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Abstract: Taking tender leaf of Nelumbo nucifera ‘ Taicheng Focui’ as materials, full-length ¢cDNA
sequence of yGCS gene from N. nucifera was obtained by degenerate primer-PCR and RACE
technologies, the cDNA sequence is named as NnyGCS. The results of sequence analysis show that full-
length of ¢cDNA sequence of NnyGCS gene is 1 801 bp, its open reading frame ( ORF) length is 1 569
bp, which encodes 522 amino acid residues. Theoretical relative molecular mass of NnyGCS protein is
59 159.0, theoretical isoelectric point is pl 6. 27, and stability index is 39. 60. The protein has no
transmembrane structure domain but with one conserved GCS2 domain and the protein is localized in
cytoplasm and chloroplast, indicating that NnyGCS protein is stable and belonging to glutamate cysteine
ligase modulatory family. The phylogenetic analysis result shows that NnyGCS amino acid sequence of N.
nuctfera has a close relationship with yGCS amino acid sequence of dicotyledon including Dimocarpus
longan Lour. and Cucumis sativus Linn., etc, and has a distant relationship with yGCS amino acid
sequence of monocotyledon including Oryza sativa Linn., etc. The amplification results of real-time
fluorescence quantitative PCR show that NnyGCS gene can be expressed in various organs of N. nucifera,
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and the relative expression in tender leaf is the highest, that in stem is the lowest. Under cadmium stress

with different concentrations, differences in relative expression and expression trend of NnyGCS gene in

tender leaf and fibrous root of N. nucifera are great. Relative expression of NnyGCS gene in tender leaf

generally appears firstly decreasing and then increasing with prolonging of stress time, that in fibrous root

appears significantly higher than original level when 200 wmol + L™' Cd stress for 1 h and 400 wmol - L™
Cd stress for 12 h, while without obvious difference with the original level at other stress times.

Subcellular localization result shows that NnyGCS gene can express in cytoplasm of epidermal cells of

Allium cepa Linn., meaning that the protein encoded by this gene plays a role in cytoplasm. It is

suggested that Cd stress with a certain concentration can induce NnyGCS gene expression.

Key words; Nelumbo nucifera Gaertn.; NnyGCS gene; cloning; relative expression; Cd stress;
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(GSH) A ni it 72 v iy BR 2 i, BE 98 5 GSH. 196 1%
I52 GSH S As 9815 150, Gt 12 4 e 1) i K] B hy
yGCS HelH . GSH R 2 5 W 19 i ¥y 1) 2 Fh it 0t
T2 yGCS FEPR TR Y T3 i A2 vt A Jr i) 37, 461
sz 5 AR A S e S AR A Y e a i R
yGCS FEFI Fe 3k KV K A= W WAL 5 i ik
yGCS F: K B9 I¥ 32 [ Brassica juncea (Linn.) Czern.) %%
LA R B SR SR AR B AR T, T ELO 4 8 e
(TR 52t A TR 00 4 I ae R i ( Lycopersicon
esculentum Miller) """ 1% K ( Zea mays Linn.) "' Fi#k
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PRECA TR VS, B 28 A 50 pmol - mL KT
FEEM LB WA #2300 37 CHRBE IR 2 hy X’
DNA #£47 PCR &, eI A H 4 (R yGCS 3
PHERSE I 81)) 16 AN B S B A T DU Y
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FPHIBETE 2 45 5'RACE 154 GCS-51 F1 GCS-52,
SIS 5518 5’ —=CCTTCGCCTTACAACCAGAG -3’
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— B0 3 BRATAE, 73 BIR AR A FARR D S - (RITHA R
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PRFAEE Y IE R

FEERY pMDC43 —yGCS Tk #HiAA 5 2 4~358 Ja3h
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=
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Fig. 1 Structure chart of expression vector of yGCS gene from Nelumbo nucifera Gaertn.
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cctaaattctatcactegacactcaaagecaggegacacatgatggecgettattteccage
M M AL I S QP
caagtecatccagectacaticgittcectgaacataatgtegecggecaacatggaagatagega
S P S S YI RS EHNVYVYAGNMMEDT RTI
ttgtctecgageggegtaaagcatataaaatgaaggaagegctggactggttetitectticettigt
vV S R 6 K A Y K MK E G W TG S S S L L
tatggagtgecgagaaagtgecacgaatttegeatttggatggtttgagegggecaaacgta
W S A E K v P R I S HL DGU LI RUGIEKTRR
gatatcggacaattgtigetigecaagececcecectacagatgatgetgtaattgttacagaac
Y R T I VvV A A S P P T DDAV I V TE P
cgttgactaaaaaggacciigtaggataccttgectetggttgtaaggegaaggagaatt
L. T K K D L V ¢G6 YL A §S G C K A K ENW
ggaggataggtacagaavatgaaaagtttggttttgagattggaactttacatecctataa
R I 6 T E HEKF G F E I GT L HUPTIK
aatatgaacaaataaaggacttgetcaatggtcttgetgagagatitgactigggataaaa
Y E Q T K D L L NGULAUERU FUDWDIK I
taatggaaggagacaacatiattggacttaaccaggggaagcaaagecatatcactggage
M E G DNTITTIGILNGQQTGI KGQZ S TI S L E P
ctggtggtcaatttgagettagtggtgecaceccttigaaacattacatcaaacectgtgeag
G G Q F E L S G A PL ETULHGQTC A E
agegttaattcacacctttatcaggtaaaagetgttgecagaggagtitggaattgggtttt
VvV N S HL Y Q v K A Vv A EEULGTIGF L
tagggattggtttececageccaaatggggegctgaaagatatacctataatgecaaagggaa
G I 6 F @ P K W G L K DI UPTIMUPI KGR

getatgggattatgaggaaatgvatgeccaaagttggetetetgggacttigatatgategt
Y 6 I MR K Y MP K YV GS K G K DMMF
ttaggacatgtactgttcaggttaatctggacttcagttctgagtcagacgtgatcagega
R T € T Vv Q v NL DF S S E S DV I R K
aagttegtgetggtettgetetgeaacctattgecacageagtttttgeaaattecacett
V R A GL AL Q P I A TAUVU FANSUPF
ttactgaaggaaaaccaaatggetatctecageatgagaagecacatttggacegacactg
T E G K P NG Y L S MR S HI W TDTD
ataacaatcgcactggcatgettectittgtttttgatgactcatttggegtttgageagt
N NR T G ML P F V F DD S F G FE QY
atgtggaatatgetettgatgttectatgtattttgtgtatecgaaataagagatatattg
vV E Y A L DV P MY F VY R NI KU RY ID
actgtactggaatgtettticegggactttatggeaggaaaactgecttetataccaggeg
C T G M S F R D FMAOGI KL P S I P G E
aattgccaactctcaatgactgggagaaccacctgaccaccatcttcccagaggtcagge
L. P T L NDWENHILTTIFUPE V R L
tgaagagatatttggaaatgaggggcgetgatggaggaccttggaggagattatgtgett
K R Y L E MR G A DG G P WURIRUL C AL
tegccagecattttgggtggegcttattatatgatgaagtatectttacaacatgttettgata
P A F W V G L L Y DEV S L Q H V L DM
tgactgcagattggacttiiggaagaacgacagatgttgagaaataaggtaccaaagactg
T A D W T L EEURGQQMTULIRNIEKV P K T G
gtctgaagactccatttcgagatggtttgttgagegcatgttgecagaagatgtecttagagt
L K T P F R D GL L RHY A EUD VYV L E L
tggcaaaggatggceciggaaagaagaggatataaagaaacaggaticttgaaggaagtega
A K D GL ERZRGYKETGU F L KE VT
ctgaggtagttaggacaggtataacgecaactgaaaagettttggaattataccatggega
E VvV VvV R T G v T P TEKIULULETULYHG S
getggegegtcaatgegtggatecccatttttgaggagetgttatattgaggtgaattgatat
W G Q C v D P I F EELUL Y 3=
tecettagtegetgttcagttgtaacctecectittgatttecatagattttttttttttttttt
tgtecectgaaccagagacagittetggtigetattacaatataattectgtaggaatgattt
gtatatcattggcactectgicctgaactatgacctagtttttcaaaaaaaaaaaaaaaaa
a

# o Z RS F Stop codon.
B2 71 yGCS EEM cDNA FII R EHBHESERF I

cDNA sequence of yGCS gene from Nelumbo nucifera Gaertn. and amino acid sequence encoded by the yGCS gene
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AC -HMBSTSQLQP....:icvveuwas ROQSBCRQLE. .. .cuee-- HEGFESRTES....S5FLH..... FEEHAENLEGEEWNS 48
AT -MBLLSQAGGSYIVVPSGVCSEIGIRAVNSGGVENLOVLEMEEAFGSSHSRSLSTESMLL..... HSVERSERGHQLINA 74
B et e et O 0
CS -MBLASHTGSAHRIGAETLECRGGHMAFNFS..THRESLEMEEILLGSSS5LS5C55GNIMHGLHIDSARMASKRGGRVINA 77
IC -BENIBRIG........v.. SSMBBHDEEE . . . e EIFODASHAR....KES55FV..... LASGSSRRGRELINA 47
NN MIALTISQFSPSSYIRSEHNVAGHMEDRIVS. .. .RGEAYEMEEGWIGSSSLLWSAEEVER. .ISHLODGLEGERRYRTINA 74

HB -HEEVSQAHPSYCVE...TEISKISQNVNEGVINERIEASEQEEKCFRESSLLCHSIKFIPG...VFRECLRIRRGNQLVEA 73

v 128
EL 154
EL 68
HI 157
EX 127
NI 154
HI 153

AC BSEETEDZVVM
AT BASEETEERVVA
B] atesnsena
(S BSEETEDRTVA
LC BASEETEDEVVA
NN BSEETDDRVIV
HB ASEETEOTVIA

e o <

H 208

515 LEPFFCFEL GHFLETLiCTCHE"N;ﬂL; N 234
SISLEPGGQFELSGAPLETLHQTCAEVHSHLY N 148
SISLEFGGQFELSGAPLETLHQTCAEVNSHLY N 237
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AC: VA Allium cepa Linn.; AT $\R§SF Arabidopsis thaliana (Linn.) Heynh.; BJ: J¥3% Brassica juncea (Linn.) Czern.; CS: BEJI\ Cucumis sativus
Linn.; LC: EIWKAR Lotus corniculatus Linn.; NN 4 Nelumbo nucifera Gaertn.; HB. EVERRIEEH Hevea brasiliensis (Willd. ex A. Juss.) Miill. Arg.
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Fig. 3 Comparison analysis on amino acid sequences encoded by yGCS gene from Nelumbo nucifera Gaertn. and other six species
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Fig. 4 NJ phylogenetic tree of Nelumbo nucifera Gaertn. and other
species based on yGCS amino acid sequence
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Fig. 5 Relative expression of NnyGCS gene in different organs of
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Fig. 6 Change in relative expression of NnyGCS gene in tender leaf and fibrous root of Nelumbo nucifera Gaertn. under
cadmium stress with different concentrations
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Subcellular localization of expression of NnyGCS gene from Nelumbo nucifera Gaertn. in epidermal cells of Allium cepa Linn.
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