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EEEREIFARE-1-AXEBAEE] (SnRK1) ol £4RADEE Y 5 pE K2 5k
s il

THede, KK, KAUE, AEE, Booh

AR R 2R 15 TRE R, AR D2 5 60, WL AR 52271018

THE: A 0 AR AR R BE-1-40 X & & B | (SnRK )5 BB BAR 4R & 8 & & 3B 1 (SNF1)2A R 5L 3 4 AMPigk
& 6% 8 B (AMPK) R R, A2 7R Z R I ARG M, 24 oL AP, yAANAT AR GF RO LM
T B M, ARV KA TS5 3E B (Fragaria * ananassa)# ##t, i@ it R 45 F PCR &[4 1F %] —4~SnRK 1
oA T AL 3, 0% A FaSnRK1a. /55|50 H7 8wz A B 42K 557 bp, 2% #5184 R BL, T FaSn-
RK1a%& & 4 F /R & #59.159 kDa, 2t %5 b5 #8.54, T 4xF @Ik fetmlorz. & M43 8 5 547 £ ILFaSn-
RK 1049 285 7] 5 LA SnRK 10& & A 25 F B 14, 474 KD (kinase domain). UBA (ubiquitin associ-
ated domain)#=p-SID (B-submit interaction domain) = /MEF &M 3R, HLEFF S LA FaSnRK a3 5
AR EL b, AR E TR KL, ERELF @A FaSnRKI 0ty FEKF 2 EAAH, RAZFPCRYAT

E O, B E ¥ FaSnRK 0% BLE B (ABA)EF, KA Z A BT SABAF FH R LR H A mAA %,

KRR & SnRK1; BLA B KB L R AR

T ) RE AR A R - 1-AH 5C 2 L B L (sucrose
non-fermenting-1-related protein kinase 1, SnRK1)
5 RER RERE AR R I 2 EL G 1 (SNF 1) LA A I 7L
YT AMPEGE 1) 2 E I (AMPK) [, Z&—A
RER B2 4%, AT RE R B = PriEU (Polge Ml Thomas
2007; Baena-Gonzalezf1Sheen 2008; EmanuelleZs
2015). fE¥, SnRK1/E HoffE (LI EEFIB, v A
T R A ) R = R AR S5 H (Ramon 62013
EmanuelleZ52016), H oV EG 74> Th RE 45 f4) 12
N K g F iy 45 #2) 45k (kinase domain, KD)A1C R i
#1915 ik (regulatory domain, RD) (Ghillebert%
2011; Crozet:2014; EmanuelleZ$2016), KDk
SN A LE DR ST B BEBR AL AT R, AT 4 L Uit R (0
P9 7F GRIK 1 FIGRIK2) @R AL, i HC A (A s 1
(PolgefIThomas 2007; Halford Fl1Hey 2009; Shen%:
2009).

YR, V%R (abscisic acid, ABA)R] AEZN
SnRK 1% PE: #RIESnRK ol ()FNFE T (Arabi-
dopsis thaliana){EFh 8 & A1 4 T ARG F8 rp Xt
ABA R H 5 R (Jossier®52009; TsaifllGaz-
zarrini 2012); ABI1FIPP2CA P FPP2C 2T R Bty 405
A LA SnRK Lol /& A4 Z W R 4K, AT FTIE W 7 B
(R0 2 23T ABA T JE i #i] ABITATPP2C A K I
75 SnRK 1 (Rodrigues252013); 7E5h 71 & M4 I
B, ABAJEIT 5 SnRK 1A [ 47 1 5 I8 1 . AF 40 il

SnRK1 (Lin%Z5$2014); fE/N2(Triticum aestivum)fi
ZHABAT 55 SnRK 1 £ f#(Coellod52012) . AN[F]
AU ABAKTSnRK 1 #2 B 174E 25 57

SnRK 1 7] DL 1o #1155 B B AR EHAH IS K AR
A R IR N R A AR K R B AR (Sugden®E
1999; Polge%52008; %' #452018), t Al LLsZma 4
W EE_S. B, . Yrisi. AKK
BEZMISAHIRMIL 00024 JE K] [ 3 14 (Baena-
GonzalezZ£2007; Baena-Gonzalezf1Sheen 2008; #X
7K € %52017). Baena-GonzalezZ5(2007)HF 7% & Il
TEE IR Z 5570k b, BRIAKINT OB R 7 5
ZAEgE, I HAEK H KA N AR EIR . Ik
B R IR 235 00 AL T 32 (Malus hupehensis) T~ &,
it %% SnRK 1ol 5 2 i 5 K| MASnRK 1. 1 1 7 7fi
(Solanum lycopersicum) bt $F A T8 25 7t G S5 A K
P(Wang252012), HERIEMdSnRK . 1H)3ER T4
TEE A BRI 7Rt BT R T 2 e, U
MdSnRK1. 1% FERES 3 A6 B B T2 240
(LiuZ%2017a).

ks 2018-05-02  f&E  2018-08-15
FE EFARRIEEEE(31672099) . HFKIRALM LA
ZIRB L4 (CARS: 30-2-02), IIHEBEE T %%
BB TR0 H (TT6LFS54) A 1L AR 48— i "l B 22 b %
4:(SYL2017YSTD10).
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Bk (Fragaria * ananassa) e 3FEWEI R4S 71 1L
SE, AE G R TR SR R B R 2T
FOIEILAF F 38 5 (GivenZ5: 1988; AbelesfllTakeda
1990), i 4F 2k — R 41 H B 5Tt @ ik SL A R
BRAR Y LS B FE TP ABAJK IR G I, 2
2 R 5 A B B B ER (Chai 5520115 Jiad52011,
2013; Li%§2013). ~MEABAW] DL AR 1 HE L pl
#(Manning 1994; JiangF1Joyce 2003; Terry%52007;
Jia%52011; Li%F2013), T ABA 1] 7] 560 0E A B 2 410
il R S i A (J1a 52011, (H A% 7 HLEE H AT
TIAToiERE. Bk, KR DETS HEN
MEL SRR R] T — AN FaSnRK a7, 34T 7 AY)
R, IR 7 HAE R R AN R 4 2V IR S
ANFER B W B R ISR, [ 6 7 R ez
FEKEABA 5 R A, itk — 2 A
ABATE T Ui S S R S IRE B4E 5 4 o it
HitS%,

1 N5
L1 #5408

TRIG K 355 #45 (Fragaria % ananassa Duch.)
AT, A LR AR K 2 B A X ARG 3 AT
TRV AR B 1 4 R WA, LR . 2K
TEASE T A SURE S o T o

SR E I AR A S RO s B
e NG RAEET d). HERAEE13 d). K&
RAEJE1T d). BERAE/E19 d). BRAEE22
d). WL HRAEE25 d). L RAEE28 AL R
(1eJ531 d). TERILRE AR 10 AH [F]
AR TR, 20T, WA AR AR,
—80°CLRAT, FH TR AF K G Wy Bt Rl R IA
AT

ABAK AR5 1% 8 Bl AR R o SR 3 )
BT . DATEZKCORGT R, ANFEVRFE(30. 604 90,
120 pmol-L ™) FJABA AL 461, 44> 593 AABA
WS s, FRAABRI0N RS, FETH 50, 1.
2. 4. 8. 12, 24 hifUFE, M1, IR G AR,
—80°CIR-AF, T 52t 5 )6 & BEPCR AT o
1.2 FaSnRKI1a5[ESFEHI9SHT

DA 5 b 4% 5 1) 58 &) ok e oA, SR A
EASYspin PlustEi#/RNA B # BUR 7 & (db 5t 57

TESR B RHCA IR A 7)) IR BURE S RNA, T S
3357 & PrimeScript RT reagent Kit with gDNA
Eraser (Perfect Real Time, TaKaRa)3ff5cDNAFEAT,
W AF T —20°C % F o AR 48 7 B 25 5 DR 28 4 e v
KRBT, Bt g YERD. B 95°CH
A5 PES min; 98°CAE4:10 s, 55°CiE k30 s, 72°CHEfH
1 min, 35¢/fE¥; 72°C4EH 10 min. PCRF=¥)H
1.5 % B i W vl J AT L kA DU B 1) 2%, K&
TR IR HEAE I DNA B & (TIANGEN) [ W H 11
2ty HERE R pMDI19-T va B H AR BE T I 77
L3 £YERESR

FIFINCBI CDDTE 4k T. H (https://www.ncbi.
nlm.nih.gov/Structure/cdd/wrpsb.cgi) T4 F B
D L ) 2 B R 2 21 ) 45 4435, ] FHDNAMAN 7.0
AT EERR T 5047, FIFIMEGA 5.0% 14 2 i &
gL B, F|FProt Param7E 28 41 1 (http://web.
expasy.org/protparam/ ) S E A 70 F i & Fig
S5 AR ACHA M 5T, FHIPSORT ITAISoft Berry
ProtComp 9.0 (http://www.softberry.com/berry.phtml?
group=programs&subgroup=proloc&topic=protcomppl)
AT V.2 E o7
1.4 ERTRSEEPCRAHT

K HEASYspin PlustE#/RNA PRI £ Bl 7
AL B SR AR AT IR A 7)) IR BURE i RNA,
T 54 548 771 £5(Perfect Real Time, TaKaRa)3k
5 T S 3% 't 58 EEPCRKIeDNA . S 586 &
EPCRKXHSYBR Green PCR Premix Ex Taqit7| &
(REW AR, #IESRU BT, 5SS WK
1. FHHCFX96 Touch Real-Time PCR Detection System
(Bio-Rad, USA)EAT SEi %) i€ PCR, R F
N 95°CTAE P30 s; 95°CAEMES s, 57°CiE k30 s,
QORI o FITAT SEI 2 't € EEPCR M I B B 3K
AW EEBRE AR ER, FrfHdE R 2 it
AT

2 LR

2.1 FaSnRK1aE R 72/

MR LR T+ KINTOFE R P 51 (5305 At3g-
01090) 7 5 %5 3 K 2H I % (http://strawberry-garden.
kazusa.or.jp/)_F 4T Blastf %, 551> SnRK 1ol
2534 [l (FANhyb_rscf00000747.1.200007.1), 4
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R AHTTHTHIEI51 9

Table 1 Primers used in this study

ElEUES S S5 —3)
FaSnRK lo-F CTCTAGAGGATCCCCGGGATGGATGGAGCAATTGGCCG
FaSnRK1o-R GATCGGGGAAATTCGAGCTCTTAAAGAACACGAAGCTGTGCAAGG

FaSnRK 10(RT)-S
FaSnRK 1a(RT)-A
FaACTIN(RT)-S
FaACTIN(RT)-A

GCATCCTCACATTATACGACTCTA
TCCAGACTTCACATACTCCATAAC
GCCAACCGTGAGAAGATG
TCCAGAGTCAAGAACAATACCAG

i SR BB 514, i SR S PCRY 45 H1)1%
FERI(EIL), W Fr a5 R Bos iz B 4K 557 bp, g
518N BE /R, 5 M uh b8 1) A B35 i Fh
IR A AL $193.67%, A RIGHE Har 42N
FaSnRKla.,
2.2 FaSnRK1oEEHRIGE AR RRIRTEN
W

FIFINCBI CDDYE 8 T. 5154 384 1 B Al
) HE TR 7 41 S5 K B, 2R DR 5 A SnRK 1 oIk
57 KD 45 #4)35 (kinase domain). UBA 5 #4 45,
(ubiquitin associated domain)#FB-SID%5#4) 15 (B-sub-
mit interaction domain) (}&]2), KA A iZFEN 2 B

marker

2000 bp
1000 bp

1557 bp

K1 FaSnRKI1afJPCRY 1
Fig.1 PCR amplification of FaSnRKIa

1 75 150
uery seq,
Query fﬂ'P bindin

9 site

HESnRK 1oV FE A FE (K] . FaSnRK 1o K 4
A B AL WLER2, A PSORT IIHISoftBerry
ProtComp 9.01E47 MV 40 i & for 7, ‘o1 8 7€
A28 i JoT A4 A%
2.3 FaSnRKI1oFFIEE X FIFE L 534

FIFHHIDNAMAN 7.0% #1 5.5 F140L 55 7+ SnRK 1
KGRI K g L 1) B = LR 7 41, i 7nFaSnRK 1o
ST AKINIOFIAKINTL (B0 5 At3g29160)
0 [ Y51 i 80% PA B (&13) . IANCBIM 3l (1
BLASTRE /7 1 % 3| 15 B AL SnRK 1 oV 56 4 i 4= [K]
[FJ ) FA A Ah R = LB P 51, SRStk Al 73 Hr
R HLAESnRK 1 N 2 B PR T 41 5 B R (F vesca)
HZ(Rosa chinensis)s [A%L(Pyrus bretschneideri).
EHPEME (Prunus avium). k(P persica). SR (Ma-
lus pumila) 55 FMFHEYISE S 8 R B (H4).
2.4 FaSnRK1aB)ARF R M ERINER L EMER
HIFRIBRT

N T R EEEFaSnRK1adE R IR, K 5
RO, 2L M ERCRSER, R PO E &
PCRIJTT%, kil T FaSnRK 1At SR AR FALH
HFIFRIE K, g5 R IR: FaSnRK lafE M Hh RIS B ik
i, FEAR . ZEANTE A i 3Rk B AR U, 7R R s
RILERALES). BT HEERLKE T ARGE,
XM T FaSnRK 104t FSEANF M BRI R I8 =, 45

300 375 450 518

beta subunit interface

heterotrimer interface b
sabk =N

active h ‘h ‘b
P

ive site Jh4 04
olupertide substrate bindina site 20 Y

e g
activation loop (A-loop?
Specific hits
Superfanilies

A,
Y STKc_AMPK_alpha ) AMPKA_C
PKc_like superfamily BA_Like_SF ANPKA_C_like superfanily

K2 FaSnRK 1aff~y L) RESE 487
Fig.2 Conserved functional domain analysis of FaSnRK1a
Query seq.: J¥%1##); Specific hits: 4% 5 ¥4 JTAT; Superfamilies: #E5 H. W45 KD WIE, G504 UBAZE M, W (34

B-SID&h F ek .
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#K2 FaSnRK ol Z LR 7 71 i EEAL R 1

Table 2 Physicochemical characterization of amino acid sequences coded by FaSnRKIa

= 233 - =L 2o fon
EE EHRY 45 H/kDa 1% 4
FaSnRKla 518 59.159 8.54 AT A
AtKIN1O BBGSCTGS . RSGVES IS 99
AtKIN11 IS SNREGNNGVEST)S 100
FaSnRKlax BBGRAIGRG.GSSADAY \ 99
Consensus nd lpnyklg tlgigsfg vkla:h tghkvalkll'}rrklk'memeekvrxelkllrlfmhphllz yeviet diy vmeyv
AtKIN1O 199
AtKIN11 200
FaSnRKla 159
Consensus
AtKIN1O 299
AtKIN11 300
FaSnRKlax 299

C R QAE
Consensus vwscgv;lyallcgtlpfddenlpnlfkklkgglytlpshls axdllpxml vdp kr tlpelth wiqg hlpzylav ppdt qakki eei g

AtKIN1O DTMEG . TPRSHPAR SV, (GLME Y| 395
AtKIN11 RTTDSGSNHERT. AG V W BHVDH 397
FaSnRKla i 3 IVESGFNREH RLJSGYMEF) 399
Consensus sgyl efqge m e sp h p r q pv rkwalgl
AtKIN1O NS . SA ML SNSMHDNN DNELAVE. 493
AtKIN1l1 G . ONT . MVNNQL 3 DOCAMT 493
FaSnRKla GAPGHH MVDNPVNNNE PSSONDGIME L 499
Consensus £ dessiie pvkfeaql kr kylld gqrv g
AtKIN1O 511
AtKIN11 511
FaSnRKla 517
Consensus qflfldlcaafl

K3 HZFFaSnRK o5l 77 AKINTORI AtKIN 1 Z FE 1L 7 271 Bt
Fig.3 Comparison of FaSnRK1a protein sequence with AtKIN10 and AtKIN11 proteins

Bk(Prunus persica ) XP_007215236.1

61/
42 | L 3EB (Malus pumila) XP_008365408.1
66| FH BBk (Prunus avium) XP_021812490.1
9 E34(Pyrus bretschneideri) XP_009360590.1
‘ HZE(Rosa chinensis) XP_024181232.1
47| 94 ‘ FI% B K (Fragaria x ananassa) FaSnRK1a

93\ BF2H (Fragaria vesca) XP_004304271.1
- R (Ziziphus jujube) XP_015879867.1
| FEARIN(Carica papaya) XP_021905200.1
T 29 F i (Solanum lycopersicum) NP_001233965.1

aey 443 (Solanum tuberosum) AAB52224.3

KE.(Glycine max) XP_014626430.1
53 — BJK(Cucumis sativus) XP_004145003.1

100l Va7 (Cucurbita pepo) XP_023548274.1

! # 3K (Spinacia oleracea) XP_021863781.1
10 A BIIF (Arabidopsis thaliana) NP_850488.1
‘ BRI I (Arabidopsis thaliana) CAA67671.1
’ FK(Zea mays) XP_023157330.1
99 — j(i(Hordeum vulgare) CAA57898.1
9 JKAB(Oryza sativa) BAA36298.1

B3 (Secale cereal) Q02723.1

0.02

K4 FaSnRK 1o 5 H AP SnRK 1o 512 17 51 1) & Ge itk Ak 73 #r
Fig.4 Phylogenetic analysis of FaSnRK1a and SnRK1a protein sequences from other plants
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Fig.5 Tissue specificity of FaSnRKIa in strawberry
BRI LA RN G - BERR IR R R B (] 22 7 i 35 (P<0.05), R 1AL

RKMHFaSnRK1aAE/NGER(EET d)HF RIS E H
%, BEE KUK E IR mEE R Ea(E)E28
d), ZLRR (FEE31 d)RIE & XA FFAK, BR
FaSnRK1aff) 321k AR SR G BT BEAFAEAH G
P (E6).
2.5 RELFFaSnRK1aTEABARMIE THIRIA T L
ABA ¥R Sk B M IAE 55 F(Jia
2011, A0 v B AN R FE AT ) FE Al 1
ABAKCFE 5 B A RS FaSnRK 1o 3235 &, KL
ASFE KR E ABA AL 5 FaSnRK 1a ) Fik &) ETT,
H 60 pmol L™ Ab 3 J5 AU i . 3 (B 7-A); A&
760 umol-L™ AbH 5 AN [ i /] FaSnRK a3 ik
i, R4 hNRIAE L FIHES, 4 hERIA =R
NFE, (H24 h N RIEE RS T = (B 7-B).

5.0r
45t
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25¢
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K6 HE R SAFIK B BtFaSnRK 1ot F b 5
Fig.6 Expression pattern of FaSnRK 1o in strawberry fruits
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Fig.7 Expression pattern of FaSnRK1a in strawberry fruits

under exogenous ABA treatments
3 Wi

SnRK 12 fE 1A N 52 2445 5 P 2% f rho L 2
#77 (Lastdrager¥$2014), Z S5 AN A&
KRG W ia 2 2 Fh AR B R 1) 4% (Ploge A
Thomas 2007; GhillebertZ:2011; EmanuelleZs
2016). SnRK1J& T {r~F i % K 5<% (Hal ford flTHar-
die 1998), 815 7+ 1 SnRK 1 o0 25t 28 i J55 P54 79 ™ i
KINIOFIKINII (Baena-GonzalezZ52007). AT F
M v B 1 ] — A SnRK 1o lF J 4 5 2 4]
FaSnRK1a, FaSnRK 1oz ZE & 7 51 & A fR~F FIKD
SERbIE. UBAGSEHISHIB-SIDZE F 15K, 5L 7o
KINTOMKINTLE A & m i RV, 5855, A
Z=. [, FEMERE. Bk SERESEGOCREBUR, T
N = 5 AT B R 20 A%

YRR SRR SU S OR, FaSnRK1a{E FAEAR |
LML AR Seh A Rk, T HAEM R
R, REPREAERI. a0 ANTRK
AN [F] 4 Fh o ) SnRK 1 oY F5 4t Fi5h 5k [R) 32 1A B A7
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TE7E 5% PpSnRK1oAE— R A B IR, 2
b5 Rk, fEM RIS s TG &
B EARSIh A RIA, ERSPRIBE R
B (ER 2014); MASnRKITE T BEF A0 Z5f0m
H A RIA, MR RRIA B (R AR2009); b
HISISnRKITEME . 25, MAIfERRIL, fEhRIA
B EK52010). BT AR A A KI5 K&
KB RFEAE, SnRK 1oV 3 4 A 35 DX 726 A [ 41 410
HIRIBHATEESR .

MdSnRK 1. 17E 3 i H 68 2 38 W LA A ik 0K
W, P2 A i S S 1 B A R (Wang%52012) . A
W FH FaSnRK 1o RIS EBER LR G fEH 2 F
FHgss, RHAERTRG L JaREE AR, &
SL AR RIS B G T, HED I R ] A
ERSERBHEPREZEEN. TR FRH
SnRK1 5 E G5 (WK IR . KA M 24%)
TR ABALE 5 2 (A fF1E B % B & (Emanuelle 5§
2016; Hulsmans%$2016), MdSnRK 1.1 7] L\ 5Md-
CAIPLE FAHEAE A, #EiMii75 $MACAIP R A B R
B 1, (e HEMACATP LI FEAR, MM 61 i 3 Md-
CAIP1fIThag, 358Xt ABA M B M (Linsk
2017b). T ABA R 45 F S e i) B B R, Rt
AR T T FaSnRK 1okt ABAKLFR IR N, % B
5L th FaSnRK 1aff) 315 5 1E ABAKL 35 #3% 1
W, W ABAAM AT LLdE i #) 41 ABITFIPP2CAIX
P ANPP2CHE B i 8 SnRK 1 o1 % A 2= B R AK, T i
SnRK 1, i A] AYE#E 5K P %5 FaSnRK a3z ik &,
K L5 FaSnRK 1] fEE ABA S 5 1 H R R 51
Ao i e b L (R A
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Cloning and expression analysis of sucrose non-fermenting-1-related
protein kinase 1 (SnRK1) a-subunit gene in strawberry

LUO Jing-Jing, ZHANG Ya-Fei, ZHANG Shu-Hui, PENG Fu-Tian", XIAO Yuan-Song"

College of Horticulture Science and Engineering, Shandong Agricultural University, State Key Laboratory of Crop
Biology, Taian, Shandong 271018, China

Abstract: SnRK1 (sucrose non-fermenting-1-related protein kinase 1) is the plant ortholog of the budding yeast
SNF1 (sucrose-non-fermenting 1) and mammalian AMPK (AMP-activated protein kinase). All three enzymes
typically function as heterotrimeric complexes that require a catalytic a-subunit and regulatory - and y-subunits
for protein stability and kinase activity. In this article a SnRK1 a-subunit gene was cloned from the leaves of
strawberry (Fragaria x ananassa cv. Miaoxiang 7) using reverse transcription PCR, and was designated as
FaSnRK1a. Sequence analysis showed that the total length of FaSnRKlo is 1 557 bp, encoding 518 amino ac-
ids. The molecular mass of FaSnRK1a protein is 59.159 kDa and the isoelectric point is 8.54, and FaSnRK1a
locates in cytoplasm and nuclear. Bioinformatic analysis showed that FaSnRK1a protein shares high sequence
identity with the reported plant SnRK1a proteins, with three conserved domains, annotated as KD (kinase do-
main), UBA (ubiquitin associated domain) and B-SID (B-submit interaction domain). Tissue specificity analysis
showed that FaSnRK 1o was expressed in root, stem, leaf, flower and fruit and has a rising trend during fruit de-
velopment. Quantitative real-time PCR analysis demonstrated that the expression of FaSnRK /o was highly in-
duced by abscisic acid (ABA), suggesting FaSnRK o might play an important role in strawberry fruit develop-
ment response to ABA.

Key words: strawberry; SnRK1; abscisic acid; gene cloning; expression pattern
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