FEW# AL A4 2019, 20 ( 3): 750-759
Journal of Plant Genetic Resources DOl 10.13430/j.cnki.jpgr.20180929001

21618 F-box HAXEKH MsFTL 1)
vl S DhRE B

HAEFLK MR R B RRRGAERR KRR
TV AN 5300 70 T 052005 VAR TR Bl 5 R B W3 150000)

#E . FTL ( F-box Triple LRR protein ) 52 F-box & & F %84 M i , LA F-box 4% 57 25 M), , fe 4 3k fp a5 35 phaa 33 F2 P A
FEAMER, AFFRAFZRBIE TR Y 755 FAHIEL 5 4, 8 id RT-PCR L4321 H 7% MSFTL A B,z L B )
A% 1422 bp, AL 4T3 AR B, ZE G AR L/ F-box MR A 3A LRR R, A% EN, MSFTL 5 KL H 7%
XP_003626345.1 F-box/FBD/LRR-repeat protein %% % &2 KL, WA & F I L AEH LA ZF45 5, AKE & T
F AR R ABA 42T, MSFTL A R % 2] 5, ik % LR, Myt &k B4k pCBM-MsFTL, ifl it RAF B /- F 3% #4L
JE3E af iUk i % PCR A= Real-time PCR Taif 6 # A W MR BEAT IR 8 . £ -4 CARBMA T, F A AR E et 1y
HILTARHES R KRINE, MR RIMEEE 2 Edartiide, ARMN SR EY, 4 CAI 240 25, 5L B0 TRk
EO LT TEMESS SOD Eh, CAT & TH AR, MDA &K THAR . AR AN, MSFTL 2 B /232 S 44 5+
AR M8 8 S T B A E B

KEBIR B 5 MSFTL A B ; K03 ; A B L% hae At

Cloning and Functional Analysis of F-box Protein Gene MsFTL in
Alfalfa( Medicago sativa L. )
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DU Bing-hao, GUO Chang-hong

( Key Laboratory of Molecular Cytogenetics and Genetic Breeding of Heilongjiang Province/

College of Life Science and Technology, Harbin Normal University, Harbin 150000 )

Abstract; FTL ( F-box Triple LRR ) protein belongs to the family of F-box proteins that play an important
role in tolerance to low temperature. In this study, an MSFTL gene was isolated by candidate gene approach
from alfalfa, and this gene was differently expressed in leaf under cold stress. The full-length cDNA of MsFTL
gene was 1422 bp, which putatively encoded for 473 amino acids. By bioinformatic analysis, the MsFTL protein
was found to carry an F-box domain and three LRR repeats in C-terminus. MsFTL showed homology closely
to XP_003626345.1, a member of F-box/FBD/LRR-repeat protein in Medicago truncatula, with 11 differential
sites between the two proteins. The expression of MSFTL was induced by low temperature, salt, drought stress
and ABA treatments. We generated the transformation construct and transformed the MsSFTL into tobacco. Under
-4 °C, wild-type tobacco leaves showed remarkable wilting, while the transgenic plants presented slightly stressed
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phenotype. Transgenic plants accumulated higher content of soluble protein and soluble sugar than that of wild-
type. The activity of SOD and CAT in transgenic plants was higher than those of wild type under low temperature
(4 °C )for 24 h. Moreover, the MDA content in transgenic plants was lower than that of wild type. Thus, these results
suggested that overexpressing MsFTL might significantly improve tobacco plant tolerance to low temperature

stress.

Key words: alfalfa; MSFTL gene; low temperature ; gene clone; functional analysis
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TE AT B MSFTL JE R, T 56 Ak (0 15 90 14 K}y
i ¥ ( Nicotiana tabacum L. cv. SR-1), Gelmini
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Table 1 Primers used in this study

¥ MSFTL-F fl MSFTL-R( % 1), ¥ L — 2 3k 15
i cDNA # 17 #i B%, F| H ExTag DNA polymerase
(5 U/uL ) #i47 PCR Y 1. WA R4 & il DNA
(50 ng/uL )5 pL . 10 x PCR Buffer 5 uL,dNTP Mix
4 uL, ExTag DNA polymerase 0.25 L . iF S [ 519
(10 pumol/L ) 4% 2 pL, i ddH,O #ME % 50 ul, S
%4414 94 °C 5 min; 94 °C 305,50 °C 305,72 °C 905,
30 MEH . H 1% BEfsiEER o 25 PCR 74, ¥ H
() A B m S 5 pMDA8-T b B R i 42, % &
A TR

12 Gk ik

Primer name Primer sequence ( 5'-3") Use
MsFTL-F TGGGTTAGGTTAGGATTA ORF 14 14
MsFTL-R TTTCTAGCCTTCTTACAGT

MsFTLg-F TCGCATTAGTGAGTTGTCTGA SEPOLE B PCR
MsFTLg-R TGACTTGTTTATCCTGCGTAT

GAPDH-S GTGGTGCCAAGAAGGTTGTTAT S B PCR
GAPDH-A CTGGGAATGATGTTGAAGGAAG AE=305
MsFTL-F CGCAGGATAAACAAGTCA BRI R S8
MsFTL-R ATACCAAATCGCAGCATA
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XP_003626345.1 F-box/FBD/LRR-repeat protein 1)
ZER B L, ) PR Clustal X0 5 A %
N7 1 45 48 ke rh 2 B R 11 22 S . DA NCBI 3k HX
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A 1/10 cDNA first-strand 2.0 pL . 2 x SYBR Premix
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1E 051445 0.8 pL FH ddH,0 #M% 20 pL, FH5E
IR PCR AT PCR 948, ) 1 25144 95 “C
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ki,
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A 6-BA FIINAA ) MS 15 32 JE g 55 72 3 d. 4%
MRS R AR BT IR e R IR, B R 20 d A2
FRMAEZ, BEMS R, BE ERH
% H #k DNA, 3 52 PCR K I, WA i 35 75 %% 36 (X
HZR.
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Fig.2 The PCR fragment of FTL gene
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MSFTL B 14> F-box Z5F93 L J C difd & 34~ LRR A
MSsFTL protein contained a F-box domain and three LRR repeats C-terminus
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Fig.3 Predicted functional domains of MsFTL
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H 75 XP_003626345.1 25 (H 7 FIAH LL, & B H T 51 A1
TIPSR 96% , Wi 2250 5T 10 4, Hirp F-box 2514

Cicer arietinum: &I . ; Trifolium pratense : L %4l % ; Trifolium subterraneum: }i =nf; Medicago truncatula:
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MEtFTL
MsFTL

MtFTL
MsFTL

MtFTL
MsFTL

MtFTL
MsFTL

MEtFTL
MsFTL

MtFTL : Amino acid sequence of FTL of Medicago truncatula, MsFTL : Amino acid sequence of FTL of Medicago sativa L.,
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TEAR R Eh . T 5 LU LA JR ABA AL HELR,
MSFTL (kA 2. 7E(RIEARBE S , MSFTL
TEMR PR R e T rp ik, 3 hif iR ik & AYRIB R BORAFRIE ; e h ik
BB AR, W 29 S %) BRI 12 15, BEJS T R 5 7

- Cicer arietinum XP_004494972.1

Trifolium pratense PNX98508.1
100| 97 I: Trifolium subterraneum GAU13592.1
99 Medicago truncatula XP_003626345.1
100 I:Medicago sativaL. @

Prunus avium XP_021832613.1

100 Prunus mume XP_008230792.1
{ Prunus persica XP_020416580.1
Rosa chinensis XP_024184733.1

Phoenix dactylifera XP_017696356.1
99 Vitis vinifera XP_010649700.1

100

3.0 25 2.0 1.5 1.0 0.5 0.0
WALIEES  Genetic distance
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Fig.4 Phylogenetic tree of F-box proteins among multiple species
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The black box represents the different amino acids
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Fig.5 Sequence alignment between MsFTL and XP_003626345.1
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A KIERALFE (4 °C ), B: #1407 (200 mmol/L NaCl ); C: T#4b# ( 150 mmol/L Mannitol ); D: ABA 4b3# ( 30 pmol/L ABA );
*: P<0.05; **: P<0.01; B2 N HAMIRERZE (n=3), T[H]
A: Cold treatment (4 °C ), B: Salt treatment ( 200 mmol/L NaCl ), C: Drought treatment ( 150 mmol/L Mannitol ),
D: ABA treatment ( 30 umol/L ABA ),
*. P<0.05, **. P<0.01, Error bars represent the standard error of sample mean ( n=3 ), the same as below
B 6 AREFEAMAMET MsFTL EERRIZER D4

Fig. 6 The expression analysis of MSFTL gene in different abiotic stress
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+: Positive control, M: Marker DL2000 B: Relative expression identification of transgenic tobacco
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Fig.7 PCR detection and relative expression identification of transgenic tobacco
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A: Phenotypic on transgenic tobacco and wild type tobacco under -4 °C, B: Relative conductivity on transgenic tobacco under -4 C,
WT: Wild type, L8, L23, L35: Transgenic tobacco. The different letter indicates that the difference was significant ( P<0.05 ),
Error bars represent the standard error of sample mean ( n=3 ), The same as below
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Fig.8 Phenotype on transgenic tobacco and relative conductivity of transgenic gene tobacco under low temperature stress
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Fig.9 Physiological indicators of wild-type tobacco and transgenic tobacco under low temperature stress

F &f F-box Z5#48,, HHETE 0l EfERE SR | 28
BT PHRIE T F-box JEP 2, 2 et g
AP, A% VWF-box5 [y i Fe ik n] LABE ik L R 1
AT 0 o FEAES KRS KGR K4 )
4 678 4~ 509 /| Fil 359 4~ F-box H:[A &% F-box
EAS S 2R BT R AR5 A0 R A e, 7
TP RS S5 S0 B, 142 F-box 2
25 T &R AE A B R D 2. Li 2 g
PR, & A F-box 45 #4) 4 1) AtPP2-B11 3 [A, H 3k
Z T RWha AT, i Kk AtPP2-B11 i Ul B S+ Xt 1
SR, W AtPP2-B11 1 MRS I 1 G 8 5 [
FAETRRE R E /., Zhao 452 LB/
2 h F-box 3 Al TaFBAL, 3 & 3k 1] DL 4% 155 4 &5 %t
AT Z P, An 220K B MAX2 & —Fh £ Thfg
() F-box #& 11, i 3635 MAMAX2 fe g4 e A ik i i
LR S . AR o X HR 30 B 2 AR
B SELINF S8BT & 30, MSFTL L P 3235 T, 7R
MsFTL J& A AT e 76 25 46 5 18 IRHT IR I M 38 2o 2 v
RWETAEM, s MsFTL JEA, MsFTL
HEHHEA F-box B AL, Z I H Z AR ik T
RUUNANE ABA LB FiEERIA

B % W38 W) G o 22 PR AR AR R B i T 2

P RIEVE R, AR AP AR AR 1 e I R T
BRI R B 454 45, Hou 450 BF9E & 1, 7R IR
Joip 38 R, % VWBAPL KRG T B AT M AR R
PRSP AR P 5 v TR A R 4R v T 4 e ST IR
(T 52 P, Gu %5 WIS A& BRI W i T 400 R 57
ZRARR AtDUF1517 14 ] 345 4 8 1 AT s M i
SR R, RS T XK A Az M. S TIF5E
MSFTL J& R FEHR BT TR P38 7 T T R, 1z 3L A
SEALE) TR AR A 5, e 5 R R e R
RRE SR i d iy O G L e 9P PN S TR B d i o
P R 5 T IS s 1 e R R I T R
DAL R 77 A B 2 T 1 1R T R R A
IR a . 5T R BACIRI A T A b &= A 4
F L, BTE 4 T P GRS (SR AR ) 200 B R 20
MRS 4%, iR X IR AR RS K PR A
P35 R R G TT IR A e bR, £
1% SOD . CAT 45, )4 [z v ML BTk ZE 2%, Zhu
aEt U R W] ZE IR MNA T, 5% CsSPMS JiE A 4
FHY SOD H1 CAT o3 1 v 7 A= 78, I XHIG T L
BRI Z 1 . AWFIE LI, AR MRNE T, FE 56
HHEE () SOD | CAT Jifi ¥ vy 1187 A= AL, #i A5 mT B2
i &35 MsFTL i 46 52 7 = 55 2 i) SOD Fll CAT 2k



758 GERNE 7/ B G L G = 20 &
HEACIR . MDA & —F g Bl Ak 7= 9, B 5% % Physiology , 2004, 135 ( 38 ): 1008-1019
P RS 1) A4 2 5 5% MDA 76 A3 v A 2 5 1 [8] XuGY,Cu.i\-(C,Wan.gML. OsMsr9, a novel putative ri(.:e
. - F-box containing protein, confers enhanced salt tolerance in
MDA %}ﬁr{ZFﬁf”E*ﬁ%Xﬁffﬁﬂﬂj}iﬂfi@ A AR transgenic rice and Arabidopsis. Molecular Breeding, 2014, 34
JFAR I P SERRIC A > Nelofer 25 53 & B, (21): 1055-1064
E{&(ﬂ%ﬂﬁﬁ?,%%ﬂiﬂ‘ﬁﬁ?ﬂﬁ@ MDA%{FX@H?{? N [9] MinJH,DaeYK,S.,iYK,.Dong S-K,JinB K,YongYV
e ok . S . S. Wheat F-b(?x protein re-crmts proteins and regulates. their
EN I EMINEE TN ’ ﬂi/ﬂﬂﬂj}ﬂT ’ % 5L AR PR MDA abundance during wheat spike development. Molecular Biology
Er Al T EFAE Y, A H 325k MSETL i T A Fa Reports, 2012, 42 ( 18 ); 132-143
Eé‘@,i#_ﬁﬁiﬁﬁ%%ﬁﬁﬁ@o [10] (Cchen z .H, Ltl M 'Ir_, )Y(L;a;l\R(./AE:éopic expre:]ssion 0fI cutiumber
—_ . . ucumis sativus L. ) Cs genes enhance salt tolerance
AR5 R AR A LM ABA Ak in transgenic Arabidopsis. Plant Cell Tissue and Organ Culture,
B, MSFTL 35 A & 3k 7K - DL S AE AR P38 1 & 2017,131(1): 107-118
FE0 R A B ST 6 X MSFTL 356 A (0 I BE 47 T #6858, [11] Chen R, Guo W, Yin Y, Gong Z H. A novel F-Box protein
PRUINEN ST CaF-Box is involved in responses to plant hormones and abiotic
MSFTL ] fEil _J‘é%'—ﬁ/l\ﬁ}?ﬁffﬂ%%ﬂ:{;% AR stress in Pepper ( Capsicum annuum L. ). International Journal
’fjﬁlﬁj%’fﬁlﬁjﬁ%ﬂg 1@%%%*5%%%&@1%‘5@ ERE7N of Molecular Sciences, 2014, 15( 2 ): 2413-2430
Vi T MSFTL 78 AR UL ) R & R [12) W, S, B, BREL, Bk . 22 446 B i Ay
e RE T A 15— ST zllgil‘zi%%llftfi‘riﬁﬁég/a\iﬂ?m RO, 2011, 20(6) ¢
Cao H, Zhang H L, Gai Q H, Chen H, Zhao M L.
SR Comprehensive evaluation of introduction and performance of
(1] VFsdfe, sk, ik, T, Tk, 2R3 . H%) F-box 5 22 alfalfa varieties. Journal of Grassland Science,2011,20( 6 ):
HZ R | Lo, 2018, 32(1): 26-32 219-229
Xu K H,Zhang Y T, Zhang Y, Wang B, Wang F W, Li H [13] FEUI, XCRL . 24 B AE P AL & e iy BRIR 5 x5 . [
Y. Research progress of plant F-box gene family. Biotechnol Flk, 2012, 21(5): 11-12
Bulletin, 2018, 32( 1 ): 26-32 Sui Y, Liu C E. Current situation and countermeasures of
[2] Koo A, Thireault C, Zemelis S, Poudel A N, Zhang T, Alfalfa industrialization in Zhaodong city. China Dairy
Kitaoka N F, Brandizzi M H, Howe G A. Endoplasmic Industry, 2012, 21 (5 ): 11-12
reticulum-associated inactivation of the hormone jasmonoyl- [14] Lu G Q, Moriyama E N.Vector NTI, a balanced all-in-one
L-isoleucine by multiple members of the cytochrome P45094 sequence analysis suite. Briefings in Bioinformatics, 2004, 5
family in Arabidopsis. Journal of Biological Chemistry, 2014, (4).378-388
289 (43 ): 29728-29738 [15] Thompson J D, Gibson T J, Plewniak F. The CLUSTAL_X
[3] JinJ,Cardozo T, Lovering R C, Elledge S J, Pagano M, Harper windows interface: flexible strategies for multiple sequence
J W. Systematic analysis and nomenclature of mammalian F-box align-ment aided by quality analysis tools. Nucleic Acids
proteins. Genes & Development, 2004, 18 ( 21 ): 2573-2580 Research, 1997, 25 ( 24 ): 4876-4882
[4] JanaJ R, Vignesh D, Parameswari P, Sangeeth P D,SuR C, [16] Tamura K, Peterson D, Peterson N. MEGA5: Molecular
So Y Y, Seongmin H, Sang H O, Man H O, Yong P L. F-Box evo-lutionary genetics analysis using maximum likelihood,
genes in Brassica rapa: genome-wide identification, structural evolutionarydistance, and maximum parsimony methods.
characterization, expressional validation, and comparative Molecular Biology and Evolution, 2011, 28 ( 10 ): 2731-2739
analysis. Plant Molecular Biology Reporter, 2018, 36 ( 3 ): 500- [17] Hoekema A, Hirsch P R, Hooykaas P J. A binary plant
517 vector strategy based on separation of vir-and T-region of the
[5] A IR, W 2RI, JEAOR, BRI, A 3, AR Agrobacterium tumefaciens Ti-plasmid. Nature, 1983, 303
ZL,5K/NEL . AT F-Box ZRIGIE R AU SESE , 7328 e T SR (5913 ): 179-180
VEHIZE4R, 2014, 40( 9 ): 1585-1594 [18] Zhao L N, Liu F X, Xu W Y, Di C, Zhou S X, Xue Y B,
Huo D Y, Zheng W J,Li P S, Xu Z S, Zhou Y B, Chen M, Yu J J, Su Z. Increased expression of OsSPX1 enhances cold/
Ma Y Z, Min D H, Zhang X H. Millet F-Box family gene subfreezing tolerance in tobacco and Arabidopsis thaliana. Plant
identification, classification and drought response.Acta Biotechnology Journal, 2009, 7 ( 7 ): 550-561
Agronomica Sinica, 2014, 40 ( 9 ): 1585-1594 [19] Dhindsa R S, Matowe W. Drought tolerance in two mosses:
[6] JainM,NiA,AroraR,Agarwal P,Ray S,Harma P S, Kapoor S, correlated with enzymatic defence against lipid peroxidation.
Tyagi A K, Hurana J P K. F-Box proteins in rice. Genome-wide Journal of Experimental Botany, 1981, 32( 1) 79-91
analysis, classification, temporal and spatial gene expression [20] ShiJ,FuXZ,PengT,Huang X S, Fan Q J, Liu J H. Spermine
during panicle and seed development, and regulation by light pretreatment confers dehydration tolerance of citrus in vitro
and abiotic stress. Plant Physiology, 2007, 143 ( 4 ). 1467-1483 plants via modulation of antioxidative capacity and stomatal
[7] Tyler L, Thomas S G, Hu J, Dill A, Alonso J M, Ecker J response. Tree Physiology, 2010, 30 ( 7 ): 914-922
R, Sun T. DELLA proteins and gibberellin-regulated seed [21] Aebi H. Catalase in vitro. Methods in Enzymology, 1984, 105

germination and floral development in Arabidopsis. Plant

(105 ): 121-126



3 W75 7555 : SEAEEAE F-box & FIHER MSFTL f 5e b K D REJ BT 759
[22] Bai C,Sen P, Hofmann K, Ma L, Goebl M, Harper J W, [30] Houl X, Zhang G K, Zhao F G. VVBAP1 is involved in cold
Elledge S J. SKP1 connects cell cycle regulators to the ubiquitin tolerance in Vitis vinifera L. Frontiers in Plant Science, 2018, 9
proteolysis machinery through a novel motif, the F-box. Cell, (6):102-123
1996, 86 ( 2 ): 263-274 [31] Gu L J,Cheng H M. Isolation, molecular cloning and
[23] Edward T K, Michele P. The F-box protein family. Genome characterization of a cold-responsive gene, AMDUF1517, from
Biology, 2000, 1(5): 1-7 Ammopiptanthus mongolicus. Plant Cell, Tissue and Organ
[24] T 2207, JA A, 5k XUE, 22 K 0, XK £ . 7 % F-box ik [A] Culture, 2014, 117 ( 2): 201-211
VVF-box5 14 5k P 45 14 15 3% 35 43t . A8 0 a5t 4% 9% 0 4 i, [32] Mccord J M, fridovich I. Speroxide dismutase: an enzymic
2018,19(2): 361-369 function for erythrocuprein ( hemocuprein ). Journal of
YuLF, Zhou S, Zhang S X, Ji Y J, Liu Y W. Analysis of gene Biological Chemistry, 1969, 224 ( 22 ): 6049-6055
structure and expression of f-box gene VvF-box5 in grape. [33] Shalata A, Neumann P M. Exogenous ascorbic acid ( vitamin C )
Journal of Plant Genetic Resources, 2018, 19( 2 ): 361-369 increases resistance to salt stress and reduces lipid peroxidation.
[25] Cui HR, Zhang Z R, Lv W. Genome-wide characterization Journal of Experimental Botany, 2001, 52 ( 364 ): 2207-2211
and analysis of F-box protein-encoding genes in the Malus [34] Zhu X, Li Q,HuJ,Wang M, Li X. Molecular cloning and
domestica genome. Molecular Genetics and Genomics, 2015, characterization of spermine synthesis gene associated with
290( 4 ): 1435-1446 cold tolerance in Tea plant ( Camellia sinensis ). Applied
[26] Jia F, Wu B, Li H. Genome-wide identification and Biochemistry and Biotechnology, 2015, 177 (5 ): 1055-1068
characterisation of F-box family in maize. Molecular Genetics [35] Steponkus P L. Role of the plasma membrane in freezing injury
and Genomics, 2013, 288 ( 11 ): 559-577 and cold acclimation. Annual Review of Plant Biology, 2003,
[27] LivY,lJiaF,YuY. The SCF E3 ligase AtPP2-B11 plays a 35(1):543-584
negative role in response to drought stress in Arabidopsis. Plant [36] Sagarika M, Sanjeev K, Bedabrata S. Crosstalk between salt,
Molecular Biology Reporter, 2014, 32 (5 ): 943-956 drought, and cold stress in plants: Toward genetic engineering
[28] Zhao Z X, Zhang G Q, Zhou S M. The improvement of salt for stress tolerance. Abiotic Stress Resports Plant,2016,23 (5 ):
tolerance in transgenic tobacco by overexpression of wheat 57-88
F-box gene TaFBAL. Plant Science, 2017 ( 259 ): 71-85 [37 ] Nelofer J, Umer M, Khurshid I, Riffat J. Cold stress modulates
[29] AnJP,LiR,QuFJ. Apple F-Box protein MAMAX2 regulates osmolytes and antioxidant system in Calendula officinalis. Acta

plant photomorphogenesis and stress response. Frontiers in
Plant Science, 2016, 7 ( 1235 ): 1685-1699

Physiologiae Plantarum, 2018, 40( 4 ). 73-86



