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1 1.4
1.1
10d 10 mL, 4000
3 [14] r-min'l, 4 10 min, ,
U , _ 95% , , 2-3
TaKaRa RNAiso plus kit PrimeScript™ 25 mL
. . ® . b b ) .
RT rTiAagent Kit with gDNA- Eraser SYBR"™ Premix Ex L 665 649 470 nm
Taq " II (Perfect Real Time) ,
Jenson
[16]
1.2 15 GGR
[14]. Primer Premier 5.0 , GGR
110 500 mL. (GGR-F:5-CGGGCTTGCCTA
, 200mL ’ @D CCTTG-3,GGR-R:5-TGTGCCGTCGTGAGGTGT-
4000x], (12h:12h), 3")  PB-action (B-action F: 5'-CCTG G
3. 24, MeA . MeJA AAACGCTTGAATAAAT3', p-action R: 5-TAGTT
0 100 200 500 1000 pumol-L", TTTGTCCAGAGC CGAG-3")
3 , (10d)
’ RNAiso plus (TaKaRa, )
[llumina HiSeqTM 2000 ) RNA. PrimeScript™ RT reagent Kit with
GGR gDNA Eraser (TaKaRa, )
cDNA, 20 Realplex4 PCR
> [13]. (Eppendorf, German) GGR
GGR NCBI (National Action PCR (qRT-PCR) ,
Center for Biotechnology Information, http://www. : 2xSYBR Mix (TaKaRa, )10 pL,
ncbi.nlm.nih.gov/) (Open (10 pmol-L") 0.8 uL, ¢cDNA 2 uL, ddH,O
Reading Frame, ORF)!", NCBI 20 uL. PCR - 94 3 min;
Blast 94  30s,52 30s,72  20s, 40 ; 72
; MEGA 6.0 , 10 min. 3 P
NJ ) ; : SPSS
5 NCBI CDD Dunacan
GGR ;
(http://www.expasy.org) 2
GGR / 2.1 GGR
; MOTIF SCAN [llumina HiSeqTM 2000
; SPOMA GGR cDNA ,
GGR ; TargetP 1.1 Server Bioedit , GGR
(http://www.cbs.dtu.dk/services/TargetP/) GGR cDNA 2356 bp. OREF finder ,
; SignalP 4.1 Server (http:// 3 (Untranslated Regions, UTR) 731 bp,
www.cbs.dtu.dk/services/SignalP/) 5' 86 bp,

(ORF) 1539 bp ( 732-2270)( 1),
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91

181
271
361
451
541
631
721

811
27
901
57
991
87
1081
117
1171
147
1261
177
1351
207
1441
237
1531
267
1621
297
1711
327
1801
357
1891
387
1981
417
2071
a47
2161
477
251
507

GATGAGCCTGGAGCGCTTCGTGGTCCCCAGTACCTCGGCAAGGAAGCTTGCACTGCCATGAATGCCACACCCAGCTACCATTTCGATTAC
CATCACGATGCAAAATCAGCGCCGCAGCAAGAGTACGTCACTCCACCATCTGTCAGATCAAACGGGGCACCGCACCAAACGTGCTTGTAG
TTCTGCTGCTCACGCCTCAGTTCTGTTGTTTTGTGCAAGTTCACTCCTACTTTGCTGCACAGGACATTGTGTAATGCTCGCCAGTATTCC
AATGTCAAGTGTGCATAGTAGGTGCAAGCCAGAAGGCCAGCATCCTCGTCTGCTTTAAATAGGCAGCTTCATGAGCCCTGATCCAGTCAG
TGCACATCAGCTCTAGCCATGAATAAACCAGCCAGTGCATGCGGCGCACCAGACTACCATTCTACCAAAACCAAGCTATATTACACCGTA
AAGCTAAATATTAGCTAGTATGCTGTACGAAACGAAATTCAGAGAGCCCTAGGAGTCATACGTGATGTCACTCTTCTCGTGAGTTCTGAG
AGAAACAAGCAGCAGCAATATTCAAGGCCGAGGGAGCTGCAGCATTGAATGGCATTTCCTGGGACCCCCCTAAACCGGGAAAATGAGGTC
CCTGTGTACACACACCAACGGTGAGGGTCACAGCAGTTTTGGCTGCTACATGGCTGCGACTGGATTGAGAGGACATAGCGGCAAAGGAAC
AGGGGCGGCGCATGCGCTGCAACCACCCCTGGCAACAAAAGCACAGGCGGCTAGCTGCTGCAATGGCGGCTCATGCAATGGGAATTGGTG

M RCNHZPWQQIKHR R L A A A MAAHAMGTI G
GGTGGGCCGCGGTAAGGGGTGTGCGTCTAGACAACGGTGAGCTTCTCCTCGTTGGCCTTGCTGCCAAAGGAGACGTTGATGCCCTTGCCG
G WAAVRGVRLDNGETLULTL V GL A A KGDVDATL A
CTGCGCAGCGCATTGGCGCGCACCAGGCTGCTCACGGTCTCCACCAGCAGCTTGACGTCCTCCACAGGGGTGCCGGGCACGACTGTCTTG
A°A QRI GAH QAAHGTLHOQQ L D V L H RGAGUHUDTCL
TAGAGGTAGGAGTCGAAGGTCATGCGCTGCACGTAGTCGCTCTTGCACATCTCCACAAAGGCCTCGCGGGCGGGGTTGCTGCGGTAGAAC
vV EV GV EGHALHVV ALAH L H K G L A GGV A AVE
ACCTTCTGCAGGATGTCCAGCACCTTGTAGGTGGCCCAGTACTTGCGGTCCCACTTGTCCAGGTAGGTGCGCAGGGCGGCCTCGCCAACC
H L LQDVQHLVGG PVLAYV P L V Q V GAQGSGTLAN
ATCTTCTTCCCTTGTTGGCTGGCCTCCACAATTGCCTCCGCGCACATGCGGCCGCTCTTGGCTGCAAAGTAGATGCCCTCTCCGGAGCAC
H L LP LLAGLUHNZCGILIRAHAAAUL G C K VDALSGA
TTGGTCACATAGCCAGCGGCGTCACCCACAAGAGCGATGCGGCCGCTGATGCGGCGGGGGCGGGGGTGCTCGGGGATGGGGTGGGCCTCA
L GH I AS GVTHI KS S DAAADAAI|IG A G V L GID G V G L
ACGCGGATGATGGAGCCGCCCTCAGTCTTCACGCTGGCGCGGTCGCGGGTGGCCTGCTGGTATTGCTTGATGGCCGTCTTGTTCAGCACG
N ADD GA AL STILHAGAVAGG 1L L V L L D GRULV QH
GTGCCGGTGCCCACAGCCACGTGGTCGTACTTGGGGAACACCCAGCCGTAGAAGTCTGGGGACACGTCATCACCCACATACATCTCCGCC
GAGAHS HVV VLG EH PAVE VW G HV I THTIHTLR
AAATCCTTGTAGTAGTCCATCTTGTCCTCGGGGATGCGGATGCGCTCCTGGAAGGCAATGGCGTAGTCGTACTCGCCGGCGTCCATCTCC
Q I LvvyvV HLVLGD AD ALTLEG NG VV VLAGVHIL
TTGGCCACGCGGCTGTTGGCGCCGTCAGCCCCGATCACCAGGTCCACCTCCATGGACTCGGGCTTGCCTACCTTGCCGCCTTCCTCATAA
L GHAA VGAVS PD HQVHTILMHGUL G L A YL AATFTLI
GAGTTGTAGTGGATGGTGAAGGGGCCGTCGCTGCCCTCCTGCTCCATGCGCATGAACAGCCCGTTCAGCAGGTTGGCACCCAGGCTCTTG
R Vv vV D GEGAVAATLILTLMHAHE QP V QQV GTAQATL
GCGCGGTTGCGCAGGTAGTCGTCAAACACCTCACGACGGCACATGCCGATCCACTCCTTCTCGTTCAAGGTCTTGCCCACATCAACCTCA
G AV AQ VVVKHLTTAHADU?®PIL L L V QG L A HTINIL
CGGTTGGAGGGAGAGATCATTTTCATCTTAGTGACGCGCCGGTCAATGATCTCCATGGGCAGATCGAACTCATCCACCATGCAGATGGGA
T v G RD HFHTULSD A PVNDTILH G Q I E L I'HHADG
ATAGCACCACCGCAAGGCTTGCAGTTATCCATCTTGCGCTCGATCAGATATGTCTCGCAGCCACCCTTGGCCAAAGTCTCTGCTGCACAG
N ST T AR L AVIHL A LDOQI C L A A T L GQSTILTCTCT
GCACCAGCGGGTCCACCGCCGATGACAGCAACCCTAAGAGGCCTGTCAAGCACTGCACCGTCCTTCACGGCGAGCACCTGCACAGCTGCC
G TS G ST ADD SNPK RPVKH CT V L HGEHTLHSTC
CCGCGCTGCATTTTACCCCTGCTGGCCTTTACCATGGCCGTTGCAAAGCGAGGGCGCACGGGTGTGCCGCTGAAAGGCTTTCCTGCAATG
P AL H FT PAGTLYUH G RUCKAR AH G C A AEIRTILSTCN
CGCTGCATAGCCTTCTGTGACTGCTTGGCAGCAGCAGCGGGGGAAGCAGTAAAAGCCTTGCAGTTGCTCATGGTGAAGGATCAAATGCAA
A L HS L L *

2341  ATGTGCTAAGGTTTCA
. * , NADP
1 GGR
512 . 1 NADP 52296.1 Da,
Protparam , (pD) 6.54, (I 19.93,
(K+R) 26 , (D+E) 37 . . 120.10,
(AT F L W V) 473%, 280 nm 20230.
N C Q ST YY) 147%. 2.2 GGR

C2305H3712N7120651815, 7 395, Protscale GGR
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| 1 1 2
3 |
Py R il Jl H \l\ M Co 14 N-
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(P<0.01). 3
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Induced expression and bioinformatic analysis of GGR gene
in Dunaliella viridis

ZHANG Yan, GONG Yi-fu*, JING Dan-dan, ZHU Shuai-qi, YU Kai
( School of Marine Sciences, Ningbo University, Ningbo 315211, China )

Abstract: Geranylgeranyl reductase (GGR) is an important enzyme in the upstream of plant tocopherols and
chlorophyll biosynthetics pathway. In this study, the full length cDNA of GGR gene (GenBank accession number:
KX100480) in Dunaliella viridis is obtained by HiSeqTM Illumina 2000. Transcriptional levels of GGR gene
with the treatment of Methyl Jasmonate (MeJA) are examined by Real-Time quantitative PCR (RT-PCR). The
results show that the total length of GGR gene is 2356 bp, containing an open reading frame of 1539 bp
encoding 512 amino acids, relative molecular weight is 52.296 1 kD and isoelectric point is 6.54. Bioinformatics
prediction reveals that the protein contains a transmembrane domain without signal peptide. TargetP 1.1 Server
prediction results suggest that it is located in mitochondria. Phylogenetic tree results indicate that the protein
sequence of GGR in D. viridis is related loosely to other species. RT-PCR result demonstrates that the expression
of GGR gene in D. viridis is promoted under the treatment of low concentration of MeJA and limited in high
concentration of MeJA. When treated with 100 umol-L'1 MelJA, the expression of GGR gene manifests the
significant difference in the control group (P<0.01). And the content of chlorophyll and carotenoids show the
same trend. The result implies that the GGR gene is to certain extent correlated with the synthetic of chlorophyll
and carotenoids.

Key words: Dunalilla viridis; GGR; MeJA; chlorophyll; carotenoid



