA (10-6 M ABA) was identified as ABA0, i.e. the highest ABA 
concentration having no effect on germination. To conduct the mathematical analysis, the 0.1 µM 
ABA and control which did not appreciably differ from ABA0, were plotted just adjacent to the 1 µM 
ABA values (i.e. the 0.1 µM ABA was not plotted at it's 10-7 M position). As the next step the obtained 
slopes and x-axis interceptions were used to derive mean and median values indicative for the 
parameter of the targeted best-fitting base ABA concentrations ("ABA sensitivity") for each 
percentage g (ABAb(g) in log[ABA]), standard deviation SD of mean log[ABAb(50)], and the ABA time 
constant QABA (in log[ABA] • h). Repeated Probit analysis (see Figure S5b) and GR analysis of 
normalised ABA times (see Figure S5c) was conducted starting with the initial and variations of each 
of the three parameter (logABAb(50), SD, QABA) until the best fitting values were obtained (R2 values 
as indicators). These were then used to plot the lines presented in panel S5a. Responses to the 
various fluridone concentrations were included and placed at the log[ABA] position where they fit 
best. Note that for 10 µM fluridone this is for example at -6.8 (0.16 µM ABA) which is very close to 
the endogenous ABA concentration on day 3 (0.1 µM ABA). These ABA concentrations are well 
below values which act inhibitory (Figure 4c). (b) Repeated probit analysis delivered -3.43 (375 µM 
ABA) as the best-fitting log[ABAb(50)] and from the slope of the best regression line (R2 = 0.95) and 
-0.91 was derived as the best-fitting SD. (c) Using these parameter in GR analysis of normalised 
ABA time delivered QABA = -435 log[ABA] • h as the best estimate for the ABA time constant.  
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Figure S6.  Auxin, cytokinin and ethylene related effects on celery fruit germination. (a) Simplified 
auxin metabolism and signalling with target sites of inhibitors indicated. (b) Spatiotemporal 
metabolite patterns of the major IAA degradation product 2-oxoindole-3-acetic acid (oxIAA) and the 
conjugated forms IAA-aspartic acid (IAA-Asp) and IAA-glutamate (IAA-Glu). Mean values ± SEM of 
5 (metabolites) biological replicate samples are presented; for further details see Figure 5. (c) Effects 
of treatment with hormones and hormone-related 1inhibitors on the germination of celery fruits 
imbibed at 20 ºC in continuous light. Mean values ± SEM of three plates each with 50 fruits are 
presented. Note that very low IAA concentrations (0.05-0.5 nM) may have a minor promoting effect 
and that 100 µM IAA significantly delayed celery fruit germination by ca. 4 days. A similar delay was 
observed with 100 µM of the ethylene precursor 1-aminocyclopropane-1-carboxylic acid (ACC) 
suggesting that auxin-ethylene may also be involved. 
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Table S1. Whole celery (Apium graveolens) fruit contents of bioactive and inactive gibberellins (GA), 

abscisic acid (ABA) and associated degradation products, phaseic acid (PA) and dihydrophaseic 

acid (DPA), indole-3-acetic-acid (IAA) and associated degradation product (oxIAA) and conjugated 

forms (IAA-Asp and IAA-Glu). Seeds were sampled dry and after 1, 3 or 5 days of incubation in water 

at 20°C with continuous illumination. For 5-day samples seeds were separated into the non-

germinated (NG) and germinated (G) fractions and results shown as indicated. For IAA and ABA 

seed tissue quantification was performed on fruits separated into the three major compartments 

(embryo, endosperm, pericarp) at the indicated durations of incubation at 20°C with continuous 

illumination. The two major GA metabolic pathways, the 13-non-hydroxylated (in blue) and 13-

hydroxylated (in red), are indicated. Values are means ± SE of 5 biological replicates and are 

expressed in pmol/g dry weight for the whole fruit measurements, and fmol/compartment for the 

segregated tissue analyses, except those metabolites indicated by an asterisk ("*") which are in 

amol/compartment. <LOD = metabolite was below the limit of detection. 

 
 

Whole fruits (pmol/g) 
 Days at 20°C 

Dry seed 1 day 3 days 5 days (NG) 5 days (G) 

Gibberellins (13-
non-hydroxylation 

pathway) 

GA15 0.18 ± 0.04 0.08 ± 0.02 0.06 ± 0.01 0.05 ± 0.02 0.09 ± 0.03 
GA24 0.59 ± 0.09 0.25 ± 0.09 0.73 ± 0.07 0.12 ± 0.02 0.25 ± 0.06 
GA9 0.02 ± 0.00 0.05 ± 0.02 0.09 ± 0.03 0.05 ± 0.02 0.05 ± 0.01 
GA51 16.89 ± 1.35 4.90 ± 0.72 1.97 ± 0.39 3.43 ± 0.23 4.12 ± 0.40 
GA4 1.18 ± 0.14 0.73 ± 0.11 1.26 ± 0.06 1.35 ± 0.12 1.36 ± 0.11 
GA34 16.14 ± 0.63 3.14 ± 0.08 3.44 ± 0.05 3.77 ± 0.07 3.73 ± 0.21 
GA13 0.51 ± 0.06 0.24 ± 0.04 0.17 ± 0.03 0.18 ± 0.03 0.22 ± 0.02 
GA7 1.14 ± 0.10 1.08 ± 0.08 1.17 ± 0.12 1.06 ± 0.11 1.13 ± 0.03 

Gibberellins (13-
hydroxylation 

pathway) 

GA53 3.39 ± 0.46 1.18 ± 0.14 1.68 ± 0.17 1.36 ± 0.14 1.44 ± 0.07 
GA44 4.97 ± 0.33 4.88 ± 0.45 2.52 ± 0.20 4.80 ± 0.29 4.36 ± 0.37 
GA19 25.69 ± 0.58 1.94 ± 0.10 2.12 ± 0.18 2.36 ± 0.11 2.53 ± 0.09 
GA20 15.97 ± 0.77 4.87 ± 0.34 4.95 ± 0.28 5.58 ± 0.14 5.04 ± 0.27 
GA29 373.49 ± 25.9 9.29 ± 0.80 15.84 ± 0.59 21.46 ± 1.06 14.54 ± 0.68 
GA1 3.94 ± 0.32 1.70 ± 0.19 1.24 ± 0.27 2.02 ± 0.29 2.25 ± 0.28 
GA8 184.81 ± 7.60 7.97 ± 0.35 7.81 ± 0.35 11.20 ± 1.08 11.79 ± 0.60 
GA5 0.81 ± 0.14 0.08 ± 0.02 0.05 ± 0.01 0.10 ± 0.02 0.10 ± 0.02 
GA6 1.02 ± 0.04 0.85 ± 0.02 0.88 ± 0.04 0.81 ± 0.04 0.77 ± 0.02 
GA3 0.34 ± 0.02 0.08 ± 0.02 0.16 ± 0.03 0.16 ± 0.01 0.11 ± 0.05 

Abscisic acid 
(ABA) and 

products of its 
catabolism 

ABA 4371.98 
± 241.04 

289.90 
± 3.21 

172.10 
± 6.77 

174.54 
± 11.91 

147.84 
± 4.87 

PA 5321.28 
± 540.97 

1532.12 
± 201.10 

442.88 
± 48.93 

403.40 
± 23.76 

360.64 
± 38.34 

DPA 233.75 
± 32.55 <LOD <LOD <LOD <LOD 

Indole-3-acetic 
acid (IAA) and 

catabolic forms 
(oxIAA, IAA-Asp & 

IAA-Glu) 

IAA 0.86 ± 0.03 0.12 ± 0.01 0.19 ± 0.03 0.21 ± 0.03 0.29 ± 0.03 
oxIAA 0.72 ± 0.05 0.38 ± 0.05 0.36 ± 0.04 0.32 ± 0.03 <LOD 

IAA-Asp 80.58 ± 5.37 97.17 ± 3.67 89.98 ± 2.37 90.50 ± 7.70 64.24 ± 7.07 
IAA-Glu 0.18 ± 0.01 0.15 ± 0.01 0.14 ± 0.01 0.14 ± 0.01 0.14 ± 0.01 
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Table S1 continued… 
 

Tissue analysis (fmol/compartment, except those indicated 
by ‘*’ which are amol/compartment) 

Days at 20°C 
1 day 3 days 5 days (NG) 

Abscisic acid 
(ABA) and 

products of its 
catabolism 

Embryo 
ABA 4.18 ± 0.09 1.74 ± 0.02 1.90 ± 0.02 
PA 4.35 ± 0.13 2.41 ± 0.16 1.40 ± 0.11 

DPA 1.42 ± 0.20 1.44 ± 0.11 0.76 ± 0.22 

Endosperm 

ABA 14.60 ± 0.84 9.09 ± 0.46 9.43 ± 0.19 

PA 568.89 
± 81.02 

217.86 
± 35.64 

16.24 
± 0.82 

DPA <LOD <LOD <LOD 

Pericarp 
ABA 38.15 ± 1.27 28.14 ± 1.09 39.36 ± 0.82 
PA 71.31 ± 5.67 63.81 ± 1.79 107.0 ± 4.34 

DPA <LOD <LOD <LOD 

Indole-3-acetic 
acid (IAA) and 

catabolic forms 
(oxIAA, IAA-Asp 

& IAA-Glu) 

Embryo 

IAA* 0.53 ± 0.13 4.29 ± 0.27 8.02 ± 0.78 

oxIAA* 0.001 
± 0.000 

0.005 
± 0.000 

0.003 
± 0.000 

IAA-Asp* 45.80 
± 1.93 

224.40 
± 12.03 

417.40 
± 11.40 

IAA-Glu* 0.001 
± 0.000 

0.001 
± 0.000 

0.002 
± 0.000 

Endosperm 

IAA* 36.14 ± 3.67 27.04 ± 1.87 31.26 ± 2.47 

oxIAA* 0.288 
± 0.035 

0.213 
± 0.023 

0.198 
± 0.029 

IAA-Asp* 15087.7 
± 1147.5 

12308.5 
± 472.9 

10032.4 
± 528.4 

IAA-Glu* 0.014 
± 0.002 

0.017 
± 0.020 

0.017 
± 0.002 

Pericarp 

IAA* 11.12 ± 0.52 12.52 ± 0.36 25.80 ± 2.10 

oxIAA* 0.033 
± 0.004 

0.022 
± 0.001 

0.028 
± 0.001 

IAA-Asp* 125.38 
± 10.06 

578.28 
± 18.65 

473.90 
± 19.79 

IAA-Glu* 0.000 
± 0.000 

0.001 
± 0.000 

0.000 
± 0.000 
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Table S2.    Primer sequences used for RT-qPCR. 

a Reference gene, b Target gene, c Primer pair targets several oleosin genes, d Amplicon length is 

based on sequences derived from CeleryDB (http://apiaceae.njau.edu.cn/celerydb). 

 

 
Gene ID 

 
Forward Primer (5’à3’) 

 
Reverse Primer (5’à3’) 

Amplicon 
length 
(bp)d 

MAP2Ba CAGACGAAAATGGAAGAGGGTG GCATGTGCCCGACATCAAA 125 

CLATHa GTTGGCTGGCGTAGAGAAGG TCCCAGTTACATCACAGCGC 121 

GA20ox2b GGTTATGCTAGTAGCTTTACCGGA TCAACCATAGTGGATGAGGTCTTC 107 

GA20ox3b AGCCTTGGTATTGGTCCATCG GATCCGGTTTCTGGCAAGGA 97 

GA20ox5b TTAGGTGTGGAAGCTGAGCAA TATAGTTATTGCGGTTGGATCAGC 144 

GA3ox1b CCAGTTTGTCCGGATCCAGG CCTTCAATGGGAGGCACACT 146 

GA3ox2b AGTCACTGTCAATCGGGAGC TTCACTCCATGTAACGGCCC 139 

GA2ox6b TTTTCGGGTCAATCATTATCCTCC TGAGGGTCTGAATGTTCTCCAA 141 

TAR2b CGCATGGCTGAAATGTGAGG AAGTGTTTTCCGCCTCTGGT 90 

YUC1b CATCAGGCCTTGCAGTCTCA GGGCAGCTCACAAAAGTTCTG 149 

YUC2b GAAAGGCGAGAGTGGGCTAT 
 

CTCTGCCTTCCAACACCGTT 112 

YUC3b ATTTTCGCTCGTCGTTGCAC AGAGGCAATGCAGTCAGCTT 138 

YUC7b ACAATGCCTAACTGTCCGGG AGCATGCATGACATTGCCAC 138 

YUC10b AAGAGGAATGGTGCACTGGG AGGGACCTTCTTGTGGCCT 140 

ILL1b GCTATGCAGGAGGAAGTGGA AATCATGCCGGTGCTCTTGA 130 

ILR1b GCAACACAGTGCTCTTGACG TGTAAACAGGCCTGACCCAG 121 

NCED2b GGAAAATCCAGTTGCAGGGC TCGTCCCAACAAATTCCGGT 87 

NCED6b CACCCGTGATCCATGATCCG CCTCCCAGGCATTCCATAGG 132 

NCED9b AGAGGCAGGGATGGTGAACA ACTTTAGGCCACGGCTCAG 84 

CYP707A2 b GTTCTGTTCGCGATGAAGCA AGTGAGCATGAGACACCAGC 124 

CYP707A1b TGCCTCCAAAGTCAAGAAGTTTG CAGCTGCAGGGCTTGAAATC 86 

OLEO b,c CACAACACACCAACCACTCC CGGCGAGGAAAAGTAGGGTT 123 

MAN1b GCCGCAGACCCTAGTATGAG GTGCATTACTACTGCCATCGG 112 

EXPA2b ATGGACAGAGATGTGGAGCG TTGTCATTGGAGAGGGCGTT 127 

EXPA1b GAGGTGCTGGAGATGTGCAT ACTTTGCCAGTTCTGTCCCC 92 




