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Construction of transgenic tobacco expressing tomato GGPS2
gene and analysis of its low light tolerance

Cuiping Li', Weihua Dong*, and Xingguo Zhang?

1 Department of Biochemistry and Molecular Biology, Xinxiang Medical College, Xinxiang 453003, Henan, China
2 Key Laboratory of Horticulture Science for Southern Mountainous Regions, College of Horticulture and Landscape Architecture,
Southwest University, Chongqging 400715, China

Abstract: To explore the influence of low light on the synthesis of carotenoids, chlorophyll and the adaptability of
transgenic plants with tomato Solanum lycopersicon L. GGPS2 gene, we constructed a vector containing a GGPS2 gene
with green fluorescent protein (GFP) as report gene under the control of a cauliflower mosaic virus 35S promoter and
introduced it into tobacco Nicotiana tabacum L. cv. Wisconsin 38 by Agrobacterium tumefaciens-mediated transformation.
PCR analysis of the DNA from kanamycin resistant tobacco indicated that the transgenic tobacco containing the nptll gene,
SIaGGPS2 gene and without contamination of Agrobacterium. We also detected the root tip of kanamycin resistant tobacco
showing characteristic fluorescence. The contents of carotenoid, chlorophyll and photosynthesis of transgenic tobacco
increased in comparison with wild tobacco after low light treatment. In addition, leaf mass per unit area, total dry weight,
ratio of root to shoot in transgenic tobacco were all higher than that of the wild tobacco, which proved that the transgenic
tobacco could increase the accumulation of biomass and promote it transport to root. The transgenic tobacco with
SIaGGPS2 gene can increase the contents of carotenoid, chlorophyll, enhance the photosynthetic rate, promote the biomass
accumulation and its distribution to root. Hence, the transgenic tobacco with SIaGGPS2 gene had increased low light
tolerance and the SIaGGPS2 gene maybe can be used in other crops.

Keywords: tobacco, the GGPS2 gene from tomato, carotenoids, chlorophyll, photosynthesis, low light resistant
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Table 1 Primer sequences

Primer name Sequences (5-3")
Pl GAATTCAGGGAGTCACGTTATGACC

P2 CCCGGCAGCTTAGTTGCCGT

P3 CATGAGCGAAACCCTATAGGAACC

P4 CGGGATCCATATGAGATCTATGAACCTT
GT
P5 GCTAGCTTAATTTTGACGATTAGCAATG
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Fig. 1 Identification of transgenic tobacco with SIaGGPS2 gene. (A) The structure of T-DNA in binary vector
containing SIaGGPS2 gene. (B) The infected tobacco leaves. (C) antibiotic buds. (D) Rooted resistant tobacco. (E)
Tobacco after transplanting. (F-H) The PCR products of nptll gene, SIaGGPS2 gene, the left border of T-DNA. (I-])
The root tip of wild tobacco in white and blue light respectively. (K—L) The root tip of transgenic tobacco in white
and blue light respectively. Ms: DL2000 DNA marker; Mb: ADNA/EcoR I + Hind III marker; 1-9: the transgenic

plants; —: non-transgenic plants as negative control; +: binary vector as positive control; bar=100 pm.

2.2 % SlaGGPS2 E[F BS54 THER 25%-35.5%
EEMREFMENERER (P<0.05) ( 2)
2.2.1 SlaGGPS2 50-60 pmol/(m>s) 30d
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25-30 pmol/(m*'s) 50d 18% 16%
TGl TG2 5 23% 25%

13% 4% (P<0.05) TG3

19% 12% 3%
TG3 4% 5
12% 1.8%—11.7%
5 ( 2
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2.2.2 SIaGGPS2 5% 3% TG3
50-60 pmol/(m>'s) 60 d 4% 8% 5
TGl TG2 5 2%-8%
6% 5% ( 3

x2 ATEBALIENI SIaGCPS2 ERFERZ R ML S RENF M
Table 2  Effects of different low light treatments on pigment contents and photosynthetic rate of transgenic tobacco
with SIaGGPS2 gene

Lines Light intensity Processing Carotenoid content Chlorophyll content Photosynthetic rate
(umol/(m*:s)) time (d) (nglem?) (ng/cm?) (umol CO,/(m*'s))
WT 25-30 50 4.4+0.3 28.4+1.9 2.6£0.7
TG1 4.9+0.6 33.7+5.2 3.541.2°
TG2 4.6+0.5 31.8+4.5 3.440.4"
TG3 4.4+1.0 31.8+5.6 3.241.2"
WT 50-60 30 4.3+0.4 25.243.0 1.7+0.6
TG1 5.1+0.4" 31.124.2" 1.9+0.5
TG2 5.0+0.8" 31.5+6.6" 1.940.4
TG3 4.2+0.2 24.1+1.2 1.7+0.6

WT: wild tobacco; TG1, TG2, TG3: different lines of transgenic tobacco; values are X £s (n=3); ** and * indicate 1%, 5%
significant level respectively.

3 FEAAEIEE SIaGGPS2 EFARERE UM B RS EMAEEXRNFIT
Table 3 Effects of low light treatment on pigment contents and photosynthetic rate of different location of
leaves in transgenic tobacco with SIaGGPS2 gene

Lines Different location of leaves Carotenoid content Chlorophyll content Photosynthetic rate
(from top to bottom) (ng/em?) (ng/em?®) (umol CO»/(m*'s))
WT 5 5.5+0.3 35.0+£2.9 1.2+0.6
TG1 5.8+0.1 36.7+1.8 1.3+0.4
TG2 5.8£1.0 35.943.1 1.3+£0.6
TG3 5.3£0.4 32.1£3.3 1.2+0.7
WT 8 5.2+0.5 33.94£3.0 ND
TG1 6.2+0.3 38.5+2.3 ND
TG2 5.4+0.4 37.0£2.3 ND
TG3 4.7£0.5 29.5+3.5 ND
WT 11 3.9£0.6 24.3+3.4 ND
TG1 4.8+0.3 29.3+2.1 ND
TG2 4.6+0.1 29.1+2.1 ND
TG3 4.4+0.7 26.3+3.2 ND

WT: wild tobacco; TG1, TG2, TG3: different lines of transgenic tobacco; ND: not detected; values are X £s (n=3).
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Fig. 2 The leaf number (A), stem diameter (B), height
(C) of transgenic tobacco under low light.
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Table 4 The biomass of transgenic tobacco with SIlaGGPS2 gene under low light

. LMA FWof FWof FWof DW of DWof DW of DW/FW Ration of root to
Lines ) FW (g) DW (g)
(mg/cm”) leave (g) stem(g) root(g) leave (g) stem(g) root(g) (%) shoot DW (%)

WT  134+1.8 900+ 363 86+ 1349+ 7.6+ 3.2+ 1.8+ 126+ 93+ 17.0+1.3
46 3.0 0.5 2.7 0.2 0.2 0.1 0.2 0.1

TGl 169+38 851+ 421+ 168+ 147.0+ 8.2+ 47+ 30+ 159+  10.8% 233+1.7"
43 2.0 0.17 3.6° 0.3 01" 02" 02" 03"

TG2 167+2.8° 834+ 370+ 142+ 134.6+ 8.0+ 44+ 27+ 151 112+ 21.8404"
3.5 2.7 0.6~ 2.7 0.4 01" 01" 04" 017

TG3  153+1.6° 722+ 288+ 133+ 1143+ 7.5+ 374 255 137+ 119+ 22.340.6"
25" 0.7° 02" 32" 0.2 0.1° 0.17 03" 0.17

WT: wild tobacco; TG1, TG2, TG3: different lines of transgenic tobacco; LMA: leaf mass per unit areca; FW: fresh weight;
DW: dry weight; values are X s (n=3); ** and * indicate 1%, 5% significant level respectively.

3 Wik 30 d TGl  TG2
5
18% 16% 23%
25% (P<0.05)( 3)
GGPS
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[23-24] Jl
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GGPP PSY ZDS
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( 3) GGPP
25-30 pmol/(m*'s) 50d
25%-35.5% TGl TG2  25-30 pmol/(m”s)
(P<0.01) ( 2) 50—60 pmol/(m®s) 50d 50—60 pmol/(m*s)
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