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 SUMMARY 
 Population of the earth is increasing rapidly, setting food security one of the world’s major issues. In addition, climate 

change also puts a great burden on sustainable agriculture. Drought, flooding, unpredictable epidemics, soil erosion 
and environment pollutants are the factors threatening sustainable agriculture and, consequently, food security. 
Soybean provides an abundant source of oil and proteins for human consumption. Nevertheless, over the past few 
years, significant portions of the soybean producing areas have experienced severe drought, leading to significant 
yield reductions.  

 My study as an FPR fellow focuses on revealing the mechanisms and pathways of soybean plants in response to 
stress using comparative functional genomics and molecular biology approaches, thereby identifying target genes for 
genetic engineering. Specifically, I employed 4 approaches (1) in silico identification and analysis regulatory elements 
of the genes within pathways of interest, (2) high throughput transcription profiling by qRT-PCR and DNA microarray, 
(3) biochemical characterization, and (4) in planta verification of the candidate genes to target the following pathways 
and transcription factor family: 
- The Two Component System (TCS) involved in cytokinin (CK) signal transduction 
- The CK metabolic gene families, which control the levels of CK in the plant 
- The NAC transcription factor family, many of which are stress-inducible 
- The Methionine Sulfoxide Reductase enzyme family  

For additional information, please contact: 
Tien-Dung LE at letiendzung@psc.riken.jp or dunglt.agi@mard.gov.vn 
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FIGURE 1. HIERARCHICAL 
CLUSTERING AND HEAT MAP 
PRESENTATION FOR THE 
EXPRESSION OF TCS GENES 
IN DEHYDRATED ROOT AND 
SHOOT TISSUES OF 
SOYBEAN. 
Genes are grouped according to 
their expression patterns using 
hierarchical clustering. The 
vertical dendrogram indicates 
the relationship among 
transcripts across tissues and 
treatments in the hierarchical 
clustering analysis. Numbers 
next to the nodes indicate the 
correlation coefficient R. 
(A) HK proteins. 
(B) HPt proteins. 
(C) Type-A GmRR proteins. 
(D) Type-B GmRR proteins. 
(E) Type-C and pseudo GmRR

proteins.
Le et al., DNA Res. 18:17-29 (2011b)

FIGURE 2. VENN DIAGRAM SHOWING 
DEHYDRATION-RESPONSIVE SOYBEAN TCS 
GENES IN ROOT AND SHOOT TISSUES OF 
SOYBEAN PLANTS. 
The dehydration-responsive genes were defined 
as those genes whose expression is either 
induced (upper panel) or repressed (lower panel) 
significantly (p < 0.05) at least two-fold at 2 h 
and/or 10 h after exposure to dehydration stress 
and their expression in the water-treated mock 
control samples did not significantly change in 
similar manner.  The reported differential 
expression patterns passed the Student’s t-test 
(one tail, unpaired, assuming equal variance) 
with a p-value less than 0.05.
Le et al., DNA Res. 18:17-29 (2011b)

FIGURE 3. GRAPHICAL REPRESENTATION OF THE DISTRIBUTION OF PUTATIVE GmNAC
GENES ON EACH SOYBEAN CHROMOSOME. Le et al., DNA Res. 18:263-276 (2011a)

FIGURE 4. 
PHYLOGENETIC -
BASED PREDICTION 
OF ABIOTIC STRESS-
RELATED GmNAC
GENES. 
(A) Phylogenetic 
relationship of NAC 
proteins from 
Arabidopsis (yellow), 
rice (blue) and soybean 
(red). Numbers in 
Greek letters indicate 
clades with known 
stress-responsive 
members. 
(B) Details of stress-
responsive clades. 
Known stress-
responsive NAC genes, 
including the eight 
previously reported 
dehydration-responsive 
GmNAC genes, are 
colored in red.

Le et al., DNA Res. 18:263-276 (2011a)

FIGURE 5. 
ARABIDOPSIS
OVEREXPRESSING 
GmNAC85

Le et al., unpublished

FIGURE 6. PHYLOGENETIC TREES OF AtIPTS & GmIPTS (A) AND AtCKXS & GmCKXS (B)

tRNA-type IPTs

tRNA-type IPTs

Le et al., PLOS ONE 7(8):e42411 (2012c)
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FIGURE 7. EXPRESSION PROFILES OF SELECTED GmIPT AND GmCKX GENES IN THE 
ROOTS (RED) AND SHOOTS (GREEN) OF SOYBEAN SEEDLINGS UNDER 
DEHYDRATION STRESS
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Le et al., PLOS ONE 7(8):e42411 (2012c)
FIGURE 8. 35S:GmCKX13 ARABIDOPSIS HAS BETTER ROOTS (A) AND TOLERANT TO 
SALT STRESS (B) Le et al., unpublished

FIGURE 9.
DISTRIBUTION OF 
UP- AND DOWN-
REGULATED GENES 
BY DROUGHT 
STRESS IN 
SOYBEAN LEAVES 
INTO MAJOR 
BIOLOGICAL 
PROCESSES.
MapMan was used to 
classify the genes into 
the functional 
categories. Gene 
numbers are 
displayed next to the 
terms.

Le et al., PLOS ONE, 
7(11):e49522 (2012a)

Mean CT STDEVP of CT Average of STDEVP of ∆CT
Roots Shoots Roots Shoots Roots Shoots Roots & Shoots

60s 21.31 21.97 0.5507 0.8184 0.4274 0.5112 0.4492
ABC 23.64 24.38 0.5522 0.6079 0.4580 0.5851 0.5238
Act27 21.64 22.03 0.5793 1.0963 0.5325 0.6736 0.5837
Act11 19.11 19.70 0.7787 0.7892 0.5772 0.5761 0.5682
CDPK 25.79 26.35 0.8712 0.8752 0.7810 0.8356 0.8015
CYP2 17.63 17.68 0.5748 0.5359 0.5148 0.5897 0.5987
ELF1a 18.41 18.87 0.5853 0.7598 0.5210 0.5905 0.5541
ELF1b 20.67 21.86 0.5545 0.7702 0.4204 0.5462 0.5233
Fbox 21.09 21.55 0.5217 0.6606 0.4908 0.5115 0.4843
IDE 21.66 22.41 0.7632 0.6132 0.5284 0.5518 0.5333
SUBI2 25.30 26.65 1.1050 0.8995 0.9455 1.1124 1.0802
TUBa 20.12 20.34 0.6796 1.0552 0.8019 1.1125 0.9594
TUBb 20.60 21.16 0.6805 1.0289 0.5258 0.7495 0.6293

TABLE 1. CYCLE THRESHOLDS AND AVERAGE OF 
STANDARD DEVIATIONS OF DELTA CT OBTAINED FROM 
TISSUES UNDER ALL STRESS COMBINATIONS

The top five genes are shown in red-colored letters, while the top two genes 
are in red-colored and bold letters.

FIGURE 10. EXPRESSION STABILITY OF THE 
CANDIDATE REFERENCE GENES IN ROOT AND SHOOT 
TISSUES OF SOYBEAN SEEDLINGS UNDER VARIOUS 
ABIOTIC STRESS AND HORMONAL TREATMENTS.
Soybean seedlings were subjected to dehydration, cold stress, salt stress and ABA treatments, and geNorm
was used to assess expression stability in (A) treated roots and shoots; (B) treated roots; (C) treated shoots.

Le et al., PLOS ONE 7(9):e46487 (2012b)

FIGURE 11. DIVERSITY OF PLANT METHIONINE SULFOXIDE REDUCTASES B AND 
EVOLUTION OF A FORM SPECIFIC FOR FREE METHIONINE SULFOXIDE

In vitro and in vivo activities of GmMSRBs. MSR activities 
of GmMSRBs toward free Met-R-O (A) or dabsyl-Met-R-O 
(B). (C) In vivo complementation assay. 

Overexpression of GmMSRBs in the MSR triple-mutant 
yeast strain protected the cells again oxidative stress

Overexpression of GmMSRB2 enhanced 
tolerance to paraquat in Arabidopsis

Le et al., submitted to Biochemical Journal
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