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Arabidopsis At1g10300 gene regulates leaf
morphology and flowering time
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Abstract; Nucleolar G protein 1 (NOG1) is a highly conserved eukaryotic GTPase. NOG1 plays a significant role in the
assembly of pre-60S ribosomal subunits. In yeast and animals, depletion of NOG1 results in reduced levels of 60S riboso-
mal subunits, aberrant pre-rRNA processing, and blockage of 60S ribosomal subunit export. A recent study in Cae-
norhabditis elegans found that knock-down NOGI expression causes slower growth, smaller body size and increased life
span, whereas over-expression of NOGI results in decreased lifespan. However, the plant NOG1 has not been character-
ized. The Arabidopsis At1g10300 gene was annotated as NOG1-2. However, its role in Arabidopsis growth and develop-

ment is still unknown. In this study, we used physiological, genetics and molecular tools to analyze the biological roles of
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the Arabidopsis At1g10300 gene. We firstly used semi-quantitative RT-PCR to investigate the transcriptional levels of
At1g10300 gene in various tissues of Arabidopsis, including 7-day-old seedling, rosette leaf, cauline leaf, stem, bud and
flower. The transcription of the At1g10300 gene was detected in seedlings, cauline leaves and blooming flowers. Among
them, the highest transcriptional level was detected in blooming flowers. We then isolated a T-DNA insertion mutant al-
lele of the A11g10300 gene. Phenotypic analysis found that the Az1g10300 mutant had compact rosette and reduced ratio
of leaf length/width compared to wild type. However, there was no significant difference in leaf area or plant height be-
tween the Ar1g10300 mutant and wild type. These data indicated that leaf morphology of At1g10300 mutant was
altered. The At1g10300 mutant also displayed a late bolting phenotype under the condition of long-day photoperiod. To
determine the molecular mechanism of this late flowering phenotype, we used quantitative RT-PCR to analyze the tran-
scriptional levels of key genes of the flowering time pathway, including FLOWERING LOCUS T ( FT), CONSTANS
(CO), GIGANTEA (GI) and FLOWERING LOCUS C (FLC). The results showed that the transcriptional levels of the
flowering promoting factors FT, CO and GI were down-regulated in the mutant plants compared with the wild type,
whereas the transcription levels of the flowering inhibiting factor FLC was up-regulated. Taken together, these results
suggest that mutation of Azl1g10300 gene delays flowering time by regulating the expressions of FT, CO, GI and FLC

genes in Arabidopsts. Our data indicate that like its ortholog in worms, loss-of-function of A71g10300 gene also affects Ar-

abidopsis rosette size and lifespan.
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/N G RS SR A0 A A IS S & 7 T
PR AE B IR IR AR ) A AL AR 1Y
AR, ¥4~ G #HH 1(Nucleolar G proteinl, NOGI1)
MRS %A GTP B, fEE R )2
e, 25 60S BB AW IERTIAAIZH2E (Park et al,
2001 ; Jensen et al,2003 ; Kallstrom et al,2003) , FEZE
HPEIE NOGT 133k i E K 218 | HUARAR N
T A R A T IR NOGT Wi £ U 75
Ar4E%E (Kim et al,2014) . Wu et al(2016) Xf 60S %
WEAAT BT AR (9 4548 i B 2 B0, NOG1 5 24~ 21 %
I RZHE R RNA A EAEH , 2 60S R4 341
PRz BN EZ T, HRETSCTAEY NOGL
A YL R (4 BF 5 4138 A1 % 4 /0 g 7 TR A AE
At1250920 Fl1 At1g10300 Pi~ NOG1 [ [R1IE L, 43
SR NOG1-1 F1 NOG1-2, —3% it i 48 (1 3 5
{7 FAMAZ H ( Suwastika et al,2014) . [HHIET H
A GEERERIZ L NOGL FE 2SR D RE L S AEAE D)
HAREETERCA RIS, SR T3 R R Ik
BE RGBS Arl g10300 K& K E AL T 2655 K F
B A 2R O DU T B 5 A 1) TR AR A G

Heo et al (2012) WF5¢ 3R B, 45 5 T KM 1Y G & A
XLG2 (Extra-large G Protein 2, XLG2) 1] PAfig #EFF
HE# 4 B F FT (FLOWERING LOCUS T) fil SOC1/
AGL20 ( SUPPRESSOR OF OVEREXPRESSION OF
CONSTANS 1) 933k, fie Ul pa I HE P ITAE

ARG ITHYTTAE I (8] 3297 22 N AR AR R R 1 1)
¥, AT 4 A A RS BRI 3 42 ( photoperiod
pathway) . H F£i&%% (autonomous pathway) . FLi&1E
(vernalization pathway) FIFREE E &7 (GA pathway)
(Mouradov et al,2002; Simpson & Dean,2002) , —f#%
IR P FE R Tk S AR AR R RV E T,
Hr—A~J& CONSTANS (€O) %, 55—~ & FLOW-
ERING LOCUS C(FLC) % (2= B4 ,2007), CO K
SRR T i ) SRR R L AR Y B R
TR CFHIE A | IZ 3 K i B 1> B-box ZEAUETHFE
LRI GATA 585 C iy CTT 3 ( Putterill et
al, 1995 ; Sudrez-Lopez et al,2001; 5K 2 FlA #47F,
2006) , GI FEPL)E T e M, 22T Co
At miR172 KI5 H AL (Jung et al,2007) , FLC
it — 7 MADS S5 FE S A1 S ITAEA il
T o HERBEAFAE S E S I FLC RSB
PEHETFAER . U, FLC J& A FiR AR i i
99 5 (Michaels & Amasino,2001) , T A% 46 2 &
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(Samach et al ,2000) ,

R THFSE Arlg10300 FE B D fE, B AT it 2
FE 8 RT-PCR ME TiZ &N AERI IR SR T
P ZRIRIE DL, AR T 1% 38 R 0 4l 5 58 A8 {4, % I
T HAT W5 B 1 53 B, I 38 2¢O & &t RT-
PCR U 7 T 28 A% 4 v 8 45 I 16 1) 18] 7 O i 356 (A
CO.FLC, FT 1) RIBHE M, N it — D5
At1g10300 F& RIFEAE Y I A6 J5 T8 PR 4 DL 29 T
SR

1 #MEE &

1.1 #

19 ARG 7+ AF1E FE I ( Columbia, Col-0) A= 234
VERWFFEATRL, Ar1g10300 K ) T-DNA #fi A 2875
PRSALK_0437061T 1 F ABRC ( Arabidopsis Biological
Resource Center) ARG J2E
1.2 Fik
1.2.1 d g3 B IUm TR FELA 1.5
mL BLOE T INA 1 mL 70% Z B2 7, BiER S 5
min J5 W AR B 1 mL 1% B9 & B 4NN 5% , B
EIR AT 10 min s W2 YR SFREA , HI TG TR Z& 18 /K iy
T 4~5 WG 1 mL T 28K, Kl Fh 7
W R HEFT A 4 CUKAR T ARIRAL I 3 d, KR53
SIEETE MS [ RRE FR LR T, FER YL IR R4 b
WEHBCE, fFRSRE T BRI L
W4 16 h J&/8 h BF IR E R %

1.2.2 8 7 DNA #9428 7€ 1.5 mL WU EL.OE
JIA 400 wL DNA #2522 #h i (0.2 mol « L Tris-
HC1.0.25 mol - L' NaCl,0.5% SDS.0.025 mol - L
EDTA) U2 1 em® LR IT I - (3 ~4 JE IS AR )
A L3R DNA 20w b, IR S s i B e
AT . ZJ514 000 r - min B0 10 min, AR
WEHL 200 WL B3EH A 2088, A 400 L Tk
LT EER A, 10 000 1+ min™ #5.0 1 min, {845
L UETER T, &EMA 50~100 wL T
IR A% DNA . FEHCEN 930 I+ 56 [ 41 DNA 1f 7E 4
CHRIETREZED 1A,

1.2.3 % RNA #35F cDNA #9454 R 4E BT
AR ST 7 d WA E R 2R AR 2R

] AR RV AL T Arl210300 B R 336
B o HT . RAE 24 d 1% 14 B AR RN 28 A5 R
TR (1R J3E I P 1 28 A8 MR R AR B4 3 SR K- b, 4%
SIELZ) 100 mg FEPIRA L, F < P B — B o 1 K — 193
ST ERIBOE” BEIBCE RNA X5 30 54 RNA #E4T3
W R J P, KRG ) JHG B 5 XPHLER JS ) RNA 4T
DNAase I {H A6 IFBR 2 205 8 A B AE oy, HBIR
WHEEIE PRI 2640 J5 1 RNA B e, R G
RAGRT 2 pg B RNA #1775 , 78 PCR A 42
°C I 30 min, 85 C R 5 min {f B 26 1%, B & %
cDNA
1.2.4 ¥ % RT-PCR o # R EE R G G Y
¢DNA il i PCR K1l Ar1g10300 % (K il 55 5% K -,
IFEH ACTIN2 FERAE A NS, IO R8T . 348 P
94 °C 5 min; Z5PE 94 °C 30 s,1B K 57 °C 30 s, {EAi
72 °C 30 5,35 MEH, AT 3 R ER
1.2.5 & K2 % RT-PCR 947 DA 24 d iR A=
TR 8 A5 (AAR PR 1) 32 J3E I B B, RNA G SR AR 21 1Y
cDNA TEREH, UL ACTIN2 R h N2, HEAT € &
PCR J2 i/, % Fl Primer Premier 5.0 %X {4 % it
At1g10300 JEH MRE S5 E Y 351, P Fe
JEAT TR 94 °C 2 min; Z45ME 94 °C 10 s, 1B K
60 °C 10 s, #EH 72 °C 30 s,40 DMEH, 3 KELLH
Civ=I8

2 HEXRG2N

2.1 Ar1g10300 EFE R FRiX#EK

R TR At1g10300 F PRI ZE R g T v ) B 25 3%
IRARE FRATT IR A= T UL R I 1 7 d 8 4 v R
M ZEAR IS T R 2K A A RS T B AEAE R b
B BRI B RNA Jf S0 5% 5% 313 cDNA, i if RT-
PCR A ARG I+ A RIS Ar1g10300 F K Y 2%
K, 25 SR Arlg10300 K& R 7E A1 A8 Hh &
KR TE 7 d A A ZE A s — R R R
(E 1), XBRE Arlg10300 H K XU IF 19 IF 4
H—EMEH,
2.2 Ar1g10300 REFEHRMIRER DT TEE

FWFFE At1g10300 3 K 78 L/ T R I T RE,
MIFAF AT R4 5E B AB 1 Arl 210300 27814, Jg T-DNA
A G Hf AL A TR B 15 A BT
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ACTIN?2

Expression levels of At1g10300 gene in

various Arabidopsis tissues

(F2:A), #E— g RT-PCR A% 3k R 7 B 4=
RIFZAR R () F TR IH 0L, 25 R R B4 A Col-0
T At1210300 JEH AT DLIE 5 ik, HY 879 K/
P T, T 58 A8 VAR AR HR ARG I AS B A1 210300 3
I ZEA (B 2:B) o 2iA DA 255, mT LR 3R 45
(1) At1g10300 J P 4 5 AR 1R by it B 28 AR 1K

A SALK_043706
200bp
At1210300
B Col-0 mutant

Kl 2 At1g10300 RASRE /T FUE AL A11g10300
FLHZEH LA K At1210300 275 {4 T-DNA i AN SR B K
B. RT-PCR HLIKS5H, 7R SALK_043706 27414
J2 At1g10300 Fe P kB FAF A
Fig. 2 Molecular identification of At1g10300 mutant
A. Structure and T-DNA insertion site of At1g10300 gene;
B. RT-PCR analysis of expression levels of the
At1g10300 gene in wild-type and mutant.

2.3 Ar1g10300 REEM LT

XF At1g10300 H Rl 2 A AR R 1Y 2R K B I O
HEAT SR , e 9055 A A L, Ar1210300 2845 (A AE
PRIV IE AR B (B 3. A) It 25 R th e ) 3
JEEAR W /DN TR AT (K 3:B) . HIRFE A X
— AU A SO TR AR B AR B R

At1g10300 ZEASMAHE b 55 B A= B Y AR G B2 TG Wk 3
(K 3.C), B PR T 7K BRI 58
JE 45 OR Arlg10300 28 A8 R AT AR B A K EE
BPAERI/N0.4~0.7 em (K 3:D) , HERWEE (P<
0.01) , it R FE B LLEF A A2 0.3 ~0.5 em (8] 3:E),
HZESW B (P<0.01), i1H 41 At1210300 548
IRAE IR 5 B Az BUAH LI K E L i S BRI (P <
0.01) (Kl 3.F), Mizeiiis &8, BAR 5 A8 (R AE AR
A RN G B R AR AR A (R L [ AR 5 B AR AR L
PR E2ZR (B 3.6) AHbkm (& 3. H) tt i
FAA, VU B RE Ar1g10300 28 A8 AR 5 4
oM T R RS M R K R e R SR AR e i
G SR R I R
2.4 A1g10300 REKFEIEIR

WLEL R B At1g10300 S ARAE PR IF 46 B i g T
BAER(E 4. A), WRITEREEFRAERKD®R T
S JAE IR BOGT HE PR LA AR S A p A K TR
PRI 2 H i S R A K AR N AR A K I
BT PR T M A AR R Al 210300 %8
A AR B FE AR ST 5] 356 BBORE A i1 22 Bsf 1) A S A R
fEER Ry ROk T gE i, 45 R R Arlg10300
FRASRAE IR LT A BUAE AR ZE R ]I 3 ~5 d (KT 4.
B)  JFAEHT AR R e ity B LU P A B 2 7~ 10 J
(Kl 4.C), LAESSIREN, A1g10300 58748 A FE B
HH B 1) AR AR (1 R A
2.5 Ar1g10300 REFE MK PF LA EHEXEEM
RIEEHE

FT LR FRADIEE LGt 455 % T At1210300
GEARRAFARIFAEHE IR 19 53 F DL T e i — 2D IR 5T
W R Y BB R AR AT AE K
HEIELR FT 05 FEAE A T80 % 58 A8 A v 4 4 X 2%
KK, B FIAE Atlg10300 828 M bR FT 3 R Y
FHXF IR LB A AR T —f5 2 (K 5. A) , #
ORI T i AR B ] E R R Co L 6T L
Lt o8 4 B W FLC 1Y % sk i O, 45 R 3R 7R
At1g10300 ZEAMARIKE T CO B GI 2K AR X ik
i LB AR R RAR 50% e 47 (D 5. B-C) 5 T 5848 i rh
FFAET ] 7 30 45 KT FLC B AR XS 2 35 5 0] L B A=
IR 20 245 (K 5.D) , M, Ar1g10300 & [H %€
AR FFAERT R IE WS 3E R FT €O R GI 9 si 7K
WA, T AR FLC 193835 B8, i Rise s
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PRAE R AL B L
3 it

ARSI A Y A B R 2 A A A
FBW1 25 40 M 7 4000 o7 R Ol g 6% NOGL 1Y
At1g10300 KX (T BE, XF Arlg10300 %€ 78 A bk
() 2% 1 0 %% 3= B, 98 A8 (R P AL JE 3R, IF A T
At1g10300 ZRASAMIBRH CO . GI FLC 1 FT 3£ X 1)
FHXTRIRAG L, ARG R EW, T Ar1g10300
B IIBRERY B, S B CO TN GI IR 335 1 A,
FLC SEH ik Th i, dEMisg e P 3E R 3Rk i [
K, e & 5 205 A8 IROR bR /Y I 8 R R, H R,
At1g10300 F RS2 Q] 9 57 3 8 FF 41 Bisf [1) AH G JE A
FRIBIE A FE i — L 0F 5T, 2 U R 5T R B,
NOG1 BRI A 3 1o e 5 22 15 5 0 g% A 77 2 e 1) g s
R KR A A KA (Kim et al, 2014) ,
FAIT At1g10300 J5 PR 75 38 1o B A5 530 B ] 15 T
TSR TR0 15 J5 SR BIESE .

At1g10300 5 75 1A 34 Je I 25 R A el A% ) 55
A= TR b5 AR A AR I AR L AR T (i T AR
WS MRS E] = e ) bR M RS —
At 1) & FE— T Bl ( proximal-distal axis) , &5 5 UL
ZETo oA AU R AR S 5 2K T g 43 A 21 21
A R B A il 2 TR —0U Bl ( medial-
lateral axis) , V¥ M B9 A ik 1) i A8 3 21K SF- 9 B 1)
Jims 5 = A8l m & r—ix il ( adaxial-abaxial
axis) , tWFR T —NE 3l ( dorsal-ventral axis) , M JR JE3E
I 2K T0 g 43 A= A 2 — ORR S 30 Sl T (T ) 92 B
ZET0U 53 A 20 2R —DUAR Ry Sz il iy (M i) . ASHE
G, Atlg10300 28 A8 (AR B 1) Fe—T00 4 o34k o 3
4, Th—0 Rl oAb S 2 R K L S A
PR I 18 itV Je—T0U il 4 b 25 7™ A 2350 A A
THER A A, ROTUNDIFOLIA3/4 ( ROT3/4 ) J2& 4%
PR IF I Fe— T A M (G T AN 3 B ROT3 4w is 40
(% P450 F R CYP9OCL, & 5l X N &
(BR) &8, AT g I BR S0 40 i f0 A P9 i ok
P A K (Kim et al,2005) , ROT4 ifi—Fh/)N
JUKC, T BB A 410 ) 200 i A S — Tl 1) 19 4 24K A
T (K JEE ( Narita et al,2004) , BT ANGUSTI-
FOLIA ( Folkers et al, 2002; Kim et al, 2002)

SPIKE1 =253 33 5% Wi 240 M AE H— g 77 1] 19 A= K
S MY 58 BE (Tsuge et al, 1996) , 1 ANGUSTI-
FOLIA3 D) 3= %58 5o 34 45—l 5 i) b 4% 448 A 2
R E #1998 B (Horiguchi et al,2005) , I 7E
BE— TOU R —0 Al 9 4 Bl ) A BB A A e
T EA — & MK/ ( Tsukaya, 2006 ),
At1g10300 HEPA (9 ke 2k | W] B s e 2] _E R 0t
TEAMAHDCIE R 9 Ze 3k |, (T 7= AR i 7 4 58 be B 3
SRNINESEUN

25k BT ARWEIEARAT T Atl1g10300 K T fig
B I AR A L B AR A s BT B S A R AE
HEIR GEJEM R B AR B A S AR R SR AL I
B A IE ST T €O (GI FT KD By AHR 2 ik i
REAR, T R 5 7 FLC 3 R AR X 28 1k 1 i 3 T
Bio DL RS REE Arl 210300 3 PR LR 5 A B 0 A=
KABHEMNEZEMN, WS FRANR
At1g10300 F& R AEAE P T A 1k 2 F0 8 25 8 i rp 1)
YERFT R T 3kt

SE 3.
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Fig. 3 At1g10300 mutation effects on leaf morphology A. Phenotypes of four-week-old wild-type and A¢1g10300 mutant
B-G. Rosette diameter, length and width of leaf, length of petiole, ratio of leaf length/width, and leaf area of 24-day-old wild-type
and At1g10300 mutant; H. Height of mature wild-type and At1g10300 mutant plants; I. Schematic measuring of length and

width of leaf, and length of petiole. The data were derived from three experiments and are presented as the x + s

(n = 20 for three experiments, * * means extreme differences, P < 0.01, Student’s t-test). The same below.
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Fig. 4 Late-flowering phenotype of At1g10300 mutant A. Phenotypes of five-week-old wild-type and A¢1g10300 mutant
B. Bolting time of wild-type and At1g10300 mutant; C. Rosette leaf number of wild-type and Az1g10300 mutant at bolting.
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Fig. 5 Relative expression levels of flowering-time genes in At1g10300 mutant
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