Pre prints.org

Article Not peer-reviewed version

Association Between [3-Ketoacyl-Acyl
Carrier Protein Synthase Genes and
Seed Oil Accumulation in Jatropha
curcas L.

Isidro Ovando-Medina * , Lourdes Adriano-Anaya , Juan Pablo Camacho-Lopez,
Jose Alfredo Vazquez-Ovando , Miguel Salvador-Figueroa

Posted Date: 13 March 2026
doi: 10.20944/preprints202603.1002.v1

Keywords: seed oil; biofuels; phenotype; chemotype; gene regulation

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/115940
https://sciprofiles.com/profile/805692
https://sciprofiles.com/profile/1999248
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 March 2026 d0i:10.20944/preprints202603.1002.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article
Association Between p-Ketoacyl-Acyl Carrier Protein

Synthase Genes and Seed Oil Accumulation in
Jatropha curcas L.

Isidro Ovando-Medina *, Lourdes Adriano-Anaya, Juan Pablo Camacho Lopez, José Alfredo
Vazquez-Ovando and Miguel Salvador-Figueroa

Instituto de Biociencias. Universidad Auténoma de Chiapas. Boulevard Principe Akishino s/n, colonia Solidaridad 2000,
Tapachula, 30798, Chiapas, México.
* Correspondence: isidro.ovando@unach.mx

Abstract

Jatropha curcas L. is a bioenergy crop of interest because of the high oil content in its seeds suitable for
conversion into biofuels. However, its oil content is extremely variable among accessions and the
mechanism of oil accumulation is poorly understood in this oleaginous species. In this study we
analyzed cloned plants of three chemotypes of |. curcas collected in Chiapas, Mexico: CAC-3, COM-1
and MAP-2. All are monoecious and accumulating different amounts of seed oil: 10 %, 30 % and 54
%. We studied the expression of the 3-ketoacyl-acyl carrier protein (ACP) synthase genes (KAS) in
developing seeds and their relationship with the content and composition of the oil. Differences of
the levels of expression of the KASI and KASII genes were found, while KASIII gene was expressed
at high levels in all three chemotypes. The expression of KASI and KASII was statistically associated
to the oil accumulation. Results of this study are discussed based on the regulation of the transcription
of the KAS genes, in order to contribute to the understanding of the oil accumulation in the seed and
could be of value for designing biotechnological strategies with which to improve this species.

Keywords: seed oil; biofuels; phenotype; chemotype; gene regulation

Introduction

Jatropha curcas L. is a Euphorbiaceae plant that is considered native to Mexico (Souza et al., 2022;
Steinmann et al., 2026) and nowadays widely distributed in the tropic zones (Neupane et al., 2021); it
has gained interest because of the high oil content in its seeds, suitable for conversion into biofuels
(Ovando-Medina et al., 2011; Zhou et al., 2025). However, the oil content in J. curcas seeds has shown
high variation among accessions, for example, the Mesoamerican germplasm contains (in dry weight
basis) between 8 - 54 % (Martinez-Herrera et al., 2010), while Asia and Africa accessions accumulate
between 28 - 38.8 % (Kaushik et al., 2007), although other authors mention that the range is between
18.9 - 38.34 % (Ginwal et al., 2004; Naresh et al., 2012; Borah et al. 2021). In terms of seed oil
composition, it has been found that the most prevalent fatty acids are: oleic (18:1), linoleic (18:2),
stearic (18:0) and palmitic (16:0) (Martinez-Herrera et al., 2006; Booranasrisak et al., 2013; Wu et al.,
2013; Borah et al., 2021). The high variation of oil content is regulated at several levels (genetic and
environmental); however, the genetic effect is of greater importance (Wei et al., 2025). In order to take
advantage of this high variation in seed oil content, it is important to analyze the molecular
mechanisms of fatty acid biosynthesis and the accumulation of lipids during seed development
(Voelker and Kinney, 2001).

Angiosperms store oil in the seeds as an energy source for embryo development during
germination (Voelker and Kinney, 2001). The biosynthesis of fatty acids in the seeds is performed in
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the plastids of the endosperm cells, where carbon chains of fatty acids are lengthened by increments
of two carbons (Liu ef al., 2013; Wei et al., 2025). Previous studies have been carried out on the
diversity of key enzymes in fatty acid biosynthesis in many plants, including J. curcas (Costa et al.,
2010; Xu et al., 2011; Gu et al., 2012; Liu et al., 2013), although most of available information has been
generated on Arabidopsis thaliana (Baud et al., 2009; Wu and Xue, 2010; Wei et al., 2025). The enzymes
[-ketoacyl-acyl carrier protein (ACP) synthase I, II and III (from genes called KAS), are involved in
the elongation of the acyl chain (Voelker and Kinney, 2001; Li et al., 2008; Wei et al., 2012; Liu et al.,
2013). It has been reported that KAS genes exhibit differential expression during the course of seed
oil development (Baud and Lepiniec, 2010; Xu et al., 2011; Gu et al., 2012).

In J. curcas has been showed that both oil content and fatty acid composition have high
heritability (Kaushik et al., 2007; Gohil and Pandya, 2009; Ovando-Medina et al., 2011), having clearly
differentiated chemotypes for these variables. The differential accumulation of oils in J. curcas
chemotypes could be result of genetic rather than environmental factors, for that reason the objective
of this study was to determine the relationship between KAS gene expression and the content and
composition of seed oil in different J. curcas chemotypes.

Material and Methods
Study Site

Plants were obtained from the Germplasm Bank of Jatropha of the Instituto de Biociencias (IBC)
of the Universidad Autonéma de Chiapas, located in the municipality of Tapachula, in Chiapas,
Mexico (14.4976 N, 92.4774 W; 58 meters above sea level) in a soil type andosol containing 2.5 % of
organic matter, with no crop management. The average temperature of the site is 34 °C, ranging from
28 to 38 °C) and the mean precipitation is of 1618 mm.

Biological Material

We analyzed five cloned plants of each of three chemotypes of J. curcas collected in Chiapas,
Mexico: CAC-3, COM-1 and MAP-2. All are monoecious and accumulate different amounts of seed
0il: 10 %, 30 % and 54 %, respectively. Seed oil accumulation has been stable during at least ten annual
productive cycles and this characteristic is a strongly heritable trait in all three chemotypes (Ovando-
Medina et al. 2011). The plants were manually self-pollinated by placing mature anthers onto the pistil
of the female flowers of the same panicle at anthesis. Pollinated flowers were bagged with net bags
(of 1 mm mesh), which were removed following confirmation of fertilization. Fruits were collected at
six different stages of development (12, 18, 24, 30, 40 and 50 days after pollination (dap)), transferred
to the laboratory on ice, washed with water and 70 % ethanol and stored at -30 °C until processing.
Representative samples were taken to determine the moisture content, size and sphericity of fruits
and seeds. To calculate sphericity this formula was used: S = (Lm x Lp1l x Lp2)%33 x Lm!, where S:
sphericity, Lm: length (cm), Lp1: equatorial thickness (cm), Lp2: 2 equatorial width (cm) (Karaj and
Miiller, 2010).

Total RNA Extraction

The extraction of total RNA from whole seeds (1 g) was performed using the Ultra Clean Plant
RNA Isolation kit (MO BIO® Laboratories, USA), following the manufacturer's recommended
protocol. The extract was treated with DNase free of RNase RQI (Promega ®, USA) to remove
genomic DNA. The integrity of isolated RNA was tested in a 1% agarose gel electrophoresis run to
80 V, 30 min), stained with 1 ng cm ethidium bromide for 5 min and visualized on a Gel Doc EZ
Imager transilluminator (BioRad®, USA). The RNA was quantified by measuring absorbance at 260
nm with a spectrophotometer (Jenway® Nano Genova, Dunmow, United Kingdom).

RT-PCR of KAS Genes
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Conversion of RNA to cDNA was performed by RT-PCR (reverse transcription in polymerase
chain reaction) in one step, using specific primers for partial sequences of KASI, KASII and KASIII
genes. The constitutive gene 18S rRNA was used as a normalizer for the level of expression (Table 1).
The RT-PCRs were individual, that is, one for each gene/chemotype/stage of development. In all
cases, the 5' oligonucleotide was labeled at the 5' end with the fluorescent molecule WellRed® D3 or
D4 (Beckman Coulter®, USA). The reaction protocol consisted in mixing 100 ng of RNA template
(measured with a NanoDrop® equipment), 25 U of reverse transcriptase M-MLV (200 U mm- in 50
mM Tris-HCl buffer with 0.025mM of oligo (dT) and 0.25mM of poly(A); Promega®, USA), 2.5 mm?
of ViBuffer® PCR buffer 10X (pH 9.1; Vivantis®, USA), 1.25 mm? of MgClz (25 mM), 1 mm? of a dNTPs
mix (10 mM each), 1 U of Taq DNA polymerase (GoTaq® Flexi DNA Pol, Promega®, USA), and 10
pmol of each oligonucleotide for KAS genes (Table 1). This was completed to 25 mm? with milli-Q®
sterile water and placed in a thermocycler (Techne® TC 3000, UK), with the following protocol: 50 °C
2 min and 95 °C for 10 min, followed by 30 cycles of 95 °C for 15 s, 59 °C for 15 s and 72 °C for 32 s,
followed by a final extension at 72 °C for 10 min and cooling at 4 °C.

Table 1. Sequences of oligonucleotides used to amplify KAS and 185 rRNA genes cDNAs from Jatropha curcas

seeds.
GenBank
Forward Primer Reverse Primer
Gene Name Abbreviation Accession
5" =3 5" =3

Number
[-ketoacyl-acyl
carrier protein GCCCTCCAATCCC TTTTAGITGGAGGT
synthase I* KASI CATCTAT TTCGTTGCA DQ987699
-ketoacyl-acyl
carrier protein ACGTGCGCCAAG GCCCAGCGACTGA
synthase II* KASII GAGAAC GTCTGTT DQ987700
- ketoacyl-acyl
carrier protein GCGGTTCGAAGTG CCCAAGTTAGACC
synthase III* KASIII GGAAA AGCTCCAAA DQ987701
185 ribosomal AGAAACGGCTAC CCAAGGTCCAACT
RNA** 18S5rRNA CACATC ACGAG AY823528

*KAS gene primers were synthesized based on sequences reported by Xu et al., 2011.

**185 rRNA gene primers were synthesized based sequences reported by Najafpanah et al., 2013.

Resolution of Amplicons

Detection of amplification products was performed using electrophoresis in polyacrylamide gel
at 14% (80 V, 2 h). The gel was stained with ethidium bromide (10 min in 1 ng cm- solution) and
visualized on a Gel Doc® EZ Imager transilluminator (BioRad®, USA; Figure 1). Amplified products
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were desalted by two precipitations with cold ethanol in the presence of 0.25 mm? of glycogen (20 mg
cm?; Boehringer-Mannheim®, Germany). The samples were re-suspended in SLS (Sample Loading
Solution, Beckman Coulter®, USA) buffer. The amplicons (the three KAS genes and the 18S *rRNA
gene for each stage of development/chemotype) were subsequently resolved together by capillary
electrophoresis on acrylamide. For this, 0.5 mm? of each of the amplified were mixed with 0.25 mm?
of standard molecular size marker DNA 400 bp (Beckman Coulter®, USA), which contains fragments
of between 60 bp and 400 bp labeled with fluorogenic Wellred® D1 (Figure 2).

700bp o=

500 bp 185rENA
400bp | »

300 bp

- KQS' KASII KASIII

v v

150 bp
100 bp

75 bp

50 bp

25bp

Figure 1. Pattern of KAS gene expression (f3-ketoacyl-acyl carrier protein synthase I, IT and III) in a representative
sample of Jatropha curcas MAP-2 chemotype at 40 days after pollination, obtained by RT-PCR. The reference gene
was 185 rRNA. Samples were resolved on a 12% polyacrylamide gel. Molecular size marker is GeneRuler™ Low
Range DNA Ladder (Fermentas™, Hanover, MD, USA).
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Figure 2. Electropherogram showing gene transcript levels in a representative sample of Jatropha curcas CAC-3
accession obtained by capillary electrophoresis using an automated fluorescence sequencer. Amplified cDNA
fragments shown in green represent transcripts KAS genes ([3-ketoacyl-acyl carrier protein synthase I, II, and III)
involved in fatty acid biosynthesis. Fragment shown in blue represents the reference gene 18S rRNA. Standard

molecular size markers (60-400 bp) are shown in red.

This was placed in the well of a plate, adjusted to 25 mm? with SLS buffer and a drop of mineral
oil added. The resolution of fragments was performed on a CEQ8000® (Beckman Coulter®, USA)
equipment, with the following conditions: capillary temperature 35 °C, denaturation temperature of
90 °C, injection at 2.0 KV and separation for 60 min at 7.5 KV. Electropherograms obtained were
analyzed with the program CEQ®8000 Genetic Analysis System version 9.0.25 (Beckman Coulter®,
USA).

Extraction and Analysis of Seed Oil

The seeds (at least three seeds per replication) collected from the six stages of development were
weighed and dried at 40 °C for 24 h. Then the seeds were homogenized and analyzed for oil content
(% m/m), by Soxhlet method (920.39, AOAC 1997). Fatty acid composition was analyzed by preparing
fatty acid methyl esters (FAMEs) and analyzing these by gas chromatography/mass spectrometry
(Ovando-Medina et al., 2011).

Data Analysis

Both genetic and chemical studies were performed with five replicates. A replicate consisted of
1 g of seeds of each chemotype at each stage of development from an independent inflorescence.
Based on the molecular size of each amplicon the control and KAS genes were identified in the
electropherograms generated (Figure 2) and the area of each peak as an indicator of the level of gene
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expression was determined. The expression of each KAS gene was calculated in percentage
relationship to the 18S rRNA gene (semi-quantitative). The data for content of seed oil and for size
and sphericity of the fruit and seeds were processed through of ANOVA and mean comparison
(Tukey a 0.05).

Correlation analyses were performed between the dynamics of KAS genes expression and the
dynamics of seed oil accumulation in each chemotype. Considering the non-normality of the
variables we use a Spearman test (a = 0.05; McDonald 2009). For these analyses, the data were
matched in a de-phased approach: i.e., the genes expressions at 12 dap with the oil content to 18 dap,
and so forth. In addition, we performed correlation analyses between the average gene expression
data and the quantity and final composition of oil.

All statistical analyses were carried out with the software XLStat©.

Results

Fruit Development and Seed

Fruits were visible 12 days after pollination (dap). Fruit formation dynamics were similar in the
MAP-2 and COM-4 accessions, while the CAC-3 had slower growth (Figure 3). Fruit sphericity
differed significantly among the chemotypes (P = 0.038), with the CAC-3 accession showing a
sphericity index close to 1 (0.972). MAP-2 produced ovoid fruits with sphericity of 0.882 and COM-4
had elongated fruits with sphericity of 0.881. Likewise, the chemotypes differed significantly in fruit
equatorial diameter (P = 0.008), with MAP-2 and COM-4 exhibit the highest value (3.54 cm and 3.52
cm, respectively) and CAC-3 the smallest (2.91 cm).

Although the ovaries of the three accessions have three locules with one ovule each, 90 % of
CAC-3 fruits had only two seeds. The other two accessions usually formed three seeds per fruit.

Differences in the shape of the seeds (P = 0.002) among chemotypes were found, as the MAP-2
and COM-4 accessions had elongated-ovoid seeds (sphericities of 0.608 and 0.620, respectively), while
CAC-3 had ovobate seeds (sphericity of 0.693) due to greater equatorial diameter (Figure 3).
Accession CAC-3 also differed from the other two in the length of the seed, being significantly shorter
(1.97 cm, compared to 2.22 cm for MAP-2 and 2.12 cm for COM-4; P <0.0001). Notwithstanding the
foregoing, the fresh mass of CAC-3 accession seeds (1.423 g each seed) was statistically the same (P >
0.05) as those of the MAP-2 accession (1.358 g) and different (P = 0.002) from those of COM-4 (1.182
g)-

De-phased growth of locules in the ovary and seeds in the COM-4 accession was observed, since
the fruit lengthened from the 24 dap, while the seeds completely occupied the locular cavity until 40
dap. In the other two accessions the dephased growth mentioned did not exist. Seed development
began in the three accessions with the formation of liquid endosperm (90 % water), associated with a
translucent white seed (Figure 3). However, the MAP-2 accession endosperm became semi-solid (50
% moisture) from 24 dap, associated with a rapid increase in volume and testa development. The
seed of this accession acquired solid consistency (30 % moisture) and a brown seed coat at 40 dap,
completing its development at 50 dap (25 % moisture). Seeds of COM-4 accession acquired semi-solid
(58 % moisture) consistency at 30 dap and, from that stage, the endosperm started becoming solid
until culminating with 29 % water and black hard seed coat (50 dap). Seeds of CAC-3 accession
maintained liquid consistency until 24 dap and at 30 dap humidity was 80 %; from this stage seed
volume increased rapidly and the color changed to yellow so that at 40 dap the seed had 30 % water
and 50 dap seed was fully developed with only 13 % water.
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Figure 3. Development of fruits and seeds in Jatropha curcas MAP-2, COM-4, and CAC-3 chemotypes after

manual self-pollination using male and female flowers from the same inflorescence.

Pattern of Oil Accumulation in the Seed
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The dynamics of oil accumulation in the studied chemotypes is shown in Figure 4. Only MAP-2
presented sigmoidal dynamics with substantial increase from 24 dap. In the case of COM-4 the largest
accumulation of oil was between 40 dap and 50 dap, without reaching a stationary phase during the
study period. For CAC-3 gradual increase of oil content from 24 dap was observed, without
exceeding the 10 % oil (w/w). For this variable, highly significant differences between chemotypes
was found (P = 0.0001) especially at end of seed development.
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Figure 4. Oil accumulation during seed development in three Jatropha curcas chemotypes. Different letters beside
curves denote statistical differences among means (Tukey’s test, a = 0.05). Before the day 30 there were not

differences among chemotypes.

Relationship of KAS Gene Expression and Oil Content

The expression of KASI, KASII and KASIII genes was found during all the time of seed
development of all the chemotypes. In the MAP-2 and COM-4 chemotypes the highest expression of
genes was found at 40 dap (KASI of COM-4, at 50 dap), whereas for the chemotype CAC-3 this value
reached 50 dap (Figure 5). Respect to 185 rRNA expression level, the relative maximum values for
KASI, KASII and KASIII in the MAP-2 accession were 62.8 %, 63.5 % and 75.7 %, respectively, all at
40 dap; for accession COM-4 it was 61.3 %, 26.4 % and 71.3 %, the first at 50 dap and the remaining
at 40 dap; and for the accession CAC-3 they were 34.4 %, 27.6 % and 82.5 %, all at 50 dap.
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Figure 5. Transcript profiles of KASI, II, and III encoding (3-ketoacyl-acyl carrier protein synthase I, II, and 1II,
respectively, during seed development in Jatropha curcas chemotypes MAP-2, COM-4, and CAC-3. Gene
transcript levels are relative to that of 18S rRNA. Data are means of five biological replicates. DAP: days after

pollination.

Spearman’s correlation analyses showed that, in MAP-2, the transcription profiles of the three
KAS genes correlated significantly (P < 0.0001) to seed oil accumulation, as well as to each other. In
COM-4, the transcription profiles of KASI and KASIII, but not that of KASII (P = 0.083), correlated
with seed oil accumulation (P < 0.0001). The transcript profiles of the three KAS genes did not
correlate among themselves in COM-4. In CAC-3, oil accumulation was correlated with the transcript
levels of KASII and KASIII (P < 0.0001), but not with that of KASI (P = 0.133). The transcript profiles
of the three genes did not correlate among themselves in CAC-3.

The transcript levels of KASI and KASII, among chemotypes, correlated positively and
significantly (P < 0.05) to the final amount of seed oil, but not to its composition. KASIII correlated
positively and significantly (P < 0.0001) to the amount of palmitic acid (16:0), oleic acid (18:1) and
saturated fatty acids, but not with the total amount of seed oil (Table 2). The seed oil composition in
the three chemotypes is shown in Figure 6.
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Figure 6. Simplified scheme of fatty acid synthesis pathway in plants. Legends under KASI, KASII, and KASIII
represent their respective transcript levels in three Jatropha curcas chemotypes at 40 days after pollination (DAP).
Values under fatty acids show their percentage in seed oil at 50 dap in each chemotype. Abbreviations: ACC,
acetyl-CoA carboxylase; MAT, malonyl-CoA transacylase; KAS III, B-ketoacyl-acyl carrier protein synthase IIL;
KAR, keto-acyl-ACP reductase; HAD, hydroxyacyl-ACP dehydratase; ER, enoyl-ACP reductase; KASI, 3-keto-
acyl-ACP synthase; KASII, B-keto-acyl-ACP synthase; FatA, acyl-ACP thioesterase A; FatB, acyl-ACP
thioesterase B; SAD, stearoyl-ACP desaturase; FAD2, Oleoyl desaturase 2; PCH, palmitoyl-CoA hydrolase. The
pathway is modified from Costa et al. (2010).

Table 2. Correlation matrix (Spearman) of KAS genes transcripts levels and five seed oil variables in three

chemotypes of Jatropha curcas L.

Oil Linoleic acid
Variables KASI KASII KASIII Palmitic acid (16:0) Stearic acid (18:0) Oleic acid (18:1)
content (18:2)
KASI - 0.479 -0.416 0.828 0.461 -0.470 0.172 -0.349
KASII 0.072 - 0.243 0.871 0.136 -0.139 0.300 -0.346
KASIIT 0.124 0.378 - -0.471 0.839 0.346 0.632 -0.857
Oil content 0.000  0.050 0.078 - 0.611 -0.529 0.293 -0.446
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Palmitic acid (16:0) 0.084  0.625  <0.0001 0.017 - -0.257 0.629 -0.793
Stearic acid (18:0) 0.079  0.621 0.204 0.045 0.354 - 0.082 0.089
Oleic acid (18:1) 0.536  0.274 0.013 0.286 0.014 0.768 - -0.739

Linoleic acid (18:2) 0.203 0.206  <0.0001 0.097 0.001 0.748 0.002 -

Values in bold are different from 0 with a significance level alpha = 0.05. Data below the diagonal are the p

values.

Discussion

The purpose of establishing J. curcas as a new crop is the production of oil in adequate quantities
and with proportions of lipids suitable for the production of biofuels. Studies of the dynamics of fruit
formation and on lipid biosynthesis and accumulation are therefore of great importance in the search
for varieties that are best suited for planting.

The dynamics of COM-4 fruit development, in terms of size and shape were similar to that
reported by Jiang et al. (2012) and Liu et al. (2013). The fruits of CAC-3 developed more slowly, were
smaller and their seeds were more spherical, while the MAP-2 fruit developed rapidly were large
and both fruits and seeds were ovoid. This fruit and seed phenotype had not previously described
for J. curcas. There have been several recent studies on the synthesis of fatty acids, triglycerides
assembly and the structure of oleosomes in J. curcas using germplasm collected in Asia, (Xu et al.,
2011; Gu et al., 2012; Liu et al., 2013) where this species was introduced from America centuries ago.
However, the lack of specific enzymes mutant and low genetic variability reported in Asian
accessions, of J. curcas has limited studies on the dynamics of oil accumulation. The pattern of seed
oil accumulation in MAP-2 chemotype was similar to that reported by Jiang et al. (2012), who reported
up to 55 % oil at 39 dap in seeds without seed coat, this value would correspond to approximately
38% oil based on the whole seed, considering that the testa represents about 30 % of the seed weight
(Martinez-Herrera et al., 2010). Similarly, Liu ef al. (2013) reported 36 % oil at 40 days after flowering.
The dynamics of accumulation of oil found in COM-4 and CAC-3, featuring a long latent period
before accumulation have not been reported previously in J. curcas.

Our study had some technological limitations, for example, the samples were not freezed
immediately after the collection, which allowed changes in the expression of genes during the
transfer from the field to the laboratory. One of the most important and crucial issues is the use of
semiquantitative RT-PCR for measuring levels of gene expression, because the use 40 cycles of PCR
could have saturated the reaction. However, the experimental design ensured that all samples were
treated in the same way, so the differences found are due to the differences among samples and not
to their experimental handling. Transcript levels of KASI, KASII and KASIII in MAP-2, COM-4 and
CAC-3 (Figure 6) at least partly explain the differential oil accumulation among the three chemotypes.
It has previously been reported that KAS genes are encoded at a single locus in the nuclear genome
(Gonzalez-Mellado et al., 2010; Li ef al., 2008). Therefore, the difference in transcript levels among the
three chemotypes (significant lower transcript levels of KASII in COM-4 and CAC-3 that in MAP-2
and significantly lower transcript levels of KASI in CAC-3 than in MAP-2 and COM-4) are not the
results of differences in the gene copy number among the chemotypes. It is also assumed that the
post-maturation processes of the mRNA of each gene (export, translation, post-translation and
protein half-life) are similar, and are not altered among the studied chemotypes. The relative
transcript level of KASIII was similar in the three chemotypes studied, although its accumulation was
delayed in CAC-3. This leads us to speculate that regulation and/or processing of the primary
transcript (immature mRNA) is similar among the three chemotypes. The fact that final amount of
seed oil did not correlate significantly with the transcript levels of KASIII in the three chemotypes
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(only with its composition) suggests that the amount of the KASIII gene product is not a limiting
factor in oil accumulation.

There were much lower transcript levels of KASII in COM-4 and CAC-3 than in MAP-2, and
much lower transcript levels of KASI in CAC-3 than in MAP-2 and COM-4. These differences could
be the result of differential regulation of transcription and/or processing of the primary transcript
among the chemotypes. Scarce studies have focused on the processes regulating the expression of
genes involved in oil synthesis in plants. Several authors speculated that the transcriptional control
could be similar to that of the yeast Saccharomyces cerevisine (Schuller et al., 1992; Ohlrogge and
Eccleston, 1996). In this sense, Lloyd et al. (1992) and Ohlrogge and Jaworski (1997) suggested the
existence of global transcriptional signals that control expression. Recently, Jiang et al. (2012)
demonstrated that the presence of transcription factors FUSCA2 (FUS2), INSENSITIVE-ABSCISIC
ACID 3 and 4 (ABI3 and ABI4) and WRINKLED1 (WRI1), detected during the filling stage of J. curcas
seeds were homologs of genes expressed during the synthesis of fatty acids in A. thaliana. Based on
these findings, we proposed that the lower concentration of oil in COM-4 and CAC-3 chemotypes
may be related to the positive or negative control of fatty acid synthesis by transcription factors. This
notion is supported by a study of the A. thaliana mutant wril, which presented drastically decreased
fatty acids synthesis (Baud et al., 2009). Similarly results reported by Tai and Jaworski (1993), who
found no increase in the accumulation of oil in KASIII gene over-expression in tobacco, show that in
this plant (where KAS gene expression is similar) the excess mature transcript of KASIII protein or its
reaction product are not regulators of subsequent stages in fatty acid synthesis.

The possibility that post-transcriptional processing (maturation) of the mRNA in KASII and
KASI may be differential in chemotypes where less oil is accumulated is not discarded, although the
knowledge of this phenomenon seems not to lead to such a case (Jiang et al., 2012).

Finally, the results of this study could be valuable for designing biotechnological strategies to
improve the properties of this plant. For example, KASI and KASII could be over-expressed in low-
seed oil content genotypes in order to explore cause-and-effect relationship between gene expression
and oil accumulation in a more controlled manner.

Conflicts of Interest: Authors declare no conflicts of interest.
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