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Abstract: [Objective] To provide more information for breeding, the gene Flowering Promoting Factorl-like Protein 5
(GhFLPS5), a member of the flowering promoting factor family in Gossypium hirsutum L., was cloned, and then its expression
patterns were studied to characterize its functions in flowering process. [Method] According to the sequences on NCBI , specific
primers were designed by Oligo7 and GAFLP5 was cloned from cDNA of cultivar CCRI50. The protein properties were predicted via
ExPASy. FPFs of other species were retrieved from NCBI. ClustalX2 was used for multiple sequence alignment and phylogenetic
tree was constructed by MEGAG6. The samples of different stages and different tissues of early maturity variety CCRI5S0 and later
maturity variety Lu28 were used to study the spatial and temporal expression profiles of GAFLP5. A 1 500 bp fragment upstream the
start codon was taken from the genomic database, then the cis-acting elements were analysed with PlantCARE. Based on the
predictions, several phytohormones were selected to explore the responses of GAFLPS5. pBI121-GhFLPS5, a recombinant expression
plasmid was constructed and transformed into Arabidopsis. The homozygous overexpression lines were observed and expression
profiles were performed with quantitative real-time PCR (qQRT-PCR). [Result]With a 300 bp coding frame, GhFLP5 encoded a 11.4
kD protein. There were three pretty conserved domains, which reveals that GhFLPS5 has a close relationship with those of Glycine
max, Medicago truncatula and Polulus trichocarpa. Spatial expression patterns showed that it expressed predominantly in leaves.
And GhFLP5 was transcribed at a higher level in early maturity variety CCRIS0 than in later maturity variety Lu28. Temporal
expression patterns showed that it hit a peak at three-true-leaf stage in CCRI50 but at four-true-leaf stage in Lu28. There were mainly
two kinds of cis-acting elements in promoter region: one was light-response elements and circadian elements, and the other was
stress-response elements. According to the elements' distributions and functions, salicylic acid (SA), abscisic acid (ABA) and
jasmonic acid (JA) were selected to treat cotton seedlings. As a result, GRFLP5 was activated by SA and ABA, while it was
suppressed by JA. The overexpression plants bolted about 9 days and flowered about 7 days earlier than the wild type. Meanwhile,
the rosette leaves decreased, and all the differences were extremely significant. Quantitative analysis showed that the genes
promoting flowering such as LEAFY (AtLFY), SUPPRESSOR OF OVEREXPRESSION OF CONSTANS (AtSOC1), FLOWERING
LOCUS T (AtFT), APETALAI (AtAPI) and FRUITFULL (AtFUL) were up-regulated in 35S::GhFLPS5 lines, while the gene AtFLC,
delaying flowering, was down-regulated. Moreover, the auxin-responsive genes SMALL AUXIN UPREGULATED 20 (AtSAUR20)
and SMALL AUXIN UPREGULATED 22 (AtSAUR22) were induced in transgenic Arabidopsis lines. GIBBERELLIN 20-OXIDASE 1
(GA200X1), a gene involved in gibberellin (GA) biosynthesis, was also up-regulated more than two folds. [Conclusion] The
Arabidopsis thaliana lines over-expressing GhFLP5 performed an obvious early-flowering phenotype. Moreover, the gene expression
profiles indicated that GhFLP5 may play dual roles in the transition to flowering via both GA and IAA signaling pathways.

Key words: upland cotton; flowering time; GhFLPS; expression patterns; gene functions
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Fig. 1 Multiple alignment and phylogenetic comparison of GhFLP5 between different species
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Fig.2 Temporal and spatial expression patterns of GhFLP5
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Table 1 Predicted cis-acting elements on the promoter of GhFLP5

Jeft bS] (DAY gl DhREERE
Element Origin Locus Sequences Function annotation
ABRE URGTF Arabidopsis thaliana -954 CACGTG 4R S G4 Abscisic acid responsive element
ACE WK AT Petroselinum hortense ~ +955 ACGTGGA &N JGE Light responsive element
Box [ Wit Pisum sativum +1040 TTTCAAA JEm R G Light responsive element
Spl EK Zea mays -877 CC(G/A)CCC Jemif sufE Light responsive element
Spl TK Zea mays +1414 CC(G/A)CCC Yemy R GF Light responsive element
GA-motif W H3% Helianthus annuus +459 AAAGATGA MmN JGHE Part of a light responsive element
I-box %1t Flaveria trinervia -1329 GATATGG eI JGHE Part of light responsice element
LAMP-element 3¢ Spinacia oleracea +1284 CCAAAACCA JGHi N G Part of a light responsive element
G-box L Solanum tuberosum -382 CACATGG 74 B2 G- Abscisic acid responsive element
G-box HUFTT Arabidopsis thaliana -954 CACGTG 7 B2 G Abscisic acid responsive element
G-box % Solanum tuberosum -392 CACATGG 7AW G4 Abscisic acid responsive element
circadian A Lycopersicon esculentum +110 CAANNNNATC AW JefF Circadian control element
circadian A Lycopersicon esculentum -336 CAANNNNATC Wb et Circadian control element
MBS \RTF Arabidopsis thaliana +243 CAACTG TS0 MYB #4536 K745 -5 1

MYB binding site involved in drought inducibility
TC-rich repeats %L Nicotiana tabacum -109 ATTTTCTTCA AN N . (8 MR A F e

Cis-acting element involved in defense and stress responsiveness
TC-rich repeats %L Nicotiana tabacum -253 ATTTTCTTCA AN N . (R MR A F e

Cis-acting element involved in defense and stress responsiveness
ARE TK Zea mays -1178 TGGTTT DA S0 H oot

Cis-acting regulatory element essential for the anaerobic induction
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o Fig. 3 GhFLP5 expression profiles in the first 24 hours
*k
after the leaves were treated with salicylic acid (a),
2h 4h 8h 12h 24h abscisic acid (b) and jasmonic acid (c)
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a: HAILILFAK pBI121-GhFLPS I #; RB: T-DNA 4i5, LB: T-DNA ZEi15t: b: FIEFAIHIIHER M PCR %5E: M: DNA Marker, CK:
ZERH, NTC: BV OK) 5 o FIEBIETIT P GRFLPS IMZRIERIK T **P<0.01; WSIEKY 4:UBQS

a: Construction of the recombinant expression plasmid pBI121-GhFLPS; RB: T-DNA right border, LB: T-DNA left border; b: Identification of transgenic
Arabidopsis thaliana lines by PCR; M: DNA Marker, CK: Control, NTC: Negative control (H,O); c: Relative expression level of GAFLPS in different
transgenic lines; **P<0.01; AtUBQS is used as reference gene

4 EYREBEEREERUBETHIRMTEE

Fig. 4 Construction of the expression plasmid and identification of positive transgenic Arabidopsis thaliana lines
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358::GhFLP5

35S::GhFLP5

Bl5 RiRFIE GhFLPS BITLRETTFF 1L AT [BI32 AT
Fig. 5 The Arabidopsis heterelogous-expressing GhFLPS5 bolts and blooms earlier than the wild type

PRREIW] R FAR R A, RSP R IR P 16
d P28, PR ERAE 17 d 2245, S
HUE T 5P A7 26 do 35S::GhFLPS ¥k 2 T A6 i
75 22 d i 47, T EPAE R IFLERT AN 29d, ZE 5
pri =T o/ G PR 1 1 P Yy o SRR
(£2) .

H T IRANWF KIS GhFLPS (Rt il g 3 74
7 FALE], B 18 d IR S B4y, 4K
RNA, T4l rg I+— L IR (R 0E . AR it
15 GhFLPS [WEEEBR R, TREAEERE N LEAFY
(AtLFY) . SUPPRESSOR OF OVEREXPRESSION
OF CONSTANS (AtSOC1) . FLOWERING LOCUS T
(AtFT) APETALAI(AtAP1) f1 FRUITFULL (AtFUL)
MRIB AP B, JUHE AdP], RKik &Ry
AR 16 75 (K] 6-a) o 1T FFAEANEIA T FLOWERING
LOCUS C (AtFLC) MBI AH] (B 6-2) , X4
LRI AL N Rk GhELPS 1E W JFAE T [R] )

BRI
I, MR A AR AP0 e T IT e I TR
B A N R 2 (5 R AT TR, LS 20

*2 FARMEERMETHE. FENEREREEE
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Table 2 Bolting time, flowering time and the number of
rosette leaves of wild and transgenic plants

HHEL 52 8] FEAE I H] LU
Materials Bolting time Flowering time Number of rosette
(d) (d) leaves

WT 26.05+1.39 29.1+1.17 10.31+0.73
LR-6 17.95+0.95%* 21.85+0.67** 7.22+0.56%*
LR-7 17.35+0.88%** 22.05+0.76%* 7.54+1.21%*
LR-9 17.5+1.32%* 21.8+1.06%* 7.3940.87**
LR-10 19.1+1.25%* 22.55+0.99%* 7.9840.32%**

KA ¢ WHHEAT MM, B PEAbRE R 2. **P<<0.01
The data are analysed with student ¢-test and the table exhibits Means 4 SD.
**P<0.01
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a: FEILRRIR I TR DR R R IA ks b B IERBIRTFH ALSAUR (AT 00T o B IERIURT T b i i ifcas & B AE DGk R (1 ik
A5, CONSTITUTIVE PHOTOMORPHOGENIC DWARF (AtCPD) F1 DWARF4 (AtDWF4) 53635 Wl AHC, 1-AMINOCYCLOPROPANE-1-
CARBOXYLATE SYNTHASE 5 (AtACS3) 5 LG4 18AHC, AtGA200X1 F1 GIBBERELLIN 3-BETA-DIOXYGENASE 1 (AtGA30X1) SHIMAN HATH
YRNETER AR R A AR, PHYTOCHROME B (AtPHYB) Z 53t N B0 Y, HABIER SRR A A k. B3 AN ED R I %, (EH] ¢
WBEHEAT 44, *P<0.05, **P<<0.01; WZILHN 4:UBQS

a: The expression profiles of the genes involved in regulating flowering process; b: Transcript levels of SAUR genes in transgenic lines; c: The transcript of the
genes encoding biosynthetic enzymes of some phytohormones. CONSTITUTIVE PHOTOMORPHOGENIC DWARF (AtCPDI) and DWARF4 (AtDWF4) are
related with brassinosteroid biosynthesis, /-AMINOCYCLOPROPANE-1-CARBOXYLATE SYNTHASE 5 (AtACSS5) is involved in ethylene biosynthesis,
AtGA200X1 and GIBBERELLIN 3-BETA-DIOXYGENASE 1 (AtGA30XI) influence the biosynthetic of gibberellic acid, PHYTOCHROME B (AtPHYB) is
involved in the regulation of shade-avoidance and other genes are involved in endogenous auxin biosynthesis. The data are the mean+SE of biological
triplicates and statistically analysed with Student #-test; *P<<0.05,**P<<0.01; 4tUBQ5 is used as reference gene

6 HEELBETHAERARSRNBEREERAEEN

Fig.6 The transcript analysis of some genes related to blooming and phytohormones biosynthesis in transgenic lines
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PR JLRT 2R 2 6 AN TFARNERE R R R by, ARt
FwbET GhFLPS, ILINGEWFFTE; REW, GhFLPS
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AtAP] RIKFEF L 16 15, AKFE NI AiSAUR20
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B E L.
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Supplementary Table 1 Primers used in this study

5% Primers J¥%1 Sequences (5>-3°) Hli& Usage
GhFLP5-F CTCACCACCAACAACCTACAG s FE Cloning
GhFLP5-R ATAAAAGCAGCCTCAGAAACG B Cloning
GhFLPSE-F GCTCTAGACTCACCACCAACAACCTACAG 7if% Cloning
GhFLP5E-R CGAGCTCATAAAAGCAGCCTCAGAAACG 5B Cloning
GhFLP5S-F GAAAGCAGTCCGAAGAGAAGG qRT-PCR
GhFLP5S-R TGTGGTATTGATAGAAGTCAGGGTC qRT-PCR
GhHis3-F GAAGCCTCATCGATACCGTC qRT-PCR
GhHis3-R CTACCACTACCATCATGGC gRT-PCR
AtLFY-F GGATCCTGAAGGTTTCACGAG qRT-PCR
AtLFY-R GCCGCCGTGTAGAAACGTA qRT-PCR
AtSOC1-F TGAGGCATACTAAGGATCGAG gqRT-PCR
AtSOCI1-R GCGTCTCTACTTCAGAACTTGGGC qRT-PCR
AtFT-F GTAAGCAGAGTTGTTGGAGACG qRT-PCR
AtFT-R TCTTGGCTTGTTTTGAACCT qRT-PCR
AtAPI-F GAAGGCCATCAGGAGCAAA qRT-PCR
AtAPI-R ACTGCTCCTGTTGAGCCCTA qRT-PCR
AtFUL-F TTGCAAGATCACAACAATTCGCTTCT qRT-PCR
AtFUL-R GAGAGTTTGGTTCCGTCAACGACGAT qRT-PCR
AtFLC-F AACGTCGCAACGGTCTCATC qRT-PCR
AtFLC-R TCAAGGATCTTGACCAGGTTATCG qRT-PCR
AtCPD-F AGGGAGGAGGAGGAAGAAGG qRT-PCR
AtCPD-R GCGACAAGTAAAGCCACCAA qRT-PCR
AtACS5-F CGGGTTGGTTTAGGGTTTGT gqRT-PCR
AtACS5-R CCCGGAAAACCCAGTTAGAG qRT-PCR
AtPHYB-F GTTTCCGGATCATCGGTTACAG qRT-PCR
AtPHYB-R TCGAGCTCGAAGAAGTGAACA qRT-PCR
AtDWF4-F CGGTGATCTCAGCCGTACAT’ qRT-PCR
AtDWF4-R CCCACGTCGAAAAACTACCA qRT-PCR
AtYUC3-F GTTTCAAAACCTCATCCCCG gRT-PCR
AtYUC3-R GCAATGCAGTTAGCTCGCTC qRT-PCR
AtYUC6-F CTACGCTCGGAGGTTTGACA qRT-PCR
AtYUC6-R ACTCCGTCGTGCCTTCTTCT gRT-PCR
AtYUCS-F GACTGCTCGGTTCGATGAGA qRT-PCR
AtYUCS-R TGAATCACCTCACCGGAAAA qRT-PCR
AtILR1-F TCGCGGGATGCTTCATTCAG qRT-PCR

AtILR1-R CTTCACTCCAAGCGAGTCAAG qRT-PCR
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5% Primers J¥%1 Sequences (5>-3°) Hli& Usage
AtILR3-F GCCTGTTCAGCAACCTATTGG qRT-PCR
AtILR3-R TAGTGGCAGAGGATGATTCACA qRT-PCR
AtIAR3-F TGGGTATGTTGGAACTGGTCATG qRT-PCR
AtIAR3-R CCGAGAAGCATCGTAGTGTGA qRT-PCR
AtIAA2-F AGAATCTACACCTCCTACCAAAA qRT-PCR
AtIAA2-R CACGTAGCTCACACTGTTGTTG qRT-PCR
AtIAA3-F CAAAGATGGTGATTGGATGCT qRT-PCR
AtIAA3-R TGATCCTTAGTCTCTTGCACGTA qRT-PCR
AtIAAS-F TGAAGACAAAGATGGAGATTGG qRT-PCR
AtIAAS-R GCACGATCCAAGGAACATTT qRT-PCR
AtGA200X1-F TAGTGACGCCACCGAGAGAG qRT-PCR
AtGA200X1-R TAGATGGGTTTGGTGAGCCA qRT-PCR
AtGA30XI1-F GGGTTAACCAAACCAGAGCC qRT-PCR
AtGA30XI1-R CGATTCAACGGGACTAACCA qRT-PCR
AtUBQS5-F CGTTGCCTCAAAAGATGCAGATC qRT-PCR
AtUBQS5-R ACATTGTCGATGGTGTCGGATG qRT-PCR
IGhFLP5-F GACGCACAATCCCACTATCC 55 Identification

IGhFLP5-R ATAAAAGCAGCCTCAGAAACG Y 5E Identification
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