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Effect of Nitrogen Supply Levels on Growth and Expression of Glutamine,
Glutamate and Asparagine Synthase Genes of ‘M9T337” Apple Rootstock
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Abstract: The gene expression characteristics of glutamine synthetase (GS), glutamate synthetase
(GOGAT), asparagine synthetase (AS) of ‘M9T337” apple seedlings at different nitrogen levels (0.5,
5and 25 mmol - L") were analyzed in hydroponic conditions. The results showed that, under low nitrogen
stress treatment, the increase of GiS gene expression in the underground part was significantly higher than
that of GOGAT and AS, and the basic trend was up-regulated first and down-regulated later, and the
expression levels of three genes in the overground part basically tended to be stable, and the expression of
GOGAT in the root system basically tended to be not expressed after 1 d of low nitrogen treatment. With

the increase of nitrogen level, the expression of GS and GOGAT genes in roots was up-regulated and then
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down-regulated, the expression of GS and GOGAT genes in leaves increased, and there was no significant
difference in the change of 4S. Under high nitrogen treatment, the gene expression of GS and GOGAT was
inhibited, and the expression of GOGAT is extremely low in the root system, but the expression level in the
overground part was significantly higher than that in the underground part. So, the AS and GS are involved
in the response of apple root system to low nitrogen stress, and appropriate nitrogen level can induce the
nitrogen metabolism key enzymes play a role in nitrogen metabolism circulation; however, high nitrogen
level can inhibit the gene expression of nitrogen metabolism key enzymes in nitrogen metabolism, which
had a negative effect on nitrogen metabolism in plants.
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HHESER PR A P ES R E A (R &, 20105 20 55, 2015). BEEER™
WP AR, AT A K E Ak kg m s, HEEH EAA T TR RE BN
U, 2014, FE MR RCRAEA T T B, it N 398 (1) 202 78 S I o gl SR s i IR A2 20% (82
FEH %, 2003). BEMBEA “HEmnR”, BERUDTHNT TEFR TR —, LREED KA
BRI EERE. REEANEYEE RS — MY EZ NI RE, EEYEEEY R
BAEE (WEE %, 2012). Fib, @5 sE LA R EUKE T 2R SR B R KCF,
T —PiREERAHE, WO EHAEZENHME. Halthae BRI R O e % e il —
Ll B AR W T AH 55 1 B 22525 (Buchanan et al., 2003; Guo et al., 2004; Masclaux-Daubresse et al.,
2010), H AR W& B (GS) KRAWEIZ A R (AS) 255 H#E M (Masclaux-Daubresse et al.,
2008). AHFFLRIL, AFEWED RN F—FEDA R B HL A SR v M Tl & il
)45 1 IR SO (MIFE 45, 20105 ZRPOR 4%, 20100 S5RfEsE (2018) WFFT AL, ANFE
BB R RIS GS. GOGAT HEF fRma B, AT 4z i i S AR s e 3 n, it 1
BREMMR WHEE (2012) /£ “@HF 457 #)R ERIA qRT-PCR AT K, MEARE ST (A
WO, 1. 2 fld4mmol - L), GSFZER FHFRIE, HHEREMNMIN GS EHHFEEZH =,
FERRSAET (BE%IKRE 9 A1 11 mmol - L) GS F:H LA FRFEZ2I0H . KF K (2013) LEFHE
AR, ARBEEUKTFALEEXN GOGAT MREHARIEEN, HHEZER & T XA, H
Jiti 0 B M BRI GOGAT LB &, AFIT GOGAT F#ikK V4R TH, 120 kg - hm™ y GOGAT
FKiLBREPREAK IR, T84 (2016) LA “E M #% Auh, @i mmiie 4 #h R
WEE AR, BARMEEAKTE (0.2%KED ATLAPGETE S 45 MFRE, EEKE (0.4%KE) §
KIS T AS R 8 R R IA /KT . Muttucumaru 45 (2014) @it DR ZFE A RbriC KL, 45 %
K258 & MF{L. Nakano 25 (2000) it Northern 2438 73 #1261 AS FE K 7E [A] — /K R ALK AN R 42
ZURRIA KPR, 18 F—HEIRFR B B IR IA KA R . Y1545 (2012) R Vitis EST
¥ FE b EST 741 B4 & RT-PCR JiEwfE T S EAREAHCH (NR). WAHFRIE 5B (NiR). &
AW A g (GS). BRI AR (GDH) FIRABLIZ & Kl (AS) IR, KILL 0.3%F1 0.5%
WEEMIRZERT 5 AN FEFE P RBE KRR, 5 ADMREEEL M FREKEEEmTEm, FEEAR
[ B I) B (R AP — 3, R EE4E (2008) FeH, TEMEMIR 28 b &R S A QI 1 Hh 0
YER . BUEWT L, B S EAR B AR S R B AR A B, X Tt P RmE R XA &
BAME . AR AL 3 B R ARG R AT B — A7, B2 A — S AEE kAT .
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JRAS e, I IE N IR R R BRI AR, PRAR R S BRI AR, MR m AR R,
R ALK . RIS PR H qPCR HEARR FEA R EUKE F3ERATA ‘MIT337 AN 3 M
FAN ALK (GS. GOGAT. AS) MFRIEEI, NHERARSTINLS], FEm R o iR
BEF ARSI .

L bR

1.1 #5408

KHERRA ‘MIT3377 T 2018 4F 4 H 18 HAE L AR Ak K& 2 5230 il ik AT /K K56 . £7 21
IR ISR B 5 B G 10 em 2 47) EMBNERNR B, 8 FH GBEf 7 md
AN E TR . R EWER[Ca (PNO3) 5, FELTHIREAR, FEA 10.14%] A
— . RIEFRIE T (LRI N 0. 2.5, 5. 10 F120 mmol - L) 4¥J5, 5 mmol - L™ 4bFF
SERL KA ET, BIEeE B A EIR BN 5 mmol - L. RSB AL, & H AN EA 3 MIEEUK
SFALFE, BJ 0.5, 5 F125 mmol - L, FEAINIANE IR 7L, WibkR BN LEEEREMAE,
IEHES (30 min - b, FEANACEE 21 Kk, 3t 63 Fk. SEM 12 WRIE B LS SRR R 7 d JE
NEWEEN ZEFRW, <EEH3 dEHk 1 RERN, SHENES. KRELET, HEmsh
A%, B Ca¥ A1 K3 BT CaCl, - 2H,0 Fil KoSO4 #0E o 136 BT VA TR 4 I 28 18K e 1, Fl H3PO,
B NaOH ¥ 75 359 pH 2 6.0 £ 0.1, FEASALF IS hnms Av 471 70 XUEUIE -

WIS T AL 1. 3. 5. 7. 14 F128 d Jaxrit i AR REUFE, AN ERARIREN 3 /R, By 1g,
HIRNBR YR, ZJG1E - 80 CRRfF&H, HTRRNFEENIE.

2018 4E 5 H 16 H, /M AEI 3 S A —HWER W IR R, S KrbiE ARG
FHACRTR R AT AT IR R K . AR RARE T K 9 Mk iT iR RILSIRIR O HT 0
TEARAERRARAT ek B30 bR EEPEEE 7, TN B AfE 3 105 C4F 30 min, 80 CHEFA{HE,
Hn 2z —HmFRIFHRETRE, FirERE.

1.2 RNA RS REER

KAACR T VSRAY R A TR A5 RNA B S8 BCE R 7 AR RS RNA, @i 1%35E
PRSI L PRI RNA (1 58 B MEEAT S 8% 5%, RNA OFESRAE FH abm [ 3% 553075 & 5X All-In-One RT
MasterMix (with AccuRT Genomic DNA Removal Kit), & K 24 20 uL, SN RNA #t 6 pL,
AccuRT Reaction Mix (4X) 2 uL 7E 42 ‘C %A TR M 2 min, #RJ5 1 AccuRT Reaction Stopper (5X)
2 uL, @A SRS 3|4 RNA, R4 5X All-In-One RT Master Mix 4 pL., ddH,06 uL #h %
PR ZR 20 uL, #RJ5 25 ‘C10 min, 42 “C15 min &% 85 ‘CS5 min RT3 %] cDNA.

13 RHEE PCR

qPCR & &AMl 48 FH 1) /2 LightCycler 96 %4t i€ & PCR {X (Roche), qPCR [ MR & A 20 uL,
H A fFE 2x SYBR Green qPCR master mix 10 uL, . FiH#F5I14) (& 1) % 0.5 uL, cDNA #HK 2 uL,
ddH,0 #h% 20 uL (Bestar” SYBR Green qPCR master mix).

qPCR % 4: 95 CHIANE 2 min, AJELL95 CAEME 10s, TniBk20s, 72 CHEM30s, i
17 40 M, SONE5 I 73 b 58 68 AR Ak il 2 DA RS fid b 42
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Table 1 Primer sequence
B YSE S 73 (5739
Gene name Sequence
Actin F: TGGTGTCATGGTTGGTATGG: R: CCGTGCTCAATGGGATACTT
AS F: GCTGTGGTGAAGAGACTTATGA: R: GAATCAGCCAAATAGCGACAAG
GOGAT F: TGGCTGCACTAGCATCATAAA; R: CCCATAATCCACACGGAATACA
GS F: CTGTGGGCTGCTCGTTATATT; R: CATGGACTTGGTGCTGTAGTT

1.4 HIESH

FRACHEE 3 NMEYEEL, & 1 AP 3 ANE L. BB EIH qPCR $dE, @il e CriZ (AACT)
THERR RIS R,

He4 % F Microsoft excel 2016 4bFE, SEFH SPSS 19.0 4b ¥ 2 45 8 (K 256 G 1+ 0 M 7 vE#EAT B
EVET, ZEIECSRAH LSD ¥E, FIFH Excel 2016 HAT/ER, B DEHE N TFIMHE + bR,

2 RS0

2.1 HEKFEX ‘MITI37 ERMALGERRZEKESHEN

& 2 ATLUEH, AZEAKFEX MIT337 3R AN E (I AEKAHEMRESTIEH, /£ 0.5
mmol - L' N &b FARTE L4351 5 A1 25 mmol - L N AbFEf) 169%F1 185%, Bifi % {1t 50K T (1434 i
MR EEBEM% . 0.5 mmol - L' N &bF P R K. IR R E AL HARE 512 5 M1 25 mmol - L' N
REFRR ) 160%A0 191%. 139%H1 155%. 157%F0 387%. o] WARE/K B TR A4AK, M
BACENENHAR R ALK, (et Ak,

x2 TEMERAET ‘MIT337 ERMALHERELLMRAKSIER

Table 2 Shoot to root ratio and roots morphology index of ‘M9T337’ rootstocks seedings under different nitrogen levels

N/ F &/ (g-plant’) Dry mass et /% &K /em R BFRB/em?  HEAR%
(mmol - L") £ Root 2 Stem it J Leaf Root/shoot ratio Root length Root surface area ~ Number of tips
0.5 1.70£0.03 a 0.58+0.03¢c 1.62+0.02¢ 0.76 £0.01 a 251692+ 147.87a 635.79+13.20a 2515.67+110.87 a
5 1.52+0.03b 0.94+0.02a 247+0.06a 0.45+0.02b 1572.54+56.26b 456.09+37.32b 1605.67+95.89b
25 1.25+£0.03 ¢ 0.78+0.02b 2.23+0.04b 0.41+0.01 ¢ 1320.26 +60.22 ¢ 408.89+24.30b 650.33+93.43 ¢

E: FZNEEE A 5 RS A B A 22 535 5% 35 7K T

Note: Values followed by different letters in a column indicate significant differences among the treatments at the 5% level.

22 HEKEXS ‘MIT3I37 ERFALE A RME S REEEERERFNT

M A, REMEOKTFAIE 3 d R, AT GS RIZEERAZE. 5 mmol - L' AF 2L
FiFRE, BN ERENEER, 7 d RIS, [ 0.5 125 mmol - L ARFEY 1.8
f%F013.5 4%; 1 0.5 mmol - L b FR# T-F258; 25 mmol - L 4b¥F — B A T BRKFE, B2ET 0.5
A5 mmol - L AbFE, BB RIRES TR, GS N AIRILZ B IH.

RAT GS BFFER, 7€ 0.5 F 5mmol - L ALt 256 Bk, B RREEK#EE,
{H 0.5 mmol - L™ 4bF FASIE K, SR 7 d N RIAEHE TS, 525 mmol - L' &bFE 5 d 5 ERA
2%, H¥WEZFKT 0.5 mmol - L' 4LHE, UiB] GS AMEEAM BN UK, 25 mmol - L kLB T B3
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TEE, R GS H I ERILZ B HH]

—+— 0.5mmol - L*'N —a— 5mmol -L'N —%— 25 mmol -L'N

M Fr Leaf #2 Root
. a .

a

N ~
T

A W
. .

GS MR RE R
GS relative expression
w

GS MR RE R
GS relative expression

0
1 3 5 7 9 11131517 1921 23252729 1 3 57 911131517 1921 23252729
AL /d AR /d
Treatment time Treatment time

1 FEMERATET ‘MIT337 FERWAMNEHRRBFRE s BERXFES
[ — I (A AN A N5 - BEROR A R AR B A 22 57 S . AL
Fig. 1 Analysis of GS gene expression characteristics in leaves and roots of ‘M9T337’ rootstocks seedings under different
nitrogen supply levels

Different small letters on the line indicate significant differences among different treatments at the same time. The same below.

2.3 HEKFEX ‘MIT337 ERMAYESRIRS REEEERIZFIN

W 2 fis, ARFE 1 A, 0.5, 5 125 mmol - L ARER[A]H F GOGAT ik &% ARG,
FE 1 d FEAFRREAKTEET, 5 mmol - L7 AFEGE, FAHE 28 K, MR 118.3%, 25
mmol - L™ Ab¥E T FRIE R ARFEBACKF, XU — @ RUREEG A, Bl & 3K, i
th GOGAT Fk BRI, (L& BKF, MRRTIRE T GOGAT ik ity en .

—&— 0.5mmol - L'N —a— 5mmol - L'N —=— 25 mmol - L' N

M Fr Leaf #2 Root
16
= = a
g g
i G i G
A 5 A 5
® 5 ®
= (] = (o]
S 5 =5
SRS 4 SRS
S - S
6] as 6]
1 3 5 7 9 11131517 1921 23252729 1 3 57 911131517 1921 23252729
AL /d AR /d
Treatment time Treatment time

2 FEFEKET ‘MIT3I7 FERFEARLGEM R RRRN GOGAT BERIAFFEI T
Fig. 2 Analysis of GOGAT gene expression characteristics in leaves and roots of ‘M9T337’ rootstocks seedings under

different nitrogen supply levels

AT GOGAT Fik & 0.5 mmol - L' 4b3E 1 d I, GOGAT 1E3 R RFIAEMAL, M52 ETFF
a7 d A FIEAE , 252 5 F1 25 mmol - L™ AbFR (1 3.44 £ 51 14.4 4%, M5 F 1L .5 mmol - L
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W, GOGAT RirBHFEE, 7dJG FF. 25 mmol - L 4bH b — B R H AR KF, AT L&A
K] GOGAT W3Rk

2.4 HEUKFEXS ‘MIT3I37 FERFALE XSRS REEEE RS

& 3 A4 B 0.5 mmol - LT AREE 3 d 4h, ASEM A IRILESETRE, L 4S5 RIEE
SR e S AR AN . {HAE 0.5 mmol - L7 AbFE A4S FEH A AKCEIE i T H AR AN IR, BT BE S AR
AKFRISR S, I AS FER M FRIAZ 2] . BRACEE 1 A1 S d 4, M AS RIEERN 0.5>5>25
mmol - L, % AbBH ] 22 5 ik B3 KT

WA AS FEHFE 0.5 mmol - L ALFR N RIA#H NG T KIS, B EEKE, N REEMNE
WEhAs, UL A4S WTBES 5 MIMMR ARSI TR AR R MR R . 4b#E 5d i, 0.5, 5 Al 25 mmol - L™
WA R GS RiABZRARE,; 4P 5~14d, 0.5 mmol - L AbFE 25T 5 F1 25 mmol - L™
ReFR; KRFE 14 d UG, 5mmol - L7 AbFERIAEA T EFt, 25 mmol - L AR AS 3 [HFiA /KT B
BAZFANE] . AREUK T R R 48 MR IE R FABE AT (74 Erbh Gd B, FIEEE
Pt Frisre E— Ui AS ERERTEAFEK T AR E R RIEKEAR.

—o— 0.5mmol 'L'N —a— 5mmol - L'N —&— 25 mmol - L' N

HF Leaf #2 Root
3.5

3.0
2.5
2.0
1.5
1.0

AS ARSI =
AS relative expression
AS MR FRIER
AS relative expression

0.5

0

1 3 5 7 9 11131517 1921 23252729 1 3 57 911131517 1921 23252729
AL /d AR /d
Treatment time Treatment time

3 FEHEART ‘MIT337 FERFERGEM FRARRE AS B EIFEFHE S
Fig. 3 Analysis of AS gene expression characteristics in leaves and roots of ‘M9T337’ rootstocks seedings under different

nitrogen supply levels

3.0 HERKER ‘MIT337 FERAAKRLEH IR L FIR R E KR SHIF N

TR I8 1) 57 50 AL DL FE (1 R B e TR R A K AR 22 ) Y. (Forde, 2014). SRECTEL
MR LT A — N AR AR B2 IR . AR, 7 RIREEVE I P, R el LU B R B 1 4
mim N G2E %5, 2018), fE/KRE (Zutm 45, 2012). %16 (358 %5, 2017) LB E#HRIE.
T SR P ) 602 Wt KT DA R K™= 20% BA L, D03 it 0B B SR faki b AR e, (ELRR SR
& N[% (Barber & Siberbush, 1984). AXIGHFFLRH, EREFM MR RS, MEREKF
(714 AR e LU B

CAVREN, dEBEMHRANAERK (CEME %, 2009; B4 55, 2015, A7+
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WRBT EHEAE T, FERMA MIT337 RAKE . SRR AR REH LhE B 2R R
7 16.0%-. 10.3%H1 59.5%, AFITRAMKEK. 2, HEACER R4 KR B R E IR
A REOMREE L, R REK, SEKTF FRAESHERPE TR, WmilsiR R4 K.

3.2 HEKEX ‘MITI37 ERMALE GS. GOGAT 1 AS EFEFRIARE N

GS ZEYEARH OISR, TN AR AN AN E — P N, FHIEFEZRIA 1) S
Al N R K FEALAE T35S . 25 A (2003). XA (2006) 1EFH L AOAT 70 45 SR 1536 iF @ i 42
BREKF AT AR & GS 36 /1. ABFREE R R, GS TESERM A AR o R IE 3 B2 2 E KT
FISE . EAFAEEUKEAFE TR, 5 mmol - L abFH f5 o GS Rk B f s, 7EALF 7 d I H I UG
YL GS &m AT & R B, S @ R R R R R R AR, A S
mmol - L4 R A AR R GS RiZAKTFa 4L, WA GS MREESTIRA GS ®isE, HH L
RIEWEN A TRR. XS5FRET (2008) 7EEHSE LI FE4E BAA, XU GS 7E3ERM A
H 255 ER R, EEAEM R AR R S

EAEEYIR N, GOGAT FE A 3T AN AW 2, 105 K i ia F R i f2 v e 2 22
EF . IR, @ e GOGAT 3R 3Rl DU #F FRAFRLES  (Hirel et al., 2007),
e B AR 2 A& (Chichkova et al., 2001). AFFFLH, AREBEEUK X 3ERMH F GOGAT 1)
FIKVIERIEER, BHAEM B GOGAT BRI FRIA M F AR R E & T GS M AS FEFREH) EFHIE
fEo fE— B MEEUKCEIER N, BEEEUKCFREIN GOGAT Fik &M, (Hiidid ' te/Kr,
FIRTMTRE T GOGAT R R . FINERIILF 5 mmol - L KFAFR /i o GOGAT ik K
PR, EACER 7 d B I, GOGAT Fl GS MIERILEHA KR —3, UWiHHTESE R GS/GOGAT ¥
i, GS 1 GOGAT [ fEH, &S RIAT AR 2R, X 5KEZAIRE TR (2011 BT
ZEiR—3.

AS D ENRU P OCEE, EEVEARANS S EREEREEERH, KR 4B
(Asn) BN E YL RZHAEANEEERZ —. AS TE DR A A R T5 PE 5 R K3
EREN A E D BAE Y E/EM . Miflin A1 Habash (2002) WFFE KL, /PNER) 3 A AS FEFFILK
PESEAREACEE R Bl AWFREN, SH A, 45 FEEEERIBRNRIEERS, HEE 05
mmol - L™ 4bFE 7 d 2 JE R A AS HEHFFA N KL, REEWHE NE, X5TH% (2016) Kb
FREER—F, U A4S ER RS 5K A, A4S ZETTEES5ERR RE R MR,
A DL P S R B B i e, BETE— e R b v ARG MR BRSPS B A R sg ), A R
THREMEFM FERAK . ERERMERA KX T, MINFRIUE R E TR A RE MR A E
fRIEFEAN B RIEE . EARIBRAKF T, FERIRR AS FaDH R IA AR R I Ay s i 2840
1k, H7E 0.5 mmol - L A 7 d I IA IR ME, IX AT AERZ BT 3 BAR RBW L TF B L R K E 7,
MR RE AS FEFRTEAR R T R®RIA .

PL R AL e SRR, SERAR N B R AR B AE KR B AR, HEFRE BRI R 7M.
T H R AU S B R R IAACE A —8, ISR R /B 5 F S5 72 52 A 2 BE R (1) 5
Wi o AN [R]BE KT 0 AR S B il 2 PR 2 A A (R g B E A, 3 B AR 0K ST AT DA s e 2
RACHT A GBI R 380, MR R0 A ECRVRI A o 3k — 25 0 B T LI ik 356 (R 4 53 18 4% A
B, R4 3 SR S O B i R DR ) R IA KT, AT 5 3 AH S iR AU R FEAE
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g b, dEi 3 MEEKCEAEXS ORI, REMNE AR N SERATR ‘MIT337” 4R & AS Al
GS HERFRIL AP THF, U8 AS FI GS 253 FAR R ZUME Fma 87, AR I8 i 8 -1 g g 2
DRI 2RI R N I, REUKCPRER RAEK . & HEKPLE R — R B GS. GOGAT 2 [H i)
TSR TE IR, R IE 3R m KT e 85 5 5 BRI DS R/ B IR A i R FEAEH .
FAKCTREETR, s GOGAT FERFRIEKTFm TR AR, ST RE FAK, HE5ER
BACPRB LN &, 3 MR REE R TGS, Wg— P Ul B KT i S O
B R R IA,, XHEPRAR GG f 52 .
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