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Abstract: Auxin plays an essential role in regulating Arabidopsis growth and development. YUCCA
(YUC) family genes encode flavin monooxygenases, which are rate-limiting enzymes in the auxin
biosynthetic pathway. Previous studies showed that YUC8 overexpression (YUC8 OE), as well
as ectopic expression of YUC8 driven by GL2 (GLABRA 2) and TT12 (TRANSPARENT TESTA 12)
promoters, which are specifically expressed in the epidermis and inner seed integument, respectively,
produced larger seeds compared to the Col. However, the impact of these transgenic lines on the
vegetative growth of Arabidopsis remains unclear. Here, we show that the GL2pro:YUC8-GFP and
TT12pro:YUC8-GFP transgenic plants produce a moderate excessive auxin accumulation phenotype
compared to the YUC8 OE. These two transgenic lines produced smaller rosette and leaf, higher
plant height, fewer branches, and longer siliques. These data will provide a basis for the study of the
relationship between the ectopic expression of auxin synthesis genes and crop yield.
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1. Introduction

As the first plant hormone discovered, auxin plays an important role in all stages of
plant growth and development [1,2]. The auxin biosynthesis in plants mainly includes
tryptophan (Trp)-dependent and Trp-independent pathways [3–6]. At present, an enormous
amount of research focuses on the Trp-dependent pathway, but little is known about the Trp-
independent pathway. The mutation of maize tryptophan synthase β leads to the abnormal
synthesis of tryptophan but still has a high level of IAA, suggesting the existence of a Trp-
independent auxin biosynthesis pathway [7]. Similarly, the Arabidopsis trp2-1 mutant with
a defect in tryptophan synthase β leads to abnormal tryptophan synthesis, in which a higher
level of amide- and ester-linked IAA compared with the wild type is still produced [8,9]. The
Trp-dependent pathway includes four subpathways that utilize tryptophan metabolism to
produce different intermediates, namely, indole-3-acetaldoxime (IAOx), indole-3-acetamide
(IAM), tryptamine (TAM), and indole-3-pyruvate (IPA) pathways, respectively [4–6]. Trp
synthesized by the shikimic acid pathway in the chloroplasts becomes the central precursor
of the four Trp-dependent pathways [6]. The most important enzymes in the IAOx pathway
are the cytochrome P450 monooxygenase CYP79B2 and CYP79B3, which catalyze Trp to
indole-3-acetaldoxime [10]. Transgenic plants that overexpress the CYP79B2 gene contain
higher levels of free IAA than the wild-type plants and show phenotypes characteristic
of auxin overproduction, whereas cyp79b2 cyp79b3 double mutants accumulate lower
levels of auxin and exhibit mild IAA-deficient phenotypes [10]. A recent study has shown
that cyp79b2 cyp79b3 exhibits a phenotype of early aging, revealing its role in age-related
developmental processes [11]. Overexpression of the bacterial iaaM gene (encodes a Trp

Seeds 2023, 2, 278–289. https://doi.org/10.3390/seeds2030021 https://www.mdpi.com/journal/seeds

https://doi.org/10.3390/seeds2030021
https://doi.org/10.3390/seeds2030021
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/seeds
https://www.mdpi.com
https://orcid.org/0000-0001-6472-6829
https://doi.org/10.3390/seeds2030021
https://www.mdpi.com/journal/seeds
https://www.mdpi.com/article/10.3390/seeds2030021?type=check_update&version=2


Seeds 2023, 2 279

monooxygenase) in plants can produce IAM and lead to excessive-auxin phenotypes, such
as epinastic cotyledons, long hypocotyl, short root with long root hairs, and narrower
leaves [12]. To identify key genes in the IAM auxin biosynthesis pathway, Gao et al.
performed forward genetic experiments in Arabidopsis and identified the IAM hydrolase 1
(IAMH1) and IAMH2 genes. The iamh1 iamh2 double mutants are resistant to IAM treatment
but display no obvious developmental defects under normal growth conditions, revealing
that the IAM pathway plays a weak role in plant auxin synthesis [12]. So far, little is known
about the tryptamine auxin biosynthesis pathway. Tryptophan decarboxylase (TDC) is
involved in this process, but there is still little research on it [1,13].

The IPA pathway is the main auxin biosynthesis pathway in most plants, which in-
volves two vital reactions. First, Trp is catalyzed to form indole-3-pyruvic acid (IPyA) by
the aminotransferase TAA (TRYPTOPHAN AMINOTRANSFERASE OF ARABIDOPSIS),
and then indole-3-pyruvic acid undergoes oxidative decarboxylation to form IAA catalyzed
by the YUCCA (YUC) flavin monooxygenase [14–21]. Both the TAA and YUC enzymes
are encoded by multiple genes in most plants examined. For example, in the Arabidopsis
genome, there are five closely related genes encoding the TAA or the TAA-related 1 to 4
(TAR1-4) [14,15]. The single taa1 or tar1-4 mutants show no obvious defects, whereas the
taa1 tar1 tar2 triple mutants are lethal at the seedling stage. The taa1 tar1 tar2 seedlings also
bear typical auxin-deficiency phenotypes, such as no primary root and short hypocotyl,
with only one cotyledon [18]. YUC is the rate-limiting enzyme of the IPA auxin biosynthesis
pathway. Overexpression of the YUC gene in plants causes the characteristic phenotype
of auxin overproduction [20]. There are a total of 11 YUC genes in Arabidopsis, and their
expression is strictly regulated with tissue specificity and functional redundancy [20,22,23].
YUC1, YUC2, YUC4, and YUC6 are mainly involved in the biosynthesis of auxin in shoot
apical meristems, leaf primordia, and floral organs, while YUC3, YUC5, YUC7, YUC8,
and YUC9 mainly participate in auxin biosynthesis in roots [22–25]. During reproductive
growth, YUC1, YUC4, and YUC6 are expressed in the ovule integuments and funiculus [26].
YUC1, YUC4, YUC8, YUC9, YUC10, and YUC11 are expressed during embryo and seed de-
velopment [23,24,27]. Consistently, the yuc3 yuc5 yuc7 yuc8 yuc9 quintuple (yucQ) mutants
exhibit severe developmental defects in roots and are agravitropic [25]. Ectopic expression
of the YUC3 gene under the control of a shoot-specific promoter does not rescue the abnor-
mal root phenotype of the yucQ mutant, suggesting that local auxin synthesis is essential
for root development [25]. The yuc1 yuc2 yuc4 yuc6 quadruple mutants display severe
developmental defects in leaf morphology, vasculature tissues, and flower organs [22,23].
The yuc1 yuc4 yuc10 yuc11 quadruple mutants display severe defects during embryogenesis
and produce seedlings without hypocotyl or root [23]. These findings indicate that YUCs
play an important regulatory role during the development of roots, leaves, floral organs,
and embryos in Arabidopsis. In addition, mutations in the YUC genes cause the plant
to be sensitive to the external environment and reduce the plant’s adaptation to abiotic
stress [28].

Ectopic expression of auxin-related genes in plants affects plant development. For
example, ectopic overexpression of the AtSAUR41 gene leads to long hypocotyl and root,
increased numbers of lateral roots, and twisted stem, whereas its tissue-specific expression
driven by the PIN1 promoter in the stele cells leads to abnormal root meristem with addi-
tional cell layers [29]. Ectopic expression of the OsIAA4 gene in rice reduced the sensitivity
to auxin and markedly increased the plant height and tiller angles [30]. UGT84A2 and
UGT75D1 encode auxin glycosyltransferases, which are specific for indole-3-butyric acid
(IBA) [31,32]. UGT84A2 plays an important role in the Arabidopsis thaliana flowering process.
The UGT84A2 overexpression led to the increase in the IBA level in Arabidopsis, which
disturbed the dynamic balance of auxin and downregulated the gene expression related to
flowering, and the transgenic plants showed the characteristics of late flowering [31]. The
ectopic expression of UGT75D1 in Arabidopsis leads to early seed germination and affects
plant growth and development under stress conditions [32]. In addition, the ectopic expres-
sion of another IAA-dependent auxin glycosyltransferase UGT74D1 leads to a disordered
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distribution of auxin in leaves and petioles and produces leaves with abnormal morphology,
leaf vein distribution, and petiole angle [33]. Overexpression of the Arabidopsis YUC6 gene
in sweetpotato can lead to better antioxidant and drought resistance, which is beneficial for
their adaptation to environmental stress [34]. The expression pattern of SAUR19 exhibits
asymmetric distribution in the soybean seedling hypocotyl, especially under conditions of
gravity and light stimulation. The ectopic expression of SAUR19 under the control of the
35S promoter can weaken the gravitropic and phototropic responses of soybean seedling
hypocotyl [35]. The previous research showed that ectopic expression of the AtYUC8 gene
driven by GL2 and TT12 promoters in Arabidopsis produced larger seeds [27]. Consider
if these auxin-related genes are overexpressed in crops in a manner of ectopic expression,
and it is highly likely to increase crop yield. However, it seems that it is not solely based
on the agronomic traits of seed size to determine whether it has the potential to improve
agricultural production. Therefore, it is necessary to analyze the vegetative growth of those
transgenic plants, such as plant height, the size of leaves, the number of branches, and other
morphological characteristics, which may have an important role in crop development. In
the previous research, it remains unknown whether the GL2pro:YUC8 and TT12pro:YUC8
transgenes affect the vegetative growth of the transgenic plants. Therefore, in this study, the
vegetative growth of these transgenic lines was analyzed. The results will provide a basis
for the application prospect of these two transgene constructs in agricultural production.

2. Materials and Methods
2.1. Plant Materials and Growth Conditions

The Arabidopsis transgenic lines used in this article have been described in previous
reports: YUC8 OE [24], GL2pro:YUC8-GFP (L6, L8, L10), and TT12pro:YUC8-GFP (L8, L11,
L12) [27]. The Col-0 (Col) ecotype was used as a wild-type control. Seeds were surface
sterilized first in 70% (v/v) ethanol (ETOH) for 5 min and then in 1% (v/v) Clorox bleach
for 10 min, and then were washed five times using sterile ddH2O. After stratification in the
refrigerator for 2 to 3 days, the seeds were sown on solid Murashige and Skoog (MS) plates
and cultured in a plant incubator at 22 ◦C under a photoperiod cycle of 16 h light/8 h dark.
Seven-day-old seedlings were transplanted to the soil and were grown in a culture room
at 22 ◦C under a photoperiod of 16 h light/8 h dark. The ethanol and Clorox bleach were
purchased from Aladdin Reagent Company (Shanghai, China), and the Murashige and
Skoog medium powder was purchased from Duchefa Biochemie Company (Haarlem, The
Netherlands).

2.2. Plant Morphology Measurement

Morphological measurements of Col, YUC8 OE, GL2pro:YUC8-GFP (L6, L8, L10), and
TT12pro:YUC8-GFP (L8, L11, L12) plants were conducted on rosette diameter, plant height,
leaf length/width, petiole length, primary/secondary branch numbers, and stem diameter.
The measurement of rosette diameter starts from the third week until the ninth week. The
fully expanded fifth rosette leaf of Arabidopsis plants was selected to measure the leaf
length, leaf width, and petiole length. Arabidopsis plant height was measured from the
fourth week to the ninth week. A vernier caliper was used to measure the diameter of the
main stem. The numbers of the primary branches of Arabidopsis are counted from the
fourth week to the eighth week, and the secondary branches are from the fifth week to the
eighth week. The siliques are collected 14 days after pollination and observed, and photos
are taken under a stereo microscope (Leica, Wetzlar, Germany). Image J software 1.4.3.67
(https://imagej.net/ij/ (accessed on 15 May 2023)) is used for measurement.

2.3. Statistical Analysis

Statistical differences were analyzed using the one-way ANOVA multiple comparison
test. The experimental results are shown as mean ± SD. p < 0.05 was determined as
statistically significant.

https://imagej.net/ij/
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3. Results
3.1. Ectopic Expression of the YUC8 under the Control of GL2 and TT12 Promoters Affects the Size
of Arabidopsis Rosette

The GL2 and TT12 are specifically expressed in the epidermis and the innermost layer
of ovule and seed integuments of Arabidopsis plants, respectively [36]. We previously
obtained the GL2pro:YUC8-GFP and TT12pro:YUC8-GFP transgenic plants in which YUC8
was driven by the GL2 and TT12 promoters to ectopically express at the epidermis and the
inner seed integuments [27]. Here, we analyzed the vegetative growth phenotypes of Col,
YUC8 OE, GL2pro:YUC8-GFP, and TT12pro:YUC8-GFP transgenic lines. The results showed
that the rosette diameter of the GL2pro:YUC8-GFP L6 and L8 was significantly smaller than
that of the Col, while there was no significant difference between the other transgenic lines
and the Col on rosette size in the third week (Figure 1a,b). Starting from the fifth week,
the rosette diameter of TT12pro:YUC8-GFP L11 and L12 were also significantly smaller
than that of the Col (Figure 1b). However, there was no statistically significant difference
between YUC8 OE and Col plants during the entire vegetative growth stage in the rosette
diameter (Figure 1b). These results indicate that ectopic expression of YUC8 affects the size
of the rosette of transgenic plants.

3.2. Ectopic Expression of the YUC8 under the Control of GL2 and TT12 Promoters Affects the
Development of Arabidopsis Leaves

Next, we conducted statistical analysis on the leaf length, leaf width, and petiole length
of the fifth leaf of the rosette (Figure 1c). The results showed that there was no significant
difference in leaf length between all transgenic plants and Col, except for the GL2pro:YUC8-
GFP L8 (Figure 1d). The leaf width of YUC8 OE, all lines of the GL2pro:YUC8-GFP and
the TT12pro:YUC8-GFP L11 was all smaller than that of the Col (Figure 1e). However,
there was no significant difference in leaf length/width ratio between GL2pro:YUC8-GFP
and TT12pro:YUC8-GFP transgenic lines and the Col, while YUC8 OE was significantly
higher than the Col (Figure 1g). These results indicate that YUC8 overexpression leads
to narrower leaves. Although similar in morphology to the Col, the GL2pro:YUC8-GFP
and TT12pro:YUC8-GFP transgenic lines produced smaller leaves. Overexpression of the
YUC8 did not affect the growth of leaf petiole (Figure 1f), whereas the petiole length of
the GL2pro:YUC8-GFP and the TT12pro:YUC8-GFP L11 and L12 were significantly shorter
compared to that of the Col (Figure 1f). There is no statistically significant difference in the
ratio of petiole length to leaf length between Col and all of the transgenic plants (Figure 1h).

3.3. Ectopic Expression of the YUC8 under the Control of GL2 and TT12 Promoters Affects the
Arabidopsis Height but Does Not Affect the Stem Thickness

Subsequently, we measured the plant height of Col and the transgenic lines from the
4th to the 9th week. The results showed that the plant height of the YUC8 OE, the L6, and
L10 of GL2pro:YUC8-GFP, and the L8 and L11 of TT12pro:YUC8-GFP were significantly
higher than those of the Col, starting from the seventh week (Figure 2a). By the ninth week,
the plant height of the YUC8 OE, all lines of the GL2pro:YUC8-GFP, and the L8 and L11 of
TT12pro:YUC8-GFP were significantly higher compared to the Col (Figure 2a). Then, we
measured the diameter of the main stem of these plants. Compared with the Col, the main
stems of the YUC8 OE and the L8 of TT12pro:YUC8-GFP plants are thicker, while there
was no significant difference between the other lines and the Col (Figure 2b). These results
indicate that ectopic expression of the YUC8 can increase plant height but in general does
not affect stem thickness.
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Figure 1. Ectopic expression of the YUC8 gene affects the development of Arabidopsis rosette and 
leaves. (a) Images of three-week-old Col, YUC8 OE, GL2pro:YUC8-GFP (L6, L8, and L10) and 
TT12pro:YUC8-GFP (L8, L11, and L12) transgenic lines; (b) The rosette diameter statistics of Col, 
YUC8 OE, GL2pro:YUC8-GFP, and TT12pro:YUC8-GFP transgenic Arabidopsis from 3rd to 9th 
week; (c) Diagram of leaf length, leaf width, and petiole length; (d–h) Statistics on the leaf length 
(d), leaf width (e), petiole length (f), leaf length/width (g), and petiole length/leaf length (h) of the 
fifth leaf of different transgenic lines and Col Arabidopsis. Error bars represent means ± SD. Sig-
nificant differences are according to the one-way ANOVA multiple comparison test (*, p < 0.05; **, p 
< 0.01; ***, p < 0.001; ns = not significant). Bar = 1 cm. 

Figure 1. Ectopic expression of the YUC8 gene affects the development of Arabidopsis rosette
and leaves. (a) Images of three-week-old Col, YUC8 OE, GL2pro:YUC8-GFP (L6, L8, and L10) and
TT12pro:YUC8-GFP (L8, L11, and L12) transgenic lines; (b) The rosette diameter statistics of Col,
YUC8 OE, GL2pro:YUC8-GFP, and TT12pro:YUC8-GFP transgenic Arabidopsis from 3rd to 9th week;
(c) Diagram of leaf length, leaf width, and petiole length; (d–h) Statistics on the leaf length (d), leaf
width (e), petiole length (f), leaf length/width (g), and petiole length/leaf length (h) of the fifth
leaf of different transgenic lines and Col Arabidopsis. Error bars represent means ± SD. Significant
differences are according to the one-way ANOVA multiple comparison test (*, p < 0.05; **, p < 0.01;
***, p < 0.001; ns = not significant). Bar = 1 cm.
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Figure 2. Ectopic expression of the YUC8 gene affects the Arabidopsis height but does not affect the 
diameter of the stem. (a) The plant height statistics of Col, YUC8 OE, GL2pro:YUC8-GFP, and 
TT12pro:YUC8-GFP transgenic Arabidopsis from 4 to 9 weeks. (b) The diameter of stem statistics of 
Col, YUC8 OE, GL2pro:YUC8-GFP, and TT12pro:YUC8-GFP transgenic Arabidopsis. Error bars 
represent means ± SD. Significant differences are according to the one-way ANOVA multiple 
comparison test (*, p < 0.05; **, p < 0.01; ***, p < 0.001; ns = not significant). 

3.4. Ectopic Expression of the YUC8 under the Control of GL2 and TT12 Promoters Inhibits the 
Branching of Arabidopsis Plants 

Finally, we analyzed the numbers of the primary and secondary branches of these 
transgenic lines. Starting from the fifth week, the primary branch numbers of the YUC8 
OE, GL2pro:YUC8-GFP, and TT12pro:YUC8-GFP lines were significantly lower than that 
of the Col (Figure 3a). Starting from the sixth week, the secondary branch numbers of the 
YUC8 OE, GL2pro:YUC8-GFP, and TT12pro:YUC8-GFP lines were significantly lower than 
that of the Col (Figure 3b). These results indicate that ectopic expression of YUC8 inhibits 
the branching of Arabidopsis plants and therefore enhances apical dominance. 

Figure 2. Ectopic expression of the YUC8 gene affects the Arabidopsis height but does not affect
the diameter of the stem. (a) The plant height statistics of Col, YUC8 OE, GL2pro:YUC8-GFP, and
TT12pro:YUC8-GFP transgenic Arabidopsis from 4 to 9 weeks. (b) The diameter of stem statistics of
Col, YUC8 OE, GL2pro:YUC8-GFP, and TT12pro:YUC8-GFP transgenic Arabidopsis. Error bars repre-
sent means ± SD. Significant differences are according to the one-way ANOVA multiple comparison
test (*, p < 0.05; **, p < 0.01; ***, p < 0.001; ns = not significant).

3.4. Ectopic Expression of the YUC8 under the Control of GL2 and TT12 Promoters Inhibits the
Branching of Arabidopsis Plants

Finally, we analyzed the numbers of the primary and secondary branches of these
transgenic lines. Starting from the fifth week, the primary branch numbers of the YUC8
OE, GL2pro:YUC8-GFP, and TT12pro:YUC8-GFP lines were significantly lower than that
of the Col (Figure 3a). Starting from the sixth week, the secondary branch numbers of the
YUC8 OE, GL2pro:YUC8-GFP, and TT12pro:YUC8-GFP lines were significantly lower than
that of the Col (Figure 3b). These results indicate that ectopic expression of YUC8 inhibits
the branching of Arabidopsis plants and therefore enhances apical dominance.
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Figure 3. Ectopic expression of the YUC8 gene affects the development of Arabidopsis branches. (a) 
The primary branch statistics of Col, YUC8 OE, GL2pro:YUC8-GFP, and TT12pro:YUC8-GFP trans-
genic Arabidopsis from 4 to 8 weeks. (b) The secondary branch statistics of Col, YUC8 OE, 
GL2pro:YUC8-GFP, and TT12pro:YUC8-GFP transgenic Arabidopsis from 5 to 8 weeks. Error bars 
represent means ± SD. Significant differences are according to the one-way ANOVA multiple 
comparison test (*, p < 0.05; **, p < 0.01; ***, p < 0.001; ns = not significant). 

3.5. Ectopic Expression of the YUC8 under the Control of GL2 and TT12 Produce Longer Siliques 
The previous research showed that ectopic expression of the YUC8 gene under the 

control of the GL2 and TT12 promoters in Arabidopsis produced larger seeds [27]. We 
further analyzed the relative silique length of the GL2pro:YUC8-GFP and 
TT12pro:YUC8-GFP transgenic plants 14 days after pollination. The results showed that 
the silique length of the YUC8 OE and the TT12pro:YUC8-GFP L11 and L12 was not sig-
nificantly different compared to that of the Col. However, the relative silique length of 
the L6, L8, and L10 of the GL2pro:YUC8-GFP and the L8 of the TT12pro:YUC8-GFP 
transgenic plants was significantly longer than those of the Col (Figure 4). These results 
indicate that ectopic expression of the YUC8 can produce longer siliques. 

Figure 3. Ectopic expression of the YUC8 gene affects the development of Arabidopsis branches.
(a) The primary branch statistics of Col, YUC8 OE, GL2pro:YUC8-GFP, and TT12pro:YUC8-GFP
transgenic Arabidopsis from 4 to 8 weeks. (b) The secondary branch statistics of Col, YUC8 OE,
GL2pro:YUC8-GFP, and TT12pro:YUC8-GFP transgenic Arabidopsis from 5 to 8 weeks. Error bars rep-
resent means ± SD. Significant differences are according to the one-way ANOVA multiple comparison
test (*, p < 0.05; **, p < 0.01; ***, p < 0.001; ns = not significant).

3.5. Ectopic Expression of the YUC8 under the Control of GL2 and TT12 Produce Longer Siliques

The previous research showed that ectopic expression of the YUC8 gene under the
control of the GL2 and TT12 promoters in Arabidopsis produced larger seeds [27]. We
further analyzed the relative silique length of the GL2pro:YUC8-GFP and TT12pro:YUC8-
GFP transgenic plants 14 days after pollination. The results showed that the silique length
of the YUC8 OE and the TT12pro:YUC8-GFP L11 and L12 was not significantly different
compared to that of the Col. However, the relative silique length of the L6, L8, and L10 of the
GL2pro:YUC8-GFP and the L8 of the TT12pro:YUC8-GFP transgenic plants was significantly
longer than those of the Col (Figure 4). These results indicate that ectopic expression of the
YUC8 can produce longer siliques.
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TT12pro:YUC8-GFP transgenic Arabidopsis. Error bars represent means ± SD. Significant differ-
ences are according to the one-way ANOVA multiple comparison test (**, p < 0.01; ***, p < 0.001; ns = 
not significant). Bar = 0.5 mm. 
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der to explore the function of JAZ in rice, Sun et al. expressed OsJAZ under the control of 
the 35S promoter in Arabidopsis, verified the stability of OsJAZ through molecular 
technology, and found that ectopically expressed JAZ led to reduced disease resistance of 
Arabidopsis and abnormal root and flower organs development [37]. The PpeDAM6 gene 
exhibits a high expression level in the peach leaf and bud and mainly regulates the re-
lease of bud dormancy. Ectopic expression of the PpeDAM6 gene in European plums al-
ters its vegetative growth and delays its development with abnormal internodes elonga-
tion and disturbances hormone regulatory network [38]. MYB5 is an R2R3 MYB tran-
scription factor involved in the synthesis of secondary cell walls in fruit trees. Chen et al. 
ectopically expressed the MdMYB5 gene in Arabidopsis to investigate the mechanism by 
which MYB5 affects apple fruit development. The transgenic plants exhibited a dwarf 
phenotype with thickened secondary cell walls caused by the increase in lignin and cel-
lulose content. Further research showed that MdMYB5 could regulate the formation of 
apple secondary cell walls by regulating the expression of cellulose and lignin biosyn-
thesis-related genes, laying the foundation for the study of the regulatory mechanism of 
MdMYB5 in apples [39]. The IQD genes play an important role in plant response to abi-
otic stress. BrIQD35 is mainly expressed in the root, stem, leaf, and other vegetative or-
gans of Chinese cabbage, which can effectively cope with drought and salt stress on 
plants [40]. Ectopic expression of BrIQD35 in Nicotiana benthamiana showed no signifi-
cant change in salt tolerance, but significantly increased drought resistance [40]. Phos-
phorelay by a two-component system (TCS) is a signal transduction mechanism in-
volved in plant response to external stimuli, which is conserved in evolution. GmHP08 is 

Figure 4. Ectopic expression of the YUC8 gene produces longer siliques. (a) The siliques 14 days post
pollination of Col, YUC8 OE, GL2pro:YUC8-GFP, and TT12pro:YUC8-GFP transgenic Arabidopsis.
(b) The relative silique length of Col, YUC8 OE, GL2pro:YUC8-GFP, and TT12pro:YUC8-GFP transgenic
Arabidopsis. Error bars represent means ± SD. Significant differences are according to the one-way
ANOVA multiple comparison test (**, p < 0.01; ***, p < 0.001; ns = not significant). Bar = 0.5 mm.

4. Discussion

Gene ectopic expression contributes to its functional analysis. The JAZ gene encodes
a transcription inhibitor in the jasmonic acid (MeJA) signal transduction pathway. In
order to explore the function of JAZ in rice, Sun et al. expressed OsJAZ under the control
of the 35S promoter in Arabidopsis, verified the stability of OsJAZ through molecular
technology, and found that ectopically expressed JAZ led to reduced disease resistance of
Arabidopsis and abnormal root and flower organs development [37]. The PpeDAM6 gene
exhibits a high expression level in the peach leaf and bud and mainly regulates the release
of bud dormancy. Ectopic expression of the PpeDAM6 gene in European plums alters its
vegetative growth and delays its development with abnormal internodes elongation and
disturbances hormone regulatory network [38]. MYB5 is an R2R3 MYB transcription factor
involved in the synthesis of secondary cell walls in fruit trees. Chen et al. ectopically
expressed the MdMYB5 gene in Arabidopsis to investigate the mechanism by which MYB5
affects apple fruit development. The transgenic plants exhibited a dwarf phenotype with
thickened secondary cell walls caused by the increase in lignin and cellulose content.
Further research showed that MdMYB5 could regulate the formation of apple secondary
cell walls by regulating the expression of cellulose and lignin biosynthesis-related genes,
laying the foundation for the study of the regulatory mechanism of MdMYB5 in apples [39].
The IQD genes play an important role in plant response to abiotic stress. BrIQD35 is mainly
expressed in the root, stem, leaf, and other vegetative organs of Chinese cabbage, which can
effectively cope with drought and salt stress on plants [40]. Ectopic expression of BrIQD35
in Nicotiana benthamiana showed no significant change in salt tolerance, but significantly
increased drought resistance [40]. Phosphorelay by a two-component system (TCS) is a
signal transduction mechanism involved in plant response to external stimuli, which is
conserved in evolution. GmHP08 is one of the two-component system members in soybean
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and participates in the regulation of drought tolerance. Compared with the wild-type,
ectopic expression of GmHP08 in Arabidopsis exhibited better water storage capacity and a
more sensitive response to ABA under water deficiency conditions. Further studies showed
that the GmHP08 gene can mediate plant drought resistance by regulating the expression of
ABA synthesis and signaling genes [41]. The GS5 gene encodes a serine carboxypeptidase-
like protein (SCPL) in rice, and can positively regulate the size and weight of rice seeds,
which has the potential for improving rice yield and quality. The ectopic expression of the
GS5 gene under the control of the ZmMRP-1 promoter, which is specifically expressed in
the endosperm, exhibits significant improvement in grain filling rate and increased starch
particle size and grain weight [42].

The previous study has shown that the yuc8 mutant produced smaller seeds, while ec-
topic expression of YUC8 driven by the GL2 and TT12 promoters produced larger seeds [27].
It may provide a strategy for increasing grain yield in crops. Since crop yield is not only
contributed by grain size but also by traits such as branch numbers, plant size, and plant
architecture [43–45], the effects of GL2pro:YUC8-GFP and TT12pro:YUC8-GFP on the vege-
tative growth of Arabidopsis was further investigated in this study. The results showed
that ectopic expression of YUC8 led to higher plants with longer siliques, smaller leaves,
and fewer branches, whereas their stems were not thicker than that of the wild type. This
may affect the lodging resistance of the plant and be detrimental to yield. The longer
siliques induced by ectopic expression of YUC8 seem to have certain beneficial values in
agricultural production, which means that the number and size of seeds wrapped in the
pericarp may increase, or simply the increase in pericarp cell numbers or the expansion of
pericarp cells.

Another interesting issue in this study is that ectopic expression of YUC8 in the en-
dothelium layer of the integument can cause a phenotype of moderate excessive auxin
accumulation during vegetative growth. Auxin plays an essential regulating role in plant
morphogenesis, root development, male and female gametophyte development, and em-
bryogenesis [6,22,23,46]. Auxin exerts its regulatory function by establishing maximum
or minimum accumulation in tissues or organs. The local auxin biosynthesis, polar auxin
transport, and signal transduction jointly maintain auxin homeostasis in vivo through
the complex gene regulatory network. This notion is supported by numerous pieces of
research. For example, the wei8 eir1 (wei8 is a mutant allele of the TAA1 gene, and eir1 is
a mutant allele of the PIN2 gene) and wei8 aux1 double mutants show additive defects in
the maintenance of the root meristem [47]. Overproduction of auxin in the shoot cannot
rescue the root developmental defect of the yucQ auxin biosynthesis mutant [25]. The
auxin-resistant mutant axr1-3 can suppress the auxin overproduction phenotype induced
by the overexpression of the iaaM gene in Arabidopsis [48]. It is so far not clear how the
auxin synthesized in the inner integument affects the overall vegetative growth of the plant.
One plausible explanation is that the auxin efflux proteins PIN1 or PIN3 located in the
funiculus might mediate the auxin flow between the integument and the maternal tissue.
It has been reported that auxin transport proteins play an important role in mediating
auxin signal communication and dynamic distribution between reproductive organs and
maternal tissues [26,49,50]. Previous research has found that PIN1, PIN3, and PIN6 are
located in the funiculus and might mediate auxin flow between the ovule and the maternal
tissue, which may play an important role in the synergistic development of anthers and
ovules [26]. Meanwhile, previous research also found that PIN3 mediates the dynamic dis-
tribution of auxin in the seed coat, thereby regulating seed development [27]. In summary,
our study provides some new insights into the application of tissue-specific expression of
auxin biosynthesis genes in agricultural productivity.

5. Conclusions

Overexpression of auxin synthesis genes such as YUCs can affect plant morphogenesis
in Arabidopsis thaliana. In this study, we employ the GL2 and TT12 promoters which are
specifically expressed in the epidermis and inner seed integuments to drive the ectopic
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expression of YUC8 in Arabidopsis, resulting in a moderate excessive auxin accumulation
phenotype. Ectopic expression of YUC8 reduces the size of the rosette and leaves in Ara-
bidopsis but does not affect the morphology of the leaves. Meanwhile, ectopic expression
of YUC8 leads to higher plant height and fewer primary and secondary branches. Ectopic
expression of the YUC8 gene also produces longer silique. Our research may have two
limitations. Firstly, we did not detect the levels of auxin in the vegetative organs, such as
roots, leaves, and stems by employing auxin response maker DR5rev:GFP or DR5:GUS.
This also makes it unclear how auxin synthesized by the integument affects plant develop-
ment. Secondly, the impacts of these two constructs on other crops need to be analyzed
to determine whether they can truly be applied to practical productivity. However, it is
undeniable that compared to YUC8 overexpression under the control of the 35S promoter,
ectopic expression of the YUC8 gene under the control of the GL2 and TT12 promoters
produces a phenotype of moderate excessive auxin accumulation, which to a considerable
extent alleviates the negative effects of excessive auxin on plants. All in all, our research
may provide a basis for further research on the ectopic expression of auxin-related genes in
agricultural productivity.

Author Contributions: S.M. conceived the project and designed the experiments. C.T. performed
the experiments. J.S., T.Z., S.L. and M.L. helped with the experiments. S.M. and C.T. analyzed the
data and wrote the manuscript, with contributions from H.L. All authors have read and agreed to the
published version of the manuscript.

Funding: This work was funded by the National Natural Science Foundation of China (32070281,
31870230, and 91417308 to S.M.).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: All relevant data can be found in the manuscript.

Acknowledgments: We thank the Arabidopsis Biological Resource Center (ABRC) for providing
mutant seeds, and John Innes Centre for providing the pGREENII0229 vector.

Conflicts of Interest: The authors declare there is no conflict of interest. The funders had no role in
the design of the study; in the collection, analyses, or interpretation of data; in the writing of the
manuscript, or in the decision to publish the results.

References
1. Ljung, K. Auxin metabolism and homeostasis during plant development. Development 2013, 140, 943–950. [CrossRef] [PubMed]
2. Zhao, Y. Essential roles of local auxin biosynthesis in plant development and in adaptation to environmental changes. Annu. Rev.

Plant Biol. 2018, 69, 417–435. [CrossRef] [PubMed]
3. Cohen, J.D.; Slovin, J.P.; Hendrickson, A.M. Two genetically discrete pathways convert tryptophan to auxin: More redundancy in

auxin biosynthesis. Trends Plant Sci. 2003, 8, 197–199. [CrossRef] [PubMed]
4. Morffy, N.; Strader, L.C. Old Town Roads: Routes of auxin biosynthesis across kingdoms. Curr. Opin. Plant Biol. 2020, 55, 21–27.

[CrossRef]
5. Casanova-Sáez, R.; Voß, U. Auxin metabolism controls developmental decisions in land plants. Trends Plant Sci. 2019, 24, 741–754.

[CrossRef] [PubMed]
6. Zhao, Y. Auxin biosynthesis and its role in plant development. Annu. Rev. Plant Biol. 2010, 61, 49–64. [CrossRef]
7. Wright, A.D.; Sampson, M.B.; Neuffer, M.G.; Michalczuk, L.; Slovin, J.P.; Cohen, J.D. Indole-3-Acetic acid biosynthesis in the

mutant maize orange pericarp, a tryptophan auxotroph. Science 1991, 254, 998–1000. [CrossRef]
8. Normanly, J.; Cohen, J.D.; Fink, G.R. Arabidopsis thaliana auxotrophs reveal a tryptophan-independent biosynthetic pathway for

indole-3-acetic acid. Proc. Natl. Acad. Sci. USA 1993, 90, 10355–10359. [CrossRef]
9. Wang, B.; Chu, J.; Yu, T.; Xu, Q.; Sun, X.; Yuan, J.; Xiong, G.; Wang, G.; Wang, Y.; Li, J. Tryptophan-independent auxin biosynthesis

contributes to early embryogenesis in Arabidopsis. Proc. Natl. Acad. Sci. USA 2015, 112, 4821–4826. [CrossRef]
10. Zhao, Y.; Hull, A.K.; Gupta, N.R.; Goss, K.A.; Alonso, J.; Ecker, J.R.; Normanly, J.; Chory, J.; Celenza, J.L. Trp-dependent auxin

biosynthesis in Arabidopsis: Involvement of cytochrome P450s CYP79B2 and CYP79B3. Genes Dev. 2002, 16, 3100–3112. [CrossRef]
11. Crane, R.A.; Cardénas, V.M.; Castaneda, N.; Jackson, C.L.; Riley, C.J.; Mostafa, I.; Kong, W.; Chhajed, S.; Chen, S.; Brusslan, J.A.

Negative regulation of age-related developmental leaf senescence by the IAOx Pathway, PEN1, and PEN3. Front. Plant Sci. 2019,
10, 1202. [CrossRef] [PubMed]

https://doi.org/10.1242/dev.086363
https://www.ncbi.nlm.nih.gov/pubmed/23404103
https://doi.org/10.1146/annurev-arplant-042817-040226
https://www.ncbi.nlm.nih.gov/pubmed/29489397
https://doi.org/10.1016/S1360-1385(03)00058-X
https://www.ncbi.nlm.nih.gov/pubmed/12758033
https://doi.org/10.1016/j.pbi.2020.02.002
https://doi.org/10.1016/j.tplants.2019.05.006
https://www.ncbi.nlm.nih.gov/pubmed/31230894
https://doi.org/10.1146/annurev-arplant-042809-112308
https://doi.org/10.1126/science.254.5034.998
https://doi.org/10.1073/pnas.90.21.10355
https://doi.org/10.1073/pnas.1503998112
https://doi.org/10.1101/gad.1035402
https://doi.org/10.3389/fpls.2019.01202
https://www.ncbi.nlm.nih.gov/pubmed/31649689


Seeds 2023, 2 288

12. Gao, Y.; Dai, X.; Aoi, Y.; Takebayashi, Y.; Yang, L.; Guo, X.; Zeng, Q.; Yu, H.; Kasahara, H.; Zhao, Y. Two homologous INDOLE-
3-ACETAMIDE (IAM) HYDROLASE genes are required for the auxin effects of IAM in Arabidopsis. J. Genet. Genom. 2020, 47,
157–165. [CrossRef] [PubMed]

13. Mano, Y.; Nemoto, K. The pathway of auxin biosynthesis in plants. J. Exp. Bot. 2012, 63, 2853–2872. [CrossRef]
14. Stepanova, A.N.; Robertson-Hoyt, J.; Yun, J.; Benavente, L.M.; Xie, D.Y.; Dolezal, K.; Schlereth, A.; Jürgens, G.; Alonso, J.M.

TAA1-mediated auxin biosynthesis is essential for hormone crosstalk and plant development. Cell 2008, 133, 177–191. [CrossRef]
15. Tao, Y.; Ferrer, J.L.; Ljung, K.; Poger, F.; Hong, F.; Long, J.A.; Li, L.; Moreno, J.E.; Bowman, M.E.; Ivans, L.J.; et al. Rapid synthesis

of auxin via a new tryptophan-dependent pathway is required for shade avoidance in plants. Cell 2008, 133, 164–176. [CrossRef]
[PubMed]

16. Mashiguchi, K.; Tanaka, K.; Sakai, T.; Sugawara, S.; Kawaide, H.; Natsume, M.; Hanada, A.; Yaeno, T.; Shirasu, K.; Yao, H.; et al.
The main auxin biosynthesis pathway in Arabidopsis. Proc. Natl. Acad. Sci. USA 2011, 108, 18512–18517. [CrossRef] [PubMed]

17. Won, C.; Shen, X.; Mashiguchi, K.; Zheng, Z.; Dai, X.; Cheng, Y.; Kasahara, H.; Kamiya, Y.; Chory, J.; Zhao, Y. Conversion of
tryptophan to indole-3-acetic acid by tryptophan aminotransferases of Arabidopsis and YUCCAs in Arabidopsis. Proc. Natl. Acad.
Sci. USA 2011, 108, 18518–18523. [CrossRef]

18. Stepanova, A.N.; Yun, J.; Robles, L.M.; Novak, O.; He, W.; Guo, H.; Ljung, K.; Alonso, J.M. The Arabidopsis YUCCA1 flavin
monooxygenase functions in the indole-3-pyruvic acid branch of auxin biosynthesis. Plant Cell 2011, 23, 3961–3973. [CrossRef]

19. Zhao, Y. Auxin biosynthesis: A simple two-step pathway converts tryptophan to indole-3-acetic acid in plants. Mol. Plant 2012, 5,
334–338. [CrossRef]

20. Zhao, Y.; Christensen, S.K.; Fankhauser, C.; Cashman, J.R.; Cohen, J.D.; Weigel, D.; Chory, J. A role for flavin monooxygenase-like
enzymes in auxin biosynthesis. Science 2001, 291, 306–309. [CrossRef]

21. Dai, X.; Mashiguchi, K.; Chen, Q.; Kasahara, H.; Kamiya, Y.; Ojha, S.; DuBois, J.; Ballou, D.; Zhao, Y. The biochemical mechanism of
auxin biosynthesis by an Arabidopsis YUCCA flavin-containing monooxygenase. J. Biol. Chem. 2013, 288, 1448–1457. [CrossRef]

22. Cheng, Y.; Dai, X.; Zhao, Y. Auxin biosynthesis by the YUCCA flavin monooxygenases controls the formation of floral organs and
vascular tissues in Arabidopsis. Genes Dev. 2006, 20, 1790–1799. [CrossRef]

23. Cheng, Y.; Dai, X.; Zhao, Y. Auxin synthesized by the YUCCA flavin monooxygenases is essential for embryogenesis and leaf
formation in Arabidopsis. Plant Cell 2007, 19, 2430–2439. [CrossRef] [PubMed]

24. Hentrich, M.; Böttcher, C.; Düchting, P.; Cheng, Y.; Zhao, Y.; Berkowitz, O.; Masle, J.; Medina, J.; Pollmann, S. The jasmonic acid
signaling pathway is linked to auxin homeostasis through the modulation of YUCCA8 and YUCCA9 gene expression. Plant J.
2013, 74, 626–637. [CrossRef] [PubMed]

25. Chen, Q.; Dai, X.; De-Paoli, H.; Cheng, Y.; Takebayashi, Y.; Kasahara, H.; Kamiya, Y.; Zhao, Y. Auxin overproduction in shoots
cannot rescue auxin deficiencies in Arabidopsis roots. Plant Cell Physiol. 2014, 55, 1072–1079. [CrossRef]

26. Larsson, E.; Vivian-Smith, A.; Offringa, R.; Sundberg, E. Auxin homeostasis in Arabidopsis ovules is anther-dependent at
maturation and changes dynamically upon fertilization. Front. Plant Sci. 2017, 8, 1735. [CrossRef]

27. Liu, H.; Luo, Q.; Tan, C.; Song, J.; Zhang, T.; Men, S. Biosynthesis- and transport-mediated dynamic auxin distribution during
seed development controls seed size in Arabidopsis. Plant J. 2023, 113, 1259–1277. [CrossRef]

28. Blakeslee, J.J.; Spatola Rossi, T.; Kriechbaumer, V. Auxin biosynthesis: Spatial regulation and adaptation to stress. J. Exp. Bot. 2019,
70, 5041–5049. [CrossRef]

29. Kong, Y.; Zhu, Y.; Gao, C.; She, W.; Lin, W.; Chen, Y.; Han, N.; Bian, H.; Zhu, M.; Wang, J. Tissue-specific expression of SMALL
AUXIN UP RNA41 differentially regulates cell expansion and root meristem patterning in Arabidopsis. Plant Cell Physiol. 2013,
54, 609–621. [CrossRef]

30. Song, Y.; Xu, Z. Ectopic overexpression of an AUXIN/INDOLE-3-ACETIC ACID (Aux/IAA) gene OsIAA4 in rice induces morpho-
logical changes and reduces responsiveness to Auxin. Int. J. Mol. Sci. 2013, 14, 13645–13656. [CrossRef] [PubMed]

31. Zhang, G.Z.; Jin, S.H.; Li, P.; Jiang, X.Y.; Li, Y.J.; Hou, B.K. Ectopic expression of UGT84A2 delayed flowering by indole-3-butyric
acid-mediated transcriptional repression of ARF6 and ARF8 genes in Arabidopsis. Plant Cell Rep. 2017, 36, 1995–2006. [CrossRef]

32. Zhang, G.Z.; Jin, S.H.; Jiang, X.Y.; Dong, R.R.; Li, P.; Li, Y.J.; Hou, B.K. Ectopic expression of UGT75D1, a glycosyltransferase
preferring indole-3-butyric acid, modulates cotyledon development and stress tolerance in seed germination of Arabidopsis
thaliana. Plant Mol. Biol. 2016, 90, 77–93. [CrossRef] [PubMed]

33. Jin, S.; Hou, B.; Zhang, G. The ectopic expression of Arabidopsis glucosyltransferase UGT74D1 affects leaf positioning through
modulating indole-3-acetic acid homeostasis. Sci. Rep. 2021, 11, 1154. [CrossRef] [PubMed]

34. Park, S.C.; Kim, H.S.; Lee, H.U.; Kim, Y.H.; Kwak, S.S. Overexpression of Arabidopsis YUCCA6 enhances environment stress
tolerance and inhibits storage root formation in sweetpotato. Plant Biotechnol. Rep. 2019, 13, 345–352. [CrossRef]

35. Wang, X.; Yu, R.; Wang, J.; Lin, Z.; Han, X.; Deng, Z.; Fan, L.; He, H.; Deng, X.W.; Chen, H. The asymmetric expression of
SAUR genes mediated by ARF7/19 promotes the gravitropism and phototropism of plant hypocotyls. Cell Rep. 2020, 31, 107529.
[CrossRef] [PubMed]

36. Stadler, R.; Lauterbach, C.; Sauer, N. Cell-to-cell movement of green fluorescent protein reveals post-phloem transport in the outer
integument and identifies symplastic domains in Arabidopsis seeds and embryos. Plant Physiol. 2005, 139, 701–712. [CrossRef]

37. Sun, B.; Shang, L.; Li, Y.; Zhang, Q.; Chu, Z.; He, S.; Yang, W.; Ding, X. Ectopic expression of OsJAZs alters plant defense and
development. Int. J. Mol. Sci. 2022, 23, 4581. [CrossRef]

https://doi.org/10.1016/j.jgg.2020.02.009
https://www.ncbi.nlm.nih.gov/pubmed/32327358
https://doi.org/10.1093/jxb/ers091
https://doi.org/10.1016/j.cell.2008.01.047
https://doi.org/10.1016/j.cell.2008.01.049
https://www.ncbi.nlm.nih.gov/pubmed/18394996
https://doi.org/10.1073/pnas.1108434108
https://www.ncbi.nlm.nih.gov/pubmed/22025724
https://doi.org/10.1073/pnas.1108436108
https://doi.org/10.1105/tpc.111.088047
https://doi.org/10.1093/mp/ssr104
https://doi.org/10.1126/science.291.5502.306
https://doi.org/10.1074/jbc.M112.424077
https://doi.org/10.1101/gad.1415106
https://doi.org/10.1105/tpc.107.053009
https://www.ncbi.nlm.nih.gov/pubmed/17704214
https://doi.org/10.1111/tpj.12152
https://www.ncbi.nlm.nih.gov/pubmed/23425284
https://doi.org/10.1093/pcp/pcu039
https://doi.org/10.3389/fpls.2017.01735
https://doi.org/10.1111/tpj.16109
https://doi.org/10.1093/jxb/erz283
https://doi.org/10.1093/pcp/pct028
https://doi.org/10.3390/ijms140713645
https://www.ncbi.nlm.nih.gov/pubmed/23812082
https://doi.org/10.1007/s00299-017-2225-x
https://doi.org/10.1007/s11103-015-0395-x
https://www.ncbi.nlm.nih.gov/pubmed/26496910
https://doi.org/10.1038/s41598-021-81016-x
https://www.ncbi.nlm.nih.gov/pubmed/33441983
https://doi.org/10.1007/s11816-019-00537-0
https://doi.org/10.1016/j.celrep.2020.107529
https://www.ncbi.nlm.nih.gov/pubmed/32320660
https://doi.org/10.1104/pp.105.065607
https://doi.org/10.3390/ijms23094581


Seeds 2023, 2 289

38. Lloret, A.; Quesada-Traver, C.; Conejero, A.; Arbona, V.; Gómez-Mena, C.; Petri, C.; Sánchez-Navarro, J.A.; Zuriaga, E.; Leida, C.;
Badenes, M.L.; et al. Regulatory circuits involving bud dormancy factor PpeDAM6. Hortic. Res. 2021, 8, 261. [CrossRef]

39. Chen, K.Q.; Tang, X.G.; Song, M.R.; Guo, Y.G.; Liu, L.F.; Xue, H.; Dai, H.Y.; Zhang, Z.H. Functional identification of MdMYB5
involved in secondary cell wall formation in apple. Fruit Res. 2021, 1, 6. [CrossRef]

40. Yuan, J.; Yu, Z.; Li, Y.; Shah, S.H.A.; Xiao, D.; Hou, X.; Li, Y. Ectopic expression of BrIQD35 promotes drought stress tolerance in
Nicotiana benthamiana. Plant Biol. 2022, 24, 887–896. [CrossRef]

41. Chuong, N.N.; Hoang, X.L.T.; Nghia, D.H.T.; Nguyen, N.C.; Thao, D.T.T.; Tran, T.B.; Ngoc, T.T.M.; Thu, N.B.A.; Nguyen, Q.T.;
Thao, N.P. Ectopic expression of GmHP08 enhances resistance of transgenic Arabidopsis toward drought stress. Plant Cell Rep.
2021, 40, 819–834. [CrossRef] [PubMed]

42. Dong, G.; Xiong, H.; Zeng, W.; Li, J.; Du, D. Ectopic expression of the rice grain-size-affecting gene GS5 in maize affects kernel
size by regulating endosperm starch synthesis. Genes 2022, 13, 1542. [CrossRef] [PubMed]

43. Lu, Z.; Ren, T.; Li, J.; Hu, W.; Zhang, J.; Yan, J.; Li, X.; Cong, R.; Guo, S.; Lu, J. Nutrition-mediated cell and tissue-level anatomy
triggers the covariation of leaf photosynthesis and leaf mass per area. J. Exp. Bot. 2020, 71, 6524–6537. [CrossRef] [PubMed]

44. Koyama, K.; Kikuzawa, K. Is whole-plant photosynthetic rate proportional to leaf area? A test of scalings and a logistic equation
by leaf demography census. Am. Nat. 2009, 173, 640–649. [CrossRef]

45. Zheng, M.; Peng, C.; Liu, H.; Tang, M.; Yang, H.; Li, X.; Liu, J.; Sun, X.; Wang, X.; Xu, J.; et al. Genome-wide association study
reveals candidate genes for control of plant height, branch initiation height and branch number in rapeseed (Brassica napus L.).
Front. Plant Sci. 2017, 8, 1246. [CrossRef]

46. Figueiredo, D.D.; Batista, R.A.; Roszak, P.J.; Köhler, C. Auxin production couples endosperm development to fertilization. Nat.
Plants 2015, 1, 15184. [CrossRef]

47. Brumos, J.; Robles, L.M.; Yun, J.; Vu, T.C.; Jackson, S.; Alonso, J.M.; Stepanova, A.N. Local auxin biosynthesis is a key regulator of
plant development. Dev. Cell 2018, 47, 306–318. [CrossRef]

48. Romano, C.P.; Robson, P.R.; Smith, H.; Estelle, M.; Klee, H. Transgene-mediated auxin overproduction in Arabidopsis: Hypocotyl
elongation phenotype and interactions with the hy6-1 hypocotyl elongation and axr1 auxin-resistant mutants. Plant Mol. Biol.
1995, 27, 1071–1083. [CrossRef]

49. Ceccato, L.; Masiero, S.; Sinha, D.; Bencivenga, S.; Roig-Villanova, I.; Ditengou, F.A.; Palme, K.; Simon, R.; Colombo, L. Maternal
control of PIN1 is required for female gametophyte development in Arabidopsis. PLoS ONE 2013, 8, e66148. [CrossRef]

50. Wang, J.; Guo, X.; Xiao, Q.; Zhu, J.; Cheung, A.; Yuan, L.; Vierling, E.; Xu, S. Auxin efflux controls orderly nucellar degeneration
and expansion of the female gametophyte in Arabidopsis. New Phytol. 2021, 230, 2261–2274. [CrossRef]

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.

https://doi.org/10.1038/s41438-021-00706-9
https://doi.org/10.48130/FruRes-2021-0006
https://doi.org/10.1111/plb.13425
https://doi.org/10.1007/s00299-021-02677-6
https://www.ncbi.nlm.nih.gov/pubmed/33725150
https://doi.org/10.3390/genes13091542
https://www.ncbi.nlm.nih.gov/pubmed/36140710
https://doi.org/10.1093/jxb/eraa356
https://www.ncbi.nlm.nih.gov/pubmed/32725164
https://doi.org/10.1086/597604
https://doi.org/10.3389/fpls.2017.01246
https://doi.org/10.1038/nplants.2015.184
https://doi.org/10.1016/j.devcel.2018.09.022
https://doi.org/10.1007/BF00020881
https://doi.org/10.1371/journal.pone.0066148
https://doi.org/10.1111/nph.17152

	Introduction 
	Materials and Methods 
	Plant Materials and Growth Conditions 
	Plant Morphology Measurement 
	Statistical Analysis 

	Results 
	Ectopic Expression of the YUC8 under the Control of GL2 and TT12 Promoters Affects the Size of Arabidopsis Rosette 
	Ectopic Expression of the YUC8 under the Control of GL2 and TT12 Promoters Affects the Development of Arabidopsis Leaves 
	Ectopic Expression of the YUC8 under the Control of GL2 and TT12 Promoters Affects the Arabidopsis Height but Does Not Affect the Stem Thickness 
	Ectopic Expression of the YUC8 under the Control of GL2 and TT12 Promoters Inhibits the Branching of Arabidopsis Plants 
	Ectopic Expression of the YUC8 under the Control of GL2 and TT12 Produce Longer Siliques 

	Discussion 
	Conclusions 
	References

