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SNRK1 8 [ O (R B8 JE & 9e-1- 2 B0 -1) 1
NEEEERZ A, EEMAEKKE . AU a8 % 5
% Pk #2 Ok $5 B 22 /E H (Smeekens et al., 2010;
Yu et al., 2015). Wurzinger%s (2018) 7 77 & B,
SNRKA ] LA 5 84 FIVE K A 1 S AH 5G Il 25k DA 1) 3%
ik, BRI KA SV, KRS .
SNRK1 2 F A AT DU 2 A0 1 425 1 R 58 B B (NR)
3-f /% H k% i &0 (np-Ga3PDHase) . JiEFEE IR &
ity (SPS) 1 5 0 s 1R & G (TPS) &5 AR W Bl vt 1, iF
T 455 A 6 7K S R0 4E RF BE & F 45 (Piattoni et al.,
2011; Nukarinen et al., 2016). FujitaZ#(2006)x Il 7E
IRBEZ&AE T, SNRKA AT A S BE 18 . TR HE A0 TG o7 55
YR A R FE 300 2 AR 3R IA; AR, & AT LA
R R4 R 2 BE55 2 u o A AR il
300 LR Lk . A LUK BEE(E S, @it
SNRK1H AR A A S 4 AR 2, fE— %
FERE BORAMNRE R BRI, TR IEH A S S) .
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AUIEAE A B M 254 | 2 B8 DL AR 1 o R ik i 22,
[ B W3 T LIS 5 401, AT R S 35 R B 1) i
PE, T A AR KR B ORI B B (Ho et al.,
2001; Rolland et al., 2006; Boriboonkaset et al.,
2013). WHT R, HMERERE ] DS bR, 4ERFE e
3% (Brassica oleracea var. italica)>xX J& f5; "W 3 2
JEGE H R R PR (AR IR SR, 2016). FERFFRIEH N
50 mmol-L™ EHE, T f#EEmicroRNA156 (JF1E410
il BRI )0t A e R 4 E F (Yu et al., 2013). FEREIL
AI AJRZE #h W B AR I B 5 o 9, AR REE AT A
R A EE AL TR 38 % 33 > (Spinacia ol-
eracea) PSIGTE, Z&fRHAHEEVE R g2 (B &
HANXEHEE, 2007); Ah RS BE L AT DLSE i 35 1 360 57
32 (Fagopyrum esculentum)iR 2 4=+ B #1] (G i
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al., 2004). 1fj Jossier4s(2009) & I AF K75 5 ) B 4 Ji
HH R IEKINTO (SNRKA 85 3 F i 4k 0 356 ) )
i 7t (Arabidopsis thaliana)™ A Ve ¥ & B T B 4
R WIS [R] R AR A4 Y SNRKA R 1 38 il o 47b Y5 4 28
YOI I AN TR o ASHIF 7 38 3 AR 0 RERE, AR 3
X Bk 4 T SNRK 28 [ i vt M e B AR AR KR B 1)
S, BTN PR A

1 MR5EE

1.1 PR RE
R4 Bk (Prunus persica L. Batsch)SzA4E 1. S2A: 1
R F20174E12 A28, 20184E4 H B ZE 24 11
R IEF 0L E . 1N AR, BKH I
IRk 4 G B HE 32 cmx25 emififE &b, oAl
BB E A =2:1:1 (VIVIV) 559230 K 5, BB K 35—
SRR AT A2

SEIG VB 2N AN o KBFERA it 0N [ 9 R R
SR BRI SNRKABGE (1 5210 o 152 B (1 FEH A R
FEN0% 1% 3% 5%H7%, —IXPEVE,
MAJECIT H (1 000 mL). AbFE7 K S5 BURE, 5 SnRKA1
BEEtE. b EINER, A EEOR .
ARFE2: DL F A R B VA R AT TR (5% ) 3T b B, DA
TEKFIS5Y% T 5 B (5 REWE B A A ARBE N, (AAE
MR BN IR ML E IR )VE uxt B, Ak B VA A AR
91 000mL. F0. 3. 6. OFM2KEFE, HEATHASE
BFRIIE, W HA kA E A KR F R wE

£1 FTHSY

Table 1 Primers used in this study

INEE, FNEE208.

1.2 SnRK1EGSEMENE

MECT g, o1 mLT¥A AT 32 B 22 v R (100
mmol-L™" N-= F 5 H & B A A AN 22 090 (pH8)- 25
mmol-L™" %4k 54 5 mmol-L™" AR 755 . 2 mmol-L™
HEERRAN. 0.5 mmol-L™' 2 %Y Z - 0.5 mmol-L™
2-F L2 2% 1 mmol- L' Z k. 1 mmol-L™
BB . 1 mmol-L™ & [ g 4 1 % Sigma
P9599. fil k17 PhosStop. Roche M ANV 1 3
RG22 42 50,02 g-L7")e Forh —Hishpl
BELERRICY RN, B B0 R EE A ) 7 A
X BB RO BTN, Tt 7wt iE, Heb
WY H 5 (2017)M 77 % . LAMARAZ JIK R
¥)(Zhang et al., 2009; Debast et al., 2011), SnRK1
FiE 7% 1% F Universal Kinase Activity Kit (R&D Sys-
tems, USA)I{ 7 &I 5E -

1.3 ERNARBKRGPCRS T

K FH ey th 4 B4 A BR 2 7] A RNASR BUA ) & 2 HL
M F B RNA, F|JfPerfect Real Time (TaKaRa)x i
SR & A B cDNAZE 15, HAAR$RAE 2 IO & it
Bl 3E1T . @it Primer 5.08 4 ¥+ 7% % & B T i 5
Y(#&1). LhActiny N2, FUltra SYBR Mixture
(with ROX) ik 7] & (FE 9 th 20 ) 1 AT S i %8O8 8 &
PCRAM T . T RS %3N T, S 2724 k4T
KA T

Primer sequence (5'-3')

Gene Primer name
PpPIN1 (Ppa002944m) P-PIN1-F
P-PIN1-R
PpPIN2 (Ppa024134m) P-PIN2-F
P-PIN2-R
PpPIN3 (Ppa002528m) P-PIN3-F
P-PIN3-R
PpYUC2 (Ppa022204m) P-YUC2-F
P-YUC2-R
PpYUCG6 (Ppa005244m) P-YUCG6-F
P-YUC6-R
PpActin P-Actin-F
P-Actin-R

TAACAATACGACAGCGCATTACC
TGAAGATCCTTACCACCATCCTC
TTCGAATCTCACGGGAGTGG
GAATCCACCTTGGAAACTGTTTG
ATCTAACCTTACAGGCGCAGAGA
GAGTCTCTTCGAAATTTGACGGT
GACCCAGCAGTGTTCGATCA
CTGCCTCCTCCAATTCTGGCT
TCCTCCTCATCACCATCACA
CCACAAGAGGCTATGCAATT
GTTATTCTTCATCGGCGTCTTCG
CTTCACCATTCCAGTTCCATTGTC
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1.4 HEIBIEFRMIE

TUHJF0. 3. 6. 9FIM2K, Z:HH75%5(2002)iH
T3 E Bk v AR R e R AN E R 2 .
K F CIRAS-3{# 45 0t 51X (PPSystems, 4 [F )il &
&b BT RE A RO A T E (P . FH SRR AX
(SPADS502)li5E Ty Rer: Fr (2R 3 AR XS 5 5 (SPAD).

TR PR JE 13K K F B RRIOOR I BURE, AR R R R
Al K 5, I WInRHIZOR £ 40 M £ 4t (5 ML)
M AR R S 3 RSP FR B 1 E A T e
Guit kAR . R & B EE R I AR R &
MAEKERSE. AL ST B, 2R
BCPYIME, HE3K.

1.5 it

KA HHE ) A 3R E [T ME . A Microsoft
Excel 2007 ¥ {4 FRAHE HF 1 K. FISPSS 20.0% 4
MILSDEHEAT 22 57t & VA

2 ZR51HR

2.1 SMEREPERTH 4 E SnRK 1S TR A 5200

Bt 55 A IR R B A B ) B8, Bk A o SnRK i
B ETHE TS (EA) . Y5 % B
SnRK g iif V1A B f iy, AH G T 7K AL B 75 27 .47 %;
N7 % RS, SnRKAEEE M K ifi T B, W RER I &
RV T FRE R A AR R A P A T BE 43 B, AT S A AL AR
MK E, BEE SRS PR .

LA /K AN5% H 5 B A I8, 5d e i 5% i
VAR B, U AN [7] kb BRI 8] Bk 4h 1 - SnRKA il
WEHE(E2). T AR H 85 I AL FE 1k £ 1 A SnRKA
BEG E 2 TEE N ss, X nT RS E kR N e R
AAAT 5%, T R AL EE A B 4 T SnRKA Bl 1
AbFRFEEIE MY, A3, 6. OFIM12K, JEHE
EC 3 K &b B (9 - SnRKT B & 1k 4y B3R T
21.18 %. 16.56%- 55.41%#11104.61%, L1 FEEzab
A 5142 75 T 29.45%. 19.31%. 84.16%711156.88% .

2.2 SNEREETER R AA NIRRT M & B RIRAT

ANJETERE I A BE 4 T A (B 3A)FITAR & (E3B)
A A LT RER R IR S . A E3. 6. 9
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B1 AR RE R B 4 SnRKA Fig i M ¥ 52 1

S1: JE/K; S2: 1%REMIVAWL; S3: 3%REMIAWL; S4: 5%FEMITA

; S5: T% MBI . AF/NG 7RIS AL R 2 7 5 %
(P<0.05).

Figure 1 Effects of different sucrose concentrations on
SnRK1 activity in peach seedlings

S1: Water; S2: 1% sucrose solution; S3: 3% sucrose solu-
tion; S4: 5% sucrose solution; S5: 7% sucrose solution.
Different lowercase letters above the bars indicate significant
differences among different treatmens (P<0.05).
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Figure 2 Effects of sucrose treatment on SnRK1 activity in
peach seedlings

T1: Water; T2: 5% sucrose solution; T3: 5% mannitol solu-

tion. Different lowercase letters above the bars indicate sig-
nificant differences among different treatments (P<0.05).

2K, LG AR AT, AbHALm ol yE T & B
SHRE 712.27%. 14.68%. 24.38%7H129.92%, R %
> 3R T77.84%. 59.90%. 73.03%7178.34 %;
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BUERE S EA T, X W BIANERINEERE TS S RVE VRS (ERIBAVRI BN . AR B H G AT B
AR R N RTEPERE S, HARAR RO E W] & A B X R PR P MR 28 e p AR 2R R (2 2 R
B B XS Bk 4l v R R R (&14A) R (&14B).
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TA-T3RE2. A[F/NG P BRI AL HR ) % 57 2 5 (P<0.05).

Figure 3 Effects of exogenous sucrose on soluble sugar contents in leaves (A) and roots (B) of peach seedlings
T1-T3 see Figure 2. Different lowercase letters above the bars indicate significant differences among different treatments
(P<0.05).
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Figure 4 Effects of exogenous sucrose on starch contents in leaves (A) and roots (B) of peach seedlings

T1-T3 see Figure 2. Different lowercase letters above the bars indicate significant differences among different treatments
(P<0.05).
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Figure 5 Effects of exogenous sucrose on relative content of chlorophyll (A) and photosynthetic rate (B) of peach leaves
T1-T3 see Figure 2. Different lowercase letters above the bars indicate significant differences among different treatments

(P<0.05).

2.3 SNEERENHIHERSERFLERRNFN

AR IR P, NS RERE 5, MRS RS R
T (EI5A), ELRE R e, 22 Sl i 2 . kb
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$21515.59%. 27.96%. 34.98%7H147.49%; ifiH #&H¥
WEFRG, ThEem: i GRS = LG K AL BB BT B,
FUE IR ANERERE A R TR EK KA -

Rk — IR EERE XL G Re I s, FRATT T
AEFE3. 64 OFI12 KM L 2F-10:003 & AN [F] b BE Bk 41 1
IhEE F 36 Al R (KI5B). 45 BRI, MRS
(AT I BE R SRR R O A R

2.4 HNEEENHAEIERR
5% 45 R AT I 25 AR R b RN R e 7 (1
6). AHELIGAKALEE, FEHEAL PR G Hb_L 35 F0 3t R 5 e
2R3 K T 110.76% F180.21%; AH bt H 52 i kb B,
A K T 141.81%51133.44%.

2.5 INEEESHR R AR

AN RERHE HERE R AR K, 5% ek A T S 8 ke Ak 1
— AN A R, R R AR F K ik A K
WRERLKEMBRIREZE S TXEER2, "J7). 5

THKACEALE, REREAC R AR AR N — R A — 4
MR B, MR AR A K B R MR AR A 3R T AR 20l 4 v
77.58%. 173.31%. 70.45%*%181.46%, & ik
JE B RERE AT CLIE (R PR R A, JEHAT R TR 1
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Figure 6 Effects of exogenous sucrose on fresh weight of
peach seedlings
T1-T3 see Figure 2. Different lowercase letters above the
bars indicate significant differences among different treat-
ments (P<0.05).
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26 SMNEEEMRRAEKRSBREEAREN  EREREREMOCENIFREPEL.

?3“[.“] T T3
Jolh—SBART AN IR R T R, R
TR R A, Y, Sk A A

bb, SMIRREREACER S, MR A K R N
(34.04%), HHELH & Ab FE 42 =i 245 (FI8A) . JE T
qRT-PCRIEG IR 5 i 5 2 K S AH 3 (R ) B 15 1,
FOR(HBB-F) R, RS, Rt Kt B7 AU Bl 40 R R T S

HRIEH (POPINT. PpPIN2MIPPPINS), /AR R 1y t3mm2. Bare3 om

£ A IS B R (Pp YUC 21 Pp YUC6) ) 3 i By 7K .

REEA IS R T AL S R ik B E]lcgpl;r:cz Seifcf;leitr:]tgssof exogenous sucrose on roots phenotype
W o 31X 15 B AR R0 AR R A4 AL 2 e T e 2 BT T1-T3 see Figure 2. Bar=3 cm

w2 MR R BRI EAR A T 5 R

Table 2 Effects of exogenous sucrose on the root architecture of peach seedlings

Experimental Number of primary Number of secondary Total root length (cm)  Total root surface area
treatments lateral roots lateral roots (cm?)
T 235.00+14.42 b 123.67£7.02 b 86.6316.01 b 9.82+1.00 b
T2 417.33+14.47 a 338.00+12.77 a 147.66+14.99 a 17.82+1.49 a
T3 107.67+8.96 c 62.67+7.64 ¢ 67.67+3.71 ¢ 6.75+0.54 ¢

T1-T3FE2. RF/NG T BER A F 1A % 52 . (P<0.05).
T1-T3 see Figure 2. Different lowercase letters on each column indicate significant differences among different treatments
(P<0.05).
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Figure 8 Effects of exogenous sucrose on auxin content (A) and gene expression (B—F) in peach seedling roots
T1-T3 see Figure 2. Different lowercase letters above the bars indicate significant differences among different treatments

(P<0.05).
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MR A KR B R 2 — A5 B 7R R R & 1 AR,
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Effects of Sucrose on Seedling Growth and Development and
SnRK1 Activity in Prunus persica

Shuhui Zhang, Hong Wang, Wenru Wang, Xuelian Wu, Yuansong Xiao, Futian Peng*

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

Abstract This study analyzed the SnRK1 activity and seedling growth and development in response to different con-
centrations and durations of exogenous sucrose in peach (Prunus persica), thus providing theoretical basis and technical
support for fruit production. The data showed that 5% sucrose treatment greatly enhanced the SnRK1 activity, which was
continuously increased within a certain period of treatment. Compared with water and mannitol controls, 5% sucrose
treatment significantly increased the contents of soluble sugar, starch, and chlorophyll, the biomass of aboveground and
underground, and the net photosynthetic rate. Examination of root configuration showed that 5% sucrose significantly
increased root surface area, root volume, and number of lateral roots, and promoted root thickening and elongation.
gRT-PCR analysis showed that exogenous sucrose promoted auxin synthesis and transport in roots. In conclusion, ap-
plication of certain concentration of sucrose promotes SnRK1 activity, carbon metabolism, and plant growth and develop-
ment, increases root auxin synthesis and transport and affects root configuration in peach.
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