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Relation betweenship strigolactones and branching in strawberry

HU Panpan, ZHANG Xiangfen, ZHAO Xia, LI Gang, ZHAO Fengli, LI Liangjie, ZHOU Houcheng’
(Zhengzhou Fruit Research Institute, Chinese Academy of Agricultural Sciences, Zhengzhou 450009, Henan, China)

Abstract: [Objective] Strigolactones (SLs) are novel plant hormones that regulate various aspects of
plant architecture and development, such as shoot branching or tillering and root morphology forming.
SLs are bio-synthetically derived from the carotenoids, and several genes have been reported to involve
in the synthesis and signal transduction pathway. However, the mechanism of the regulation of branch-
ing by SLs is poorly understood in strawberry. Therefore, the aims of this study were to quantify the
SLs in roots and stem of strawberry, explore the mechanism controlling strawberry branches at different
developmental stages and detect the expression of the relative genesinvoled in the SLs synthesis and sig-
nal transduction pathways.[Methods]Two varieties of strawberry ‘Benihoppe’ and ‘C5’ characterized
by different branching features were used. Standard conventional field practices (including fertilization,
irrigation, and pest control) were carried out during the growing season. Branches, inflorescence, num-
ber of fruits and yield of twenty different single plants for each cultivar were investigated. A sensitive
quantification assay, ultra-fast liquid chromatography-electrospray ionization-tandem mass spectrome-
try (UFLC-ESI-MS/MS) was used to quantify SLs in roots and stems at three branching developmental
stages namely 15 DAP (days after planting) (S-1), 30 DAP (S-2), and 60 DAP (S-3). The sample prepa-
ration mainly included hormone extraction, solid phase extraction and reconstitution. Then, the pre-

pared samples were separated on a Waters ACQUITY UPLC T3 column (100 mm x 2.1 mm, 1.7 pm)
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with mobile phase of 0.1% formic acid aqueous solution and 0.1% formic acid acetonitrile solution. The
flow rate was set to 0.4 mL-min™ and the injection volume was 3 pL. Tandem MS analyses were carried
out on in positive and negative ESI mode with multiple reaction monitoring (MRM) at unit resolution.
Each UFLC-ESI-MS/MS assay was repeated thrice. Based on reported genes in other crops related to
the synthesis and signal transduction of SLs, the sequence of seven homologous genes (FaD27,
FaCDD7, FaCDDS, FaP450, FaD14, FaD53 and FaD3) were blasted in strawberry genome database.
Total RNA was extracted using E.Z.N.A kit (Omega) according to the user manual, and the semi-quanti-
tative PCR method was used to analyze the expression levels of those genes in roots and stems at three
branching developmental stages of ‘Benihoppe’ and ‘C5’.[Results1There was significant difference in
yield-related traits between ‘Benihoppe’ and ‘C5’. The number of branches, inflorescence, fruit num-
bers, and yield of ‘C5” were 2.8, 2.6, 1.7, and 2.1 folds higher than those of ‘Benihoppe’, respectively.
UFLC-ESI-MS/MS detected three derivatives of SLs, including 5-deoxystrigol, strigol and orobanchol.
In the roots and the stems of the two cultivars, the content of 5-deoxystrigol and strigol was high, while
the content of orobanchol was very low. They all had different trends in roots and new stems of ‘Beni-
hoppe” and ‘C5’. The trend of 5-deoxystrigol in the roots of ‘C5’ was similar to the trend in the stems
of ‘Benihoppe’ and ‘C5’, interestingly, both cultivars had the lowest content of 5-deoxystrigol at S-2
stage. The content of 5-deoxystrigol in the roots of ‘Benihoppe’ gradually increased with branches de-
velopment. The content of strigol in ‘Benihoppe’ was different from that of ‘C5’. Both the roots and
the stems of ‘Benihoppe’ had the lowest strigol content at S-2 stage, while the trend of strigol in the
roots and the stems of ‘C5” was opposite. The strigol content was down-regulated in the roots and up-
regulated in the stems of ‘C5’. The content of orobanchol was higher in the stems and the roots of
‘Benihoppe’ at S-2 stage, which was contrary to the content of strigol in both the roots and the stem of
‘Benihoppe’. The content of orobanchol in the roots and stems of ‘C5’ was not consistent with branch-
es development. Considering the relationship between the total amount of SLs and the development of
branches, SLs had the similar trend in the stems of ‘Benihoppe’ and ‘C5’, but the trend was opposite
in the roots between ‘Benihoppe’ and ‘C5’. The opposite trend of SLs in the roots between ‘Beni-
hoppe’ and ‘C5’ might influence the formation of branches in these two cultivars. The semi-quantita-
tive PCR results of genes involved in the synthesis and the signal transduction of SLs demonstrated that
the expression of the genes was higher at S-3 stage. FaD27 was up regulated with development and had
a similar trend with the content of SLs in the roots and the stem of ‘Benihoppe’, which caused the low-
er number of branches in ‘Benihoppe’.[Conclusion] ‘Benihoppe’ had lower yield and fewer branches,
and ‘C5’ had higher yield and more branches. The number of new stem branches was positively corre-
lated with the yield in both cultivars. Results indicated that branching features or number of branches
were dependent on the content of SL. The lower number of branches in ‘Benihoppe’ or higher number
of branches in ‘C5’ was directly associated with the increase or decrease of the content of SLs in the
roots respectively. The high expression level of FaD27 gene might be involved in the higher content of
SLs in ‘Benihoppe’. This study would provide some references for the mechanism of SLs in the regula-
tion of new stem branching in strawberry.

Key words: Strawberry; Strigolactones; New stem branches; Gene expression
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BRI HETFRER 0.2 g FE S T 5 mL B0 8
B AN ER AT 1.5 mL 32 BB (Vg DV i View=7.9:
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J V264 K H Waters A 7] 1] Xevo TQ-S H Bk
DY £ T Joit o A I 2R G, 1 U5 A L 55 3R CESD , Jhi
TR FE £ 650 °C s LV A E < 1 000 L-h's #EFL %
W 30 L-h', TAE 20 B #4429 Mass Lynx V4.1,
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2 S I OMRMO R 23R AT B0dE R4
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China,R6827-02) 17 & RNA #£HL , 2 I TaKaRa ;=
i DNase I (RNase free) i F i BH 45 3 47 il &2 4 K]
21 DNA [ % B% . fif A NanoDrop 1000 (Thermo,
USAD B & 73 o6 o BE 1A WA b RNAL (14 3R 55 0
H. PLRNA NEHR , 2% TaKaRa ;= i RNA [ 3455
K7 B U B E 4T cDNA B4 1k, 3575 ) cDNA B
P T2 & PCR B - 20 CIE A& H o

R4 € & PCR 5 ¥ ¥ v S I, F) B Primer
Premier5.0 #4519 (R D, 51 WAt 4
AR BR A & A
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Table 1 Primers in this study
AL RN RE SIMIRFAI(57-37)
Gene Gene annotation Primer sequence(5’-3")
FaACTIN Internal gene F: CGAGGCTCAATCCAAAAGAG
R: TGGCCACATACATAGCAGGA
FaCCD7 Carotenoid cleaaage dioxygenase 7 F: TTGAAATGCCGCCTAAGAGA
R: AGAGTCGGTGAAAGCCCAGT
FaCCD8 Carotenoid cleaaage dioxygenase 8 F: TGTAGGCAGTGGAAACTCGTG
R: CAATGGAGGACTTGCGACG
FaD27 Beta-carotene isomerase D27 F: GCTACAACTCTGCCTCACCACA
R: TCTGCTTTTATCCGCCTCTATG
FaP450 Cytochrome P450 711A1 F: TGGCAGTATTGGCTGGAGTCT
R: GAAAAGGGATAGTTCGTGGGC
FaD14 Strigolactone esterase D14 F: CGTTGTTGTGGACTCAAAGGA
R: TGCTGGTGTGGATGATAGTGC
FaD53 Uncharacterized LOC101305150 F: GAATCCCTTACTCATCGGCGTA
R: ACTTCAGGAGGCAAGAGTGGTAA
FaD3 F-box/LRR-repeat MAX2 F: TGAGACTTGGGAAAGGCTGC

R: TTCTCGCTGTGTGGGCTTG

1.5 %Hitsa
A SPSS 19.0 1 Microsoft Excel 2010 % 4 i3 4T
Rl RO ) 22 T PR PR AN R 4 N B8 25 & 10 O 22 40 Wy

DL - 350850 b 1 22 A e AR 1 B AH ¢ R B TH 5
JF % F Duncan ¢/ 2 3 Bt 22 LSRVE LU 2 7 0 3%
.
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Table 2 Phenotype analysis of yield related traits in strawberry

PER AR CRD Bl A bk 2 A 5 R AL
Trait Cultivar(line) Mean Range Standard deviation CVI%
Pag S-1 4115 Benihoppe 0.0
Branch Cs 0.0
S-2 2141 Benihoppe 1.0
C5 1.0
S-3 21 i Benihoppe 2.5 2~5 0.76 21.74
C5 6.9 6~8 0.75 10.88
Fidsc 4115 Benihoppe 10.4 7~16 2.89 27.80
Inflorescence Cs 26.8 22~36 3.97 14.81
Ly $ 4 41 %i Benihoppe 39.3 20~70 13.16 33.49
Number of fruits per plant Cs 68.4 43-92 13.29 19.44
Bk E 213 Benihoppe 4113 186.4~694.7 124.49 30.27
Yield per plant/g Cs 879.4 388.4~116 4 205.55 23.37

%3 HEEmEEXMEIK Pearson HHXRE S
Table 3 Pearson correlation coefficient analysis of yield

related traits in strawberry

S TR BIRRE
Number of fruits
Branch Inflorescence
per plant
piasg 0.96%*
Inflorescence
FUBR IR 0.69%*  .72%*
Number of fruits per plant
R 0.76%*  0.77** 0.96**

Yield per plant

R N AT PN

Note: ** indicated extremely significant correlation.
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A02-1
D
Name: 5-DT(C19H2205)
RT: 2.76
Arca: 167.542
Sample Type: Unknown
A02-1
E
Name: SG(C19H2206)
RT: 2.73
Arca: 123.953
Sample Type: Unknown
A02-1
Name: OBL/(C19H2205)
RT: 1.59 F
Arca: 117.852
Sample Type: ~ Unknown

A-C. 5-Jli S I 4% (5-DL)Jff 4% (SG)MIFI 248 (OBL)FRE & (03 I ; D-F. £ 5 5-DL.SG il OBL #:ill & .
A-C. Chromatograms of standard 5-deoxystrigol (5-DL),strigol (SG) and orobanchol (OBL); D-F. Detection images of 5-DL,SG and OBL in sample.
B 1 3 #EYMEREREIEEANE S EREN ST

Fig. 1 Chromatograms of three plant hormone standards and detection image of some sample
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