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Abstract Rapeseed (Brassica napus L.) is an important
oil crop in the world. In order to fulfill the requirement
of mechanized harvesting and raised production, it is
highly desirable to gain a better understanding of the
regulatory networks controlling the main agronomic
traits of this crop. In this study, we obtained a natural
mutant of rapeseed with more main stems named as dt
(duo tou, meaning more main stems in Chinese). The dt
mutant exhibits abnormal differentiation of stems, in-
creased leaves, and decreased plant height. Phenotype
and tissue section analysis showed that abnormal devel-
opment of the shoot apical meristem (SAM) led to the dt
phenotype. Genes that participated in SAMactivity main-
tenance, cytokinin biosynthesis, and signal transduction
displayed greatly variation at transcriptional level, which

was associated with the high level of cytokinin in the dt
mutant. These results provide desirable material for im-
proving the breeding and production of Brassica napus.
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Introduction

Rapeseed (Brassica napus L.) is an important oil crop in
the world, which is a major resource of edible oil and
industrial raw material. To improve the production of
rapeseed, great efforts have been made recently to elu-
cidate the molecular mechanisms underlying its impor-
tant agronomic traits, such as plant height, branch num-
ber, and silique number which contribute to rapeseed
yields (Chen et al. 2007; Tan et al. 2015; Lu et al. 2017).

Stems and branches are the key yield-related traits,
which are differentiated from shoot meristem. The abil-
ity of the plant continuously generates new tissues de-
pends on the undifferentiated stem cells activity
(Aichinger et al. 2012; Sablowski 2007). After early
embryo formation, the shoot begins to form a group of
stem cells with a constantly divided capacity. With the
onset of seed germination, contributions from stem cells
gradually differentiate to form the shoot and root apical
meristem (SAM, RAM, respectively). The SAM gener-
ates aerial organs throughout the lifespan of higher
plants, such as stems, leaves, and flowers (Aichinger
et al. 2012; Barton 2010; Stahl and Simon 2005). The
meristem must maintain a balance between stem cell
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niches updating and peripheral organ initiation in order
to fulfill this function. In the process of differentiation,
the morphological structure, physiological status, and
endogenous hormonal content of the SAM undergo
substantial change (Chickarmane et al. 2012). These
changes represent the periodical characteristics of
SAM in different development stages, which were se-
lected as important indicators in this process.

The SAM generates branches and leaves during the
vegetative developmental stage. During the reproduc-
tive developmental stage, flowers are the main products,
which are generated from the floral meristem (Ha et al.
2010). Regardless of the developmental stage, it is im-
portant to keep the homeostasis between the stem cell
activity maintenance and organ differentiation; this em-
ploys a complicated signal network (Ha et al. 2010).
SAM stem cell activity is regulated by a feedback loop
consisted ofWUSCHEL (WUS), CLAVAT3 (CLV3), and
related genes (Schoof et al. 2000). In the Arabidopsis
SAM, WUS is a key regulator of shoot stem cell main-
tenance. Mutation of WUS results in the disruption of
stem cell formation and meristem development termi-
nation (Ikeda et al. 2009; Mayer et al. 1998). Ectopic
expression of WUS is also known to be sufficient to
induce organ primordium formation and stem cell activ-
ity in root tissues (Gallois et al. 2004). CLV3 belongs to
the CLV3/ESR protein family and demonstrates an ex-
pression domain coincident with SAM stem cell distri-
bution and is the only known molecular marker of these
cells (Fletcher et al. 1999). In SAM, the expression of
WUS is sufficient to activate the transcription of CLV3
(Leibfried et al. 2005), meanwhile, the activated CLV3
could conversely suppress the expression of WUS
through two parallel receptor systems which consist of
CLAVATA1 (CLV1) and CLAVATA2 (CLV2) (Brand
et al. 2000; Clark et al. 1997; Jeong et al. 1999;
Ogawa et al. 2008). Other genes also make significant
contributions to the establishment of the SAM shape. In
Arabidopsis, SHOOT MERISTEM LESS (STM) facili-
tates stem cell division by restraining cell differentiation.
In the STM loss-of-function mutant, SAM cannot gen-
erate, which results in fused cotyledon and failed to
form other parts of the shoot (Long et al. 1996). The
co-expression of WUS and STM produced synergistic
effects on meristem, and the phenotype of stm mutant
could be partly complemented by the overexpression of
WUS, but these two genes regulate SAM in two inde-
pendent manners (Lenhard et al. 2002). The function of
WUS is specifying the identity of stem cells in the

organization center; however, STM was expressed to
suppress the differentiation of cells throughout the mer-
istem dome. Many transcription factors participate in
SAM border formation. CUP-SHAPED COTYLEDON
(CUC) genes not only play important roles in SAM
formation but also participate in the boundary division
between the SAM and newborn organs (Burian et al.
2015; Goncalves et al. 2015; Hibara et al. 2006;
Vroemen et al. 2003). The CUC genes are supposed to
perform redundantly to inhibit boundary cell prolifera-
tion, which is a precondition for organ generation from
the SAM. The expression of these CUCs is restricted to
the boundary regions owing to the presence of STM and
auxin (Aida et al. 1999; Aida et al. 2002; Friml et al.
2004; Furutani et al. 2004; Takada and Tasaka 2002).

Cytokinin (CK) positively regulates cell division and
control the size of the SAM (Shani et al. 2006). The
spatial regulation of CK biosynthesis and cellular re-
sponses to CK in the central domain are important for
SAM formation (Chickarmane et al. 2012; Kieber and
Schaller 2014). A study in Arabidopsis indicated that
mutations in ARABIDOPSIS HISTIDINE KINASE2
(AHK2), AHK3, and AHK4, which encode CK receptor
histidine kinase, resulted in a smaller SAM size, a
decreased rate of leaf primordium germination, and the
suppression of new leaf generation (Nishimura et al.
2004). Ectopic expression of cytokinin oxidase (CKX)
in Arabidopsis and tobacco, which encode the CK-
degrading enzyme, could also result in a smaller meri-
stem and decreased leaf initiation (Werner et al. 2003;
Werner et al. 2001). In serious cases, the meristem of
transgenic plants leads to disruption eventually, which
confirms the necessity of plenty CK to the development
of SAM.

In the past decades, considerable progress had been
achieved on the plant SAM research (Barton 2010;
Wang et al. 2018). However, huge space still exists in
the regulation network. In this study, we present a
B. napus mutant of NY12 (Ningyou 12) background,
which exhibits an abnormal development of SAM.
Basing on the more main stems phenotype, the mutant
was named as dt (dou tou), which means Bmore main
stems^ in Chinese. RNA sequencing (RNA-seq) was
adopted to uncover the mechanism of these changes at
the transcriptional level. Genes participate in SAM reg-
ulation and basic processes of metabolism displayed
significant variation, which provides insights into the
development of the B. napus SAM and the molecular
bases for the formation of plant architecture.
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Materials and methods

Plant materials and growth conditions

B. napus plants in this study (dt and NY12) were grown
in the experimental field of Jiangsu University. All
collected samples were frozen in liquid nitrogen imme-
diately after picked from the plant and stored at − 80 °C
before use. Seedlings were grown in 7 cm × 7 cm ×
7.5 cm pots containing nutrient soil in an incubator
under the controlled condition: the light was provided
for 16 h per day, the temperature is 25 °C during the
light and 20 °C in the night, the relative air humidity is
kept on 55%. Shoot apexes were collected at 2 cm from
the tip of the stem when the first flower opened. For
RNA-seq, shoot apexes were collected from three indi-
viduals as biological replicates.

Tissue section

For paraffin sections, fresh samples were soaked in
formaldehyde-acetic acid-alcohol (FAA) stationary liq-
uid overnight and dehydrated in a gradient ethanol so-
lution. Tissue sections (7 μm) were performed using a
microtome (Leica RM 2155, Hesse-Darmstadt,
Germany), stained with 1% of safranine overnight and
0.5% of fast green for 30 s. The sections were
photographed using an OLYMPUS microscope
(BX53, Tokyo, Japan).

RNA extraction, sequencing, and data analysis

The total RNA of the collected samples of dtmutant and
NY12 were extracted using TRIzol Reagent (Life tech-
nologies, New York, USA) according to the manufac-
turer’s instruction. One hundred milligrams of the shoot
apex was used for RNA extraction. The purified RNA
was detected and qualified using OneDrop OD-1000+
spectrophotometer (RockGene, Shanghai, China).
Library construction was performed according to the
standard protocol. The sequencing of the library was
performed using the BGISeq-500 platform. The exper-
iment was repeated three times with independent sam-
ples. The raw data were filtered to trim adaptor se-
quences and to remove low-quality sequences (Q < 20)
with > 10% uncertain (N) bases. The NCBI database
was used to annotate gene function. Differentially
expressed genes (DEGs) were screened according to
the NOIseq method (Tarazona et al. 2011). Transcripts

reach the criterion of log2 fold change ≥ 1 (or ≤ − 1) and
probability ≥ 0.8 were selected as DEGs. Gene ontology
(GO) classification of DEGs was performed using the
gene ontology database. The GO enrichment analysis
was performed by GO::TermFinder software. The path-
way enrichment analysis of the DEGs was searched for
the Kyoto Encyclopedia of Genes and Genomes
(KEGG) database. The clean data was deposited in
NCBI SRA se c t i o n w i t h B i oP r o j e c t No .
PRJNA449176. Significantly differently expressed
genes and all differentially expressed genes are listed
in Supplemental Table 1 and Supplemental Table 2,
respectively.

Cytokinin content detection

Shoot apexes were collected at the same time when the
RNA-seq samples were collected.More than three shoot
apexes were mixed together and ground to powder in
liquid nitrogen. About 500 μg of ground samples was
used for CK detection. Solid Phase Extraction-Liquid
Chromatogram-Tandem Mass Spectrometry (SPE-LC-
MS/MS) was used to detect the content of CKs in dt and
NY12. This step was performed on the plant hormone
platform of the Institute of Genetics and Developmental
Biology, Chinese Academy of Science (http://www.
genetics.ac.cn/).

Quantitative real-time PCR analysis

Quantitative real-time PCR (qPCR) was performed to
detect the expression pattern of selected genes in dt and
NY12 in order to validate the result of RNA-seq. The
RNA from 100 mg frozen shoot apex samples were
isolated using TRIzol reagent (Life technologies, New
York, USA) following the protocol of the supplier. Five
hundred nanogram of total RNAwas used to synthesize
the first strand cDNA using HiScript Q RT SuperMix
for qPCR kit (Vazyme, Nanjing, China). ABI 7300
Real-Time PCR Detect ion System (Applied
Biosystems, Carlsbad, USA) was used to perform the
qPCR reaction with SYBRGreen Master Mix (Vazyme,
Nanjing, China). Gene-specific primers were designed
using Primer premier 5.0 based on the corresponding
sequence of selected genes. The sequence of primers is
listed in Supplemental Table 3. Standard curve and
melting curve methods were used to check the efficien-
cy and specificities of primers after all qPCR reactions.
All qPCRs were performed in triplicate in a final volume
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of 20 μL. The ACTIN gene was used as an internal
reference gene. 2−ΔΔCt method was adopted to calculate
the relative expression level of genes.

Results

Phenotypic characterization of the dt mutant

The dt mutant was found in the experimental field of
NY12 background. Homozygote was obtained through
self-crossing, and the individuals from which no segre-
gation of phenotypic traits were reserved. Compared to
the wild type, dt displayed many distinct phenotypes. At
the vegetative development stage, seedlings of dt gen-
erate more leaves than wild type (Fig. 1a, h). At the
reproductive stage after bolting, dt generated multiple
main stems instead of only one in the wild type (Fig. 1b–
g). In addition, part of flowers in dt mutant displayed
abnormal differentiation: multiple flowers were gener-
ated from a single peduncle in the dtmutant, while only
one flower per peduncle in wild type (Fig. 1d, e). At the
flowering stage, dt exhibited obviously lower plant
height than the wild type (Fig. 1f–i). These results
indicated that the aerial part of dt displayed a significant
difference from the wild type in organ differentiation
and plant architecture.

Abnormal development of SAM in dt mutant

The gradual formation of the plant aerial part mainly
depends on the activity of SAM (Lyndon 1999). The
changes of leaf number at the seedling stage were
tracked to reflect the activity of SAM. The number of
leaves in dtmutant significantly exceeds that of the wild
type at 15 days after germination (Fig. 2). After further
development of the plant, the difference between dt and
wild type became quite pronounced (Fig. 2), which
suggests a stronger activity of SAM in dt mutant.

To reveal the reason of generating more leaves in dt
mutant, tissue sections analysis of 3-week-old shoots
from dt and wild type were performed. The develop-
ment of wild type cotyledons and leaves displayed a
symmetric manner (Fig. 3a). However, as compared to
wild type, shoots in dt exhibited an irregular shape and
more than one SAM in the shoot area (Fig. 3b, d).
Further observation showed that parts of the SAM were
salient, unlike the regular, arc-shaped structure observed
in the wild type (Fig. 3e, f). Therefore, the generation of

more leaves and more main stems phenotype are formed
by irregular shape and increased number of SAM.

RNA-seq analysis of shoot apex in dt mutant

To investigate the molecular mechanism underlying
abnormal development of SAM in dt, transcriptomic
analyses of SAM in dt and NY12 were performed using
a high-throughput RNA-seq approach. The tran-
scriptome of the dt mutant SAM was compared with
that of wild type to identify DEGs. One thousand nine-
teen significant DEGs between dt and NY12 were iden-
tified according to the NOIseq method (Tarazona et al.
2011), in which 426 genes were upregulated and 593
genes were downregulated in dt (Supplemental Fig. 1).

GO enrichment analysis was performed to classify
the biological function of DEGs; 696 of the 1019 DEGs
were annotated successfully. In order to discover the
significantly over-represented functional categories, an
enrichment analysis was performed according to the
molecular function and biological processes
(Supplemental Fig. 2). Five GO terms were enriched
in the molecular function category (Bnucleic acid bind-
ing transcription factor activity,^ Bhydrolase activity,^
BDNA binding,^ Bstructural molecule activity,^ and
Btetrapyrrole binding^). As for biological processes, 23
subcategories were enriched. BGene expression,^
Bresponse to stress,^ and Bsingle-multicellular organism
process^ were dominant. Go analysis indicated that
DEGs are mainly involved in gene expression regula-
tion and stress response, function as structural molecule,
and DNA binding. Therefore, the transcription factor
prediction of the 74 DEGs in Bnucleic acid binding
transcription factor activity^ category was performed.
Twenty-eight of them were identified as eight types of
transcription factors, which belong to MADS, MYB,
bHLH, AP2-EREBP, NAC, zf-HD, GRAS, C2H2, and
C2C2-CO-like family (Supplemental Table 4). Most of
them displayed upregulation in dt mutant, which were
supposed to adapt to the vigorous development of SAM.

In order to understand the biological pathways of
genes, KEGG database (Kanehisa et al. 2008) was used
to perform pathway enrichment analysis of DEGs between
dt and the wild type. Based on the results, 667 DEGs were
mapped to 106 biological pathways, in which 21 of them
were significantly enriched. BMetabolic pathways^ is the
most enriched pathway, followed by Bbiosynthesis of
secondary metabolites^ and Bribosome^ (Supplemental
Fig. 3). Plant hormones played essential roles during
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SAM development. As for Btryptophan metabolism^ and
Bplant hormone signal transduction^ pathways, some
genes displayed significant expression, in which
Aldehyde dehydrogenase (ALDH), MYROSINASE and
CYP83B1 participants in auxin biosynthesis, AUXIN
RESPONSE FACTOR (ARF), small auxin-up RNA
(SAUR), AHK4/CYTOKININ RESPONSE1 (CRE1),
GIBBERELLIN INSENSITIVE DWARF1 (GID1),
DELLA, Transcription Factor (TF), Brassinosteroid-in-
sensitive1 (BRI1), and Xyloglucan Endo-transglycosylase

(TCH4) involve in auxin, cytokinin, gibberellin, and
brassinosteroid signal transduction (Supplemental
Table 5).

Based on the annotation of differently expressed
genes, we found genes participating in SAM activity
maintenance and cytokinin signal transduction were sig-
nificantly altered in dt SAM. Therefore, 22 genes were
selected for qPCR validation and further analysis (Fig. 4,
Supplemental Fig. 4). These genes displayed the same
variation trend in expression using both techniques. The

Fig. 1 Comparisons of wild type (left) and dt mutant (right)
phenotypes. a Increased leaves in the dt mutant seedlings com-
pared to the wild type, bar = 3 cm. b–cThe stem phenotype of wild
type (b) and dt (c) in bolting stage, bar = 3 cm. d–e The phenotype
of wild type (d) and dt (e) in flower, bar = 1 cm. f–g The phenotype

of wild type (f) and dt (g) in the flowering period, bar =10 cm. h–i
Quantification of leaf number (h) and plant height (i) among dt
mutant and wild type seedlings. Error bars represent ± standard
deviation from ten biological replicates. *** indicates significant
difference with the wild type at P < 0.001 (t test)
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results of the transcriptome and qPCR showed that the
expressions ofWUS, CUC2 and CUC3 were up-regulat-
ed, and the expressions of CLV3 and STM were down-
regulated (Fig. 4a), which activated the SAM. LONELY
GUYs (LOGs) act at the bioactive step of cytokinin
(Kurakawa et al. 2007). Three LOGs (LOG3, LOG5,
and LOG6) were upregulated in dt, especially LOG5,
for which the expression had enlarged to 84-fold.
ISOPENTENYLTRANSFERASEs (IPTs) are key genes
to participate in the biosynthesis of cytokinin (Kieber
and Schaller 2014). In this study, only IPT1 displayed
upregulation; however, IPT5 and IPT7 were downregu-
lated in the mutant (Fig. 4b). As for cytokinin signal
t ransduct ion , most of the se lec ted type A
ARABIDOPSIS RESPONSE REGULATORs (ARRs)
(ARR8, ARR9, and ARR17) were downregulated in the
dt mutant. Conversely, some type B ARRs (ARR14 and
ARR18) showed substantial upregulation in the dtmutant
(Fig. 4b). Other genes involved in CK signal transduction
exhibited significant variation in dt. Therefore, the dra-
matic upregulation of CK bioactive genes in dt might
lead to a significant variation of CK content and signal
transduction, followed by the activation or suppression of
downstream genes, leading to abnormal SAM formation.

CK contents increased in the shoot apex of dt mutant

CK performs a positive role during the development of
SAM (Shani et al. 2006). According to the above results,

we supposed that the content of CK had changed in dt
SAM. Therefore, the detection of CK component was
performed to confirm this speculation (Fig. 5).
Compared to the wild type, the detected CK compo-
nents in dt mutant increased in different degrees. The
content of active CK, such as tZ (trans-Zeatin) and IP
(isopentenyladenine), increased by 101% and 35%,
which may be caused by the upregulation of LOGs.
The riboside status of these two kinds of CK, tZR (tZ
riboside) and IPR (iP riboside), also increased by 380%
and 190%. In addition, the content of DHZR
(dihydrozeatin riboside) and IP7G (N6-(Δ2-isopentenyl)
adenosine-7-beta-D-glucoside) increased by 87% and
36%. Taken together, the increasing of CK in dt mutant
might lead to a dominant role during the development of
dt SAM.

Discussion

The molecular mechanism underlying shoot develop-
ment in rapeseed is largely unknown. In this study, we
observed a natural mutant of rapeseed, which exhibited
several morphological differences from the wild type,
including an increased number of leaves, additional
main stems, dwarfism, and partly abnormal differentia-
tion of flowers. We speculated that the variation of the
aerial part was caused by abnormal development of the
SAM. Further study indicated that leaf generation rate in
dt is higher than wild type, which indicates a higher
SAM activity. Tissue sections of dt demonstrated an
altered shape and number of SAMs. The data indicate
that the abnormal development of dt is the result of an
increased number and irregular development of SAM.

We used RNA-seq to explore the internal reason of
abnormal development in dt. According to GO enrich-
ment analysis, several transcription factors were identi-
fied to participate in the main stem formation process.
MADS transcription factors are reported involving in
reproductive development in plants (Favaro et al. 2003;
Honma and Goto 2001). In this study, the enriched
MADS transcription factors all displayed upregulation,
which suggested a prime influence on the regulation of
SAM development in dt. Meanwhile, the result has
pointed out new functions of these genes beyond regu-
lators in flower development. In addition, MYB and
bHLH are two transcription factor superfamilies in the
plant, which participate in regulatory networks control-
ling development, metabolism, and responses to biotic

Fig. 2 Comparison of the leaf dynamic variation between dt mu-
tant and wild type. DAG, day after germination. Error bars represent
± standard deviation from ten biological replicates. *** indicates
significant difference with the wild type at P < 0.001 (t test)
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and abiotic stresses (Dubos et al. 2010; Pires and Dolan
2010). Eight of them showed a dramatic differential
expression, which provides new ideas for SAM devel-
opment of these two kinds of transcription factors.

In this study, both RNA-seq and qPCR indicated an
upregulation ofWUS and downregulation of CLV3 in dt
(Fig. 4a). WUS is known to promote the generation of
stem cells (Gallois et al. 2004). The overexpression of
WUS induced the generation of new vegetative buds in
Arabidopsis (Xu et al. 2005). In this study, the down-
regulation of CLV3 could not provide enough suppres-
sion to restrict the expression region of WUS, which
indirectly enhanced the activity of stem cells. What’s

more, the expression of WUS was induced by CK.
Combine the results of CK detection, the increased CK
level could promote the expression of WUS as well.
STM and CUCs are critical genes in lateral organ differ-
entiation (Aida et al. 1999). STM promote cell division
by suppressing organ differentiation, and downregula-
tion of STM is beneficial to the initiation of lateral
organs (Heisler et al. 2005). Moreover, the high expres-
sion level of CLV3 needs STM activity (Brand et al.
2002). The expression level of STM was downregulated
in this study (Fig. 4a), which supposed to remove the
support to high-level CLV3 activity and promote the
differentiation of leaves in dt mutant. CUC genes

Fig. 3 The abnormal
development of SAM in dt. a–b
Shoot phenotypes of the wild type
(a) and dt (b) at 3 weeks, bar =
3 cm. c–d Longitudinal section of
wild type (c) and the dtmutant (d)
shoots at 3 weeks, bar = 200 μm.
e–f Enlargement of the red panels
in (c) and (d), respectively. bar =
100 μm
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function in the specification of boundaries between the
meristem and initiating organs (Aida et al. 1999). The
expression of CUC genes suppresses cell division in
order to promote lateral organ differentiation. In this
study, CUC2 and CUC3 were up regulated significantly
(Fig. 4a), which might be caused by the downregulation
of STM. This could be the reason of the increased leaf
number observed in dt mutant.

The expression of genes which participate in cytoki-
nin biosynthesis and signal transduction was altered sig-
nificantly in the dtmutant. LOG genes act at the final step
of bioactive cytokinin synthesis, which catalyze the trans-
formation of isopentenyladenine riboside 5 ′-
monophosphate (IPRMP) to isopentenyladenine (IP)
and trans-Zeatin riboside 5′-monophosphate (tZRP) to

trans-Zeatin (tZ) (Kurakawa et al. 2007; Kuroha et al.
2009; Tokunaga et al. 2012). In this study, the upregula-
tion of LOG5 and LOG6 might be the reason for high
level IP and tZ in dt mutant (Fig. 5). However, the IPT
genes that participate in cytokinin biosynthesis showed
different expression trends (Fig. 4b), which could be
caused by the downregulation of STM. The selected type
A ARRs were downregulated (Fig. 4b), which were suit-
able for their feedback suppressor roles in CK signal
transduction. Type B ARRs regulate cytokinin signal
transduction positively (Kieber and Schaller 2014) and
were upregulated in this study (Fig. 4b). Taken together,
genes involved in regulating SAM stem cell activity,
cytokinin biosynthesis, and signal transduction exhibited
significant variation from the wild type in dt, which could

Fig. 4 Comparison of results
between RNA-Seq and qPCR. a
Genes that participated in SAM
activity maintenance and
bioactivation were chosen for
qPCR validation. b Genes partic-
ipated in CK biosynthesis and
signal transduction were chosen
for qPCR validation. Y-axis indi-
cates the fold change in the dt
SAM relative to the wild type
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form the transcriptional basis for the enhanced SAM
development in dt mutant.

The regulation of CK to plants is reflected in many
aspects. In addition to the function of promoting meri-
stem development, high level of CK content delay the
senescence of leaves and repress the mature of siliques,
which results in the reduction of production (Gan and
Amasino 1995; Riefler et al. 2006). Therefore, we per-
formed the yield-related agronomic traits analysis of dt
(Supplemental Fig. 5). Comparing to the wild type, the
thousand seed weight and silique number per plant
displayed a significant decrease, which resulted in the
decreased yield of dt mutant. At the mature stage, we
found the maturity of siliques of dt is much slower than
the wild type. In addition, we have detected the oil
content and oil component of the seed. Comparing to
the wild type, the content of oleic acid has decreased in
dt and the linoleic acid displayed a significant increase
(Supplemental Fig. 6). However, the total oil content did
not display significant change. What’s more, the entire
plant body exhibited delayed senescence phenomenon,
and we suggested that the continuous high level of
cytokinin might retard the senescence of dt mutant and
finally reduce the grain yield.

In conclusion, we suggested that the formation of
more main stems in rapeseed is closely related to abnor-
mal development of SAM. The changes of gene expres-
sion levels promoted the CK biosynthesis in dt SAM,
influenced the expression levels of downstream genes
and thereby caused the abnormal development of aerial
parts. Our study offers clues for further studies of the dt

mutant and provides useful material for the study of
SAM development in B. napus.
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