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“ Enhancing drought and heat tolerance in Lolium spp. through overexpression
of the FaSAMDC gene
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Abstract: To obtain new ryegrass germplasm with enhanced drought and heat tolerance a genetic transformation ex—
periment using plants from the genus Lolium was conducted. By using mature seeds of ryegrass as explants and a—
doption of the overexpression vector tissue culture and regeneration system of ryegrass and genetic transformation
mediated by Agrobacterium tumefaciens the S-adenosylmethionine decarboxylase gene cloned from Festuca arundi-
nacea (FaSAMDC) was introduced into the genome of ‘Tetragold” annual ryegrass and ‘Four Seasons” perennial
ryegrass. Eighty-nine transgenic plants (45 Tetragold and 44 Four Seasons) were regenerated from independent re—

sistant calli which were confirmed by antibiotic resistance screening PCR assay and southern hybridization analy-
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sis; the transgenic frequency was 2. 93% and 2.28% respectively. Drought and heat resistant tests under high
temperature (30 °C) and moderate drought stress showed that in Tetragold the root to shoot ratio was 7. 1% high-
er leaf relative water content (RWC) 13. 1% higher and the RWC descent scope 5.5% lower than the controls;
for transgenic Four Seasons plants the root to shoot ratio was 6. 5% higher RWC 12.5% higher and the RWC de-
scent scope 6.5% lower than the control; differences between transgenic plants and controls were all statistically
significant (P <0.05) indicating that drought and heat resistance in transgenic plants was significantly improved.
Observations of morphological and growth characteristics showed that compared with non-ransgenic plants leaf
length plant height and main stalk pitch number of transgenic plants were lower but leaf width and tiller number
per plant were higher. Leaves of transgenic plants were darker in colour and plants tended to become compact with
tufted leaves suggesting that the inserted FaSAMDC gene was involved in the regulation of physiological function
such as gene expression and cell division. The transgenic material developed in the study could be used as founda-
tion for the cultivation of new ryegrass varieties with enhanced drought and heat resistance.

Key words: ryegrass; Agrobacterium tumefaciens; genetic transformation; FaSAMDC gene; drought and heat toler—
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Fig.1 Schematicic diagram of constructed recombinant plasmid
LB: Left border; CaMV poly(A) : 358 Polyadenylation from 35S promoter of cauliflower mosaic virus;
HYG: Hygromycin resistant sequence ; Xhol : Xhol Sequence recognized by restriction enzyme Xhol;CaMV 35S promot—
erl: 35S 1 35S promoter 1 from cauliflower mosaic virus;EcoRI: EcoRI Sequence recognized by re—
striction enzyme EcoRI; Nsil: Nsil Sequence recognized by restriction enzyme Nsil ; Sphl: Sphl Sequence rec—
ognized by restriction enzyme Sphl;Pstl: Pstl Sequence recognized by restriction enzyme Pstl; FaSAMDC:

Inserted S-adenosylmethionine decarboxylase gene from Festuca arundinacea;Kpnl: Kpnl Sequence recognized by re—
striction enzyme Kpnl;Sacl: Sacl Sequence recognized by restriction enzyme Sacl;NrVI: NrVI Sequence rec—
ognized by restriction enzyme NrVI;CaMV 35S promoter 2: 358 2 35S promoter 2 from cauliflower mosaic virus; Hind Il :

Hind I Sequence recognized by restriction enzyme Hind Il ; LacZa:3- a Gene A of beta—galactosidase ; RB: Right

border.

CC+7 mg/L2 4-D+0.5 mg/L 6-BA CC+5 mg/L
2 4D +0.5 mg/L 6-BA; IMS+0.5 mg/L2 4D +0.5 mg/L 6-BA +1.25 mg/L CuSO, +1.0
g/L CH; YEB 110 g/L +1 g/L +5 g/L +0.5 g/L MgSO, -
7H,0 pH7.0; AA+1.0 mg/L2 4-D +100 pmol/L pHS5.2; *MS +10 g/
L +3 mg/L2 4D +2 mg/L KT +100 pmol/L +0.1 mol/L +5 mg/L AgNO, +8 g/L
; MS +30 g/L +10 g/L +3 mg/L2 4-D +2 mg/L KT +100 pwmol/L
+0.1 mol/L +5 mg/L AgNO,; MS +5 mg/L2 4D +0.05 mg/L 6-BA +100 pmol/L
+0.1 mol/L +5 mg/L AgNO, +8 g/L ; MS +10 g/L +3 mg/L2 4D +2 mg/L
KT + 150 mg/L +40 mg/L +8 g/L ; : MS +2 mg/L 6-BA +
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7.08% 6. 54% (P <0.05).

2
Fig.2 Agrobacterium-mediated transformation of ryegrass and regeneration of the transformed plantlets
A: ;B: ;C: ;D:
JE: JF: o A: Induced embryogenic callus of Tetragold;

B: Co-culture of embryogenic callus of Tetragold and Agrobacterium tumefaciens; C: Differentiation of adventitious buds from resistant callus of Four seasons;
D: Hygromycin-resistant plants of Tetragold and Four seasons growing in rooting medium; E: Hygromycin-resistant plants of Tetragold and Four seasons potted

in soil successfully; F: Hygromycin—esistant plants of Tetragold and Four seasons growing in climatic laboratory.

M + - 1 2 3 4 5 6 7 8 9
2000 bp

1000 bp
750 bp

3 B PCR
Fig.3 PCR analysis of B gene of hygromycin in putative transgenic plants of ryegrass
M:DNA ; + tEHA105-p1300  ( );-: ( );1~9: o M: DNA marker; + : Strain
EHA105-p1300 as positive control; — - Non-iransformed plant as negative control; 1 —9: Transgenic hygromycin—resistant plants of Tetragold and Four sea—
sons.
1 2

Table 1 Transgenic frequency of two ryegrass cultivars by Agrobacterium tumefaciens

Tetragold Four seasons
PCR PCR
No. of Transgenic No. of Transgenic
No. of calli No. of resistant resistant No. of PCR- frequency No. of calli No. of resistant resistant No. of PCR- frequency
transformed calli plants positive plants (%) transformed calli plants positive plants (%)

1538 815 63 45 2.93 1930 887 68 44 2.28
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CK-T FT1 FT2 FT3 FT4 CK-S FS1 FS2 FS3 FS4

4 B 5 B
Southern Southern
Fig.4 Southern analysis of B gene of hygromycin in Fig.5 Southern analysis of B gene of hygromycin in
putative transgenic plants of Tetragold putative transgenic plants of Four seasons
CK-T: ( );FTL ~ FT4: o CK-S: ( );FS1 ~ F4: .
CK-T: Non-ransformed Tetragold plant as negative control; FT1 — FT4: CK-S: Non-transformed Four seasons plant as negative control; FS1 - FS4:
Transgenic hygromycin-resistant plants of Tetragold. Transgenic hygromycin-resistant plants of Four seasons.
2 N

Table 2 The root to shoot ratios of transgenic lines of Tetragold and Four seasons and control seedlings

Tetragold Four seasons
CK CK
Ttem
Control seedlings ~ Transgenic lines (%) Control seedlings  Transgenic lines (%)
Root to shoot ratio (%) 57.84 £0.15bB  64.92 £0. 10aA 7.08 39.88 £0.22bB  46.42 £0.23aA 6.54
CK  :Increase rate compared with CK. (P<0.01)
(P<0.05), o Different capital letters after data in the same row indicate the significant difference between transgenic lines and control seedlings at

P <0.01 level different lowercase letters indicate significant differences at P <0.05 level. The same below.

2.4.2 (RWC) 30 C
3 C 3).
7.63% 6.04% 2
RWC (P <0.05); 12 d
13.12% 12.54%
RWC (P<0.01); 2 RWC
5.49 6.50
3 N
Table 3 The leaf relative water content of transgenic lines of Tetragold and Four seasons and control seedlings %
Tetragold Four seasons
Treatment cK CK
Control seedlings ~ Transgenic lines Control seedlings ~ Transgenic lines
After sprinkling normally 85.64 £0.22bB  93.27 £0.49aA 7.63 84.29 £0.02bB  90.33 £0.36aA 6.04
After drought stress 66.23 +0.08bB  79.35 £0.39aA  13.12 63.72 £0.16bB  76.26 £0.19aA 12.54
CK Increase or decrease rate compared with CK.

?1994-2018 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net
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2.5

FaSAMDC

4

60 d

Table 4 Morphological and growth characteristics of transgenic lines of Tetragold and Four seasons and control plants

Ttem

Tetragold

Four seasons

Transgenic plants

Control plants

Transgenic plants

Control plants

Plant height (cm)
Nodes

Leaf width (cm)

Leaf length (cm)

No. of tillers per plant

56.45 +0.94bB
4.00 £0.58aA
0.43 £0.01aA

21.01 +£0.12bB
8.67 £0.33aA

62.78 +0.87aA
3.30 £0.33aA
0.35+0.01bB

33.05 £0.21aA
7.33 +0.33bA

53.48 +0.42bB
4.00 £0.58aA
0.38 £0.01aA
27.15 £0.18bB
8.00 £0.58aA

58.46 +0.30aA
3.30 £0.33aA
0.33 +0.01bB

29.19 £0. 14aA
6.00 +0.58bA

Leaf colour Deep green Deep green Deep green Deep green

emerald green medium green emerald green light green

Plant type Leaves Leaves pendulous Leaves
Leaves pendulous

tufted or pendulous tufted or pendulous

3
20 80 N
DNA 1748
19 20
21
2
2
FaSAMDC o
2 .
o vir
23
vir
T-DNA o
100 pmol/L 230 ¢/L 5 mg/L
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