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OE. UBBEITEFER Col-0, AR MBHEIR ISR gsl. 1 Fl gs1.2 JS2sobbl, RICERARES, HHIE #5535 (4 mmol/L
NHDREFR(CK), IEH B F7(4 mmol/L NHz) FANEERIN 5% HEME(TT). & NHi IME(20 mmol/L)(T2)LA & & NHy B (20 mmol/L) F
ANEIRIN 5% RT3 RHUIRE IT45 0k 22 45 A4 BRES AR B RE IR 5 S 58 . 3o A fef o | 23R L TS NHL . VA PERE . FIAMEE A .
BE B HHGS) . ARMRINEE(GDH) ., 7 FicE &5 tr, FFIT/MNEEA N e PR o i asgm . 451 3% 0,
i NH; Bha T, A K Z 80 Emas], &5 . GS. GDH MG TEREAR, Jires NHy &, Mhapai. s tEmmeT s
Ff s, MM N, P, K. Ca & EIN, Mg, Fe W& am/D, Hip gsl.l #l gsl.2 767 NHARIE T 2Z 2940 Lk Col-0 T
. AMEAIN 5% R E SR T B NH BF, e T IIEM R A R A &, S5 T GS A GDH MUTE T, BRAL T R4
FMEER NHy W&, 8 THMIARNA N, P K. Ca, Mg &R, MR THIM Fe MER, Hep, SNFEIEMNT gs1.1 M gs1.2
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Effect of Exogenous Sucrose on Nitrogen and Carbon Metabolism of Arabidopsis Under High

NHjy Stress Using gsI.1 and gsI.2 Mutants

L1Yi'?, YANG Shunying', HAO Dongli!, SU Yanhua'"

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Arabidopsis wild type Col-0, glutamine synthetase knockout mutants gs/./ and gs/.2 were used as experimental
materials, pot experiments were conducted to compare the effects of normal culture solution (4 mmol/L NH3) (CK), the normal
culture solution (4 mmol/L NHy) plus additional 5% sucrose (T1), high NHj stress (20 mmol/L) (T2), and high NHj stress plus
additional 5% sucrose (T3) on physiological indexes of the three Arabidopsis thaliana lines. By measuring the fresh weight of the
aerial part, chlorophyll, free NH3, soluble sugar, soluble protein, glutamine synthetase (GS), glutamate dehydrogenase (GDH),
and mineral element contents, the effects of exogenous sucrose on carbon and nitrogen metabolism in Arabidopsis thaliana under
high NH; stress were preliminarily studied. The results demonstrated that Arabidopsis growth was severely inhibited under high
NH; stress. The fresh weight, the activities of GS and GDH decreased, while the contents of free NH;, chlorophyll, soluble sugar
and soluble protein increased, the contents of N, P, K and Ca in the plant increased, and the contents of Mg and Fe decreased. The
inhibitory effects of gs/.1 and gs/.2 mutants under high NH} were more significant than the wild type. Exogenous addition of 5%
sucrose significantly alleviated high NHj toxicity, with increased soluble sugar and protein contents, and enhanced the activities
of GS and GDH. The contents of chlorophyll and free NH; were reduced. The contents of N, P, K, Ca and Mg in the plant were

increased while the content of Fe was reduced. The exogenous sucrose is more significant in alleviation of high NH; toxicity of
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gsl.1 and gs1.2 than the wild type.

Key words: Sucrose; High NH; stress; Arabidopsis thaliana; Carbon metabolism; Nitrogen metabolism
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BRI R A G R HAR R R A BE i, SRR T R
AR R HARE R A A (2 o AR A ZU R 23t
[R5 T . ATP R 25, ik, PRz 1
FEAEA T 4 O 3R o B VAR 1) YA XA A e 280 7 1Y
SrEi B CEEM MY, AR FEE T NH-N
Ml NO; -N BFE Rtk AR, B AW %
B, MPESERH NHy, (B2, — Bk T2
B NHy, siaxtiytkkE - tugEl,
Harada ZPF9E &80 HARGE B NHG SR rets
WA P s it i e 1) ok i R AR, T B | S R 1 A
ZEMS . e T, AR BREA R GS) 2
NH; R b A2 b i PR A, XA A A Kk B =i
AEENER, ERE TR R, RS
AtGS1;2 BRFHIEARA, MR T RS 1h A 2 3R
SZEME], T FBCF bl B EUBUR, BiBE 2 AR R
Kz B pH AR,

B AR EE =Y 2 — i8] L
YERE S T2 5PN A KR E R kb E
ST IR I AT AR R A, ERRE
A DU A B AR RE ) 5 AR L BE S S B
P RRALEEAGTRST, AT MRS B AT A iR A
JEEFONR)TE S K2kt s SR RERHA 7T L2
F TR A A R A R GS) TR HET BR
WA, A AT LR R AR AE = SR 3 AR A9 AR
G s, PUAEC 4G 8, ANEA IR AT L5 /N
AP R AN RERE AT LA SR Mt T 5R
AR R B Z e

ARG LA e I 00 A S I A B R 56 36 PR 1Y
T-DNA RASAFNEF A B AL, 765 NHy Bhe T,
T MRS IR A WE R G AU Y T-DNA HifH
PR A AL AR AR SC L N | B R EA T Y
TR NH; Ba R, Wl s o A 2 A A |
AR NHy MR xH EI e A R S kA

1 #RE7EZE

11w

W A= R pE ST (Arabidopsis thaliana Columbia) hy
RSB EARAECE SCRIFR Col-0). GS K& T-DNA 1
AR H ABRC(www.arabidopsis.org), CS721512
(R SCTRiFK gs1. 1) Salk-003343C(F SCiFK gsl.2).

2Mix 1Taq. RNAiso Plus #lI PrimeScript ™" RT
&L TaKaRa Ex Tag W B 49 TR(KRIE)VE
BT, 518t T AW TR (A RA FA .
At A= A3 700 38 Sy [ 7 43 A 2R
1.2 EFFE
12,1 EFREEESR RENASESCR18], LR
REFRAHIRE R 23+ 1) °C, SRl 16 h YGIE
8 h B, SEIESREEH 100 umol/(m?s). IR M >
R4 Yuan ZE0UE 245 . 2 mmol/L NH,NO;, 1 mmol/L
KH,PO,, 1 mmol/L MgSO,, 250 umol/L K,SO4, 250
umol/L CaCl,, 100 umol/L Na-Fe-EDTA, 50 pumol/L
KCl, 50 pmol/L H;BO;, 5 umol/L MnSO,4, 1 pmol/L
ZnSOy, 1 pmol/L CuSOy, 1 umol/L Na;MoO,4, 1 mmol/L
MES-KOHQ- MK #TR), 1% (w/V) FbE, 0.8% (w/V)
Bifg, pH 5.7, SiGHIlm A5 10% RGN
(VIV)F110.1% (w/V) SDS {H# 5 min, #RJ5FHKFE/KIEFE
T (5 W), B4 C UREDGIRE 48 h, SREHEFIT
Rt (10 em x 10 em), #EHF. BRI MU E T
SEHRERFRAE T, LR SAR R R A K
1.2.2 @& NHy BHO FAMEBRINEERER S 3R
AR T dJR, YRSk B Rt
WEAT  AYERb=3 1 3 0 1 MRS IEE A K, +
BRI T T AR KT I KB, T g bl 2 L i
BT & BVE IR 35 RE IR Y PO IR i B[R] /i SO
FREER, SRR WS IR SO Ry, (HEA
ARG, FHEHDE 1| L KRR, SR
21 dJ&, 530 3 41, KRR NHLNO; B4 NHLCL,
HPG SRR, B anER 1.
1.3 REHE
1.3.1  gsl.1 I gsl.2 RAKA G IR K E
gs1.2 I ZFR 5 PT84 2.

R ERRA P R B R T2 4] DNA, Ffif5
#E4T PCR ¥, PCR FrHGIHIFSINE 2,

FRVRZANT . i DNA 1 ul, 1EMZIH1(10
umol/L)0.4 ul, J[H5I4(10 pmol/L)0.4 ul, 2 xMix
tTaql0 pl, XZE/K 8.2 ul, BAKREL 20 ul, RAIE AT
PCR [, PCR RN Z5MFH: 94 °C FiZEME 3 min;
94 °C AP 30s, 60 C Bk 45s, 72°C FEfH 90s,
30 RTEES; fedm 72 °C ZEfH 10 min. PCR =4H]
FH 1.0% BN WEEE I L TRRI i FH 194 Hh Yk % s
4 1xTBE, HLJKHLEN 120 V.
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Table 1 Experiment design
Abg R T5 1% FHE I il FsF 1)
CK W ALE IR (4 mmol/L NH3) KRR, HREER 1L, HEGEE 1 IR,
Tl WP T (4 mmol/L NH)+ 5% JEH bESI D 2 500 i AT 4 1k
T2 NH; W38 (20 mmol/L NH3)+iE 7K
T3 NH; J#438 (20 mmol/L NH))+ 5% JEWE
F2 HEIT T-DNA RERKRESIHMFS
Table 2 Arabidopsis thaliana T-DNA mutant and primer sequences
HE R 4 Bk Salk %5 FIYFHI(5-3)
A15g37600 Cs721512 TATCACGTCCTACTCGGATCGCAAGGATCCTTTCCGTAGAGG
At1g66200 Salk-003343C GAGAGTCTGCAGGCAACAAACTGGGTTGAAGGTCTATTTTGTC

LBb1

ATAATAACGCTGCGGACATCTACATTTT

FIF TaKaRa fJ RNAiso Plus i5$2 BN FE ST
AR RIS RER T-DNA fHABKR I A1) RNA, H
NanoDrop 2000 #3736 BT E RNA 1Y EE
FIH Prime-Script TMIT * i & ¥E4T cDNA & i,
FIHT At5g37600 B WIFE R 51Y) At5g37600-F(5'-
CATCAACCTTAACCTCTCAGACTCCA-3") Fl At5g37
600-R(5'-GGTTTGGCCCATCAGAATCG-3")i#1T RT-
PCR il A15¢37600 WiZRik; R At1g66200 HEH
S 51Y) At1g66200-F(5'-CATCAACCTTAACCTC
TCAGACTCCA-3") Fl  At1g66200-R(5-GGTTTGGCC
CATCAGAATCG-3")#17 RT- PCR Kl At1g66200
M#%ik . ACTINT HPAERNZ, ACTINI 5|¥))751)
4 ACTINI-F: 5-ACACCAGACATAGTAGCAGAA
ATCAAG-3', ACTINI-R: 5- GAGCCTTACAACGCT
ACTCTGTCTGTC- 3', PCR ¥ 451F: 94 °C 3 min;
94 °C 3 min, 58 C 30s, 72 °C 1 min, 25 ME¥H; &
J& 72 ‘CHEAf 5 min, P8P 1.0% BiEHEBER
HL VKA T 5307 o
1.3.2 AMEEEADN R NHy JBhia T HE bR A BA AL 52
W R ANEAS IR AL B 4 JR A0l ST R R USORE
FEIE HEE T S SCHR[22-23 1 E M R S R
JHECHR LY a2 00 Al vEmE & i RIS B il
G-250 Je AN e AT R A 11 B i s SR F e 05 L 6
FEFES NHy &g, BMAMES 3k, AT
BIMH .

1.3.3  ANEREHE & NH Bd R EIBS AR Y GS
A GDH BRys2m  FREL 0.2 g BEFEM -, AT
BB, A 1.5 ml F04 B94RBUZE while, ¥
DR ATPENEVK EAPE, AR R 2.0 ml BLOE
i, 4°C, 16000 g 5.0> 20 min, ¥ I REEB 2

(R B0 T R T D A DG RGP o PR bR

50 mmol/L Tris-HCI(pH 7.5), 10 mmol/L MgCl,, 1 mmol/L
EDTA, 1 mmol/L EGTA, 1 mmol/L ZH K, 1 mmol/L
e- B IELTRHN 10 umol/L ZEAMAFIK . >R F Migge 4514
DR E A A & (G S) F 4+ Z IR I U (GDH)
il

1.3.4  HMBEREBG = NH, Bl T SR T sk soc
EXibhA FRPRa il m o i s, 2
SCHR[23], RAPLRGE RN E 2% R HSO,-
H,Oo-FU8H 8 be A 200 8 2 5 15 >R H,S04-H,0,
KM W53 66 BRI o A B i SR T K

i HC S ff— A RIS o G BE T, D 45

B, BRE .

1.3.5  Fdasabr K H Microsoft Excel 2010 {4
FI SPSS13.0 HRA AT i B0 K 19 GE T FIAR OG5>
Mr, KM Duncan’s #3555 3017 0 B 22 7 00 #r .

2 HEREHN

2.1 gsl.1F0 gsl.2 NG EENETE

YHURGTT gsl.1 Fl gs1.2 #R R EER A 1B,
1D, Z5RERIZ gsl.1 Fl gs1.2 5878 A HE 5 15 Wi i)
AR IEY G500, IR Z0H 700 bp, SRJE, Xt
PR R DNA FESFIH T- DNA 6 APisGH) LP
Ml RP 5|¥i T T PCR 974G, HE5 R aiE 1 CL1E,
B AR RURE S AT TR 1 057 bp Fl 1 105 bp K/NAGEE
5 PCR 7=y, 1 gsl.1 Fl gs1.2 MR ZMEMIFEH D
Ra sy, VA gs1.1 Fl gs1.2 441 T-DNA i A .
XHHEFT RT-PCR &K, 7 gsl. 1 #RFET, JL-FA
RE| 41537600, =W gsl.1 ¥k ZAE T-DNA Hi AR91E
T, Ar5g37600 BH 5820wl . 7E gs1.2 tR& R,
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JU PRGNS At1g66200, FPH gsl.2 Bk R 7 T-DNA

T-DNA LBbl
() —

.

——bNUI

THARVERTS, At1g66200 F&[F 58 49 Rk

500
000
250
500
000
750
500
250

(F) Col-0  gsl.1 gsl.2

(A: T-DNA 27845 A Bt PCR % E#CE ; B: Col-0 Fl gsI.1 4 LBb1 #l LP 5149 458, C: Col-0 #l gsI.1 f RP 1 LP 5|4y 1%
455 (M >} Takara 250 bp DNA Marker, 1 4 Col-0, 2 & gsl.1); D: Col-0 Fil gs/.2 i) LBb1 # LP 5|4 Bi%55%; E: Col-0 #l gs1.2 1)
RP Al LP 5|44/ ¥ 45 H.(M >4 Takara DL2000 DNA Marker, 1 & Col-0, 3 /& gs1.2); F: Col-0.gsl.1 Fll gs1.2 ¥k R TE At5g37600 F At1g66200
HIFIALE L (ACTINT A Z))
Bl1 gsl.1Flgsl.2BEKETE

Fig. 1
22 SMEEMEXNTS NH BME THIETTHEkEE

95 i

M3 TLIEH, CK AL, Col-0 Al gsl.1.gsl.2
3R ARMEEEIFRA B 2R, TR, M CK
AHECEE, 3 bR AR A fE E ARG G, 353 i T
2.3%. 2.3% M1 3.5%, IFRBFNREER; T2 LM
T, 3R TR A S BERRAIG, A KA Ay
HIFEAR T 14.6% . 24.0% Fi1 23.0%, HH Col-0 A%
IR e/, T gsl.1 F1 gs1.2; T3 AbFER, 3
ANVR R AEAR A EE A T2 ACBEAHEL, A rim, Hig
TNEYR AR R 6.7% . 10.9% Fi1 10.5%, Hid, gsi.1
Ml gs1.2 WHEINIREEEER T Col-0; T3 A3 R CK
FHEE, 3 APRARMEEE 3 HIFFIL T 6.8%. 13.7% FI
11.9%, Hrr, Col-0 FEARATIRE B fe /N RUTREME AT L
GEfifimn NHy W0 XU ST A K g am i, (R
AR, JEARReE 22 e NHy PhbafER], b
PRI I REREXS gs1.1 T gs 1.2 FIRUR T N IA .
2.3 SMEEMEXES NHy e Tl Eikirs

NH; MMtEESEM N

M 2 A IAEH, fCK AL, T1 AT,

Identification of homozygous gs/./ and gs/.2 mutants

Col-0. gsl.1 1 gs1.2 FEARIVR N A2 NHy & 15300
BEAR T 1.7%. 4.4% F13.7%; T2 A3, 1 CK A
I, 3 AMBRRMIEE NHy S84 538N T 35.0%.
54.3% F146.4%, H, gs1.1 M9lEES NHy & &350
BN, HIK K gsl.2, Col-0 By b; Hl T2
FHE, T3 AMFER, 3785 NH; S E T 6.5%.
12.2% H1 15.1%. SN IR 0 0] DLAE— 2 B2 1o,
REPIR PR ES NHy & &, X5 NHy 2P R AR
R, MR, SNBSS R NHy PR
1 gsi.1 Fl gsl.2 (NG fRHE ST B .

F 3 SMNREEN S NHy B TR T8 R0 (g/Hk)

Table 3  Effects of exogenous sucrose on fresh weights of
Arabidopsis thaliana under high NHj stress

szl

CK 0.429 £ 0.030 a

Col-0 gsl.1 gsl.2

0.423+0.017 a 0.419 £ 0.009 a

Tl 0.439+£0.023 a 0.433+0.012a 0.434+0.012 a

T2 0.375+0.013b 0.329£0.010 ¢ 0.334+£0.023 ¢

T3 0.400 +0.023 b 0.369 £ 0.006 b

0 R FEFINEG FREAR AR RA R LR [ — ik & 1) 2 5
ik P<0.05 & /KT,

0.365+0.004 b
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nCol-0 ogsl.] mgsl.2

CK T1 T2 T3
JOSL]

LR it (mg/g, FW)

1.0p

a a
0.8F a b b
[ b
0.6f L b g d
041
0.2
0
CK T1 T2 T3
Qb

(P /N 5 AR [R) 327 AR [ Ah BETS 7 — b 25 1] 22573 P<0.05 7K F, T )
2 SMNREEHEX S NH BB T RIB I EREEE NH; It EE S 2R

Fig. 2 Effects of exogenous sucrose on contents of free ammonium and chlorophyll of Arabidopsis thaliana under high NHj stress

MER R AR R R TR NS — A
HEERZE, NE 2 TLIEH, 1 CK AL, T1 AbFE
PR N2 2 B R IEIR T 5.2%. 15.3%
M 15.7%, Hrb, gsl.1 Ml gs1.2 B4R &84k
WO, FEMRIEEE KT Col-0; T2 AbHET, Ak
NSRS RN T 263%. 33.4% F
29.6%, M gsl 1 MMFRE NG N BE. T3 4
BN, I T2 AHE, 3 DERRERIEN R G &
I BIEL T 9.5%, 13.6% Al 13.1%, b, gsi.1
il gs1.2 BRI BE 7 T Col-0. AJLAF 1, ARG N
FERE, W LATE— @ B E LR e NHy X 3l I+
MR We , Hoh, X gsl.1 Fl gsl.2 W2 B Ky
B
2.4 SMEEHENES NHy BiE TIEFEERTS

EEMATAEEARENEN

YRR A YR EE B ST, hIE
3R, TIAMBETR, 5 CKAHEL, 3 MERER RN
ERMEEINT 1.6%. 1.3% Al 3.1%, fE CK 4b¥

FITLANETS, 3 MRRZE TG EME2E R, T2 4b
T, L CK M, 3 AMRRFR AT MRE & i
18.9%. 8.4% F110.6%, F:rf1 Col-0 43 finii B 1] b
W T gsl.1 Fl gsl.2, Col-0 Fl gsi.1. gsl.2 Z[aliA%
WS M T2 AL, T3 4FETF, Col-0,
gsl.1 Fl gs1.2 RIS PERE & i 20 3G N 5.0% . 16.4%
M17.1%, gsl.1 Fl gsl.2 WBEIRTE A 3, Col-0 Al
gsl. 1 fl gsl.2 MG A AR W EM 2R

I CK A, T1 &E¥ET, Col-0. gsl.] Fl gsl.2
A RIS S A AN, A3 onE N 5.5% . 6.5% F
5.5%, 1€ CK ZbBEFN T1 4bBF, 3 MERZ T
WS, T2 48T, A CK AL, 3 MR
WHEASESIIEMT 193%, 14.7% 1 14.1%,
Col-0 Fll gsl.1. gsl.2 ZRIFHHA BB EMHEET
T2 AbPEAHEE, T3 4R, Col-0. gsi.1 Fil gsi.2
FI AT PR SR BN 14.7% .16.9% F119.3%,
gsl.1 1 gs1.2 BB EEE B ., Col-0 I gsI.1. gsl.2
HA LB B 2R

uCol-0 mgsl/.] wmgsl2

—~ _ <40 -
% 40 E
of) 30 a b b 2 a a %‘? 30 d a 4a
w300 b by b g 0
g b b b mﬁ C ¢ b C be p b b
ﬂ]éf;ﬂ 20+ % 20+
% 10t gj 10t
p=1

CK T1 T2 T3 =

Qb Ab3
3 SMNEEMEN S NHy BB TR T Ek A R A At E A S EEN

Fig. 3 Effects of exogenous sucrose on contents of soluble sugar and protein of Arabidopsis under high NHy stress

5 NHg B, SR RAR A n] S PRl
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AL N AN R SRR, GDH JEiifEm . 2R
KHES . B 4 AT, T1 ARER, M CK AHEG, 48
R F B GS B3E PRSI, Col-0. gsl.1 Fl gs1.2 4y
AT 6.1%. 5.2 F1 1.9%, Col-0 Fll gsl.1. gsl.2
) GS BREPEAEAE B 22 55 T2 AHA CK A L,
3RAR GS WEHES IR T 15.9% . 16.5% Fil
18.8%, UiWlfE NHy FHAKEIR T GS A&, 3 Mk
F IR B2 25 52 N K T3 AbET, R0 T2 AbFRAH
b, 3 FRARR GS B BN RIRREE A3 n, 435
PET 4.7%.19.7% F119.5%, BANSNE RERERT gs1.1
Ml gs1.2 9 GS BEIEHE R 3 W35 . TR INSMIE R AT L
PEmMERE T GS BTE M, (EIEEY h LR N
FLA L

5 CK ML, T1 4B, Col-0.gsl.1 Fl gsl.2 1Y
GDH 643 I3 T 2.9% . 3.6% #13.2%, 3 Mk
ARZEHEA BEES; T2 AH M CK Mk, 3
MRR D HIERT 30.6%. 11.5% F110.6%, HH,
Col-0 WREAIRIREE il 3, 3 MR RZ 25 B

T3 Ab B4R S TR GDH W& 1, A1 T2 AbFEAH 1,
Col-0., gsl.1 Fl gs1.2 5y HI¥EM T 20.8%. 19.7% F
19.5%, FWISMETINEEREAE— @ FEEE AT DASR Al
Yy GDH W% .
2.6 SMERMEHENS NHy B8 THEKT Rt

E-S1:0p-A0)

4 RANER IS AR N TT R &
Ho WNE 4 halHL, 3ARARTH N, P K. Call
SRR T3>T2>T1>CK (¥, 5 CK A,
T1 AT, SRS A N SR, 3 AR
BT 5.5%. 8.8% 1 15.2%; T2 4b3 R, 3 MERE
BN ST 32.2%. 36.3% Fl 36.9%, 5
T2 AHLG, T3 AR R N SR E N T 26.7%.28.6%
M 27.5%. FERRIAN P &, 7E T1 BT CK 3
T 4.4%. 5.0% H13.6%; T2 4B I T 42.8%.
30.4% £ 39.6%; Il T2 AbHAA L, T3 AbFE R 4351
T 24.3%. 36.3% F132.8%., FMIANK K &,
5 CK M, T1 AT Col-0. gsl.1 Fil gsl.2 4y i

mCol-0 ogsl.] mgsl2

40 ¢ 120
~ a ~
a = L a
E 301t b b = 100 a 4 a a 5 2 b a
éﬁ a a a a a g, o gl b ?
S b b g b
£ 20} £ 60t -
H H 40t
= 10} = Y
J jan L
& : 20
0 0
CK TI T2 T3 CK Tl T2 T3
Ab Ak 3
4 SMNRETENS NH; BB TR ST HE KA GS 71 GDH BgE I #20
Fig. 4 Effects of exogenous sucrose on activities of GS and GDH of 4rabidopsis under high NHy stress
F4 HMNERMERENS NHy BB TEIETEAT RTEREWEMW(mg/g, FW)
Table 4 Effects of exogenous sucrose on mineral element contents of Arabidopsis under high NHj stress
b BIFEITHE R N P K Ca Mg Fe
CK Col-0 2.832+0.127d 0.659 +0.024 ¢ 0.720 £ 0.046 b 1.025+0.076 a 0.615+0.034 a 0.029 +0.002 b
gsl.1 2492+0.176d  0.584+0.034c  0.869+0.101b  0.718£0.031a 0.256+0.031ab  0.027 +0.001 b
gsl.2 2.548 £0.08 d 0.589+0.02 ¢ 0.844 £0196 b 0.877+0.034a  0.334+0.029a  0.026 £0.003 b
T1 Col-0 3.130+£0.034c  0.689+0.034c  0.767+0.032b 1.035+0.045a  0.633+0.034a  0.025+0.002 b
gsl.1 2.713+£0.046¢c  0.613+0.034¢  0917+0.048b  0.738+0.029a  0.272+0.004a  0.024 +0.002 b
gsl.2 2.937+£0.004 ¢ 0.610 +£0.007 ¢ 0.889 £0.09 a 0.889+0.015a 0.349 £ 0.006 a 0.024 +0.003 b
T2 Col-0 3746 £0.120b  0.942+0.031b  0.841 £0.059ab  1.037+0.034a  0.451+0.031b  0.040+0.003 a
gsl.1 3.398+0.066b  0.762+0.045b 0.99£0.076 a 0.743£0.020a  0.237+0.017a  0.043+0.001 a
gsl.2 3489+0.157b  0.823+0.108b  0.913+0.034a 0.906 £ 0.08 a 0.276 £0.02 ¢ 0.042 £0.004 a
T3 Col-0 4.750 £ 0.059 a 1.172+£0.027a  0.902+0.101 a 1.04 £ 0.031 a 0.501 +£0.029b  0.029 +0.002 a
gsl.1 4.372+£0.059 a 1.039+0.01a 1.103£0.031a  0.762+0.015a 0.246+0.007ab  0.031 £0.001 a
gsl.2 4.451+0.038 a 1.093 £ 0.018 a 0.984+0.018 a 0.937+0.101 a 0.295+0.014 b 0.031 £0.001 a

T P REGNG FREAR R R R AL B R [/ — Bk & 8] 25 5215 P<0.05 2% /K.
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