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FE: A EZRAMT, BAAUE M E I E T8 A A (SAM)Z B At KRB E, 1200 % O R A MR
MEZIBIFZ—. AFRAIN, B LERNAIFIKE vhF X FAR(TOR) 4 AL, FEIEARIL B I-40 9 a9 4B 8004, &
BATORA L T 423t SAMA M E . A RIEAIEAT265N M T A RAE SR QL T, HikF) T —AMESUR MR
1849 £ AR CST76205; 1t —F 454 K I, Col-042CS76205 84 F AR 4948 SRt 4L F Col-042CS76205 4], 1/ 1)
CS76205; Col-0xCS76205 F,BHAR a9 42 AL R b 2 E 540 A, 38 3T =AM 5 CST76205 4 A B! FaF, X 69 ) AN HE5% £
RSB IATEREALENF, £35 F EARTALE] —AMERESAME AR X 69 KK, 1% F2.520 Mb#F=3.715
Mb jd), #|F £ 15 85 69 F BT 1% KB R IRSATIERE, Thit BN RAEe) B AR, X oAh#t—F uiEizis &
KB, BRZARD AL ATORZ I 49X # L% Kk,

KRR AR5 £ TR 4 A L L(SAM); F v F & ¥FeiR(TOR); LA 4 B 4475 (BSA)

BES 2 AE )R] R BH e R AT 6 &4 I =42,
EACHE K KB TR, &0 LAUE
FESHFNEMRERKKE . EEFRIEEHET
12 (MooreZ5$2003; SmeekensZ£2010).

HAlC&RMZ ME TN FHEMEK K
B ATk 22 (SmeekensZ52010). G55 O FH il
(hexokinase, HXK). 7 Hi-6-1% 1% (trehalose 6-
phosphate, T6P). 75 IF % & #1 & M (target of
rapamycin, TOR). F&WE 3B fif 5L AH ¢ 21 1 i 1
(snfl-related protein kinasel, SnRK1)F1C/S1 bZIP
FESEIN 7%, HPHXK. TOPAITORMNE I B
B A K1, TTSnRK1ANC/S1 bZIPH: S 1
— MR AP RE A A K

LR I+ b A1 (hexokinasel, HXK1)/&—
o ke T2 A 260 R ) B, AT AR S 5 S A e SR
TR, HXK R # & iR RS S 5 S 80
AN 38 3 IR I 4 AR H B (Moore55$2003) .
TOP ) g FEEACH L R TR i rh (8] 7= 4), 2 3
LS 55 TOPZ Y A K ML K A&, i
SUR/NZ R R E, T E = TeP2 FEUR G IE
T-(GomezZ$2010; Martinez -Barajas%$2011). 244
PR 7 LI, TOPRUER, i SnRK 1T 1, BHW7g 5
Wi N DR R R 38, 175 5 8 95 8 N AR KRR i 7R

FER Rk, AT 3G Ik & 7% 1) 7] F1 FH % (Baena-
GonzalezflISheen 2008; Gomez%5:2010), SnRK1/&
— MR EEEEE S, EERTEY AN
f) e B i (Margalha®$2016) . K MIGE R G =
IF, SnRK 124 30, AT 51k B R AR A1 4% 5%
451k (Baena-Gonzalez45$2007; Hardie 2007; Baena-
GonzalezAl1Sheen 2008), fIHIAEY) 4K, {RIFH:
FETE FRERZ [R5 26 A N R BEAA TG« SnRK1AMY
RE 0T 1 38 A H A R R, 340 e 8 T AL A7) 1) R A
A K AVE TR V) 5 Ak (Lastdrager2:2014; Tsaifll
Gazzarrini 2014). A Fida HAEREAL N A 2 2% AT
T, Hsk R 1 C/S1 bZIPTATE A SRR ik, Horh
bZIP11J& 1-S1 bZIP, 4332 39 F1% 3R ILJa v]
MsEY A&, (22 g2 55 77 R o %k (Han-
son%£2008).

TOR (target of rapamycin) & FH B AE7E T )L
FETHE HAY . Y P TORE A K F ZAFE
—/NTORZE 4 FI % A RAPTOR 25 4 (AtRAPTOR 12
&b) LK NLSTS K [ (AtLSTS-1&2). EEYIN
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KZHHF T AR % B TORFI R IL, (HETLE
AL bR E . TORE 5 iE g S5
AR R E . AR V1A G, TORIE S 815
Mg, BWEEESRIMEEMNAERK. KB TS
A AEFN(LIZ2017). TORKS ERIEHF THE
WEWMAEYE, AR Z M I RS
(Roldan%$1999). Jxz., i@t ZH B A 575 5 U RNA
THL(RNA interference, RNAi) N TOR, S EY)
o B ARG AN R DR I A s A 2K L,
AT 5 M % A0 22 B2 1 A R (Roldan®$1999) . 7
FE IF 1, LST8-1 (1) 548 3 HUE 75 A KA H i) LA
NAE R B 75 (Moreau?52012). N5 ¥ AtRaptorlb
RAERIH AL I IR, 167 7 B 8CH 8 m; 4
RAPTORE: R )24~ ¥ DL Gk 2 R S, 3 £ 3K 5
HIRE) A K AN BETS 2 4E FF (Anderson552005; Mah-
fouzZ$2006). 1H2& H X TTORE AR H 7>+
RE [ 70 A R 5 28, A8 T b 2
() H #5 3 K (RobagliaZs2012) .

T ZE T 53 A #H 24 (shoot apical meristem,
SAM)J&M. 25, A% fE7 % B3 a4
ZURN AR B VR IR, RAE YR B B St 25T
st oy A A G KA AR B Ay FE AL L B R R A 2 A
HGLLL Je A6 oy A B B R W 1 7 IR
(WangZ52008; WangF1Li 2008).

It B FCE AT T SAMIN RERIAF 7 32 EAE
FEREYIR & 5T (Barton 2010). HYIMAEKEH
B TEX WE S E FR M R R, 7R R A0 BT
AT, RS AR AR E R
T BT 5 B2 1R B A /KA & Y A ) 18 77K
25 4)]# 9% (Francis fllHalford 2006). #F 5T & 9404
AH 2340 J 1) 43 A ORI B, AT AR B AE 0 UL
A T 70 AR 2 AR ) 2 AE G A% B SHIG25: =M
b AR SC (194 B (Riou-Khamlichi%$2000; Sky-
lar¥52011), i & BLSAMA: K G ZNIE S I 11 35 bk
BOE (Wu2005) .

SAMMUE A1 K M A KK E
R, — MM, SAMINENE 2 M2, H
TERRIE 25T, X SAMAMS TACHBE(RERE . #i %)
B SR ) O BB A 25 T 73 AR A ZUK B U IR
H, Bk, fERBEE AN, MK Y R E R A

L A 1 0 b UM 1) B B4R B 2 — (Roldan%%:
1999). iAW 73R WIHE X SAMIR U 7 2 BR
55112 5 (Peng2018).

AHIF 95 K BLKE XS AM 1) 3800 4 i T TOR;
S AMEBTE X B 1) UM TE 3O RS T I AR S B R A7 A
Iz B AR AR S R O A% 1 B 55 BORS AR S Y
CS762055Col-024 5%, HJ B A, K HBSA-seq /i
TEENL A5 5 B SAMIE 1 (18 67 A5

1 ARS 73

1.1 L3Ry

AW TR H W est] & AL rE T [Arabidopsis tha-
liana (L.) Heynh. |48 Col-0 81y 5, A M — %
(Estradiol, est)i# 5 ) TOR-RNAi (RNA Interference)
()% JE K A4 B (Xiong AllSheen 2012).  ASHIF 7834 %}
Col-0F1CS76205%265 A= 25 1L 1E AT Hl AU A i
. LARESSHUR M AESAICST62051F NEAR, 5
Col-0Z% 3 #4) 7 (IF ARFIF AR . WLELF AR AIF AR )
T3 73 A2 2H 430 B RE I U PE R B . AF, A 43
Ik iz 2 Wi it 2 L % 204k H - T-BSA-seq 73 17
1.2 #ETTRIE S

K 5% 1 10 SR S 3 0 LUK 40, e T b -
ITFRIMATHEEL0 min, S35 M1 H I E/KTEE &
B YEA~S IR PR AT 1 I E4°COKAR BRI 26 A
W3 do 2K TR B R F-HH 1/ 2MSEE 7R 2 (5 1%
RERE, pH=5.8) 1) 7 L4 7R L I, FH 3 10K U7 L)
M, 7RG A R B 9R14 d; 2RSS T W
KW IFISAMAE KRB H AR DSk . K59 40
[R5 5 4 B N22°C . TEWT 7T 5 TORYE P AH 5%
(8206 o, 76 1/2MSE; 72 3 ch B 10.5 pmol-L!
est, AN INest ] B, oA B 77 26 AF A
1.3 AT 2 Tim 57 £ LH R R B 2R

LR T S B A T, Il %4
Y T00 o A2 2R A R
1.4 ERFEHEE

HUR Y 20 2329100 mg, IR 78 4 T
BE . YR KN4 DNARBUR 7 & (TIANGEN
BIOTECH, H3%5: DP305S)2 UL R4 . Bk BIR
IR 2 P S T (R A T % % 31 TS 2545 700 pL
65°CTRAZE MR GP L1 850V Hh (S50 i 75 AR 1
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GPIH IR 2 BE, (L2 5 0.1%), TIH T
FBIVRAIG, ¥ B O 8 E65°CoK #3120 min, /Kt
FE A B3] 2500 DLVR A AR R B . INANT00 pL&
i, FLIMIRA], 13 400xg 5005 min. /NOyHbKg - —
TR b B KA N — N RO A R, IAT700
ULZE MR GP2, 78018 5T . B IR ST IR 8 N B
FECB3 1, 13 400xg 50030 s, FEsi R 7] A
CB3H I A500 pLZZ i GD (3 H A& Sefs & 2
T EIATEK LEF), 13 400xg 20230 s, {5145 KK,
FER PR AR CB3 AR o 131 MR B AECB3 H i
A600 pLIFEHERPW (fE FRTIE ek &2 & O inA
ToIK 1), 13 400xg 150230 s, {535 W, K e B A
CB3MAWAEE S, IWPBREE — IR KW
CB3JH Y &£ 1, 13 400xg .02 min, 545)%
Mo KU FECB3E T == iR i 8 50 4h, DA
IR B AR R AR R . R AR CB3 N
— AN R0 e R PR o T A
5 N50~200 pLyefit 22 TE, = iR i & 2~5 min,
13 400xg 25022 min, H4 A RISCEE 2 B0 H
1.5 BSAER i@ FERE 7 H

ML FNALR (53 e br e IG5 J 2. 1) P, B 1A
HH o3 ) 3 B 2 0Bk B PR, 2 HUIK S8 LR RS AR CS-
76205 (K 3L R4 o K520 1% (1 F, B AR 12042 1)
F B0 AU DN A 43 1) 252 8 YR 5 A0 Fa R o) 8 A Uk
(1T B Vb RS A RS VR At . X2 AN IR A
[FIDNAFICS76205FIDNAZEAT T« )7 Fr s
JRAE 7 A & e AR B, AT =T, 1585
R 55 SR8 5 Y R FH BWA R AF (LiAI Durbin
2009), i 7 HHE Hoos B 2R R LR S Col-02
FHFH ¥ F I, FIHSAMtools# 44 (Li%2009),
W Lexet J5 B AS £ Hh (0 5 27 SRR R GATK
B (McKenna%52010) ) Haplotyper & 7% 7 BT 54>
FE R 225 LRI 20 2 (AR R DR 28 22 575 7 FH Break-
Dancer#X £4(Chen%5:2009) X £ i (1] 25 #4) 48 7 (struc-
tural variation, SV)ZEA TR o
1.6 KBEX I8 8 i 5 &1k & FE Fum

WA FRE S 8 AT B IR, 15
BIFE 2 (8] 2 57 4000, R A SnpEfF#R £4F(Cingo-
lani®$2012) % 1% S 04 HE 4T T REVE R IR AR 4 A5 7
A7 5T R G R P S e R P AT R 4y o AR SR A

Y RIGE R, ik SR AR R Al 2 S 2 S AL
HEPEEAFE R ANE NS, 575 Takagi%(2013)[1 77
ETHE2ANR A AE RN A IF(SNPEL/FlInDel)
Indexff. VEIBIIIndex 2 {H S Bk [ X 45 B 2 H b
PR B (3 DX S5k o D T Y IR A B 1 AT 85
FIFHbRICAE SR E AL &, R & 7,
Index{H HATHLG, THBRSSAUBENLY 14 S B0 2 7
Rrss. PR R/ Mb. #5K:5 kbXf ASNP-index
FESAGLOAR B A AT VR, £ HL99.9% 1 B
15 KA N 0 1 BB, A5 KFBL B AR
AFEIE X ] o AR 53 IX (8] P9 D REVERE . A8 R A
SRR DA K e DR ) 2 a5 X a2 BR AU R 7 22 T
Ui 73 HE AL SR KR B AR BE AL

2 SLIGZER

2.1 TORSEFEHESAMIE M

ARG TT 4 v AE RIS 2 A R I AR KR mT B
R K K B e R BURSE B) 48 AR (Baier 55
2004; Li%%2007; Zheng242015). AR¥E A H STk
I IE (Pengs52018), 454 AT S bR o, AR
1% R0 2% A1 T FE I 1 7 I UL R T 40 i =5 T g 49 A
WK BIRI A o 148 T AR TR B K,
R BRI 240 TG, R IR R L 3402
TR, B E IR, AR BB R (A 44
Fe A HIHAR, B A TR AR, A AN
(EI1-A). CHBFURI, E5H 1% H fREEE 75
FAKMEE IS B IE G, 4 R KRt
kI A PR AR Ak, 2 BH 6 AT RS S (0 F0L RS T I AR
K RAA R B % AEH (Peng®52018) . FRATT
W ME 7 (est) 15 FTOR-RNAiFE FRest 1 F1EF A AU
Col-073 55 FEAE 4 0F10.5 umol-L™ estff]1/2MS.
1%ERE R IR . SR BN, TR A SMEestin
IHEITEBL R, Col-0flest 25Tl 73 A= 23 K & fliT &
PR EE A T3 (K 1-B); 77 10.5 pmol L™
estXfest! T TORFFATRNAT I 44, Col-0
FISAMK B E 504 T35, TMest] FISAMK &
2B R A, AR QAT 190(E 1-B), R
TORZ 5 ESAMIE 1 .
2.2 HEFSHERAE S EICST6205/Y ik

T T RERUR A E RS, K
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B 0 pmol-L est

Col-0 estl

0.5 pmol L est

Col-0 estl

K1 TORZ: 5¥EESAMIG I
Fig.1 TOR participates in the activation of sugar-activated SAM
A ST S AN Wi S A [ A KB B (K 23 2, 20 I By 2%, 34542, B: Col-0FlestI{E 4 0F10.5 umol-L™ estff]1/2MS

Higrdk LIGH IR 14 d,

Col-0F1CS76205% HoAth H£265 M4 25 BILE 1/2MSH;
FRdE FHHAT B R TR, AR KB, BHECol-07E
HPNEZ A= 2 U TS AT A S i
TR B, (H 2 CST76205 128 25 I FH 4 -
AN R AT W @ RS, BATTRILCOl-0
ISAM K B #1342, 1MiCS76205KISAMK & 24,
FHICST76205 Lt Col-0XF i b A BU (]2), KB
A T RIS AMXT B M T BRURMEARAE FL AR 57
2.3 IEIFSAMBYIRIE 5747

W Col-0F1CS762054: 2 T 34T 22 A2 15 BIF X,
AT HIRIRE IR A AF, 1@ £ & L Col-0. CS76205F1
F & B I 08, RINF AR 980 T-2200
3% 8], F, =AU S5 ACS 76205, —3# 2 [0 TR %
ZE 5, IX R BPCST62055%F Ju7 1) 0k Ay S P bR (P 3-

Col-0 CS76205

K12 bl 99 U AR S B CS 76205 1 i i
Fig.2 The screen of sugar less sensitive ecotype CS76205
(EREFREE TG A K 14 dJS TR, Col-0)& T34, CS76205
J&T 24,
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Fig.3 The genetic analysis of SAM in Arabidopsis
A: U TTSAMK B &Y B: RS, A FVNG T REROR 2 57 535 (P<0.05); C: F R R 1481t

AFIB). ¥ F, H A 5= A I F AR5 7 b e HEAT 4t
i, RI2TTRRE AR AR & o A 12403
2:42=39:138:73:27, #i BICS76205%Col-0fJF X
FEAR R SAMIP) AR KA [) T 1 A4 2 (1) 520, 1T Al
F T2 M B 2, Ml T35k (3-C), L
A TS AU JRE K P o) 187 2 b 22 A ik B8] 92 il 1) 2 i
PEIR o Bhde Bl o 2 B4 1 AN 4% (1) F L %6 B S ik gk AT
BSA T
2.4 ETFRinaRER N FRQTLS M

T ZEFNAG] [FE Ak Z 53 ) 16 B 200k B A
AR AL, MR2ANE A IBAISEAR 2 —CS762051 474
FEDR I PP o s D 4 5 (6 0T B 5 it i
PG $L3R1533.65 GI¥ i s 508, T35 FE i
11.22 Gyt &2, R i Q30 LL 15 £192.23%,

GC & N38.31% (1), XLy B B BEAS (1) %
W2, W REAH, GCHAmiEH, WP EdE
e AL AL & R IEH, nTH T E8EMAL R
oD ERNIIE JShretiva

R AFE I Bl R G R
Table 1 The quality of sequencing data of every sample

FEi4mS Clean Reads Clean Base GC/% Q30/%
Group_3 73 984 298 11 040 929 361 38.31 93.64
Group_1 77 620 578 11 574 772 362 38.62 93.44
PAR 3 74 112 302 11 031 206 425 38.01 89.62

Clean Reads: [ 2A%0R o 918 J5 0 4% 1) 15 7 & [ Reads#]; Clean
Base: 1 i & I 7 8 S A4 GC: Clean Datarh (I GCHRAE 5 BT
B E A, Q30: Clean Data it & {H AT B 46 T30 (1l fir
.
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L AEWE BT, FIEEAEE A I 2
753 169/~SNPsH1138 781 InDels, SNPsH i L In-
dels% . RS RAEMIE, KITCIRZDel4E
S SESNPAR & A7 T PR R b [X 1 22 A PR AT AT
Pegmig X 2 . FETRE RIS R, k2 Ak
()4l & 22 F bR, e Phik 638 300/ SNPsA
127 025/MnDels, F T & A7 ik FE A

o T 22 ek i R 328 it 45 21 1R R A 18] SNP A
InDel 7 1, 435 i B2 ARt HR AR A7 5 [ (SNP K

A 10

index1

/FMnDel) index i, FHT-SAMI N FE B (1) AH 56 3 4]
IR EMEE R EIR, fERFEIF3 5 ik
— /NI LT — AN R I FAE KT I R 3 0
PR BRI (B 1K/ Mby 25KS kb), SEAM
TR SRR E 10X, & A7 BX Mg X (a1 T35
Jufrfk F1192.520~3.715 Mb, [X i K /NZ11.19 Mb
(El4-A. BAIC), Tt B IX A X 5k f0, 15 18 4 25 T v 43
Az 2 2 7 AR A A G R

P ORBRIX N R R, 578 A s gk AT 45

&5WHVwMMV/xKWNMMJW\\KHJﬂwﬂw\,W

0 1 L ' 1 1 1 1 1 1 1
0 2500 5000 7500 10000 12500 15000 17500 20000 22500
Chromosome postion
B 10
%
8 0.5
0 1 L 1 L
0 2500 5000 7500 10 000 12 500 15 000 17500 20000 22500
Chromosome postion
C 1o

0.5 _WWV\\___\V\_’\

delta

—_

SrAEE: 0.999 indexff: 0.3693

e — e~ ———

0 0 2500 5000 7500 10000 12500 15000 17500 20000 22500
Chromosome postion
D
M — ﬁ — M~
— AT3G08943
\
AT3G10280
AT3G10700
AT3G11290
~—
N
\—
>
N\
chr.1 chr.2 chr.3 chr.4 chr.5

B4 A8 A7 s A Index FIMB 1% Jk R E G kb 1) 43 A7 ]
Fig.4 The distribution of genotype frequency
FBE X I 5E A7 AEChr.3 [12.520~3.715 Mb. A: index1 (5875 %4); B: index2 (¥ 2E5Y); C: delta; D: {1 2 5 26 ZL (4K b1 K RE 4 i o
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TP L PR

A FHBlasti /444 2 K 7 51 5 GO (Harris%52004)
NR. UniProt (UniProt Consortium 2015). EggNOG
(JensenZ$2008). EGG (KanehisafliGoto 2000)%5 T
REHCHE P LU, B R AR RS BRI K D g o A
IR, GRS IEE B R A 384224
2.5 FIHQTLARIEEEAY TN

HR 4 Snp EFFRRAF IR 45 L, 97 128 1) A48 =t or
RN E S B = DR RS (R AT 2 B AR
Y IFER 164>, H2 45 Arabidposis eFP Broswer (http://
bbc.botany.utoronto.ca) F i i H ) R IA R, Hrp
TN BERIFESAM AL, RIERA 13RS 19/ Mk ik
FEK, 39 ZAT3G08943. AT3G10280. AT3GI0-

700 AT3G10820. AT3G11010. AT3G11040. AT3G-
11080, AT3G11290F1AT3G11520 (FH4-DF1EK2),
AT3G08943)& T-ARM (armadillo) = 5 H3 5 %
AT3G10280% 75 13- Jig 19t -Co A5 1 (3-ketoacyl-
CoA synthase, KCS){F 5 I 2 g 52 6 4 1 g T e
FEIE K G ) A Rl —, 2 T D B e B A s I 2 —
R O, 5 AR R FRAE A, B K
HE iR (BachfFaure 2010; HaslamA1Kunst 2013).
YRR T 2R R HIKCS, 735 SHEYIFAET
(fatty acid elongation1)3E [K Al BE 1 ELOFE A [F]
I8, PLE T R BLIFAEL 8 A [JKCS 1] 43 NFAEL-
like. KCS1-likeZ$4/™ V.20 (Dunn%$2004; Costaglioli

T2 IR DX [H] P (1 i 255 22 DAL P 2 A

Table 2 Prediction analysis of candidate genes within the association interval

T ik LR EA S o7 & /bp AL si/op AR SFAA AR Sl R R
AT3G08943 — 2718 88~2722624 2720585 InDel oA Fe R &1k ARMEE K RE N
AT3G10280 KCSI14 3180 064~3 181611 3180185 InDel s g 2l RIGKCS14%E A, & 13- A5 -
CoA&TM LI 2 — % 5 HiKIE
JiE T A
AT3G10700 GALAK 3346 509~3 351170 3347678 SNP E—* Yl — P GHMPE 5 R 5 1, 1%
ESREVSE S g B e (U
HEAL 2 FUREBS R - 1- WS RRAE AR, 2L
0 2 - 1 - 1 2 S ) 40
ARA R TC 2 UDP- 2 5L BE RS IR (4 AT
s, T FARTER AR BT 2R
HRIE
AT3G10820 — 3387078~3391 003 3388426/ SNP W—s* B GE K A T-(TFIS) & A i
3389 628
AT3G11010 RLP34 3450496~3 453985 3452177/ InDel/SNP SR F= A4 ni2e 1l 2552k 134 (receptor-like protein
3452 180/ /Y —* 34, RLP34)
3 452 766/
3 452 770/
3452767
(SNP)
AT3G11040 ENGASES5B 3 459 939~3 463 264 3463484 InDel FoND G AR e AR PRI LAl G R B- PN YR 1k -N- £ T 2 3
% t#(ENGase). ENGases N-glycan
Z4fiRN-glycank% 451 112 GleNAc
BRI 2 IR IA O-HE T 5, HE R R A&
T B B2 1R BLGIeN A [
AT3G11080 RLP35 3470 304~3 473 685 3471 689/ InDel M ZAT e AR R AT 0l 282 K8 135 (RLP35)
3471 691/
3472 848/
3472 853
AT3G11290 — 3535561~3 537904 3536587/ InDel M ZAT e AR R AT 240 Myb/SANTZEDNAZS &1 (4
3536591
AT3G11520 CYCBI;3 3625286~3 627273 3625649 InDel D gAR e A pr &l gmAg BRI E I A
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22005), HHPKCS14J& TKCS1-like V. 2H, FL45 ) %¢
F I B2 iR A F38(Joubes52008) .

AT3G107004wF5\JGALAKJ& T-GHMP (galac-
tokinase, homoserine, mevalonate, phosphomeva-
lonate) M 5%, g i~ FUAH B 1R - 1 - W PR VI, fhE
A FURE R R - 1-BE IR (1 2L % . GALAK HAT H¢ 57
IR ST 2854, FL B R I R o- BT B 1AM IR e 4 &
2 & B, BORu 2 — N "R AL &R %
(112 5 ATP4 & (R 57 ;v Bt (Timson 2007). 52}
FUVEBEE AR, GALAKFERTE s A b #i R 1A
(Yang%52009).

AT3G108204wh9H I & T #e AE K K T(TFIIS)
K. TFIUSYER TRNAR GBI, {E ik sih
P, FFERN e S AT B2 AT AT RNA SR A B ITE
T I e A S A K B I A 33E 1T (Mortensen s
2011).

AT3G110109% S HIRLP34FIAT3IG11080%% Y
FIRPL35/E Jy B (40 MU 22 1h 5244, 2 5400 A 4k
G T WFE 3, XTI AR KR 6 B B )y
TEHI(Wu52016). RLP344E JH % )[R P55 R A5
NTRLP20. NTRLP2I. NTRLP46. NTRLP63. T
FER, R ETTF 22 R B (E. orontii) B G<RT,
RPL35fj# 1k &8 2 T = (Wus§2016).

AT3G 1104045 (IENGASES5B & — Fifi 1k
Wity =B E A EAINLBT, X A BT AT BEAEAAZ 1,
BB A N- S I P R 26 Tt Jie (K imura 55
2011). AT3G11290%mF%— " NMybZR jik % 5% K, 7F
T B AL 2 36 205, (5 R A HH S ) RET
FHIHRIE o

AT3G11520415 F)CYCB1;3 /& —FiB R 41 filg
JE HAER (1, 5 40 i SRt B 1 B (cy clin-depen-
dent kinases, CDKs)%4 & T Al A B v 14 1 2 &
Y)(De Veylderd:1997), %5 &V & MR 1,
Z 511 453 G2/MI .

3 g
B 2T DL A A A SUE M, T S A
P AEK . KE M E, BEHAERIUS] MRS

B, i FEORSF I TOREE AV S A TEM A M AR K
KE PR IEREEENFEEN . TORBEEE &

A () B DR 8 77 B2 A5 5 BILR 10 2 S AN TR 1)
T A AR EE A, A AR
K AIEEE, Sy A A AUEE . TERATMSELR
AT, RIUTE S 1% 88 BE 19 1/2M S$5 7% 58 h i i
0.5 umol-L™'f{HfE — % 5, Col-0FtS AMKHH i) UK
PR K, (EXT FestITh 5, ITORYE i M 2=
UL HEXT R e 7 ) AN RRURK, R R RO SAMIR
MFRETORMZ S . MWK E W T 75 A 4H 41
WEFMEE SSRGS AR, AR,
HEHEBUR M TORE 5 BOE LR I AR 2 70 AR 40
2 BRI AE K (EAESAMA, TORYE 5 B R B
T HRER AL, T EARKRDLIFF2017). £
JEISEAE T, SR EE TR, 1L I SAM S5 4
BRI, AT LSS IR TOR ISR 6 AE K R I 75 R
YA, Rl 258 B K, 2l LA
i 3 AR K BRI ER A B A B AR B B Eh 1, B T
EKZ, A S EK A B (brassinosteroid, BR)FIFR
75 2:(Chaiwanon%$2016). BRFEFE A S 4K
3 P rp S e B A FH (Zhang%62015) . BF 7T K BN,
T ) F 3 ik TORAM i) B Wk 1 4 BR ¥ 5% Kl - T BZR 1
(brassinazole-resistant1), 1] H.TOR] | Ji# R T 1% bl
1RS6%E HIH 2 (ribosomal protein S6 kinase beta-2,
S6K2) ] L B #2151 L BIN2 (brassinosteriod insen-
sitive 2) (Zhang%5:2016; Xiong%$2017), & TORHA]
fitZ 5BRIE 542, (HAETORMIBR 8] (1) B #K &
WA TN, RLPsZ 5HEYM 15514 5, RLPALFI
RLP44 75 7 Vi 425 $0 7 T i 56 Tt 9 IR 1) 0 J
(WangZ2008) FIBR1E 5 i 12 (Wolf%52014), 1fij & T
i 126 FE DL RLP 34 1) FH 58 T RE T A AT 01
FECTTOR(E S MWLM &, H L rmt
FIB /. ROPs (rho-like small GTPases)Z ik
Fe M) R AT B B A SR (LiSE2001) . BIFFTEE I,
FJEAAE K FH AR REEROP2, ROP2/E S TOR AR H.
CA-ROP2 (a constitutively active form of ROP2)fg
{EFETORIE M [ 8 58 (Li%52001; JeonZ52008), 7£
BB AT, i RIECA-ROP2AE TS 2= T
I EHA M TOREEE A A 225> %4, LHROP2ZE
TOR _F i — MR H 2 1) 755 1 (Li%52017).
SAMIAERK KB - — M HERW Z R, A
TYFHIERE g MMAERK, {FESMES®RRE
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P4 R X 26 2 5 R A 4%, L nCLV-WUS it J 15t
W2 5 4R SAMF K /N(Schoof%52000) . fij
T TORSZE U] 25 5 0 6 SAM P A5 5 1 (113X 5 T
(PR E I LA D o FRATTI 16 B — AN SAMU B AR
BRSO e S UK LR T AR S U CST6205, 5
Col-0Z47Z, I IL X4 CS76205 5 Col-04%%8 J AR i) i
&5 8T, FARH I T A A fE 1 A4k R, 1X 72
P B 2 38 A RURE 51 RS 1, 15 I SAMUXE JBE B 117 i 7
& 2 AN R RS BCR TER, BT RE A2 BB
BRI 2 . INF A Bk ilom R 8, R HBSA
JF 93 W 78 AL B — AN T4 RE 7345 Gt fhk b OGEK
Xk, Z03d ik, 78I A gk X 3k py S 7
FIOMEIEFEH, X RRATT — B at . #
ok, FATHRTBS AN T 53 H7 J5 T4 0 fige e BE A (1)
DhRe st — 0wt oe . W52 &AM fige i Jik IR 11 SR A%
AR ol 4 o SRR 250, N T i S R = Ak
R, B 7 AR 5 5 S0 7 ik A % A
(f1Thee, CAHAEE XS [ B TOR S S BUE SAMIE 1
(13 43 F WL A — L DT Rk

2% Yk (References)

Anderson GH, Veit B, Hanson MR (2005). The Arabidopsis
AtRaptor genes are essential for post-embryonic plant
growth. BMC Biol, 3: 12

Bach L, Faure JD (2010). Role of very-long-chain fatty acids
in plant development, when chain length does matter. C R
Biol, 333 (4): 361-370

Baena-Gonzalez E, Rolland F, Thevelein JM, et al (2007). A
central integrator of transcription networks in plant stress
and energy signalling. Nature, 448 (7156): 938-942

Baena-Gonzalez E, Sheen J (2008). Convergent energy and
stress signaling. Trends Plant Sci, 13 (9): 474-482

Baier M, Hemmann G, Holman R, et al (2004). Characteriza-
tion of mutants in Arabidopsis showing increased sug-
ar-specific gene expression, growth, and developmental
responses. Plant Physiol, 134 (1): 81-91

Barton MK (2010). Twenty years on: the inner workings of
the shoot apical meristem, a developmental dynamo. Dev
Biol, 341 (1): 95-113

Chaiwanon J, Wang W, Zhu JY, et al (2016). Information Inte-
gration and Communication in Plant Growth Regulation.
Cell, 164 (6): 1257-1268

Chen K, Wallis JW, McLellan MD, et al (2009). BreakDancer:
an algorithm for high resolution mapping of genomic
structural variation. Nat Methods, 6 (9): 677-681

Cingolani P, Platts A, Coon M, et al (2012). A program for
annotating and predicting the effects of single nucleotide
polymorphisms, SnpEff: SNPs in the genome of Dro-
sophila melanogaster strain w'''%; iso-2; iso-3. Fly, 6 (2):
80-92

Costaglioli P, Joubes J, Garcia C (2005). Profiling candidate
genes involved in wax biosynthesis in Arabidopsis thali-
ana by microarray analysis. Biochim Biophys Acta, 1734
(3): 247-258

De Veylder L, Segers G, Glab N, et al (1997). The Arabidop-
sis Cks1At protein binds the cyclin-dependent kinases
Cdc2aAt and Cdc2bAt. FEBS Lett, 412 (3): 446452

Dunn TM, Lynch DV, Michaelson LV, et al (2004). A post-ge-
nomic approach to understanding sphingolipid metabo-
lism in Arabidopsis thaliana. Ann Bot, 93 (5): 483—497

Francis D, Halford NG (2006). Nutrient sensing in plant meri-
stems. Plant Mol Biol, 60: 981-993

Gomez LD, Gilday A, Feil R, et al (2010). A¢TPSI-mediated
trehalose 6-phosphate synthesis is essential for embryogenic
and vegetative growth and responsiveness to ABA in germi-
nating seeds and stomatal guard cells. Plant J, 64 (1): 1-13

Hanson J, Hanssen M, WieseA, et al (2008). The sucrose reg-
ulated transcription factor bZIP11 affects amino acid me-
tabolism by regulating the expression of ASPARAGINE
SYNTHETASE1 and PROLINE DEHYDROGENASE?.
Plant J, 53 (6): 935-949

Hardie DG (2007). AMPK and SNF1: snuffing out stress. Cell
Metab, 6 (5): 339-340

Harris MA, Clark J, Ireland A, et al (2004). The Gene On-
tology (GO) database and informatics resource. Nucleic
Acids Res, 32: D258-D261

Haslam TM, Kunst L (2013). Extending the story of very-
long-chain fatty acid elongation. Plant Sci, 210: 93—107

Jensen LJ, Julien P, Kuhn M, et al (2008). eggNOG: automat-
ed construction and annotation of orthologous groups of
genes. Nucleic Acids Res, 36: 250-254

Jeon BW, Hwang JU, Hwang Y, et al (2008). The Arabidopsis
small G protein ROP2 is activated by light in guard cells
and inhibits light-induced stomatal opening. Plant Cell,
20 (1): 75-87

Joubes J, Raffacle S, Bourdenx B, et al (2008). The VLCFA
elongase gene family in Arabidopsis thaliana: phyloge-
netic analysis, 3D modelling and expression profiling.
Plant Mol Biol, 67 (5): 547-566

Kanehisa M, Goto S (2000). KEGG: kyoto encyclopedia of
genes and genomes. Nucleic Acids Res, 28 (1): 27-30

Kimura Y, Takeoka Y, Inoue M, et al (2011). Double-knockout
of putative endo-f-N-acetylglucosaminidase (ENGase)
genes in Arabidopsis thaliana: loss of ENGase activity
induced accumulation of high-mannose type free N-gly-




H:

ZR IS TORSN 3 HUMEBOE SAMIE I LS 71 H 4828 57t o i 45 7€ 727

cans bearing N,N'-acetylchitobiosyl unit. Biosci Biotech-
nol Biochem, 75 (5): 1019-1021

Lastdrager J, Hanson J, Smeekens S (2014). Sugar signals and
the control of plant growth and development. J Exp Bot,
65 (3): 799-807

Li H, Durbin R (2009). Fast and accurate short read alignment
with Burrows-Wheeler transform. Bioinformatics, 25
(14): 1754-1760

Li H, Handsaker B, Wysoker A, et al (2009). The Sequence
Alignment/Map format and SAMtools. Bioinformatics,
25 (16): 2078-2079

Li H, Shen JJ, Zheng ZL, et al (2001). The Rop GTPase
switch controls multiple developmental processes in Ara-
bidopsis. Plant Physiol, 126 (2): 670—684

Li X, Cai W, Liu Y, et al (2017). Differential TOR activation
and cell proliferation in Arabidopsis root and shoot apex-
es. Proc Natl Acad Sci USA, 114 (10): 2765-2770

Li Y, Smith C, Corke F (2007). Signaling from an altered cell
wall to the nucleus mediates sugar-responsive growth and
development in Arabidopsis thaliana. Plant Cell, 19 (8):
2500-2515

Mahfouz MM, Kim S, Delauney AJ (2006). Arabidopsis TAR-
GET OF RAPAMYCIN interacts with RAPTOR, which
regulates the activity of S6 kinase in response to osmotic
stress signals. Plant Cell, 18 (2): 477—490

Margalha L, Valerio C, Baena-Gonzalez E (2016). Plant
SnRK1 Kinases: Structure, Regulation, and Function. In:
Cordero MD, Viollet B (eds). AMP-activated Protein Ki-
nase. Switzerland: Spinger, 403-438

Martinez-Barajas E, Delatte T, Schluepmann H, et al (2011).
Wheat grain development is characterized by remarkable
trehalose 6-phosphate accumulation pregrain filling: tis-
sue distribution and relationship to SNF1-related protein
kinasel activity. Plant Physiol, 156 (1): 373-381

Mortensen SA, Sonderkaer M, et al (2011). Reduced expres-
sion of the DOGI gene in Arabidopsis mutant seeds lack-
ing the transcript elongation factor TFIIS. FEBS Lett, 585
(12): 1929-1933

McKenna A, Hanna M, Banks E, et al (2010). The Genome
Analysis Toolkit: a MapReduce framework for analyzing
next-generation DNA sequencing data. Genome Res, 20
(9): 1297-1303

Moore B, Zhou L, Rolland F, et al (2003). Role of the Arabi-
dopsis glucose sensor HXK1 in nutrient, light, and hor-
monal signaling. Science, 300 (5617): 332-336

Moreau M, Azzopardi M, Clement G, et al (2012). Mutations
in the Arabidopsis homolog of LST8/GpL, a partner of the
Target of Rapamycin kinase, impair plant growth, flower-
ing, and metabolic adaptation to long days. Plant Cell, 24
(2): 463481

Peng Y, Chen L, Li S, et al (2018). BRI1 and BAKI1 interact
with G proteins and regulate sugar-responsive growth and
development in Arabidopsis. Nat Commun, 9 (1): 1522

Riou-Khamlichi C, Menges M, Healy JM, et al (2000). Sugar
control of the plant cell cycle: differential regulation of
Arabidopsis D-type cyclin gene expression. Mol Cell
Biol, 20 (13): 4513-4521

Robaglia C, Thomas M, Meyer C (2012). Sensing nutrient
and energy status by SnRK1 and TOR kinases. Curr Opin
Plant Biol, 15 (3): 301-307

Roldan M, Gomez-Mena C, Ruiz-Garcia L, et al (1999). Su-
crose availability on the aerial part of the plant promotes
morphogenesis and flowering of Arabidopsis in the dark.
Plant J, 20 (5): 581-590

Schoof H, Lenhard M, Haecker A, et al (2000). The stem cell
population of Arabidopsis shoot meristems in maintained
by a regulatory loop between the CLAVATA and WUS-
CHEL genes. Cell, 100 (6): 635-644

Skylar A, Sung F, Hong F, et al (2011). Metabolic sugar signal
promotes Arabidopsis meristematic proliferation via G2.
Dev Biol, 351 (1): 82-89

Smeekens S, Ma J, Hanson J, et al (2010). Sugar signals and
molecular networks controlling plant growth. Curr Opin
Plant Biol, 13 (3): 274-279

Takagi H, Abe A, Yoshida K, et al (2013). QTL-seq: rapid
mapping of quantitative trait loci in rice by whole genome
resequencing of DNA from two bulked populations. Plant
1,74 (1): 174-183

Timson D (2007). GHMP kinases——structures, mechanisms
and potential for therapeutically relevant inhibition. Curr
Enzym Inhib, 3 (1): 77-94

Tsai AY, Gazzarrini S (2014). Trehalose-6-phosphate and
SnRK1 kinases in plant development and signaling: the
emerging picture. Front Plant Sci, 5: 1-11

UniProt Consortium (2015). UniProt: a hub for protein infor-
mation. Nucleic Acids Res, 43: 204-212

Wang G, Ellendorff U, Kemp B, et al (2008). A genome-wide
functional investigation into the roles of receptor-like
proteins in Arabidopsis. Plant Physiol, 147 (2): 503-517

Wang Y, Li J (2008). Molecular basis of plant architecture.
Annu Rev Plant Biol, 59: 253-279

Wolf S, Ladwig F, Sticht C, et al (2014). A receptor-like
protein mediates the response to pectin modification by
activating brassinosteroid signaling. Proc Natl Acad Sci
USA, 111 (42): 15261-15266

Wu J, Liu Z, Zhang Z, et al (2016). Transcriptional regulation
of receptor-like protein genes by environmental stresses
and hormones and their overexpression activities in Ara-
bidopsis thaliana. J Exp Bot, 67 (11): 3339-3351

Wu X, Dabi T, Weigel D (2005). Requirement of homeobox




728 T A P )

gene STIMPY/WOX9 for Arabidopsis meristem growth
and maintenance. Curr Biol, 15 (5): 436-440

Xiong F, Zhang R, Meng Z, et al (2017). Brassinosteriod In-
sensitive 2 (BIN2) acts as a downstream effector of the
Target of Rapamycin (TOR) signaling pathway to regu-
late photoautotrophic growth in Arabidopsis. New Phytol,
213 (1): 233249

Xiong Y, Sheen J (2012). Rapamycin and glucose-target of
rapamycin (TOR) protein signaling in plants. J Biol
Chem, 287 (4): 2836-2842

Yang T, Bar-Peled L, Gebhart L, et al (2009). Identification of
galacturonic acid-1-phosphate kinase, a new member of
the GHMP kinase superfamily in plants, and comparison

with galactose-1-phosphate kinase. J Biol Chem, 284 (32):
21526-21535

Zhang Y, Liu Z, Wang J, et al (2015). Brassinosteroid is re-
quired for sugar promotion of hypocotyl elongation in
Arabidopsis in darkness. Planta, 242 (4): 881-893

Zhang Z, Zhu JY, Roh J, et al (2016). TOR signaling promotes
accumulation of BZR1 to balance growth with carbon
availability in Arabidopsis. Curr Biol, 26 (14): 1854—
1860

Zheng L, Shang L, Chen X, et al (2015). TANGI, encoding
a Symplekin_C domain-contained protein, influences
sugar responses in Arabidopsis. Plant Physiol, 168 (3):
1000-1012

Identification of natural-variation-locus involved in TOR mediated
sugar activating shoot apical meristem in Arabidopsis thaliana

QIN Ping"**, LI Ping"”, SUN Ai-Qing’, YANG Jing’, TENG Sheng™

'School of Life Sciences, Shanghai University, Shanghai 200444, China
’Laboratory of Photosynthesis and Environmental Biology, CAS Center for Excellence in Molecular Plant Sciences,
Shanghai Institute of Plant Physiology and Ecology, Chinese Academy of Sciences, Shanghai 200032, China

Abstract: In the dark, sugar activates the shoot apical meristem (SAM) of Arabidopsis thaliana to develop leaf-
like organs, which has become one of the important indicators of sugar sensitivity in plant. Our study found that
the RNAI of target of rapamycin (TOR) decreased the sugar sensitivity, indicating that TOR is involved in the
sugar-responsive SAM activation. We obtained a sugar less sensitive ecotype, CS76205, from 265 Arabidopsis
natural ecotypes. Further analysis showed that the degree of sugar sensitivity of F, of Col-0 x CS76205 was in-
termediate between Col-0 and CS76205 and biased towards CS76205. The sugar sensitivity of Col-0 x
CS76205 F, population was normal distribution. Whole-genome resequencing and subsequent Bulk Segregant
Analysis (BSA)-seq analysis suggested that the sugar-induced SAM activity was mapped on chromosome 3
through a next-generation sequencing of CS76205 and the two extreme phenotype pools of F, generation. The
associated region, located between 2.520 Mb and 3.715 Mb, was annotated with bioinformatics to filter out nine
key candidate genes. Our study will contributes to lay the foundation for further cloning of the locus gene, re-
vealing the function of the gene and its relationship with TOR.

Key words: sugar signal; target of rapamycin (TOR); shoot apical meristem (SAM); bulk segregant analysis
(BSA)
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