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stress by regulating carbon
metabolism, transcription
factor genes expression,

and biosynthesis of

secondary metabolites

Hang Zhou'*, Fengyan Meng", Wenxin Jiang™?, Xutong Lu™?,
Rui Zhang®, Angi Huang®, Kunlun Wu*?, Peng Deng",

Yaxin Wang®, Huimin Zhao®, Youwei Du?, Jingxin Huo",
Xiaole Du’, Naijie Feng™ and Dianfeng Zheng™
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Soil salinity pollution is increasing worldwide, seriously affecting plant growth and
crop production. Existing reports on how potassium indole-3-butyric acid (IBAK)
requlates rice salt stress adaptation by affecting rice carbon metabolism,
transcription factor (TF) genes expression, and biosynthesis of secondary
metabolites still have limitations. In this study, an IBAK solution at 40 mg L™
was sprayed onrice leaves at the seedling stage. The results showed that the IBAK
application could promote shoot and root growth, decrease sucrose and
fructose content, increase starch content, and enhance acid invertase (Al) and
neutral invertase (NI) activity under salt stress, indicating altered carbon
allocation. Furthermore, the expression of TF genes belonging to the ethylene
responsive factor (ERF), WRKY, and basic helix-loop-helix (oHLH) families was
influenced by IBAK. Many key genes (OsSSllc, OsSHM1, and OsPPDKB) and
metabolites (2-oxoglutaric acid, fumaric acid, and succinic acid) were
upregulated in the carbon metabolism pathway. In addition, this study
highlighted the role of IBAK in regulating the biosynthesis of secondary
metabolites pathway, potentially contributing to rice stress adaptability. The
results of this study can provide new sustainable development solutions for
agricultural production.
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1 Introduction

Saline soils contain sufficient soluble salts to impair their
productivity (Chhabra, 2004). Excessive salt accumulation in the
root zone negatively affects plant growth (Pearson and Bauder, 2006).
Due to the high salinity in the soil, the osmotic pressure increases,
weakening plants’ water absorption capacity (dos Santos et al., 2022).
When the osmotic pressure of plant cells is less than that of soil
solution, plants encounter difficulty absorbing water. In addition, salt
stress causes plants to absorb more sodium and chloride ions
(Ketehouli et al., 2019). The intracellular ion homeostasis is
destroyed, resulting in ion toxicity and mineral nutrient deficiency,
affecting the normal growth of plants (Guo et al,, 2020). In recent
years, with the increasing population pressure, attention has been
paid to developing and utilizing widely distributed saline-alkali
wastelands to alleviate the food crisis.

Plant growth regulators are a class of substances that have
similar physiological and biological effects to plant hormones. They
have been widely used in field crops (Fahad et al., 2016;
Amoanimaa-Dede et al., 2022), fruit trees (Bons and Kaur, 2020),
and vegetables (Rahman et al., 2015) because of their significant and
efficient regulating effects, which have played a particular role in
promoting agricultural production. For example, diethyl
aminoethyl hexanoate prolongs dormancy of storage organs,
kinetin promotes seed germination (Araujo et al, 2019),
paclobutrazol promotes rooting (Li et al., 2023), and gibberellin
inhibits flower formation (Yamaguchi et al., 2014). Auxin is also a
widely studied plant hormone that improves plant resistance to
abiotic stress. Previous studies found that exogenous application
with auxins such as indole-3-acetic acid (IAA) can effectively
improve several crops’ salt stress resistance (Ashraf and Foolad,
2005; Ashraf, 2010; Kaya et al., 2013; Ribba et al., 2020).

Potassium indole-3-butyric acid (IBAK), whose chemical formula is
C,H1,KNO,, is a water-soluble plant growth regulator. It can act on
vigorous growth parts, such as roots, buds, and fruits, and shows strong
cell division and growth promotion on specific treatment sites. A recent
study showed that spraying an IBAK solution at 80 mg L™ on rice leaves
at the jointing stage can regulate K" and Na* contents, increase net
photosynthetic rate, increase catalase (CAT) activity and glutathione
(GSH) content, and regulate the expression of genes related to
carbohydrate metabolism under salt stress, indicating that IBAK played
a role in enhancing the tolerance of rice to salt stress (Zhou et al,, 2023).
Zhou et al. (2023) preliminary revealed IBAK had a regulatory effect on
rice carbohydrate metabolism. However, the changes in key enzymes and
metabolites related to carbon metabolism still need to be further explored.
In addition, because one of the functions of transcription factors is to
improve plant stress resistance (Liu et al., 2023); secondary metabolites
participate in protective functions in response to abiotic stress (Akula and
Ravishankar, 2011). We speculated that IBAK may play a role in
regulating TF gene expression and biosynthesis of secondary
metabolites, which are also the focus of this study.

Rice is particularly sensitive to salt stress at the seedling stage
(Moradi and Ismail, 2007). Based on previous research, this study
decided to reveal the regulatory role of IBAK in carbon metabolism,
TF genes expression, and biosynthesis of secondary metabolites
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under salt stress at the seedling stage through comprehensive
transcriptome, metabolome, and physiological perspectives, filling
the research gap and providing a new sustainable development
solution for agricultural production.

2 Materials and methods
2.1 Experimental design

This study was conducted in the outdoor greenhouse of
Guangdong Ocean University in 2021. The entire process was
conducted under natural light, with day/night temperatures of 30/25
+ 2°C and 60% relative humidity. The rice variety used in this study
was Xiangliangyou900. The concentration of the IBAK solution was 40
mg L™, and distilled water was used as a control. First, the sterilized
seeds were soaked in water for 24 h at room temperature. Subsequently,
the seeds were primed for 24 h at room temperature. 57 germinated
seeds were sown in flower pots of 19 cm X 14 cm x 17 cm containing
2.65 kg of brick-red soil. The physical and chemical properties of the
soil were as follows: pH 7.23; available phosphorus, 4.05 mg kg™
rapidly available potassium, 48.37 mg kg™ alkali-hydrolyzale nitrogen,
37.10 mg kg '; and organic matter, 32.44 mg kg '. NaCl treatment was
started on the eight day after sowing (4.82g NaCl was evenly integrated
into the soil). The leaves were sprayed with IBAK solution 3 days after
the salt treatment. Samples were collected 7 days after IBAK treatment.
Except for the first leaf, all the remaining leaves were collected to detect
carbohydrate content and enzyme activity related to carbon
metabolism. The latest fully expanded leaves were collected for
transcriptomic, metabolomic, and quantitative real-time PCR
detection. There were three treatments in this study: CKO (freshwater
treatment), CKO3 (salt treatment), and IBAKO3 (IBAK, salt treatment).
Three replicates were set for each treatment.

2.2 Determination of plant height, fresh
weight, dry weight, leaf area, root shoot
ratio, and moisture content

After harvest, the plant height, shoot fresh weight, shoot dry
weight, root fresh weight, root dry weight, shoot moisture content,
root moisture content, leaf area, and root shoot ratio were
measured. Leaf area was obtained by YMJ-PC leaf area analysis
system. Moisture content was calculated according to formula 1;
root shoot ratio was calculated using formula 2.

Moisture content = (fresh weight — dry weight)/fresh weight
(Formula 1)

Root shoot ratio = root dry weight/shoot dry weight
(Formula 2)

2.3 Determination of carbohydrate content

The contents of soluble sugar, sucrose, fructose, and starch were
determined according to the description of Meng et al. (2023).
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Leaf samples (0.5 g) were ground into homogenate with an 80%
ethanol solution (v/v). The mixture was then centrifuged at 4,000 rpm
for 5 min at 80°C after 20 min in a water bath. The supernatant was
collected and fixed to 25 mL to determine fructose, soluble sugar, and
sucrose content. The sediment was used to measure starch content.

2.4 Determination of the activity of
enzymes related to carbon metabolism

AT and NI activity were determined according to the description
of Wang et al. (2024) and Meng et al. (2023).

2.5 Transcriptome sequencing

Shenzhen BGI Technology Co., Ltd., performed transcriptome
detection work.

The secondary structure of the RNA sample was opened, and
oligo(dT) magnetic beads were used to enrich the mRNA. A
fragmentation reagent was added to the obtained mRNA to
fragment the mRNA. The reaction system was prepared to
synthesize one-strand cDNA and two-strand ¢cDNA. The double-
stranded cDNA ends were repaired, and an A base was added to the
3" end. An adapter ligation reaction system was prepared to ligate
adapters to ¢cDNA. The PCR reaction system was prepared to
amplify the product. The library was quality checked. After
denaturing the PCR product into a single-stranded product, a
cyclization reaction system was prepared. The single-stranded
circular product was obtained, and the uncirculated linear DNA
molecules were digested. Finally, sequencing was performed by
combined probe-anchored polymerization technology (according
to the method description provided by Shenzhen BGI Technology
Co., Ltd.).

2.6 Metabolome detection and analysis

Shenzhen BGI Technology Co., Ltd., performed the
metabolome detection work.

In this project, untargeted metabolomics analysis was
performed using liquid chromatography with tandem mass
spectrometry (LC-MS/MS), and high-resolution mass
spectrometer Q Exactive (Thermo Fisher Scientific, USA) was
used for data acquisition in positive-ion and negative-ion mode,
respectively, to improve the metabolite coverage. LC-MS/MS data
processing by Compound Discoverer 3.1 (Thermo Fisher Scientific,
USA) mainly included peak extraction, peak alignment, and
compound identification. The BGI’s own metabolomics software
package metaX and metabolome information analysis process was
used for data preprocessing, statistical analysis, metabolite
classification, and functional annotation. The dimensionality of
the original data of multiple variables was reduced by principle
component analysis so as to analyze the grouping, trend
(similarities and differences within and between sample groups),
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and outliers (whether there were abnormal samples) of the observed
variables in the data set. The project used variable importance in
projection (VIP) values of the first two principal components in
multivariate partial least squares-discriminant analysis (PLS-DA)
model, combined with fold change and Student’s t-test of univariate
analysis to choose differentially expressed metabolites. Differential
metabolites screening criteria: (1) the VIP values of the first two PCs
of the PLS-DA model >1; (2) fold change >1.2 or <0.83; and (3) p-
value <0.05.

2.7 Quantitative real-time PCR

Quantitative real-time PCR experiment was performed by
Sangon Biotech (Shanghai) Co., Ltd. The primers used for
quantitative real-time PCR analysis were listed in Supplementary
Table S1.

3 Results

3.1 Effects of IBAK on morphology, fresh
weight, dry weight, root shoot ratio, and
moisture content of rice seedlings under
salt stress

As shown in Figure 1, salt stress significantly inhibited rice growth;
compared with CKO, the plant height, fresh weight, dry weight, leaf
area, and root moisture content of CK03 were significantly reduced. At
the same time, this study found that the application of IBAK under salt
stress had a certain alleviation effect; for example, the root fresh weight,
root dry weight, and shoot dry weight of IBAKO3 were significantly
higher than those of CKO03 by 82.81%, 41.68%, and 23.38%,
respectively; other indicators were also improved to a certain extent
but did not reach a significant level, such as shoot fresh weight, root
shoot ratio, root moisture content, and leaf area.

In addition, salt stress significantly reduced rice root length, root
surface area, and root volume and significantly increased the average
root diameter. Compared to CK03, spraying IBAK under salt stress
significantly increased the root length and surface area by 78.97% and
65.99%, respectively, promoting rice root growth (Figure 2).

3.2 Effect of IBAK on carbohydrate content
and carbon metabolism-related enzyme
activity under salt stress

As shown in Figure 3, salt stress can significantly increase the
sucrose, fructose, soluble sugar, and starch contents in rice leaves.
Compared with CKO03, the sucrose, fructose, and soluble sugar
contents of IBAKO3 were significantly reduced by 13.74%,
39.23%, and 13.51%, respectively; the starch content was
significantly increased by 64.13%.

As shown in Figure 4, the NT activity of CK03 was significantly
improved compared with CKO. The activities of AI and NI were
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significantly increased by 51.08% and 93.34% after using IBAK
under salt stress compared with CKO03.

3.3 Transcriptome

3.3.1 Quiality control

This study had nine samples, each producing an average of 6.62
Gb of data (Supplementary Table S2). The clean reads Q30 was
greater than 89.63% (Supplementary Table 52). Reference genome
alignment showed a total mapping rate of over 82.63% and a
uniquely mapping rate of over 80.89% (Supplementary Table S3).
Reference gene alignment showed a total mapping rate of over
70.13% and a uniquely mapping rate of over 66.21%
(Supplementary Table S4). To verify the accuracy of the
transcriptome data, quantitative real-time PCR was used to detect
the expression levels of several randomly selected differentially
expressed genes (DEGs). The results showed that expression
patterns were similar to the transcriptome data, demonstrating
the reliability of the RNA-seq data (Supplementary Table S1).

3.3.2 DEGs statistics

In this study, 773 DEGs were detected in the CK03/CKO
comparison group, of which 431 were upregulated and 342 were
down-regulated. In the IBAK03/CKO03 comparison group, 783
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DEGs were detected, of which 300 were upregulated and 483
were down-regulated (Figure 5C; Supplementary Tables S5, S6).

3.3.3 DEGs analysis

This study focused on analyzing 783 DEGs in the IBAK03/CK03
comparison group. Kyoto encyclopedia of genes and genomes (KEGG)
annotation analysis found DEGs were mainly classified into transport and
catabolism in Cellular Processes; signal transduction in Environmental
Information Processing; folding, sorting and degradation in Genetic
Information Processing; carbohydrate metabolism, global and overview
maps, and amino acid metabolism in Metabolism; and environmental
adaptation in Organismal Systems (Figure 5B).

At the same time, this study conducted gene ontology (GO)
annotation analysis on these 783 DEGs. The abundant DEGs were
classified into cellular process and metabolic process in Biological
Process; cell and cell part in Cellular Component; and binding and
catalytic activity in Molecular Function (Figure 6A).

KEGG enrichment analysis was performed to understand these
genes’ functions further. The results showed that photosynthesis -
antenna proteins, nitrogen metabolism, circadian rhythm - plant,
biosynthesis of amino acids, glyoxylate and dicarboxylate
metabolism, carbon metabolism, and histidine metabolism were
the most significant pathways enriched by DEGs; (Figure 5A).

In addition, GO enrichment analysis found that plastoglobule,
chloroplast thylakoid membrane, photosystem I, photosystem II,
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FIGURE 2

Effects of IBAK on root morphology under salt stress. (A) root length; (B) root surface area; (C) root volume; (D) average root diameter.

chloroplast envelope, plastid, thylakoid, nucleus, and nucleosome
were the significantly enriched terms in Cellular Component in this
study; among these significantly enriched terms, the most abundant
genes were enriched in nucleus. Chlorophyll binding, nucleosomal
DNA binding, glutamate synthase activity, and “3 iron, 4 sulfur
cluster binding” were significantly enriched GO terms in Molecular
Function. In Biological Process, a total of 19 GO terms were
significantly enriched; among these significantly enriched GO
terms, the most abundant gene was classified into protein
ubiquitination (Figures 6B-D).

Finally, transcription factor classification was performed on the
783 DEGs detected in the IBAK03/CKO03 comparison group. This
study detected a total of 56 TF genes, and the abundant TF genes
were classified into ERF, WRKY, and bHLH families (Figure 5D).

3.4 Metabolome

3.4.1 Principal component analysis

The principal component analysis showed that the six samples of
each treatment were within the 95% confidence interval. The six
samples of CKO were basically distinguished from those of CKO03; the
six samples of CKO03 were completely separated from those of IBAK03,
indicating differences between the two treatments (Figure 7).
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3.4.2 Partial least squares-discriminant analysis

PLS-DA is a statistical method for supervised discriminant
analysis that best reflects the differences between taxonomic
groups. The PLS-DA results showed significant differences
between CKO and CKO03; similarly, CK03 and IBAKO3 were
completely separated. To judge the quality of the model, 200
response permutation testing were performed on the model of
PLS-DA. In the positive or negative ion mode, the Q* of the two
comparison groups were all less than 0, indicating no overfitting
phenomenon, and the model was reliable (Supplementary Figures
S1, S2; Supplementary Table S7).

3.4.3 Statistics and analysis of
differential metabolites

In the positive ion mode, a total of 60 differential metabolites were
detected in the CK03/CKO comparison group, of which 30 were
upregulated and 30 were down-regulated; in the negative ion mode,
34 differential metabolites were detected, of which 14 were upregulated,
and 20 were down-regulated. For the IBAK03/CKO03 comparison
group, 120 differential metabolites were detected in the positive ion
mode, of which 81 were upregulated, and 39 were down-regulated; 60
differential metabolites were detected in the negative ion mode, of
which 31 were upregulated, and 29 were down-regulated
(Supplementary Figure S3; Supplementary Table S8).
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Effect of IBAK on sucrose, fructose, soluble sugar, and starch contents in rice leaves under salt stress. (A) sucrose content; (B) fructose content; (C)
soluble sugar content; (D) starch content.

In order to further understand the functional properties of  acid metabolism, biosynthesis of other secondary metabolites,
metabolites, this study conducted KEGG functional annotation on  metabolism of cofactors and vitamins, and carbohydrate
the differential metabolites identified in the IBAK03/CK03  metabolism in Metabolism. In positive ion mode, the abundant
comparison group. In negative ion mode, most differential  differential metabolites were classified into global and overview
metabolites were classified into global and overview maps, amino  maps, lipid metabolism, amino acid metabolism, and biosynthesis
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of other secondary metabolites in Metabolism (Supplementary

metabolites were mainly enriched in phenylalanine metabolism,

Figure S4A).

In addition, KEGG enrichment analysis found a total of 31
significantly enriched KEGG pathways were found in negative ion
mode in the IBAK03/CKO03 comparison group; the differential

citrate cycle (TCA cycle), tyrosine metabolism, “alanine, aspartate
and glutamate metabolism,” butanoate metabolism, biosynthesis of
secondary metabolites, phenylpropanoid biosynthesis, and carbon
metabolism pathway. In the positive ion mode, a total of 5 KEGG
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pathways were significantly enriched, namely, phenylpropanoid
biosynthesis, linoleic acid metabolism, phenylalanine metabolism,
biosynthesis of secondary metabolites, and sphingolipid
metabolism (Supplementary Figure S4B).

4 Discussion

IBAK is the potassium salt form of indole-3-butyric acid (IBA).
IBA occurs naturally in many plants (Blommaert, 1954; Bayer,
1969; Sutter and Cohen, 1992). A previous study found that IBA can
increase the number of lateral roots in the seminal root in rice, but
TAA cannot, and the study pointed out that the signal transduction
pathway for IBA was at least partially different from that for TAA
(Wang et al., 2003). The auxin action of IBA has been suggested to
be due to its conversion to IAA (Chhun et al.,, 2004). However, a
study found that the stimulatory effect of IBA on lateral root
development was not through its conversion to IAA in rice
(Chhun et al., 2004). These studies indicated that there are
differences between the response mechanisms of rice to IAA and
IBA. IBA was reported to play a positive role in alleviating abiotic
stress in plants (Tammam, 2009; Li et al., 2018). However,
compared with IBA, the use of IBAK introduces potassium ions.
Therefore, the action mechanism of IBAK on plants may be more
complex. The results of this study showed that the root dry and
fresh weight, root length, and root surface area were significantly
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increased after applying IBAK under salt stress, proving that IBAK
had the function of promoting root growth. These results are similar
to the findings by Jemaa et al. (2011) in Arabidopsis; their study
found that IBA still retained the ability to stimulate lateral root
growth under salt stress. Furthermore, the dry matter weight of the
shoot in IBAKO3 was higher than CK03. These results indicated that
IBAK promoted rice growth under salt stress.

4.1 IBAK regulated carbon metabolism
under salt stress

Carbon metabolism refers to the process in which plants convert
carbon dioxide into organic substances (Dusenge et al., 2019), and it
is the foundation of plant life activities. Zhou et al. (2023) found that
spraying IBAK on rice leaves at the jointing stage can significantly
upregulate two starch synthase genes: OsSSIIb (LOC4330709) and
OsGBSSII (LOC4343010). The difference is that no significant
changes were found in the expression levels of these two genes in
the IBAK03/CK03 comparison group in this study. We speculated
that this difference may be due to the different responses of rice at
various growth stages to external stimuli or that different
concentrations of IBAK solution may lead to different biological
effects. Starch content was increased in IBAKO3 compared with
CKO03. This may be related to another significantly upregulated
starch synthase gene OsSSIIc (LOC4348711) detected in this study.
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In addition, Zhou et al. (2023) reported that IBAK treatment
upregulated the gene OsUgpl (LOC4347800), which is a UDP-
glucose pyrophosphorylase gene, and its upregulation may
contribute to the synthesis of sucrose. However, the expression
level of this gene did not change significantly in this study.
Meanwhile, this study found that sucrose, fructose, and soluble
sugar were significantly reduced in IBAKO03 compared with CKO03.
Therefore, we speculated that using IBAK (40 mg L") under salt
stress may adjust rice carbon allocation and improve starch storage at
the seedling stage. Rice may use more carbon for starch synthesis
instead of sucrose and fructose synthesis. In addition, the activities of
Al and NI increased after using IBAK under salt stress. The increase
in the activities of these enzymes may be one of the reasons for the
decrease in sucrose content in this study. These two enzymes are
involved in decomposing sucrose into fructose and glucose.
Increasing Al and NI activity can regulate rice energy supply under
salt stress by accelerating sucrose decomposition.

KEGG enrichment analysis on DEGs in the IBAK03/CK03
comparison group found that spraying IBAK upregulated the
gene OsSHM1 (LOC4334048) enriched in the carbon metabolism
pathway. Wang et al. (2015) observed the growth status of osshml
mutant seeds in the greenhouse and found that the newly grown
leaves after seed germination showed a decrease in the contents of
total chlorophyll, chlorophyll a, chlorophyll b, and carotenoids;
osshml produced higher ROS and increased O,  and H,O,
accumulation. Using IBAK to upregulate OsSHMI may be
beneficial in reducing oxidative stress damage to rice under salt
stress. In addition, gene OsPPDKB (LOC4338750) was upregulated
in the IBAK03/CKO03 comparison group. This gene is an essential
regulator of carbon flux during starch and fat biosynthesis during
rice filling (Kang et al., 2005).

In addition, spraying IBAK upregulated 2-oxoglutaric acid,
fumaric acid, and succinic acid in the carbon metabolism pathway
under salt stress (Supplementary Table S9). 2-oxoglutarate is a crucial
metabolite at the crossroads of carbon/nitrogen metabolism as it is
required for ammonia assimilation (Hodges, 2002; Aratjo et al,
2014). Succinic acid has already been shown to be a stimulant of plant
respiration (Bennet-Clark and Bexon, 1943; Turner and Hanly,
1949). In TCA cycle, 2-oxoglutaric acid is located after isocitrate
and before succinyl coenzyme A. Succinic acid undergoes a series of
reactions to finally generate oxaloacetate. The upregulation of these
metabolites may increase the activity of the TCA cycle.

4.2 IBAK regulated biosynthesis of
secondary metabolites pathway under
salt stress

Secondary metabolites participate in protective functions in
response to abiotic stress conditions (Akula and Ravishankar, 2011).
In this study, many differential metabolites were enriched in the
biosynthesis of secondary metabolites pathway in the IBAK03/CK03
comparison group. Specifically, this study found that 7-
methylxanthine, 2-oxoglutaric acid, fumaric acid, succinic acid, L-
phenylalanine, AICA ribonucleotide, 2-hydroxycinnamic acid,
cinnamic acid, and 12-oxo phytodienoic acid were upregulated after
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using IBAK under salt stress (Supplementary Table S9, S10). 2-
oxoglutarate (2-OG) is a crucial organic acid of the TCA (Lancien
et al,, 2000; Scheible et al., 2000; Aradjo et al, 2014). It is also an
obligatory substrate in a range of oxidative reactions catalyzed by 2-
OG-dependent dioxygenases (Aratjo et al, 2014). Fumaric acid is
another essential component of the TCA cycle and can be metabolized
to produce energy and carbon skeletons for the production of other
compounds (Chia et al.,, 2000). 12-oxo-phytodienoic acid is the major
precursor of (-)-jasmonic acid, playing a role in activating and fine-
tuning defense responses, as well as plant growth processes (Liu and
Park, 2021). These changes may reflect the impact of IBAK on the
metabolic regulation and defense mechanisms of plants under
salt stress.

4.3 IBAK regulated TF gene expression
under salt stress

In this study, abundant TF genes were classified into ERF, WRKY,
and bHLH families in the IBAK03/CKO03 comparison group. These
transcription factor families play essential roles in plant responses to
abiotic stress. This study found that 11 TF genes belong to the ERF
family. According to reports, several ERFs have been shown to be
involved in plant stress-response processes, such as salt and drought
(Zhang et al., 2009; Zhang and Huang, 2010; Yang et al., 2011; Cheng
etal, 2019; Li et al,, 2019; Huang et al., 2020). The bHLH family is also
one of the largest transcription factor families in plants and plays an
essential role in plant response to salt stress (Qian et al, 2021).
LOC4345984 (transcription factor bHLH130), belonging to the bHLH
family, was upregulated in this study. Previous studies reported that
MdbHLH130 acts as a positive regulator of water stress response by
regulating stomatal closure and reactive oxygen species (ROS)-
scavenging in tobacco (Zhao et al, 2020; Qian et al, 2021). These
results provided new clues for further research on the mechanism of
IBAK regulating rice stress resistance by affecting TF gene expression.

5 Conclusion

The changes in multiple indicators in this study proved that
IBAK can promote rice growth under salt stress. This study
indicated that IBAK can change carbon allocation, increase starch
reserves, and promote sucrose decomposition. Meanwhile, IBAK
upregulated many key metabolites related to plant stress response
and growth regulation in the biosynthesis of secondary metabolites
pathway. In addition, multiple TF genes were differentially
expressed, especially those in the ERF, WRKY, and bHLH
families, which provided new clues for the mechanism of IBAK
regulating rice resistance to salt stress.

Data availability statement

Transcriptome and metabolome raw data have been uploaded
to online repositories. Transcriptome raw data was deposited in the
Genome Sequence Archive in National Genomics Data Center,

frontiersin.org


https://doi.org/10.3389/fpls.2024.1416936
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Zhou et al.

China National Center for Bioinformation / Beijing Institute of
Genomics, Chinese Academy of Sciences that are publicly accessible
at https://ngdc.cncb.ac.cn/gsa accession number GSA: CRA018370.
Metabolome raw data was deposited in the OMIX, China National
Center for Bioinformation / Beijing Institute of Genomics, Chinese
Academy of Sciences: https://ngdc.cncb.ac.cn/omix with accession
no. OMIX007146. 1. The Genome Sequence Archive Family:
Toward Explosive Data Growth and Diverse Data Types.
Genomics, Proteomics & Bioinformatics 2021, 19(4):578-583.
hitps://doi.org/10.1016/j.gpb.2021.08.001 [PMID=34400360] 2.
Database Resources of the National Genomics Data Center, China
National Center for Bioinformation in 2024. Nucleic Acids Res
2024, 52(D1):D18-D32. https://doi.org/10.1093/nar/gkad1078
[PMID=38018256] 3 Database Resources of the National
Genomics Data Center, China National Center for
Bioinformation in 2022. Nucleic Acids Res 2022, 50(D1):D27-
D38. https://doi.org/10.1093/nar/gkab951 [PMID=34718731].

Author contributions

HZ: Formal analysis, Writing - original draft, Writing — review &
editing. FM: Project administration, Writing — original draft, Writing -
review & editing. WJ: Project administration, Writing — original draft,
Writing - review & editing. XL: Project administration, Writing —
original draft, Writing — review & editing. RZ: Project administration,
Writing - original draft, Writing - review & editing. AH: Project
administration, Writing — original draft, Writing — review & editing.
KW: Project administration, Writing - original draft. PD: Project
administration, Writing — original draft, Writing — review & editing.
YW: Project administration, Writing — original draft, Writing — review
& editing. HMZ: Project administration, Writing - original draft,
Writing - review & editing. YD: Project administration, Writing —
original draft, Writing - review & editing. JH: Project administration,
Writing - original draft, Writing - review & editing. XD: Project
administration, Writing — original draft, Writing — review & editing.
NF: Methodology, Supervision, Writing — original draft, Writing -

References

Akula, R., and Ravishankar, G. A. (2011). Influence of abiotic stress signals on
secondary metabolites in plants. Plant Signaling Behav. 6, 1720-1731. doi: 10.4161/
psb.6.11.17613

Amoanimaa-Dede, H., Su, C,, Yeboah, A., Zhou, H., Zheng, D., and Zhu, H. (2022).

Growth regulators promote soybean productivity: a review. Peer] 10, el12556.
doi: 10.7717/peerj.12556

Aratjo, W. L., Martins, A. O., Fernie, A. R., and Tohge, T. (2014). 2-Oxoglutarate:
linking TCA cycle function with amino acid, glucosinolate, flavonoid, alkaloid, and
gibberellin biosynthesis. Front. Plant Sci. 5, 552. doi: 10.3389/fpls.2014.00552

Aratjo, S., Pagano, A., Dondi, D., Lazzaroni, S., Pinela, E., Macovei, A., et al. (2019).
Metabolic signatures of germination triggered by kinetin in Medicago truncatula. Sci.
Rep. 9, 10466. doi: 10.1038/541598-019-46866-6

Ashraf, M. (2010). Inducing drought tolerance in plants: recent advances. Biotechnol.
Adyv. 28, 169-183. doi: 10.1016/j.biotechadv.2009.11.005

Ashraf, M., and Foolad, M. (2005). Pre-sowing seed treatment—A shotgun approach
to improve germination, plant growth, and crop yield under saline and non-saline
conditions. Adv. Agron. 88, 223-271. doi: 10.1016/S0065-2113(05)88006-X

Frontiers in Plant Science

10.3389/fpls.2024.1416936

review & editing. DZ: Methodology, Supervision, Writing - original
draft, Writing — review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by the Guangdong Provincial Department of
Education Special Project in Key Areas of Ordinary Universities
(2021ZDZX4027), Guangdong Provincial College Innovation Team
Project (2021KCXTDO011), Research Initiation Project of Guangdong
Ocean University (R20046), and Innovative and Strong University
Project of Guangdong Ocean University (230420006).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpls.2024.1416936/

full#supplementary-material

Bayer, M. H. (1969). Gas chromatographic analysis of acidic indole auxins in
Nicotiana. Plant Physiol. 44, 267-271. doi: 10.1104/pp.44.2.267

Bennet-Clark, T., and Bexon, D. (1943). Water relations of plant cells. III. The
respiration of plasmolysed tissues. New Phytol. 42, 65-92. doi: 10.1111/j.1469-
8137.1943.tb04989.x

Blommaert, K. (1954). Growth-and inhibiting-substances in relation to the rest
period of the potato tuber. Nature 174, 970-972. doi: 10.1038/174970b0

Bons, H. K., and Kaur, M. (2020). Role of plant growth regulators in improving fruit
set, quality and yield of fruit crops: a review. J. Hortic. Sci. Biotechnol. 95, 137-146.
doi: 10.1080/14620316.2019.1660591

Cheng, Z., Zhang, X., Zhao, K., Yao, W,, Li, R,, Zhou, B, et al. (2019). Over-
expression of ERF38 gene enhances salt and osmotic tolerance in transgenic poplar.
Front. Plant Sci. 10, 1375. doi: 10.3389/fpls.2019.01375

Chhabra, R. (2004). Classification of salt-affected soils. Arid Land Res. Manage. 19,
61-79. doi: 10.1080/15324980590887344

Chhun, T., Taketa, S., Tsurumi, S., and Ichii, M. (2004). Different behaviour of
indole-3-acetic acid and indole-3-butyric acid in stimulating lateral root development

frontiersin.org


https://ngdc.cncb.ac.cn/gsa
https://ngdc.cncb.ac.cn/omix
https://doi.org/10.1016/j.gpb.2021.08.001
https://doi.org/10.1093/nar/gkad1078
https://doi.org/10.1093/nar/gkab951
https://www.frontiersin.org/articles/10.3389/fpls.2024.1416936/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpls.2024.1416936/full#supplementary-material
https://doi.org/10.4161/psb.6.11.17613
https://doi.org/10.4161/psb.6.11.17613
https://doi.org/10.7717/peerj.12556
https://doi.org/10.3389/fpls.2014.00552
https://doi.org/10.1038/s41598-019-46866-6
https://doi.org/10.1016/j.biotechadv.2009.11.005
https://doi.org/10.1016/S0065-2113(05)88006-X
https://doi.org/10.1104/pp.44.2.267
https://doi.org/10.1111/j.1469-8137.1943.tb04989.x
https://doi.org/10.1111/j.1469-8137.1943.tb04989.x
https://doi.org/10.1038/174970b0
https://doi.org/10.1080/14620316.2019.1660591
https://doi.org/10.3389/fpls.2019.01375
https://doi.org/10.1080/15324980590887344
https://doi.org/10.3389/fpls.2024.1416936
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Zhou et al.

in rice (Oryza sativa L.). Plant Growth Regul. 43, 135-143. doi: 10.1023/B:
GROW.0000040120.37448.53

Chia, D. W, Yoder, T. J., Reiter, W.-D., and Gibson, S. I. (2000). Fumaric acid: an
overlooked form of fixed carbon in Arabidopsis and other plant species. Planta 211,
743-751. doi: 10.1007/s004250000345

dos Santos, T. B., Ribas, A. F., de Souza, S. G. H., Budzinski, I. G. F., and Domingues,
D. S. (2022). Physiological responses to drought, salinity, and heat stress in plants: a
review. Stresses 2, 113-135. doi: 10.3390/stresses2010009

Dusenge, M. E., Duarte, A. G., and Way, D. A. (2019). Plant carbon metabolism and
climate change: elevated CO 2 and temperature impacts on photosynthesis,
photorespiration and respiration. New Phytol. 221, 32-49. doi: 10.1111/nph.15283

Fahad, S., Hussain, S., Saud, S., Hassan, S., Thsan, Z., Shah, A. N, et al. (2016).
Exogenously applied plant growth regulators enhance the morpho-physiological
growth and yield of rice under high temperature. Front. Plant Sci. 7, 1250.
doi: 10.3389/fpls.2016.01250

Guo, H., Huang, Z., Li, M., and Hou, Z. (2020). Growth, ionic homeostasis, and
physiological responses of cotton under different salt and alkali stresses. Sci. Rep. 10,
21844. doi: 10.1038/s41598-020-79045-z

Hodges, M. (2002). Enzyme redundancy and the importance of 2-oxoglutarate in
plant ammonium assimilation. J. Exp. Bot. 53, 905-916. doi: 10.1093/jexbot/53.370.905

Huang, J., Wang, S., Wang, X., Fan, Y., and Han, Y. (2020). Structure and expression
analysis of seven salt-related ERF genes of Populus. Peer] 8, €10206. doi: 10.7717/
peer;j.10206

Jemaa, E., Saida, A., and Sadok, B. (2011). Impact of indole-3-butyric acid and
indole-3-acetic acid on the lateral roots growth of Arabidopsis under salt stress
conditions. Aust. J. Agric. Eng. 2, 18-24. doi: 10.3316/informit.849850800234861

Kang, H. G., Park, S., Matsuoka, M., and An, G. (2005). White-core endosperm
floury endosperm-4 in rice is generated by knockout mutations in the C4-type pyruvate
orthophosphate dikinase gene (OsPPDKB). Plant J. 42, 901-911. doi: 10.1111/j.1365-
313X.2005.02423.x

Kaya, C., Ashraf, M., Dikilitas, M., and Tuna, A. L. (2013). Alleviation of salt stress-
induced adverse effects on maize plants by exogenous application of indoleacetic acid
(TAA) and inorganic nutrients-A field trial. Aust. J. Crop Sci. 7, 249-254. doi: 10.3316/
informit.260789621744643

Ketehouli, T., Idrice Carther, K. F., Noman, M., Wang, F.-W., Li, X.-W., and Li, H.-Y.
(2019). Adaptation of plants to salt stress: characterization of Na+ and K+ transporters
and role of CBL gene family in regulating salt stress response. Agronomy 9, 687.
doi: 10.3390/agronomy9110687

Lancien, M., Gadal, P., and Hodges, M. (2000). Enzyme redundancy and the
importance of 2-oxoglutarate in higher plant ammonium assimilation. Plant Physiol.
123, 817-824. doi: 10.1104/pp.123.3.817

Li, J., Xu, P., Zhang, B, Song, Y., Wen, S, Bai, Y., et al. (2023). Paclobutrazol promotes root
development of difficult-to-root plants by coordinating auxin and abscisic acid signaling
pathways in Phoebe bournei. Int. J. Mol. Sci. 24, 3753. doi: 10.3390/ijms24043753

Li, S.-W., Zeng, X.-Y., Leng, Y., Feng, L., and Kang, X.-H. (2018). Indole-3-butyric
acid mediates antioxidative defense systems to promote adventitious rooting in mung
bean seedlings under cadmium and drought stresses. Ecotoxicol. Environ. Saf. 161, 332—
341. doi: 10.1016/j.ecoenv.2018.06.003

Li, S, Lin, Y.-C. J., Wang, P, Zhang, B., Li, M., Chen, S,, et al. (2019). The AREB1
transcription factor influences histone acetylation to regulate drought responses and
tolerance in Populus trichocarpa. Plant Cell 31, 663-686. doi: 10.1105/tpc.18.00437

Liu, H.,, Tang, X,, Zhang, N., Li, S., and Si, H. (2023). Role of bZIP transcription
factors in plant salt stress. Int. J. Mol. Sci. 24, 7893. doi: 10.3390/ijms24097893

Liu, W., and Park, S.-W. (2021). 12-oxo-Phytodienoic acid: a fuse and/or switch of plant
growth and defense responses? Front. Plant Sci. 12, 724079. doi: 10.3389/pls.2021.724079

Meng, F,, Feng, N, Zheng, D., Liu, M., Zhang, R., Huang, X,, et al. (2023). Exogenous
Hemin alleviates NaCl stress by promoting photosynthesis and carbon metabolism in
rice seedlings. Sci. Rep. 13, 3497. doi: 10.1038/s41598-023-30619-7

Frontiers in Plant Science

11

10.3389/fpls.2024.1416936

Moradi, F,, and Ismail, A. M. (2007). Responses of photosynthesis, chlorophyll
fluorescence and ROS-scavenging systems to salt stress during seedling and
reproductive stages in rice. Ann. Bot. 99, 1161-1173. doi: 10.1093/aob/mcm052

Pearson, K. E., and Bauder, J. W. (2006). The basics of salinity and sodicity effects on
soil physical properties (MSU Extension Water Quality Program). Available at: https://
cit .ist.psu.edu/document?repid=rep1&type=pdf&doi=c4f970386800270118de0
95a7a6c9{87e86a3088.

Qian, Y., Zhang, T., Yu, Y., Gou, L., Yang, J., Xu, J., et al. (2021). Regulatory
mechanisms of bHLH transcription factors in plant adaptive responses to various
abiotic stresses. Front. Plant Sci. 12, 677611. doi: 10.3389/fpls.2021.677611

Rahman, M., Nahar, M., Sahariar, M., and Karim, M. (2015). Plant growth regulators
promote growth and yield of summer tomato (lycopersicone sculentum Mill.). Progress.
Agric. 26, 32-37. doi: 10.3329/pa.v26i1.24512

Ribba, T., Garrido-Vargas, F., and O’Brien, J. A. (2020). Auxin-mediated responses
under salt stress: From developmental regulation to biotechnological applications. J.
Exp. Bot. 71, 3843-3853. doi: 10.1093/jxb/eraa241

Scheible, W. R., Krapp, A., and Stitt, M. (2000). Reciprocal diurnal changes of
phosphoenolpyruvate carboxylase expression and cytosolic pyruvate kinase, citrate
synthase and NADP-isocitrate dehydrogenase expression regulate organic acid
metabolism during nitrate assimilation in tobacco leaves. Plant Cell Environ. 23,
1155-1167. doi: 10.1046/j.1365-3040.2000.00634.x

Sutter, E. G., and Cohen, J. D. (1992). Measurement of indolebutyric acid in plant
tissues by isotope dilution gas chromatography-mass spectrometry analysis. Plant
Physiol. 99, 1719-1722. doi: 10.1104/pp.99.4.1719

Tammam, A. (2009). Indole-3-butyric acid application mitigates sodium chloride
stress in two cotton cultivars differing in salt tolerance. Acta Agronomica Hungarica 57,
471-488. doi: 10.1556/AAgr.57.2009.4.9

Turner, J. S., and Hanly, V. F. (1949). Succinate and plant respiration. New Phytol. 48,
149-171. doi: 10.1111/j.1469-8137.1949.tb05117.x

Wang, D., Liu, H,, Li, S., Zhai, G., Shao, J., and Tao, Y. (2015). Characterization and
molecular cloning of a serine hydroxymethyltransferase 1 (OsSHM1) in rice. J. Integr.
Plant Biol. 57, 745-756. doi: 10.1111/jipb.12336

Wang, S., Taketa, S., Ichii, M., Xu, L., Xia, K., and Zhou, X. (2003). Lateral root
formation in rice (Oryza sativa L.): differential effects of indole-3-acetic acid and indole-
3-butyric acid. Plant Growth Regul. 41, 41-47. doi: 10.1023/A:1027384528993

Wang, Y., Tan, C, Li, Y., Meng, F.,, Du, Y., Zhang, S., et al (2024). 5-ALA, DTA-6,
and nitrogen mitigate NaCl stress by promoting photosynthesis and carbon
metabolism in rice seedlings. Metabolites 14, 142. doi: 10.3390/metabo14030142

Yamaguchi, N., Winter, C. M., Wu, M.-F,, Kanno, Y., Yamaguchi, A., Seo, M,, et al.
(2014). Gibberellin acts positively then negatively to control onset of flower formation
in Arabidopsis. Science 344, 638-641. doi: 10.1126/science.1250498

Yang, C.-Y., Hsu, F.-C,, Li, ].-P., Wang, N.-N, and Shih, M.-C. (2011). The AP2/ERF

transcription factor AtERF73/HRE1 modulates ethylene responses during hypoxia in
Arabidopsis. Plant Physiol. 156, 202-212. doi: 10.1104/pp.111.172486

Zhang, G., Chen, M., Li, L., Xu, Z,, Chen, X, Guo, J.,, et al. (2009). Overexpression of
the soybean GmERF3 gene, an AP2/ERF type transcription factor for increased
tolerances to salt, drought, and diseases in transgenic tobacco. J. Exp. Bot. 60, 3781—
3796. doi: 10.1093/jxb/erp214

Zhang, Z., and Huang, R. (2010). Enhanced tolerance to freezing in tobacco and
tomato overexpressing transcription factor TERF2/LeERF2 is modulated by ethylene
biosynthesis. Plant Mol. Biol. 73, 241-249. doi: 10.1007/s11103-010-9609-4

Zhao, Q, Fan, Z,, Qiu, L., Che, Q., Wang, T,, Li, Y., et al. (2020). MdbHLH130, an
apple bHLH transcription factor, confers water stress resistance by regulating stomatal
closure and ROS homeostasis in transgenic tobacco. Front. Plant Sci. 11, 543696.
doi: 10.3389/fpls.2020.543696

Zhou, H,, Liu, M., Meng, F., Zheng, D., and Feng, N. (2023). Transcriptomics and
physiology reveal the mechanism of potassium indole-3-butyrate (IBAK) mediating
rice resistance to salt stress. BMC Plant Biol. 23, 569. doi: 10.1186/s12870-023-04531-1

frontiersin.org


https://doi.org/10.1023/B:GROW.0000040120.37448.53
https://doi.org/10.1023/B:GROW.0000040120.37448.53
https://doi.org/10.1007/s004250000345
https://doi.org/10.3390/stresses2010009
https://doi.org/10.1111/nph.15283
https://doi.org/10.3389/fpls.2016.01250
https://doi.org/10.1038/s41598-020-79045-z
https://doi.org/10.1093/jexbot/53.370.905
https://doi.org/10.7717/peerj.10206
https://doi.org/10.7717/peerj.10206
https://doi.org/10.3316/informit.849850800234861
https://doi.org/10.1111/j.1365-313X.2005.02423.x
https://doi.org/10.1111/j.1365-313X.2005.02423.x
https://doi.org/10.3316/informit.260789621744643
https://doi.org/10.3316/informit.260789621744643
https://doi.org/10.3390/agronomy9110687
https://doi.org/10.1104/pp.123.3.817
https://doi.org/10.3390/ijms24043753
https://doi.org/10.1016/j.ecoenv.2018.06.003
https://doi.org/10.1105/tpc.18.00437
https://doi.org/10.3390/ijms24097893
https://doi.org/10.3389/fpls.2021.724079
https://doi.org/10.1038/s41598-023-30619-7
https://doi.org/10.1093/aob/mcm052
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&amp;doi=c4f970386800270118de095a7a6c9f87e86a3088
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&amp;doi=c4f970386800270118de095a7a6c9f87e86a3088
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&amp;doi=c4f970386800270118de095a7a6c9f87e86a3088
https://doi.org/10.3389/fpls.2021.677611
https://doi.org/10.3329/pa.v26i1.24512
https://doi.org/10.1093/jxb/eraa241
https://doi.org/10.1046/j.1365-3040.2000.00634.x
https://doi.org/10.1104/pp.99.4.1719
https://doi.org/10.1556/AAgr.57.2009.4.9
https://doi.org/10.1111/j.1469-8137.1949.tb05117.x
https://doi.org/10.1111/jipb.12336
https://doi.org/10.1023/A:1027384528993
https://doi.org/10.3390/metabo14030142
https://doi.org/10.1126/science.1250498
https://doi.org/10.1104/pp.111.172486
https://doi.org/10.1093/jxb/erp214
https://doi.org/10.1007/s11103-010-9609-4
https://doi.org/10.3389/fpls.2020.543696
https://doi.org/10.1186/s12870-023-04531-1
https://doi.org/10.3389/fpls.2024.1416936
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	Potassium indole-3-butyric acid affects rice’s adaptability to salt stress by regulating carbon metabolism, transcription factor genes expression, and biosynthesis of secondary metabolites
	1 Introduction
	2 Materials and methods
	2.1 Experimental design
	2.2 Determination of plant height, fresh weight, dry weight, leaf area, root shoot ratio, and moisture content
	2.3 Determination of carbohydrate content
	2.4 Determination of the activity of enzymes related to carbon metabolism
	2.5 Transcriptome sequencing
	2.6 Metabolome detection and analysis
	2.7 Quantitative real-time PCR

	3 Results
	3.1 Effects of IBAK on morphology, fresh weight, dry weight, root shoot ratio, and moisture content of rice seedlings under salt stress
	3.2 Effect of IBAK on carbohydrate content and carbon metabolism-related enzyme activity under salt stress
	3.3 Transcriptome
	3.3.1 Quality control
	3.3.2 DEGs statistics
	3.3.3 DEGs analysis

	3.4 Metabolome
	3.4.1 Principal component analysis
	3.4.2 Partial least squares-discriminant analysis
	3.4.3 Statistics and analysis of differential metabolites


	4 Discussion
	4.1 IBAK regulated carbon metabolism under salt stress
	4.2 IBAK regulated biosynthesis of secondary metabolites pathway under salt stress
	4.3 IBAK regulated TF gene expression under salt stress

	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


