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Under Nutrient Stress

LUO Jingjing', ZHANG Yafei', PENG Yan?, PENG Futian"", ZHAO Yongfei', and YU Wen'

('College of Horticulture Science and Engineering, Shandong Agricultural University, State Key Laboratory of Crop
Biology, Tai’an, Shandong 271018, China; *College of Plant Science, Huazhong Agricultural University, Wuhan 430070,
China)

Abstract: PpSnRKIa-overexpressing tomato (T,3) and wild type tomato were used to study the
effects of SnRK1 on the growth of tomato plants under nutrient stress. The results shows that: compared
with wild type tomato, SnRKI1 activity in leaves and roots increased by 41.55% and 39.46% of
PpSnRKlo-overexpressing tomato under nutrient stress. The average photosynthetic rates increased by
18.98% in mature leaves of T, 3 compared with wild type. After 12 days under low nutrient stress, the
transgenic lines overexpressing PpSnRKIa showed better antioxidant enzymes and root activity. The
SOD, POD, CAT activities and root activity were increased 35.56% 8.85% 14.90% and 26.39% compared
with wild type. The content of N, P in the stem and leaf of T, ; was higher than that of wild type plants,

while there was no obvious difference in the K content. In the roots, there were no significant difference in
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the N, P content, while the content of K of transgenic line is obviously higher than that of wild type. In
addition, more N was distributed to aboveground parts. These results above show that overexpressing
PpSnRK 1o can improve the photosynthetic rates and promote the absorption of nitrogen, and then delay
the leaf senescence.
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SnRK1 AW 1) —Fh 22 212/ J3 2 R o e, ‘e 5 I B (R REWH HE A 9 R 1 08 - 1(sucrose
non-fermenting 1, SNF1) LKW FLa04) 1 F) AMP $43% 15 (¥R (AMP-activated protein kinase,
AMPK) [fJi (Halford & Hardie, 1998). SnRK1 1F4—ANAE&= MALI&AE, a4, BEULK. B
HZ B RERIFR . A AT LS, — HB S, SnRK o] DR RE AR i A At
i, 5. KE . DA NS 2 R A B RN U4 (Smeekens et al., 2010).

[ X ik SnRK 1 (% G123 IR VE 2 Bk b, I b 1 AR M A7 i it . Bk

TR, 2B TSN, TR, SRR AR MR (Radehuk et al., 2006). {EHER
Erh Rk [ X SnRK1 ZARM) B A StubGALS3 51 AR A ZAR /N, HARES 7 Az X R X 41
N EEEF AR A, RIS S SnRKT 8T A H HISEIR (Lovas et al., 2003). Baena-Gonzélez %%

(2007) WFFURIMAEE FRELZ (5 FRAE L, KINTO R IE M M ISP AR T AE 2 52 %, I HAEKH
WEAAT T, TFAEREIR s K /KTEI OsSnRK T e RIFwg + h t al LG [ 8% (Cho et al., 2012).
BEAh, SnRK1 g5 4 R IRk o] 7 | i o 6 JL 22 AR RITIE 7 B2 (1) R B e i FIE 1T 322 (Thelander et al.,
2004),

e EACH T AR R 4ERr R R IE A KK E (Palenchar et al., 2004; Price etal., 2004).
PRSI FT A, SnRK1 W] DATE ik T 422 3 R A0, sl A A 30 B0t R D A I ) 2 10 42 sk K A 5 0 AR
W A KA S AR AT DG 3 T g DR B IR & 1 (SPS) - I BB 05 R & 1l 5 (TPS5).
ADP - HiZ W IR LS (AGPase) T3 YE. {EAEY)Hh SnRK1 A1 n] DAIE i i P8 A 4100 ) R 5 It il

(NR) [I5EPE R Sz 8% AT 4% (Douglas et al., 1997), HLayLikab B (A M8 in U RE s 15 S
TR0 JE B FE A [ 2234 (Wang et al., 2000, 2003). SnRK1 i i DA% R & Bk A 1l 8] 1) ik
K& ALY (Baena-Gonzalez et al., 2007).

ASEIG ST T B E 2SS (Malus hupehensis Rehd. var. pingyiensis Jiang) ) MhSnRK1 F#k
() PpSnRK 1o (EZ N IHERIE, K MhSnRK1 %5075 A A, MhSnRK1 1 PpSnRK 1o
ARG A SnRK 1 B HESE ., WL G MR B4Em, H SnRKI Mt 52 S5 S ]
I P50 AR BRI s P i R SR S o R B R A e 2 3, IS RSO T a4 /& (Wang et al.,
2012; EBTTF, 2014). KL PpSnRK T I IR R BRI THAE I TASEIE I E 2 4822 (L5757,
2014, {EIXLERIFFTHIIEAL -, B DU RIS PpSnRK 1o [T 5 AR AE R Ao X 5, BF9U4EE
FEERZ 45 N SnRK 1 S RLFE M 3522 (K 5210

1 ARSI

1.1 #R5Et
2014 fER B G RIFE KIS PpSnRK1a(ppa004347m)If) 5 4~“S LL 12 ¥y i (Solanum lycopericum)
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FER, 2015 4 3—8 HXIH G RiE— D aifb1g 2R IL PpSnRK1a (ppa004347m) 441 T2 fAHK R Toso
2016 4 3 H¥GiEBRIAMK R R AE MR RAE 25 °C PR BRI E I, R4l DY — O i e fl
TOKEA T, ARG KRR & e, B KEARER 12 8%, EIRN 1/2 Hoagland
BRI, K S d AT AR, W65 4 AN ABEE: (1) BFAERIAEN, 1/2 Hoagland & 72 CIE T FR40);
(2) BpATUF G, 1/20 Hoagland &7 (KF5453); (3) BRIAF I, 1/2 Hoagland B (IEH
F2o1); (4) HBRIAFENM, 1/20 Hoagland 5 I8 (IKFF51). FAEEL 3 IRER .. REAN/KEH 24 h
FAEARR, BE3dHH 1 EFR

1.2 SnRK1 EFMNE

REFE 12 d J5 s 25 A BB Sl B R b ) SnRK L BiFHGE . FREX 1 g 8FFF, A 1 mL F41
SR, RTINS . SRR P SR T B0 (2014) SCRR, A TR SR AR SR R
N EE AR | R I ) R R PR R I A T T IIN o AF R BRI 8 B P A TRV 1) B0
B, 4°C. 12000 r - min” B0 5 mine B ETEW (750 L) EHSFATR AL ) 2.5 mL B0
(Sephadex G-25 medium columns; GE Healthcare) |k, 8B AE A VR 2 10N E 1 Ik 61
FIREAG IR S 2.5 pmol - L', ARJFMAEA T, - 80 CHRAF# M. LL AMARA Z ik % (Zhang et
al., 2009; Debastetal., 2011), SnRKI1 i 7% Universal Kinase Activity Kit (R & D Systems,
USA) 5.

1.3 S IBIEFRAYNE

TAEEE 04 6+ 12 d W52 T A F A A AL B (SODD . i AL (POD) . it A AL & (CAT)
TEPERIA Z (MDA) &, RS RNLER 3 MREATIORE, TR 3k, Z5RIEFI4E. SOD
MR A AIE UM (NBT) Jetbid ik (RIBT RIS AR, 1988) Mll5E, LAFH NBT Y bid 5
50%3E A 1 AMEREYERAL (U, SOD i Pk DURE w4 5T 5 il 047 27 CAT W& 1R M Kar
Mishra (1976) 17775, L1 min N ODayo 224K 0.1 IS A 1 ANEESE 47 ; POD 3 PE K H @A
Myik (Omran, 1980) W5z, LARESMER ODgro kb 0.1 AR 1 MBS PERAL (UD; POD. CAT
WPELL U - min' - ¢ 'FW %8, MDA & BRJUHCE L Z Rk GRIEA 45, 2002), TAHLS 12d
KM TTC MER ARG ) (4FEE, 20000, FEACFRASFENLIEE 3 EREATEORE, LT, EE 3 K.

TF4BE 10 d R CIRAS-3 {40644 (PPSystens, J:[E), 7EWAM L4 10: 00—11: 00
WE hRert Fr e &R (P, HR 7K. TAHSE 0. 4. 8. 12d AIM4¢31 (SPAD-502) il
SEDIREM SR FEAEXT S (SPAD).

TFALFE 12 d BENLE RS AL BRI S 3 0k, PG /K5, oyt LR 2R R R R R,
FREE 5 o TONMEAS 105 °C AT 30 min, SRJ5 75 CHERIETE, ST 5. Bt TH o R
it PR AR RS SR MR B, K HaSO4 - HaOn VA, WA TR0 1ME . A% & 5k YLK
R, BRIk, B R R K AE S O THEI 2 .

2 R
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15 PpSnRKIa (PRt W A0 LG B A2 2R i e (e,
2%, MM ARG EARI A i AR
A

XU PpSnRK 1o W REsZN T A int v 3
EAIIPUN

22 #B3FRIE PpSnRKla T H RREH
SnRK1 EgiE 4Tk

2 WTLUE H, RE TR TR
Hlit Fr AR &R SnRK1 B0GPE i v T e
BRI AR R s Rk PpSnRK 1o
()RR 28 v P e A Wl v T A A ey
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TEIEEEFRAAM T, BRIE PpSnRK1a W
Jr AR & SnRK il 7% 4 43 i) Ll BB A ARy
30.23%F1 27.83%; {EARE TR, 73l LeEf
AT 41.55%F1 39.46%

Al L, FEARE IR FERIAKR R SnRK
Pl I PR e e K T AR 2R

2.3 #BRIE PpSnRKla FHEMM K EXEE
ERMFESE/FM

Bl 3 L, HERIE PpSnRK 1 1753
Rert Fr oGy m TR AR, IER IRt
MR85 9.79%, FRAr Rz A T AE 8: 30,
10:30.12: 30 14: 30 F1 16: 30 43515 19.11%-
21.42%. 14.72%- 16.56%F1 23.10%, Pt
725 R HE R 18.98%

VB R IE PpSnRK 1o T iiAE 37 53 61 = )
Iy ¥ B T 2R 1) 5 R LU R 40 70 A2 B B B
i,

& 4 7LV Y, BRIA PpSnRK 1o T it
S SPAD i3 PR AR, Hh R SR AN 2
ZAF T 12 d J5 LB A A 22.04%
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Fig. 1 Phenotypes of leaves of the PpSnRK1a-overexpressing
line T,.; and wild type (WT) tomatoes
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Fig.2 SnRK1 activity in leaves and roots of PpSnRKIa-
overexpressing line (T,3) and wild type (WT) tomatoes
P <0.05.
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Fig. 3 Photosynthetic rates in mature leaves of the PpSnRKIa-
overexpressing line T3 and wild type (WT) tomatoes
P <0.05.
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Fig. 4 The dynamics of leaf SPAD reading of the PpSnRK1a-overexpressing line T,.; and wild type (WT) tomatoes

P <0.05.

2.4 BRI PpSnRKIo S EMRM FIMEKEEERA B2 2RI

MKl 5 nTLUE H, HRIE PpSnRK 1o F it i P ALEE SOD. POD I CAT 3P 2 # T
PRI, FEIEW IR, BN AR A K FEFR AR, RIETHm G B, wifE
oA GlYE PR T 7/ S IRV =7 I e AL SRy P ANA 7/ SUE N ficke =171 5 G 11 1B R SO 71 R L 538 1 (A P 387
PR 6 d N, ERIL PpSnRK1a i Fith SOD. POD 2 CAT %1k LB A M i 36.36%. 32.53%F1
8.34%; 12d I, 15 35.56% 28.85%F1 14.90%.
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Fig.5 Effects of overexpressing PpSnRKI in tomatoes on SOD, POD and CAT activities and MDA content in leaves

under different nutrient conditions
P <0.05.
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M MDA 75 85 IE W IR N 2 N IEARFEAAR, KIS PpSnRK1a F i Lb B A2 B2 Al
I Fr A MDA S P 14.23%; ARFE0A0BE 6 d A1 12d I, P55 e, (BT siR A,
KI5 PpSnRK o T i FHEF A LG IE 7% 70 7KF T 20 il T iy 20.88% 11 26.22%, HERIA PpSnRK1o

0 LU B AE UG 15.66%A1 15.91%, Ui B R IE PpSnRK 1o T& i 7 (K32 05 E R B /N TP A 1

2.5 #BFRIE PpSnRKIa S EMRRE N REKRF ORI, SEAORME

HE 6 7] 5, FEIE W TR N4 T, 10d
IR IL PpSnRK 1o bR RN ARG ) L A 7
10.32% , AH 75 F5 6 Z I A L B A4 A
26.39%. nIWIFEDALRS, HEKIE PpSnRKlo
XA R IR R, AT RE S S SR
AJ LLGE SnRK 1 R [ 0 i s 1A G

h# 1A UEH, I RN AR IR
AN, HKIE PpSnRK 1o Bk ZM R M 2R
e TR TR, HAR R
A ARG ERE S TEHAL, WARDHS
ERE R 2EN], (HZEm i R T
AR B IR A NEEERIE PpSnRK1a il
R ZR 2RI Hp (A i 2 v T AR, (HAE
FROPA SIS, ZERI R S A ZE AR R
TEHD 3B 3 BB R IA PpSnRK 1o 3 it T
BRI, BRI FC LR AAK, B 5
()73 e 2B 3k PpSnRK 1o T i A% T~ H5 A4 70
B, TR N AR FR I 2 B R B A
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Fig. 6 Root activity of the PpSnRKIa-overexpressing line T,;
and wild type (WT) tomatoes after 10 days
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P <0.05.

R1 AB10d EERYEBER N, P. K WSEMSEFHYE

Table 1 The contents and distributions of N, P, K in tomato seedling organs after 10 days

W Hoaeland g SR g THE /g 4t/ (mg-g') Content
Organ e Material ~ Fresh weight Dry weight N P K
R 12 WT 6.27+0.43b 0.53+0.02b 29.66+0.62 b 1.97+0.02a 8.56+0.19b
Root Ty 8.77+043 a 0.71+£0.03 a 31.25+0.19a 2.01£0.09 a 10.00+£0.33 a
1/20 WT 4.01+021d 0.21+£0.03d 15.57+0.35¢ 1.58£0.05b 7.78+£0.19 ¢
Tos 493+035¢ 0.39+0.02¢ 16.01 +0.44 ¢ 1.61£0.03b 8.56+0.38b
=M 12 WT 48.75+0.86 b 3.78+0.03b 33.18+0.88 ¢ 3.46+£0.06 b 2433+0.33b
Stem, Ty 5434+0.57a 4.57+0.07a 4426+0.28 a 3.84+0.04a 2578+0.51a
leaf 1/20 WT 9.15+0.12d 1.58£0.07d 21.63+0.15d 2.14+0.04d 16.56 +0.69 ¢
Tos 11.18£0.22 ¢ 1.91£0.03 ¢ 3934+ 0470 2.59+0.07¢ 16.89+£0.19 ¢
Lol Hoaeland T F 41 L% /% Distribution
Organ g Material N P K
i 172 WT 11.14+041 a 7.36+0.18 ¢ 4.67+0.06 c
Root Tos 9.92+0.11b 7.53+0.38¢ 5.69+0.26 b
1/20 WT 8.72+0.22¢ 9.10£0.39b 598+0.11b
Tos 7.61+£0.26d 11.39+0.27 a 9.45+0.34a
E U 172 WT 88.86 +0.41d 92.64+0.18 a 95.33+0.06 a
Stem, Tos 90.08 £0.11 ¢ 92.47+0.38 a 9431+£0.26b
leaf 1/20 WT 91.28+0.22b 90.90+0.39b 94.02+0.11b
Tos 92.39+0.26 a 88.61£0.27b 90.55+0.34 ¢

T R 8 B R G A NG FRERIRTE 5% /K P25 0%

Note: Date followed by different small letters in the same column and same organs mean significant difference among treatments at 5% level.
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3 e

SNF1/AMPK/SnRK 1 & FIMBH/E B A% AW HA @ LR SEIE, o BRIy P IESL R 20 il — 28
A4 (Polge & Thomas, 2007; Hedbacker & Carlson, 2008; Carling etal., 2012). SnRKI &[]
WEE LR TR 2, 76 2 AR it 7R > . Bkrh SnRK1 88 IR 1) o WS 1) 2 IR 7
RS IERR R, 53R AR, U T R SRR 7 41 AR AL ARk 87.8% (E505, 2014). {E4l
BT, BEULR . BEE B e RS RTIE . AU B Z AR T UMOE SnRK1 85 I, Baena-Gonzalez 45

(2007) B H4RIERIF T SnRK Is BEMEYLIKIEIE, Ananieva 5 (2008) HIHFFY Wk IR0 /KB 7R 10
PRI SnRK 1 BV T 1R B TR AR IR 4 . ARES T SnRK BV PR E i,
KIA PpSnRK 1o Tttt AR Z 0 SnRK L 7% 1 40 vy 1 1P A2 28, 5 AR S BG S i A 0 66 1 (BT,
2012; Eu05, 2014) —3. EFRDAKPFBACH&AE T, @BRIE PpSnRK 1o B i iy FIAR & H SnRK 1
FErE PR, WS AT 4E — 3. FIRASRIGR I, R0 4 N HRIL PpSnRK 1o 75 il
TR B v R T B AR A

R IS S AEAME L SR (B 4 AR B R ARl . AR, Mg e T4
PR AR = AR T B 2 (R P B, KA A iR R ) (Asada, 1999), i —2841
H M (SOD/POD/CAT) X148 H it A5 R 1ER (Prochazkova et al., 2001; Zimmermann et al.,
2006). AR, HRIL PpSnRK1a F i i ST BESRE O PE W25 TR A, XA e AR
RS T M R

HEAEFEIA A SnRK 1 fEMR AV Z SER AL M5 5 i PR 2 AFfEH (Halford et al., 2004; Hey
etal., 2006; Radchuk et al., 2006; Baena-Gonzalez et al., 2007). Li %% (2009) i, 57+ AKINSI
Z 5IHHE S MA(E S, Wingler 58 (20000 A4 SnRK1 & H B ] LU AR KA S PR AR
e SnRK1 3 nf LUE L 7 5 MG s VER & BOR B DGR IR S IR )k, R 4ok AL &
WA (Purcell et al., 1998; Laurie et al., 2003). AN WIS KB SnRK 1 R LA fa ¢ J5E 1) JiE
B, W AGPase, MIMZ S3Ek MAY A (Geigenberger et al., 2004). L5755 (2014) 5Tk
L SnRK1 & BB M B PO G E AR DGR R R IA . Gl R A EE/EN, HBKRE
PpSnRK 1o F&H0M 7 ol s MERE RO b o L AR R g 4 . AR rh, 7R AN LR, b
P Je — SeT AR AN RETE PR e R, BRI PpSnRK 1o Tl L BT AR R i v 2 L
IR, IS Z AR B B o R A A R R R

T (2012) BRI, HRIE MhSnRKI FmEZ MRIR RS A itm, mEZE A%
B E A o AR K IE PpSnRK 1o T HAEARIR R A& MR RIS h B 2w T
HpAE R, RRFNZEA R N Py K SR AR R, HAEFRA AN, S EE o Ao b2
#ahn. UEHIEBEEIE PpSnRK 1o Fe MMM LEE FRWME F HAL R AR R 96 )RR R A ] LUE L R
WSR2 (7R Rk B3, U DR AR AR B, AR A S 2 .

ARG 4545 SEI0 = J A EE RN TR I N A 2 I, SnRK 28 VISR E PR3 =, 320 1%
FERE R B0 oA R R A S S R, BN T A i B RO, TR S AR
BRI, SEZENT IR, SnRKI @ FEm. FACHR ka4 Kk bR, DL BT
SERHRER M, AE IR Z 4T SnRK AL N 7E AE SR AR MR L Z bR i AT — 8 o R AR )
WA SnRK 1 2R (B Th g, X LU 76 el SR L SnRK 1 28 [ 3 g $E s b AT A R 5
BEG R T IS5
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