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TERRAON R 22K RE B T, AL IAR KRB EY 2 e T s =, Ly BIER T M BT WEALRE, kil 110866

BE EZXLS5EWAEKKEN—MEZELER, MEDHZ2MG A EEEM. B EZAEY B —FORr g
H o B AR-TE A PR AR, fEMM A KR E FFERITE B ] 2 3R B3 0 R k3R - F0AT1%65 € 27K 78 (Oryza sativa)
W 4% 0 55 [K OsATG8b, I 3k 15 24 M 37 1) 35S-OsATG8b % 3 [ 4] B 7+ (Arabidopsis thaliana)2li &4k & . W50 £ W
OsATG8b4: KM S UM E AL B, 1 T8 OsATG8bA: FI e ik 4% JE (R B AP AR KO, (s e it 3 oK, bk = i 1 35 42
#1(15.16%). #—PHFFi R M, 1T RIXEOsATG8bRES 2 1 7 B ZUM e 7% 5L PRUL B - i vb ) B R VG, AT A R 22 i
S IE R B 38 0ot 6 BE DR H0U e T 3 J PR AR 4 . [RI0E, OsATG8b 4 iy & 25 I F AR A= B R ik i 26 1K o

%8I [, OsATGEb, WEMAM,

BBR, XER, 2&, BRA, KB (2019). UL K15 OsATG bk [K] 1 i e 5t [K U1 1 7 ) U/ B W e i 32 M L . A

Yy2t4R 54, 23-36.

RARLHMAENRELZREROR, SEDEK
REAEPLTFHRIREICRLZ —, REAFER . EAMR.
Wl 2% R AR S5 1 B 2 4y (Kraiser et al.,
2011). B R MY OCH AR SN ) 87 A0 5t B
AEIEMEM, R B AR TR LT
BRI, I E T b A R) 3R 8 3l S A H
(Kichey et al., 2007), K X} 02 16 2 7 R H 247 5t
L HA E % Y (Chardon et al., 2012).

Y ICIRIEFE H B Il B8 IR, A REAREEAR
BRI SCA BRI S SR 4B A KR E, A 2 2
A RO IEIE IR A& N 18 777 51 (Avila-Ospina
etal., 2014; Krapp, 2015). 4t K& 53 8 F= 7 5 b
SYC B, ColE Wb i S A B 5T o5 I B
f1175%—80%, BBt SRRy g, BAEH A
FH 1 Bk Y5 (Makino and Osmond, 1991). Jt &1k
F CO, [ 7€ B Rubisco i it v v Al v 25 1 5 1) 50%
DL b, R RS R EA A 83 2R IE (Masclaux-
Daubresse et al., 2010).
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ORI ) U B A R S I e A A W i 18 R A
AR R RS B S A7 9% B R (W AR o B gl R ) (Mas-
claux-Daubresse et al., 2008), iX &4 1 B 7 F5 i
A A b7 R K 1 B Bk Y (Patrick and Offler,
2001). MY AHLE M FEE 85 B LR R R
HAE PR FE (U H A2 A2 B 8 5640 R ) A A 7= J1 R
77 B ) B 8 ok 5 K] & (Masclaux-Daubresse et al.,
2010). HEAREEZ M Fr IR H 0 P Af s A2 10 VA B o
RENTIERE, B H AT 2\ A L] 32 ZE A FE3 R
9 5T BRI Bl . 3 S AH 08 /N (SAVsS) B B H IR
(autophagy, LA RTE#KEHWE) (Otegui et al., 2005;
Ishida et al., 2008; Wada et al., 2009; Roberts et
al., 2012).

H W FAZ A T — PR ST I R AR AR 2l A
IEHES N T 4R4RRS. YEDERKRKEZE
[l e BCE FRUUVERET, 240 fE I B A i — AN TR
BRSO 40 A B 2 SR R PR AR A B &
ey LAYERE IE % £ diri% 3h(Liu and Bassham, 2012;
Yoshimoto, 2012; Avila-Ospinaet al., 2014; Yang
and Bassham, 2015). {EREYIA0ME 52 B pEr, HLE

© 0000 Chinese Bulletin of Botany



24 M¥FHR 54(1) 2019

T KRR P o P A s A e R AN K R R e A
JoT 52 AR B A Y i S5 SR i I A I 8 JBp 2B SR A (R AL 4
2 2012). TsukadafllOhsumi (1993) 1 5 78 AR H %
R} (Saccharomyces cerevisiae)H K EL T H WA I HE
K. BSR40 24 BRI F(ATGSs), EATK
Z w25\ kKA S WO & 3 (Ohsumi,
2001; Feng et al., 2014; Yao et al., 2015), H KZ %
i SR ) T ERAEAE B R AR G R B R . RS OT
(Arabidopsis thaliana). 7X#5(Oryza sativa)fl LK
(Zea mays)SEHEYHIESE T H WX B2 R B =
F{E F . Guiboileaus(2012)F F ONIA i R 1c 25
T ORAESL T IR TR A B BRI i Bh 5
Z E W, W B R R FBORERAEM ThAR
) FH 205 2 3 PR 2 50% 2 A7 o 7KORE I W B O 3R A
14 Osatg7-11£ 7 7 A KB B ) A2 P & 0 03 R 2%
B RALT R, ey g B2 nymt b S 24
=, Ut B Osatg7-170%E 3 A FE R FH 3222 1 v b A
#(Wada et al., 2015), @il °N[E i EFRic kM, £
KB R K 8 AR A atg 1 26 R A TR IR R IR
50%, 4 B ON G BEAL T R kR BT, B
B oK B W R AR Rk atg 127 28 2% M 2 I AR b R T
2 512 FH0HI(Li et al., 2015a). fENZATGE A,
ATG8 5 [ 7E 40 M /K~ (1) = B2 mT DL 5 B W A4 1 K
AN TEZ PRI RIEATG8E R AR R I A )T
BAERAEKE TR, flin, $REAATGSA .
BEDR R T R RO, KR B, H
RE A R b & ihid (Slavikova et al., 2008); i %
IE43T-(Setaria italica) [ Wi At 5< 3 K] SIATG 8aft 4 1
s 2 32 IR U0 o 6o U AR R i i 2, R
JE T A R ST AR S R R AR, R
18T B i DAL UL B O A T R AL (Li et al., 2015b);
SRR IR T AW AH R FE K SIATG8aik fig 1% 42 =1 7K
FEXT G A A2 PE(Li et al., 2016). BE4h, FIRFE
153 F (Malus domestica) [ Wi #H < I MJATG8ifg
8 (R B B DR R T R B TR ARG, 3 iR A B AU R 7
SR S 2H 200 BV e 1 i 52 7 (Wang et al.,
2016); it ik K E(Glycine max)H W< 3K Gm-
ATGS8cHe W i it i Fe P8 K & @45 4 2R 5 o i DA 4L 7
TEHEPT R 18 S AL FE I (0 AR K R B R = = 42 A (Xia
et al., 2012). XiaZF(2011)id i X} 7K g 4= 5 K 240 B diw
R, BT 7TA-OsATG8 ) 4 15 3 K (OsATG8a.

OsATG8b. OsATG8c. OsATG8d. OsATGS8e-
OsATGS8ff1OsATGS8i). lzumi%s (2015)% OsATG8s
g LR 5 A BEAT LU XS 70 B, K BLOsATG8a—ca 4t
T2 e 5 i B — 3, T OsATG8d 5 AtATGS8i# M A 1B,
fih A7 38 1 #5981 (FP) 5 OsATG8a Al OsATG8d
AhE, MIhiEar T FPs-OsATG8/KFE A W Il R4,
I H1Z R GUAE W] RE B R = Re % 7 3 KORE i S A R AR
AR A B g, A S A s A BRI R, R
1% W] OsATG8s1E W) H I AE 7 Hh By 22 50 B 2L i)
TEH.

N T A% K R R AT B R e RSOR FH ek R BT, AT
BT 31 5 B 30 1A B B 7K A% B A% 0 R R (LOC_Os04g
53240; 0s04g0624000) OsATG8b (Oryza sativa
Autophagy Related 8 gene). iZHR:FNL T 4545 Yt
&, 42K2 754 bp, CDSA:+:360 bp, 4ihh120/>%
Rk I . AT FE T OsATG8bHE[FATG LJiF1 988
bpi 5 741, 514 FlPlantCareX}i% i 3 1/ %)
BEATIRAAE ek, SR BoRz o aE HE 1
B AR % 5k JU A TATA-box F1CAAT-box, [Fl B ik &
St B 6 (Box |« CATT-motiffl1G-Box). 57K ¥k
F i B2 AH 5 TG4 (TCA-element). 4K & B S T04:
(Skn-1 motif) F1 2 5 1 55 By 38 AH 5 1) 1E A oo 1
(TCT-motif. CCAAT-boxFIMBS)% i =% et

FEARWE A, BATT R I OSATG8bHE [ i B A L
firiE i S SEF AR, R IE OsATG8b ;5 K 1)
B TR I R AR A 3, 3 R I RN AR e (3
FEI . FEETTAESE AT L AR AR YA B R R N
[ A, SRE A T i Kk OsATG8b % 55 K 1) /e 7 1
JrHr i R E A G R, HRE A A k. B
B8 ) A A R, FRATTIN I OSATG8bJE K] AT
BE & 1 1 [ 12 v 3203 M FH AR 3 R 2 70 0 1) % o
[

1 #H5ERZE

1.1 EYPHNRIEFR&EY

S8 Bt 7K # i Bl R AR FE (Oryza sativa L. subsp.
japonica)lk 49816, i 7% kAt JH 14/ St/
10 /0 B 1%, 5 ¥ 28°C/25°C, % & 58 B v 90
pmol-m'2-3'1o

PR I AE A2 Columbia-0. 1577461 JeJE 1A
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AR SR RIS OsATG8b JE M 1t e e 5t KDL p 7T O RUBR M A iy 52 MEAT ™ & 25

A6/ R /8 /NI BE RS, IR (2241)°C, Yl g
480 ymol-m=-s7",

1.2 IkFE4hE R OsATG8bE: E| X} & il A4 ifa B
PREFFRET BN — B KR 7, &RMHER)G
T28°CHEZHF2 K. EHRFRE—HHIIKBHTET
1/2Hoagland & 7R 15 R 14K, SRR A KRS —
HHIKFES LA A (NS) KA (NL)FERE(ND) 1/2
Hoagland & 77 4k 2255 7% . 42 %(1/2Hoagland & 771K
th & B9 E 93 mmol-L™", I KNO3H1 (NH4)2S 0,3k
U E TR R AR RS N A R 4l
40.6F10.1 mmol-L™"; BR& &1 F =& WK HO
mmol-L™", #/ K FHKCIR M 2 o« B33 1 FIB KB 43
VK ARG v B v AR, VR BGE A 5 R AF T—80°C
VKFE, H T S RNABREURI S K R 18 7017

1.3 HEYREHFIERIIRITREEL

PL7K 7% cDNA Y B4R, F) H & ML PCRJ7 ¥ 4 14 Os-
ATG8b#: X {ICDSFF41(360 bp), 43 HI7E L. TiF5
Y 5] XNco IF1BSstE I[EEYI7 &, @it Neo I/BStE
N )4 N\ B 3T R 1k #4pCAMBIA1301, 58 A
#5717 35S-OsATG8bIIE I R IEH AR 2 . LK ARG
K 41DNA SRR, §1 OsATG8bH: A 3 31 1 ¢ 51l (1
988 bp), #lfE b NiF51# %+ 51 NEcoR 1FINco |
fIBEYIAL 5, B EcoR 1/INco | A 2T
15 # A pCAMBIA1301, 58 i Proosatess-GUSXLIT %
IEIRAR IR B . {5 A< KT 1% (Agrobacterium tumefa-
ciens) GV3101 4 7 [ {£ /57 ¥= 1 7% (Clough and
Bent, 1998)%% L. H7 A= T g I+ . 445 35S-OsATG8b
PRI I To A 77 54 30 mg- L1 25 10 0%
IR E A 3R IR RGN Al Atk R, k2
MFEMR R T a8, @i GUSH UL E et
5B U B BT X R A TS M Proosaresr-GUS
LN I o BT A M 20 P50 E IE 7, a5
s B &R

1.4 FHEFMEITHRESH

5 FH10% 2 B A B 21 5 1) 35S-OsA TG 8b e J: A Al
B AR (WT) g o A7 R I #5570 Bl s, F ol 2%
K BE4IR, BT A CEMLAT2R . K115

BT 12MS R 77 3, W8 K IR (1 & J5 R ) B 4
AR R, AT AR T IEEARRE . HAEN
(Nikon D3200)% AH B i 8] f R BLBE T HIRC .
T3 i e BE DR AU R ST UM B RS2, R TR TR
() F R 400 g 77 AN EF ZE BU(WT) R ££1/2MS (NS) 2 A
TEENI2MS (ND)R:FREE F AT /KA B3 57,
5% JL M AT R R A AR K AR . A A
(EPSON Perfection v33)%f 7K V1% 3 fl T BLIE 729K
JE IR R AT R A%, JERI A Image JEAFXTFEE
B R AR AT L A HT

1.5 MHEREMTEMERSEMNE

SSRGS EIE S Amon (1949)1 7712 Al
& A& & %€ 2 ¥ BradfordiZ: (Bradford, 1976).

1.6 BERGFHEXEERRERILAEST

43 9 B 4 S RN B A A B 14K 1) 35 SOSA TG 8b# FE [K]
J B A RUPL A T RO AR &R, R S AT
—80°Cuk#H, - HUERNAJ 4 315 F|cDNA. LA
TIP419 N Z B K0 BT A AR i AT )3 — AL AR 2, R
eI 78 FERT-PCRAG I 204 5 AH 53 FR A X Rk 7K
A M RNAFREL . cDNAS A%t 2 BRT-PCR
43 M1 2 18 SCHR BT id (Liu et al., 2010). 6 E &
RT-PCRa M fr FH 1 5 DR 5 S5 1 51 0 F0 P9 2 51 4 AL
#1.

1.7 IMNEEYERMREIELIEFIGUSELLE
#a

¥ Proosarcer-GUSHE FE LR IF R TiH 5 J5, 951°F
WESA30 mg- L WIERMIMmEIERE L, AT
OSATG8bE:A Jii 2y 1 [} 728 e ik BN K AE A 3=/
B I8 )0 B AT o FEA IR KR (SA) (SIGMA)
WL N0 pmol-L™", B3R G AFRIA AT ik, Kb BE
[H]24/Nif o GUSZHZE 2% Gt 43 #r 2 [ Liu %5 (2010)
1 STk

1.8 MDCZEN B EHE

PR T R I R R AN B AR TR R SR A T B T A A
umol-L™' JJ 5 2 (ConA) (SIGMA) B E 1 357 h kb
FRA2/NEF, B A B S7 EIIR T R PR R
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1 GIWER

Table 1 The information of primers

Primer name Sequence (5-3') Function
cOsATG8b-F CCATTCAAGTGGATGGCCAAGAGCTCGTTCAAGC Gene cloning
cOsATG8b-R GGTGACCTAGAGCAGCCCAAAGGTGTTCTCG Gene cloning

cpOsATG8b-F
cpOsATG8b-R

AAGCTTAAAATTAAATAAGACGAACAGTCAAACG
CCATGGCGCTCCTTCCTGCACACAAT

rtOsATG8b-F GCTGATCTTACCGTTGGGCA
rtOsATG8b-R ATCAGAGCAGCTGTTGGTGG
rtAtAMT1-F GCCTCTGCTGACTACTCCAACTT
rtAtAMT1-R GACCAGAACCAGTGAGAGACGA
rtAtNR1-F AGGATGGGCTAGTAAGCATAAGG
rtAtNR1-R GCAAACTGAATCATAGGCGGTG
rtAtGS2-F CACCAAACCTTACTCTCTGACA
rtAtGS2-R CACTATCTTCACCAGGTGCTTG
rtAtGDH1-F GCTTTAGCAGCAACAAACAGAA
rtAtGDH1-R TGAGCCAATGCGTTCACTTC
rtACTIN1-F ACCATTGGTGCTGAGCGTTT
rtACTIN1-R CGCAGCTTCCATTCCTATGAA
rtTIP41-F GTATGAAGATGAACTGGCTGACAAT
rtTIP41-R ATCAACTCTCAGCCAAAATCGCAAG

Gene cloning

Gene cloning

Real-time RT-PCR
Real-time RT-PCR
Real-time RT-PCR
Real-time RT-PCR
Real-time RT-PCR
Real-time RT-PCR
Real-time RT-PCR
Real-time RT-PCR
Real-time RT-PCR
Real-time RT-PCR
Real-time RT-PCR
Real-time RT-PCR
Real-time RT-PCR
Real-time RT-PCR

(monodansylcadaverine, MDC) %4 (SIGMA)H 117
Getty, WO R DB (Zeiss LSM 710) ML %%
H WA 65 5, MDCH 77142 lWang%$(2013)
R SCHR -

2 ZR5Te

2.1 OsATG8bE A N B FAmE

FE XTI A 9816 /K 8 41y B EAT (R AN B Z AL FEA A3 K
i, 23 AR 2 E BRT-PCRGH 1 i v S AR & o
OsATG8bHE A (2 ik & (K1), 45 R B KA AL 1
R, KFELHE o OsATG8bA: [Fl I R 1A & LU bf
WA T, SEAEEA RN SR LT (EMA), KFES
R RAER A A AL I 1 RIS, OsATG8bIEA 1)
i R R B AR SR T (K 1B); OsATG8bE
RE AL B3R I K T 41 i v vh RIS B 3G N (1A,
FESR B AL B3R B v FIAR R h RIE B B ETH &
(E1). EIRETHREY], KAL) H OsATG8bE A [
RiILZRAMIATET

2.2 FFRIKEOSATGSbE F R it sz EEMEITE
KEBHRESTE

T OSATG8bE: K ) Yy fg, A E T 35S-
OSATG8bM LR IKFAM, G T 2 /ML ) e H A
IR IR R o FRATE U 242l A bk RAE AR
RIATREE RN L. 158, FIH R EERT-
PCRfi € | OsATG8bTE 4 K KUl B I+ H I R ik /K F
(EI2A); #— bl RREE, RATRIIEEANEK
KRB FE, A R DR 0L R I (1 3 e I ) B3 OK T AR
BI(WT) (KI2B, D), Hid&iAOsATG8bMIP | K
R R I (1 B dE R, A LRl 22 AR B AR AT 206 K
(%2). eob, BATGET TR TR =, R
I DRI DL B I PR R v 3 v T AR 2 (10.42%) (&
2C, E); BADLKIUBEA Wik s n, AN I
4R 3 IR T X M(EI2F) . 8K T % 5L A
PRI R A E A S E SR RA
225, AH TS 18 R ITUh— B RIME AR e, BE PR
P T S AR R R AT MR R A B AR A TR R (I
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PAGEIR S RIS RIE OsATG8b FE [K fie iy e 3t XUl i 77 1O RUBR A i 52 PR A B 27

>

14— *k

C—INS
— N
EEND

12

10

Relative expression level

1d 3d

B Fpa s E SR RE 4 i R KR OsATG8bE A {35

Relative expression level

B C—INS

— |
E==ND

*k

1d 3d

(A) ERFHE FTEKIGRPIKBHE EBEEEINS). KRANL)FEE(ND) &4 T AEKAFIS K I 1 OsATG8bFE A f R ik &;
(B) &% IMEMEE LA N AEKARSRK KK FEH R OsATGEbR: A (KA & . B EH N P HME L2, n=16, LR3I EY
HEE, RN EEFMSIREMEE KA 2 5 22 (P<0.01) (Student's t-test).

Figure 1

Identification of OSATG8b as a nitrogen deficiency inducible/responsive gene in leaves and roots of rice seedlings

(A) The rice seedlings cultured with N-sufficient (NS) solution for 14 days and transferred to the same NS solution, low N (NL)
solution and the N-deficient (ND) solution, the expression of OsATG8b gene in leaves after 1 day and 3 days treatment; (B) The
expression of OSATG8b gene in roots after 1 day and 3 days treatment. Values are means+SD, n=16, three biological replicates
were performed. ** indicate significant differences in NS solution compared with NL and ND solution (P<0.01) (Student’s t-test).

F+2 T7 A AR 35S-OsATG8b ¥ K K 0w 7t i) 41 22 K% JF 1%
I 1]

Table 2 Bolting and flowering times of the wild-type and
35S-OsATG8b transgenic Arabidopsis

WT L-13 L-14

Bloting time (d) 36.56+£1.58 30.78+2.07** 31.39+1.91**
Flowering time (d) 42.67+1.75 35.94+1.98** 36.61+1.94**

B N P IE LR HEZE, n=24, " FIRFH LN R 5 B AR
(WT)Z [d] 2 57 .3 (P<0.01) (Student’s t-test), SZihZ37k4E4)
FEE, Gt REOVIEM SR

Values are means+SD, n=24, ** indicate significant difference
between transgenic lines and wild type (WT) (P<0.01) (Stu-
dent’s t-test), three biological replicates were performed; the
two traits were scored as days after sowing.

2G). ZG 1R, FEIFE IR R I
T E R B S o T R R I N (23). FRGE IR R
B, &K I8 OsATG8b3: K HE M5 {2 3t #% FL R #L ’E I+ 11
KRB IHRE L E,

2.3 dRIZOsATGSbEFE RS EEMEFH
FHERFE R 1%

AW 3R 1k OsATG8b#% FE K HIL g 7+ 3o 0 r 18 Fry

B, B LE12MSE; J5 3 EA K7 R (R B A J L 4
R I 4 W R 2 1/2MS 4 % (NS) F1 1/2MS %
(ND)K; 75 5 FALFEOR, REUKF A2 H 2P 55 5% 07
AT HL BRI R SR . AR BTGB AR ARk
SRR T, DR AU R I I AR AR LR TR
FER, L b s R R AR K 88 B K T AR R (K
3A, B, E, F), Hb - 3A0H R 5 AR 4t 52 2 1 in (1K
3G, H); i 35SOsATG8b %= K48 i I+ 5 BF /4 7
AH LG e % T b MBS BT B U . Ak, FRATIEME T
A GRS T B e R 0 R T N AR B e S E R
AEMEE A S E(&3C, D), 453 0B R R T
2R R A AT A B TWT. 0I5 ik
10K 1) Proosatesy-GUS ¥4 3t [R 48 1 57 12F 47 Sk & Ak BE
110 umol- L /K e kb B8, 24N} J5 %of Hoisk 47 GUS
AU tt, R OSATGSb A 5 11 It B 3 1 0
(31, J).

2.4 IFiLOsATGSbIR i 5E E E Ll E K E
K% S HEEME

Nk — BRI OsATG8bEE PR X Tk YL iy 52, 3RATT
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=3 UFLEAURI35S-0OsATG8b#E KRl R - (= B ok

Table 3 Yield related characteristics of the wild-type and 35S-OsATG8b transgenic Arabidopsis

Total number of siliques

Yield per plant (mg)

Thousand grain weight (mg)

WT 35.74+3.86
L-13 46.26+3.13*
L-14 48.2243.62*

85.34+7.89
100.13+6.02**
99.77+5.76**

14.87+0.23
16.36+0.21**
17.54+0.41**

A MR R E P REGRGE T, B IE LR HER, n=10. “RIRSHEERR R 5E AT (WT) IR % 7 8% (P<0.01) (Student’s

t-test), SLEZSUE Y EL .

Seeds of all lines were harvested and weighted individually, values are means+SD, n=10. ** indicate significant difference bet-
ween transgenic lines and wild type (WT) (P<0.01) (Student’s f-test), three biological replicates were performed.

R BT T R IRz 5 R AN B A RO R 5 40y v T B AT TR
WAL HE . 45 REW], BEGLEAOKRE, SHATAAL,
FEIL R R T A R, e H g %, Bt
AR ERRE, "RRASEEEEM, WY
OsATG8bE W 1 1 4 B8 b SR HU e fip e, AT i ik
PRI AU R T AE B I8 26 1 R A KR A (K14A, B)o

2.5 IFRIZOSATGSbEE B ILEF B FZ T4
EEMREITH R b BTSN

N T B8 AIE L 7R 7k OsATG8bH: 3[R 0 B 3 ) [ W vl
P A, PRATT T 7 R ) 35 TR AN BT A A L e
AT B AL TR, 3 i MDC e o k6 ) Fe - A o )
H WS . BT H -ATPase il #il 75ConARE 1% 1 i
V4 M P pH, I T 0 ) R K Al A SR A
HE A VERE R A R, A B R T U8R,
FATLE B AL B 3 m T HT-ATPase i il 57 Con-
A, TEBOCILR M BB PSR, HERIUE IR
Y E AT E S B 2 TEAR, HESHE
JEBK(EIB). PL R RER, i RIEOsATGBbE W
3 S e BE R0 R T A R A RS,
NI A 13 2 5 DRI 0L e T HE P sk 3

2.6 ERIZOsATGSbHEE AN EITPhEMA M X
BEENREITHL

Nt R T IE K ik OsATG8bHE 3 R ML/ 7+ X &L &
AR L, BRATASTIN T 2 Jok DR R A R R S o —
S AR AR O IE R AR W R IB K FEEREMHT,
I RIK OSATG8bR I T i He AU /g IF i | v e iz
E AR (AAMTT). THERIE IR B R (AINRT) R SR
Wk e & L R (AtGS2) I R IE, &R R AW & &
B K (AtGDHT) )R 15 S A, (B4 2 i T Bp AR Y

(EIBA); T 5 R 40 g I Hb T 350 A 2 36 5% 12 B 10 56 A
(AtNRT1.1)F1 45 2 B2 it S 1l 25k R (AtGDH 1) 1) 05 &
BT AR A, AR AL 5 A I R (AENIR 1) i R 05
KA BE A T (E16B). TEBRERAE T, H AR
Trih L EAINRT. AtGDH1HIAtGS 21 221k K 1 i
T AR, AAMT 1 25 7K1 g s 1 B AR AR (18]
BA); it FKIA OsATG8b i % {1t i 10l g I+ AR H AtNRT-
1.1, AINIRTFAtGDH1IIZRIE, AtAMT1IRIEMA
FiFt i (E16B).  FiR&E R, TLIRTE A FUL 2 A
KT, 1 F ik OsATGEbIE HE T s F R4 i 7 b
Rz & A BRI R AR BB A L TR 3R .

27 g
BINBE AR, EFRVVRAEW S S EY 8K E
(Moriyasu and Ohsumi, 1996; Thompson, 2005).
W BWRATT, V2 H WA I B 8 oK1 235 b
1 (Breeze et al., 2011; Xia et al., 2011). AW FH,
KT B WA 5 5 [ OsATG8bTE A it ifs T F RIAK
R T, R RS BRI T AR g B i
1% OsATG8bHE [A] 1)t 5 PRI DL 71 v v | I A v
PEIE N (EI5), 1B OsATG8b T fit & 2 5 bt &M ia
(R R (). FESE YT O K T ATG8s%:
KD RERIRIEFE . B4, 3L 3R3E GmATG8CRES 1 & e
L PR 400 T T 0T U 3 B TR 32 1 £ G 7 G (X
et al., 2012); FVHF ik SIATG8ahE s (L ik 4 3L H /K
FRARIL AL (LI et al., 2016). AHFFTH, FRATHAE
T OsATGSbfEfEMA KK E « M EIZRAMEZF M
FHITER .

TEE B EK KT, 356S-OsATG8bH; F:H 1)
BT R R o A A 3, 1R IE OsATG8b i
PR R I B8 FR AR, R R AR ) 2 B 3 1
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Figure 2 Over-expression of OSATG8b promotes growth and development of transgenic Arabidopsis

8-day-old seedlings were transferred to vermiculite-nutritional soil (1:3, v/v). (A) Expression level of OsATG8b in 14-day-old
seedlings of 35S-OsATG8b transgenic lines and wild type (WT); (B) Panels from top to bottom show phenotypic observations of
transgenic lines and WT of Arabidopsis at 10, 17 and 24 days after transfer to soil, respectively; (C) Phenotype of transgenic lines
and WT at 42 days after transfer to soil; (D) The maximum rosette radius of 35S-OsATG8b transgenic lines and WT at different
seedling age; (E) The plant height; (F) The total chlorophyll content; (G) The soluble protein content. Days: Days after germina-
tion. Values are meansSD, n=24, * P<0.05, ** P<0.01 (Student’s t-test), three biological replicates were performed. Bars=1 cm
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B3 i KILOsATGSbIE i i B R Fe ST HCHL B AU piE

(A) 7 K1 35S-OsATG8bH £ DA A A= RU(WT )L EE FT 8 1 23 38 N 22 (NS)FIERZ(ND)1/2MSKs 75 5 1 55 729K 5 IR 1Y,
(B)—(D) %3 A NAZE(NS)FIERE(ND) AL HOK [1) 35S-OsATG b £ I AIWTHIF JF 4h il (e i, nhE XA EEE A& &, (E)
#47 K [1136S-OsATG8b% ik [H AIWTHI B 7+ 40 11 4= B (NS) I & (ND) T H 15 929K 5 R Y, (F)=(H) 47 A4 & (NS) 5 & (ND)
ALFEQ K 1) 35S-OsA TG EHE N AWTIN R TF 40 B I B  Hh_ B3Rt R HBEEEE; (1), (J) 20 HNET 10K (I Proosatee-GUSHE 3
R, B I+ 2 B AR B AT 10 pmol-L~ /K B2 (SA) AL B24 /N J5 I GUS S L 22 e i 45 5 . MockfR 2R 2 b BRI E 7% . Bl A3
THARIEZE, n=16, *F1** 4> IR R F TR R HWT 2 8] 2 57 B 35 (P<0.05) FIil &2 3% (P<0.01) (Student’s t-test), SZH&3RAH)%:
EH ., Bars=5mm

Figure 3 Overexpression of OSATG8b enhances tolerance to N deficiency in transgenic Arabidopsis

(A) 7-day-old seedlings of 35S-OsATG8b transgenic lines and wild type (WT) were transferred to 1/2MS medium for horizontal
culture with sufficient (NS) or deficient (ND) N for 9 days. (B)—(D) The fresh weight, chlorophyll content and soluble protein con-
tent in rosette leaves of WT and 35S-OsATG8b transgenic Arabidopsis under NS or ND for 9 days, respectively; (E) The phe-
notype of 7-day-old seedlings of 35S-OsATG8b transgenic lines and WT were transferred to vertical plates with NS or ND for 9
days; (F)—(H) The primary root length, the shoot weight and the root weight of WT and transgenic Arabidopsis lines under NS or
ND for 9 days, respectively; (1), (J) 10-day-old seedlings of Proosarcss-GUS transgenic Arabidopsis were transferred to ND and 10
pmol-L™" SA for 24 h, respectively. Mock represented that the seedlings without treated. Values are means+SD, n=16, * and **
indicate significant (P<0.05) and extremely significant (P<0.01) differences between transgenic lines and WT (Student’s t-test),

three biological replicates were performed. Bars=5 mm

(K12B, C, KI3A, E); 35S-OsATG8bH% 3 K1l g 73
JRE I S SR IR MR A A RN (E2F, G), Kk
W R R TR S B R AR SRR, KRR
15 OsATG8bH i [ 0 5 FF 1T 8 18 ok 386 I s 7 26 Ky
BB RIS R, AT AE KA B AR T
FEEMIFESy . 1T HKIEOSATGSbINE 1 % 3k A ) B I
ERAERK A A K WA (R2), BT HER
FEIF IR AR B, AT LR e, Bk
FRh—7 - hi 8 2 E 14 i (BI2C; K3).

i B VR S 58 =R E R R 1S
ik 52 457 (10 25 120 0 0 25 B il 92 A 47 R0 3 A 4 el e 4%
AR ) — b E B PR AR IR A GE BRI 22 K 38, 2016).
TERTA BAZE IR IR R b, W 5 B
PERL, JEIH RN T 53R 1 15 80 54 5 PR RL o e #2206
HIE UL R TR K A 9 I R i 2 AR A [ AT
FARW, BEWRER S AR B R R ) 5 i
T2 BH(Guiboileau et al., 2012, 2013; Wada et al.,
2015; Li et al., 2015a). [ Wit FH 2 JE PR e ok 5748 A
EFRYURE RO B AR L BIRE. INEEE K&
T H R %5 % % (Guiboileau et al., 2012; Wada et
al., 2015; Li et al., 2015a; X34, 2018), £
Hh [ W R DG R DR TE KPS 7% W a T 7 o O 4 R AR

F o T B W i e B0 1) 25 SRR R TGV A%
(NSRRI, BRI A 8 SR P ot S R Py HE AR o g ik
R0, (AR S e AR i B R A, A
MK, I — P RICARF AR (R
EAIZETE K, 2014). &KL OsATG8bAMUBELE &R
AT R G N B A R ST ) kAR, T Ho R
A R ff e Wl 2K 3 i e IR 2R 3 ok A K 0 )
(FIBA, E). % 5 R0 1 T 328 e - v it S 3 R0 m] Vi P 2

SEAFBINIK3C, D), it RiLOsATGSbAE
A 3k 2 5 DR ADL R I AE 2 Ak T AR RS 2 W R H )
R MDC R — 7z N F T FLAh ) Ak Py it 7 16 v
FRPEGRl, BRT DLE IR B AR PR S Al 5 0k
4 #)(Biederbick et al., 1995; Contento et al., 2005).
ConAn] LL3d i 38 K i fis o 1) A i pHAE, {3 48
L PR K i Bl A T I PR R A R T A R U 52
(Yoshimoto et al., 2004; Ishida et al., 2008). 1E &%
T, BIEMDCH A G HOL IR AN EE, FAT]
W I 15 OsA TG 8bHE K] BE % I 25 14 it i 55 [R 4L
FATF I A ) W AR TS (1 5), 3R IR R R L R O
AT DAL S 280 5% A T 8 o 9 B W 1 B 4 b R A R
MR E R, B 24/ (1) Proosatcsn-GUS
IR FE T o OSATG8bJa ol 1if PE I 5 (K 31), 3t
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Figure 4 Overexpression of OSATG8b in Arabidopsis enhanced tolerance to carbon starvation induced by dark treatment

(A) 7-day-old seedlings of 35S-OsATG8b transgenic lines and wild type (WT) were transferred to darkness for 10 days (The left is be-
fore treatment, and the right is after treatment); (B) The chlorophyll content determination. Values are means+SD, n=10, * indicate sig-
nificant difference between transgenic lines and WT (P<0.05) (Student’s t-test), three biological replicates were performed. Bars=5 mm

Chlorophyll Merge

ConA+ND

L14 .

ConA+ND

B5 R T it 7635 OsA TG b 3 R RS I Hh AT | W 1tk 1
BT R ) 358- OsATGSDE%IXI(L-14)$D$?§£ZL(WT)MF%‘7T%Eﬂ%ﬁ%ﬁé‘ﬁ1 umol-L™" ConARJBRE 1% 7 - kb FR 12/ N J5 04T
MDCH (1, FHEoa A RS T WS A AL, Bars=10 ym

Figure 5 Overexpression of OsSATG8b in Arabidopsis enhanced the autophagic activity under N deficient condition

7-day-old seedlings of transgenic line (L-14) and wild type (WT) were transferred to in N-deficient (ND) liquid medium with 1
pmol-L™" ConA for 12 h, MDC-stained autophagosomes in leaves were observed by confocal microscopy. Bars=10 pm
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Figure 6 Overexpression of OSATG8b in Arabidopsis changes the expression of genes in nitrogen metabolic

7-day-old seedlings of transgenic lines and wild type (WT) were transferred to 1/2MS medium with sufficient (NS) or deficient
(ND) nitrogen for 14 days. (A) The expression of genes related to nitrogen metabolic in rosette leaves of 35S-OsATG8b trans-
genic lines and WT; (B) The expression of genes related to nitrogen metabolic in roots of 356S-OsATG8b transgenic lines and
WT. Values are means+SD, n=10, * and ** indicate significant (P<0.05) and extremely significant (P<0.01) differences between
transgenic lines and WT (Student’s t-test), respectively, three biological replicates were performed.

— U R B U5 15 5 OsATG8b K %, ff E Wi
FA G5, AT B i e 2 DR 00 R T % Ul PR T 52 12 o
R Z8 2 A I R AR A PR 5 R 3R A5 0 Y
B, HILAGE IR T 2R SR FH R %4 (Walch-
Liu et al., 2005), iI3ik OsATG8b%: % K4 I
MR 2276 BT 348 o o 23R R A
Yoshimoto % (2009)#ff 7t % BH, 40 Fd 7 [ Wi fik 2%
RAZ R atg5I .58 L AL /K7 R I 2 A7 88 s,
FE A B I 1 W 58 A8 1A atg5-2 v i 2 1k 41 B 1 K 4 R
FRAUEENahGHE R, B 1E XK AL Rk atg5-2/sid2 (sid2
NIKR A LR R AR ) T, atg5-2(1) i Fr FLAE R A
PR3 . A1 R BLOSATG8bJE 51 Wi N K ¥ 1
ARFR, LR R SR (EI3Y), RN E AT REEAEY)
i B s — . ITAFREH, B

AT DL S A U B i TR A5 e U R R UE 7R 1] i = it
N(lzumi et al., 2013), H HWGE7EM 7 ek B gt 72
e 31— 2 {E l(Wang et al., 2013). AR 7R,
ik 315 OsATG8bHE W 17 4K 2% fife 1 o 18 (FE 15 4L B2 10
K ) R R R I AR K Z M T 2R R B
Fe(E4); Btah, K BAL 4 R A3 )5 AT R B
F15 OsATG8b AL DA v] LA 25 # i H T BE 1 Ak 3 3 350
FIH R S & N B (S R R BoR), R RE
OsATG8b I fit i it 38 58 | WA H, BRI S T
() i B DR R T AR S Bh e e i

FEY) IR IR £h 4% 12 K] 1 (AtNRT) M1 8% 25 44 12 ]
T (AtAMTs) #% iz 1) 2 W Wi i) i 248 RS 44 & (Good
et al., 2004; Rentsch et al., 2007). 48R h7E Y AR 25
i 5 (NIR)FH T A 12 26 340 J5 g (NTR) IR T 1 i
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#h, w7 A - B R A R (GS2/
GOGAT)& A A AR, NEREHELKARS
¥ iz 3 R 57 &6 9T iz fa 3 LB FE 48 H  (Meyer and
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e 5 Fl AL A 55 36 L AtAMT1 . AtNRT1.1. AtNR1.
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[ s R R A S R SRR ) RL S R - B ETR
it ST (GDH) f 3 2 37 4 75 560 2 7 3 0 o A v g
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Heterologous Overexpression of Autophagy-related Gene
OsATG8b from Rice Confers Tolerance to Nitrogen/Carbon
Starvation and Increases Yield in Arabidopsis

Xiaoxi Zhen, Haoran Liu, Xin Li, Fan Xu*, Wenzhong Zhang*

Key Laboratory of Northern Japonica Rice Genetics and Breedings, Ministry of Education, Key Laboratory of Northeast Rice
Biology and Breeding, Ministry of Agriculture, Rice Research Institute, Shenyang Agriculture University,
Shenyang 110866, China

Abstract Nitrogen is an essential element for plant growth and development and plays an important role in plant yield
and quality. Autophagy is a conserved degradation-recycle pathway of cellular components in eukaryotes that plays an
important role in nitrogen remobilization during plant growth and grain formation. We identified an autophagy core gene
OsATGS8b in rice and obtained 2 independent 35S-OsATG8b transgenic Arabidopsis homozygous lines. The expression
of OsATG8b responded to nitrogen starvation in rice. Overexpression of OsATG8b promoted the growth and development
of transgenic Arabidopsis, with rosette leaves larger than wild-type leaves. In addition, the yield increased significantly, by
15.16%. In addition, overexpression of OSATG8b could significantly enhance autophagic activity in leaves of transgenic
Arabidopsis under nitrogen deficiency and effectively alleviate the growth inhibition of transgenic Arabidopsis caused by
nitrogen and carbon stress. OsATG8b may be a good candidate gene for increasing nitrogen use efficiency and yield.

Key words autophagy, OsATG8b, nitrogen remobilization, yield
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