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The Calvin cycle is an irreplaceable pathway for photosynthetic organisms to assimilate CO, from the
air and therefore plays a crucial role in plant growth and development. The ribulose-phosphate 3-
epimerase ( RPEase; EC 5.1.3. 1) is one of the integral enzymes in the Calvin cycle regeneration phase.
In our study PdRPE gene was cloned from fast-growing hybrid poplar NE-19 ( Populus nigra x ( Populus
deltoids x Populus nigra) ) , and then PdRPE was transformed into Arabidopsis thaliana by the floral dip
method. Using PCR and Green Fluorescent Protein ( GFP) detection methods, we obtained the
CaMV35S:PdRPE ; GFP transgenic plants. Then we validated the growth status and physiological indexes
of wild type (Col-0), overexpressing ( OxPdRPE) , mutant (rpe) and complementary ( rpe/PdRPE)
lines. The results indicated that in overexpressing lines RPEase activity increased significantly (P <
0.05). When well-watered, the overexpressing lines had lower leaf stomatal density, larger stomatal
size, improved water use efficiency and higher net photosynthetic rate, showing a better growth condition
and more starch accumulation. When exposed to 10 days of short-term drought, the net photosynthetic
rate and water use efficiency of overexpressing lines were still significantly higher than those of the other
three strains (P <0.01). Therefore, we reach the conclusion that over-expression of RPEase gene can

promote the plant growth and development and enhance the resistance of short-duration drought in
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A. CaMV35S.PdRPE:GFP Hi ¥ ik #k (kB KB Mk PCR & (TG transgenic gene; NC: negative control; PC: positive
control) ;C. PARPE 5 H AWM F RPE 2 H 0 T 2SS , L1 FOR IR T A PARPE . D. B4 5 %684 Ll R AUF ST RPE & A3
B, @A RR A 75, A. Construction of CaMV35S: PARPE expression vector; B. The PCR detection of over-expression plants

(TG transgenic gene; NC: negative control; PC: positive control) ; C.

Molecular phylogenetic tree of PARPE compared with other species.

The red dots indicated the gene we studied; D. Comparison of RPE proteins between Populus deltoids, P. trichocarpa and Arabidopsis thaliana.

The blue indicated the same sequence.

& 1

CaMV35S:PdRPE ; GFP fHY) ik A H SRR HE R PCR U | PARPE S5 HAWYIFh RPE ()5 F it AL

B S5 EAR AR IT RPE 2 751 LA

Fig. 1

Construction of CaMV35S:PdRPE; GFP expression vector, the PCR detection of over-expression plants, molecular phylogenetic tree

of PARPE compared with other species, comparison of RPE proteins between Populus deltoids, P. trichocarpa and Arabidopsis thaliana
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Fig.2  Detection and subcellular localization of CaMV35S;PdRPE ;: GFP expression in Arabidopsis thaliana leaf cells
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A. Comparison of leaf area between the four lines, wild type ( Col-O) | overexpressing ( OxPdRPE) ,mutant ( rpe)

and complementary (rpe/pdRPE) ,the same below; B.

Statistics of leaf area between the four lines. Different letters

in the four strains mean significant difference at P <0. 01, while same letters mean insignificant difference.

[ 3

4 ARk F T AR HEAR

Fig.3 Comparison of leaf area between the four lines
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Col-0 | OxPdRPE | rpe |:pe.|'PdRPE

a " Col-0
@ OxPdRPE
a rpe
0 rpelPARPE

o da h Dh S8 WO

H & Root length/cm

=S ]

A.0.100,200 F1 300 mmol/L H Z&BEAL AT 4 DARR AR B. Kl 4A H 4 DERRBIAEKIFI;C. 0,100,200
F1300 mmol/L HEEREAL FLA 1 T 4 MR RMMRK ST, A. Root length of 0, 100, 200 and 300 mmol/L mannitol
treatment between the four lines; B. Position of the four lines in Fig. 4A; C. Statistics of 0, 100, 200 and 300 mmol/L
mannitol treatment between the four lines.

K4 4 DBRARTEAIE T B BT N AR Y LA

Fig.4 Comparison of root length between the four lines under different mannitol treatments
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i1, A. Stem length of 19 d normal grown; B. Stem length of 31 d normal grown; C. Statistics of stem length; D. Statistics

of plant average stem elongation rate in the time course of growth.
KI5 4 kA bR g L

Fig.5 Comparison of stem length of the four lines

MIAMR R, BRIAR RN E S HER DR 6.5, (K 6A 6B .6C), 45K UL, Rk PARPE JE[H n]
3.6 wmol /(m’-s) , 43 | WA R 2.5 1 3.9 5 DURA g B Bm A AR R 16 A R
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AVEFAR 14.d; B. TR 10d; € EF AT (C1) AHE 10 d B (C2) B9HDL G HR D, IEH 44T (D) M7
10 d B (D2) B/K 3 FIHZE . A. 14 days of normal growth; B. 10 days of drought treatment; C. The net photosynthetic

rate in normal condition (C1) and in drought condition (C2) for 10 days; D. The water-use efficiency in normal condition
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Fig.6 Net photosynthetic rate and water-use efficiency of the four lines under drought stress
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Fig.7 Comparison of starch content and RPEase activity between the four lines under normal growth
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Fig. 8 Leaf stomatal density and stomatal size of the abaxial leaf epidermis among the four lines under normal growth
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