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Abstract

Objective

Root structure modification is associated with the efficient water uptake and the nutrient
utilization. It also provides structural support for the anchoring in soil. Genetic engineering for
the improvement of plant root structure may help to maintain higher yields under drought
conditions. The aim of this study was to modify the root structure of rice in order to improve
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drought tolerance and the efficiency of nutrient uptake. For this purpose, simultaneous
transformation of Deeper Rootingl or OsDROL1 gene, which is involved in the regulation of
growth angle of the root in order to adapt to drought conditions, and Phosphorus-Starvation
Tolerancel or OsPSTOL1 gene, which is effective in increasing phosphorus uptake and
improving root structure, were considered for rice root structure modification.

Materials and methods

The OsDRO1 and OsPSTOL1 genes derived from the wild rice cultivars were cloned together in
a single construct under the control of the root specific and the ubiquitin promoters, respectively.
The resulting construct, pUhrDroPstol is transformed into the Agrobacterium tumefactions strain
EHA105 and used for the gene transformation into Hashemi cultivar. Putative transgenic plants,
survived on 50 mg/L Hygromycin during tissue culture steps, are transplanted into the Yoshida
solution and then into the pots until they set seeds. Construct specific and gene specific PCR
analysis are used to confirm the transgenic plants.

Results

In this study, 12 putative transgenic rice events were obtained, of which 10 showed the presence
of both OsDRO1 and OsPSTOL1 genes in the PCR analysis. Transgenic plants show stronger root
structure compared to the non-transgenic ones. Molecular analysis in the T1 and T2 generations
determined the homozygous events.

Conclusions

In this study, two candidate genes affecting root structure, nutrient uptake and drought tolerance
were transferred to the Hashemi rice using genetic engineering. So far, simultaneous transfer of
these two candidate genes have not been reported. Transgenic plants present better root system
compared to the control plants. The mentioned construct can be used for the transformation of
other crops to improve their root structure, nutrient uptake and their drought tolerance. It is hoped
that the production of the transgenic rice with modified root structure and efficient phosphorus
uptake increases its drought tolerance and reduce water consumption in rice cultivation.
Keywords: Deeper Rootingl gene, Multi-Gene construct transformation, Phosphorus-Starvation
Tolerancel gene, Transgenic rice.
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Figure 1. The Schematic representation of construction of recombinant pUhrDroPstol
vector
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Figure 2. Stages of rice gene transformation and observed phenotype of the root of one of
the rice events resulting from the pUhrDroPstol recombinant construct transformation (TO

generation before transfer to the pot) next to the control plant

V'Y

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



BN,

(VEY Jloe ) 0 ko V€ 0)93) (55,515 (559)9iSTgm: aloo

s,

@ (b) MWNTP 12 3 45 67 89 101112131415
MW N TP 12 3 4 5 6 78380R0RIRDEIE14 15
e e - - - 952bp
- — - —— - - - 2360 - - - - 26200
. - .

16 17 18 19 20 21 22 23 24 25 26 27 28 29
168 170 11810191520 21 722 23 8248 25MR 2607 28

- e e - - e e w

S S — — —— — —— =D SN WD WS e 5200
——— — — —— — = o= - . 43600

(AT DP £, Ui 5 90 L) DROL 51,5 aites 51,5 51ET b S i 1 ponly (510 5 iiiSTy ¥ SOl
oaSe B SHET L jlpedy (slopeni; STy Ha) (R0Y bp ,Uaiil 3590 w5ly) RG100 J51> a2 0
1Kb Plus-Biofact ) Jsbe (39 55181 ,Sleiii M .(b) (FY bp :,Uai5! 5,90 254) PSTOLL 51,5
dael Cuw 3 4 350 (3 (Gob) didky 43 olS (T (o JyS) pUhrDropstol asows Y P {(company
5 93y JS8 W s bla J 58 oy 4y il 3 e L oS N sude U558 oy 4t (55054 5

T2 Joud iy )5 LS bSals s ()

Figure 3. Multiplex polymerase chain reaction using DROI transgene-specific primers
(expected band: 486 bp) and internal reference RG100 (expected band: 952 bp) (a); PCR
using PSTOL1 transgene-specific primers (expected band: 262 bp) (b). M, Molecular weight
marker (1Kb Plus-Biofact company); P, plasmid pUhrDroPstol; T, Transgenic plant
(positive control); N, non-transgenic plant; W, water control (no DNA); Others: rice event
(T2) samples
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Table 1. Transgenic rice events resulting of pUhrDroPstol construct transformation and

analysis results until T2 generations

Sl ol
Putative
events

TO Jus ;5 osslish oylals slus
The number of regenerated

plants of TO generation

Cudn PCR QL""L‘S Sl
The number of PCR
positive plants

T2 Jus 5 posls
Purity of T2 generation

Event 1

Event 2

Event 3
Event 4

Event 5

Event 6

Event 7

Event 8

Event 9

Event 10

Event 11

Event 12

6

6 (DRO+/PSTOL+)

4 (DRO+/PSTOL+)

4 (DRO+/PSTOL+)

6 (DRO+/PSTOL+)

6 (DRO+/PSTOL+)

6 (DRO-/PSTOL+)

5 (DRO+/PSTOL+)

3 (DRO+/PSTOL+)

1 (DRO+/PSTOL+)

3 (DRO+/PSTOL+)

5 (DRO+/PSTOL+)

S [EL
heterozygous for the
insertion
oalls
pure line (homozygous
for the insertion)

AL
heterozygous for the
insertion
oAlsL
heterozygous for the
insertion
oAlsL
heterozygous for the
insertion
AL
heterozygous for the
insertion
oAlsL
heterozygous for the
insertion
AL
heterozygous for the
insertion
oAlsL
heterozygous for the
insertion
U [ER
heterozygous for the
insertion
oAlsL
heterozygous for the
insertion
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