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Bradyrhizobium sp. strain SUTN9-2 is a symbiotic and endophytic diazotrophic bacterium found in legume and rice
plants and has the potential to promote growth. The present results revealed that SUTN9-2 underwent cell enlargement,
increased its DNA content, and efficiently performed nitrogen fixation in response to rice extract. Some factors in rice
extract induced the expression of cell cycle and nitrogen fixation genes. According to differentially expressed genes (DEGs)
from the transcriptomic analysis, SUTN9-2 was affected by rice extract and the deletion of the bcl4 gene. The up-regulated
DEGs encoding a class of oxidoreductases, which act with oxygen atoms and may have a role in controlling oxygen at an
appropriate level for nitrogenase activity, followed by GroESL chaperonins are required for the function of nitrogenase.
These results indicate that following its exposure to rice extract, nitrogen fixation by SUTN9-2 is induced by the collective
effects of GroESL and oxidoreductases. The expression of the sensitivity to antimicrobial peptides transporter (sapDF) was
also up-regulated, resulting in cell differentiation, even when bcl4 (sapDF) was mutated. This result implies similarities in
the production of defensin-like antimicrobial peptides (DEFs) by rice and nodule-specific cysteine-rich (NCR) peptides in

legume plants, which affect bacterial cell differentiation.
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Bradyrhizobium spp. from symbiotic and endophytic rela-
tionships with legumes and non-legumes, such as rice,
namely, Oryza breviligulata (Chaintreuil et al., 2000) and
Oryza sativa L. ssp. indica (Teamtisong et al., 2014) and
Japonica (Piromyou et al., 2015a, 2015b). Bradyrhizobium
sp. strain SUTNO-2 is capable of forming symbiotic and
endophytic relationships with legume and rice plants
(Piromyou et al., 2017; Greetatorn et al., 2019). Biological
nitrogen fixation (BNF) by endophytic bradyrhizobia in rice
may be caused by the activity of nitrogenase enzyme,
encoded by the gene nifH (the nitrogenase structural compo-
nent) (Teamtisong et al., 2014; Okubo ef al., 2016). Another
gene, nifV, is involved in the biosynthesis of homocitrate
synthase, which activates the nitrogenase Fe protein in free-
living diazotrophs (Howard and Rees, 1994) and
Bradyrhizobium sp. (Pagan et al., 1975; Okubo et al., 2016).
The nifV gene was also found in Bradyrhizobium sp.
SUTN9-2 (Noisangiam et al., 2012; Hashimoto et al.,
2019). This gene is mostly absent in Rhizobium sp. that effi-
ciently perform nitrogen fixation only in symbiosis with
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legumes (Hakoyama et al., 2009). This finding indicates its
potential as a candidate for use as a biofertilizer or bioinocu-
lant. However, there is currently no information on the rice
endophytic molecular mechanisms that play important roles
in plant colonization and growth promotion.

Elongated SUTN9-2 cells were recently observed in rice
tissues at 7 days post-inoculation (dpi) by scanning electron
microscopy (SEM). The elongation of these cells occurred
between 3 (=1-2 micrometer [um]) and 7 (=3 pm) dpi
(Piromyou et al., 2017). Based on this finding, we hypothe-
size that interactions between rice plants and bacterial fac-
tors may contribute to cell size enlargements and increases
in nitrogen fixation efficiency by SUTNO9-2 in rice plants,
similar to bacteroid differentiation in legume plants. The
responses of endophytic Burkholderia kururiensis M130 to
rice macerate have been investigated using a transcriptomic
analysis. The findings obtained revealed 27.7% of differen-
tially expressed genes (DEGs) of its open reading frames in
the presence of rice macerate. These genes were involved in
membrane transporter and secretion systems, motility, che-
motaxis, and adhesion, indicating the importance of the
exchange of molecules for bacterial endophytic growth and
adaptation to rice plants (Coutinho et al., 2015).

The terminal bacteroid differentiation (TBD) of
Rhizobium and Bradyrhizobium spp. has been extensively
cxamined, particularly in an Inverted Repeat-Lacking Clade
(IRLC) producing elongated polyploid bacterial cells that
switch their cell cycle towards endoreduplication (Mergaert
et al., 2006; Kondorosi ef al., 2013; Alunni and Gourion,
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2016). TBD is assessed by host plant factors, including
defensin-like antimicrobial peptides (DEFs) consisting of
nodule-specific cysteine-rich (NCR) peptides, which are
produced in large families of IRLC and Delbergioid legume
clades, together with the BacA transporter protein in
microbes (Mergaert et al, 2006; Alunni and Gourion,
2016). NCR peptides and the BacA transporter protein have
been shown to mediate the polyploidy of Sinorhizobium
meliloti in Medicago nodules by altering the processes
involved in sequential changes in the expression of cell
cycle genes and cell size enlargements (De Nisco et al.,
2014; Penterman ef al., 2014). The BacA-like transporter of
Bradyrhizobium sp. strain ORS285 also provides protection
against the antimicrobial activity of NCR peptides in
Aeschynomene spp. nodules. The BacA-like transporter has
been identified in ORS285, carrying three genes
(BRAO285v1 1320006, BRAO285v1_ 250005, and
BRAO285v1_950010). These genes are characterized by the
presence of the transmembrane domain pfam06472
(ABC_membrane _2) or pfam05992 (SbmA_BacA). How-
ever, only BRAO285v1_1320006 plays a key role in the
symbiotic phenotype in host plants, providing protection
against the antimicrobial activity of NCR peptides in
Aeschynomene spp. nodules. The mutant produced small
nodules, undifferentiated bacteroids, reduced nitrogen fixa-
tion activity in Aeschynomene indica and Aeschynomene
afraspera, and some dead cells were observed in A. indica
nodules. The other two genes formed normal symbiosis
nodules, differentiated bacteroids, and nitrogen fixation,
indicating that these genes are not important for ORS285 in
Aeschynomene spp. symbiosis (Guefrachi er al., 2015).
These findings suggested that BacA-like proteins in
ORS285 were encoded by BRAO285v] 1320006. How-
ever, Bradyrhizobium BacA-like (BclA), named according
to BacA or the Escherichia coli homolog SbmA, differs
from Bradyrhizobium proteins due to the presence of a C-
terminal cytosolic ATPase domain typical for canonical
ABC transporters (Guefrachi et al., 2015). Furthermore, a
correlation was observed between cell differentiation and
nitrogen fixation activity in alfalfa (Medicago sativa) nod-
ules (Vasse et al.,, 1990). The small bacteroid size (1-—
2.5 pm) with a low nucleic acid content also exhibited weak
acetylene reduction activity. On the other hand, the enlarged
bacteroid size (5-7 pum) had a high nucleic acid content and
very strong acetylene reduction activity (Paau and Cowles,
1978). This finding indicated a correlation between cell size
and nitrogen fixation activity. Thus, the effects of DEFs
from rice plants and the BclA of SUTN9-2 on cell size
enlargement and nitrogen fixation efficiency, occurring
during the interaction between SUTNO-2 and rice extract,
were analyzed. The results obtained provide a better
understanding of the mechanisms and factors involved in
cell differentiation and nitrogen fixation in this model.

Materials and Methods

Plants and the bacterial struin

The rice plants O. sativa L. ssp. indica cv. Pathum Thani 1 and
O. sativa L. ssp. japonica cv. Nipponbare were used in the present
study. Bradvrhizobium sp. strain SUTN9-2 WT (LAXE00000000)
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was isolated from the root and stem nodules of A. americana,
grown in rice field areas in Thailand (Noisangiam et al., 2012).
SUTN9-2 DsRed-tagged (Piromyou ef al., 2015b), AnifV, and
Abcl4 were also used in the present study. SUTN9-2 WT and
mutants were cultured at 30+2°C in yeast extract-mannitol (YEM)
broth medium (Somasegaran and Hoben, 2012) for further analy-
ses. The medium was supplemented with 200 pg mL~' of strepto-
mycin and spectinomycin for SUTN9-2 DsRed-tagged, 20 pg mL-!
of cefotaxime for AnifV, and 200 pug mL~" of streptomycin for Abc/A.

Rice growth and rice extract preparation

Rice seeds (O. sativa L. ssp. indica cv. Pathum Thani | and O.
sativa L. ssp. japonica cv. Nipponbare) were dehulled and surface
sterilized with 70% ethanol for 3 min, twice with 10% hydrogen
peroxide for 10 min, with 3% sodium hypochlorite for 1 h, and
then washed 3 times with sterilized water (Greetatorn et al., 2019).
To obtain a small emerging root, surface-disinfected rice seeds
were germinated on 0.85% agar with YEM medium at 37°C for |
day in the dark. Three germinated seeds (no contamination on
YEM) were transplanted into glass test tubes (22x200 mm)
containing a sterilized aluminum net and N-free rice nutrient solu-
tion ([mmol L™']: NaH,PO,2H,0, 0.6; K,SO,, 0.3; CaCl,-2H,0,
0.3; MgCl,6H,0, 0.6; EDTA-Fe, 0.045; H,;BO,;, 0.05;
MnSO, 5H,0, 0.009; CuSO, SH,0, 0.0003; ZnSO, 7H,0, 0.0007;
and Na,MoO, 2H,0, 0.0001) and pH adjusted to 6.8 (Mac and
Ohira, 1981). Rice plants were grown for 14 days under controlled
environmental conditions at 28+2°C and 70% relative humidity on
a 16:8-h day:night cycle (full light, 639 microeinsteins [pE] m™ S™).

Whole rice samples (root+shoot; 0.5 g plant™') were harvested at
14 dpi, sterilized and macerated separately with a sterilized mortar
and pestle in sterilized buffered nodulation medium B (BNM-B)
minimal medium, and kept at 4°C for no more than 3 days for
further analyses. BNM-B is a synthetic plant growth medium
(Ehrhardt er al., 1992) supplemented with succinate, glutamate,
and a cocktail of vitamins (Renier et al., 2011). The rice extract
was used by supplementing BNM-B medium (20-25 g of rice
extract 400 mL~" in BNM-B). The homogenate was passed through
three layers comprising a miracloth (22-25 pum), membrane filter
(8 pm), and syringe filter (0.2 um) to discard plant debris and the
rice extract obtained was further incubated with 10¥ SUTN9-2 cells
in a 10-mL test tube with a tight cap and stable stage.

Construction of SUTNY-2 belA and nitV mutants

The bclA deletion mutant (SUTN9-2AbclA) was constructed and
standard molecular techniques were used in the present study. The
700-bp upstream and downstream fragments of the hc/4 gene were
amplified by PCR and the primers used are listed in Table S1. The
two regions were merged by overlap extension PCR and then
digested by EcoRI/Xbal and cloned into the plasmid pNPTS129.
This plasmid cannot replicate in Bradyrhizobium strains and car-
ries sacB and the kanamycin resistance gene, which confer sensi-
tivity to sucrose, thereby inducing bacterial death (Tsai and Alley,
2000). The spectinomycin and streptomycin cartridge from
pHP45Q was digested by BamHI and introduced into the upstream
and downstream regions previously cloned in the pNPTS129 plas-
mid. The plasmid was then transferred into SUTN9-2 by triparental
conjugation with the helper plasmid pRK2013 (Tamura et al.,
2011). Single recombinant clones were obtained by antibiotic
selection, followed by double recombinant clones by growth on
sucrose with spectinomycin and streptomycin, but not kanamycin.
Candidate clones were checked for the loss of kanamycin resist-
ance from the pNPTS129 plasmid, and the deletion of the bcld
gene was verified by PCR. The mutation of the nifV gene was con-
structed as described by Hashimoto er al. (2019).

Confocal laser scanning microscopy

SUTN9-2 DsRed-tagged was treated with BNM-B and BNM-B
supplemented with rice extract (O. sativa L. ssp. Indica cv. Pathum
Thani) for 7, 14, 21, and 28 days. SUTN9-2 WT, AnifV, and AbclA
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Introduction

Abstract

Bradyrhizobium sp. strain SUTN9-2 was confirmed as rice endophytic bacteria
and also as rice growth promotion agent. SUTN9-2 showed the capability of
plant growth promotion characteristics, such as indole-3-acetic acid (IAA) and
1-amino-cyclopropane-1-carboxylic acid (ACC) deaminase productions and
nitrogen fixation. In this study, the ability of SUTN9-2 to stimulate rice
growth was investigated at different stages with N-free and NH,NO; under
in vivo condition. The rice dry weight and chlorophyll content could be
enhanced when SUTN9-2 was inoculated in N-free, especially at seedling stage
(7 and 14 dai). The rice dry weight was also increased when SUTN9-2 was
inoculated with NH4NOj at 7 and14 dai. The results of quantitative analysis of
IAA and ACC deaminase were inconsistent with the expression of genes
involved in IAA (nit) and ACC deaminase (acdS) productions. This
inconsistently could implied that IAA and ACC deaminase produced from
SUTN9-2 do not directly affect rice growth, but other factors resulting from
the production of IAA and ACC deaminase could be involved. Moreover, the
expression of genes involved in nitrogen fixation (nifH and nifV) of SUTN9-2
was also induced in rice tissues. This finding suggested that rice growth
promotion may be supported by NH,;NOj; together with nitrogen fixation by
SUTN9-2.

acid (IAA) by increasing plant cell division and elonga-
tion (Tivendale et al. 2014). Bradyrhizobium sp. SUTN9-2

Bradyrhizobia have been reported to establish the endo-
phytic diazotrophs with rice and also enhance rice growth
(Piromyou et al. 2017). Some endophytic bacteria can
facilitate plant growth via production of l-amino-cyclo-
propane-1-carboxylic acid (ACC) deaminase by decreas-
ing plant ethylene levels (Glick 2014) and indole-3-acetic
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has been recently reported to show the ability of IAA and
ACC deaminase productions, and nitrogen fixation in
their pure culture and rice endophytic association at
30 days after inoculation (dai) (Piromyou et al. 2017).
Therefore, these characteristics of SUTN9-2 may affect
rice growth promotion. However, the effect of SUTN9-2
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on rice growth promotion at different stages have not
been elucidated, especially the quantitative analysis and
the expression of gene involved in rice growth promotion
traits of SUTN9-2 in rice tissues. This study was aimed to
assess the ability of SUTN9-2 for production of IAA and
ACC deaminase, and nitrogen fixation in rice under N-
free and 1 mmol 17" NH,NO; supplementation at differ-
ent stages of rice growth. In addition, the expressions of
genes were determined in rice tissues inoculated with
SUTN9-2, using genes-specific primers designed for
SUTN9-2. Those of observed genes involved in (i) IAA
production; nitrilase gene (nit) which converts indole-
3-acetamide (IAM) to IAA, (ii) ACC deaminase produc-
tion; 1-aminocyclopropane-1-carboxylate deaminase gene
(acdS) which reduces the ethylene concentration in plant
and (iii) nitrogen fixation; dinitrogenase reductase gene
(nifH) which encodes nitrogenase structural component
and homocitrate synthase gene (nifV) which encodes a
necessary component of the FeMo cofactor synthesis and
activation of the nitrogenase Fe protein in free-living dia-
zotrophs (Howard and Rees 1994). The potential of
SUTN9-2 for enhancing rice growth promotion at early
rice seedling growth stage was also investigated prior to
applying in the system of rice intensification (SRI) for
which healthy rice seedling is necessary (Dobermann,
2004).

Results and discussion

Early stage rice growth promotion by SUTN9-2

Bradyrhizobium sp. strain SUTN9-2 has previously been
confirmed as an endophyte in rice, and rice biomass
could be enhanced when supplementing SUTN9-2 inocu-
lation with N-free, KNO3, NH4NO; or urea (Piromyou
et al. 2017). This result showed that SUTN9-2 obviously
increased the rice dry weight at the early stage (7 dai)
under 1 mmol 17! NH, NO; (21:90 mg plant dry weight)
and 14 dai under N-free (34:33 mg plant dry weight).
The highest rice dry weight under N-free and 1 mmol 17!
NH, NO;3 was found at 28 dai and was also significantly
higher than that of 21, 14 and 7 dai respectively (Fig. la,
b). The chlorophyll contents at 7 and 14 dai (665 and
3.69 chlorophyll mg g™ plant fresh weight) under N-free
of inoculated rice were significantly higher than that of
non-inoculated rice (5-33 and 260 chlorophyll mg g~*
plant fresh weight) (Fig. 1c). However, chlorophyll con-
tent in N-free was significantly lowered after 7 days in
both inoculated and non-inoculated rice. Rice plants
responded to N-deficiency by decreasing light-harvesting
capacity and by increasing thermal dissipation of
absorbed energy (Huang et al. 2004). Das et al. (2007)
reported that some sorghum rhizobacteria increased root,
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shoot-weight and biomass on early stage of 15-day-old
sorghum seedlings which was contributed by IAA produc-
tion. However, SUTN9-2 might not be beneficial for rice
growth at the late stages (21 and 28 dai) as there was no
significant difference in dry weight between inoculated
and non-inoculated rice (Fig. 1b). Root growth promo-
tion might be helpful for quick establishment of seedlings
and affects plant growth at early stage (Das et al. 2007).
Therefore, to understand the plant growth promotion
characteristics of SUTN9-2 in rice, JAA which affects to
the root development and photosynthesis improvement
and ACC deaminase which reduces the extent of ethylene
growth inhibition and promotes root elongation were
determined.

In vivo rice growth promoting properties by SUTN9-2

This experiment explored the possibility of rice growth
promotion  characteristics derived from  SUTN9-2.
SUTN9-2 produced a small amount of IAA (0-75 IAA mg
mg™' protein h™') in the presence of L- tryptophan
100 ug ml™" and ACC deaminase (3-48 umol a-ketobuty-
rate. mg~' protein h™') under the free living stage
(10® CFU per ml) (Piromyou etal. 2017). Results
revealed that at 7 dai, SUTN9-2 showed that the level of
[AA (1893 IAA mg g™' plant dry weight) and ACC
deaminase (0-0031 pumol «-ketobutyrate g~' plant dry
weight) under 1 mmol 17" NH, NO; was significantly
higher than that of non-inoculated rice (10-76 IAA mg
g~" plant dry weight and 0-0019 umol a-ketobutyrate g™’
plant dry weight) (Fig. 2). Therefore, it was not clear
which factor contributed most to rice growth promotion.
However, no effect on rice growth from SUTN9-2 was
found in other growth stages except at 21 dai of ACC
deaminase activity under 1 mmol 17" NH, NOs. In addi-
tion, ACC deaminase levels at 14 and 21 dai were signifi-
cantly higher than that of 7 dai. The stress ethylene
emission was also measured at 14 dai. The amount of
ethylene from rice inoculated with SUTN9-2 (31-14 pmol
ethylene g™' plant fresh weight h™') was lower than that
of non-inoculated rice (41:23 pmol ethylene g™' plant
fresh weight h™') (pers. commun.). This implied the
effect of ACC deaminase of SUTN9-2 on ethylene sup-
pression in rice. In contrast, IAA levels in inoculated rice
at 14, 21 and 28 dai were significantly lower than that of
7 dai. Since the population of SUTN9-2 was found in
large amount at 7 dai in rice tissues (10° to 10° plant
most probable number count (MPN) g'l of inoculant
g~! rice fresh weight) and slightly decreased after 14 dai
(Piromyou et al. 2017), these results implied that the
population density may affect the detection of IAA and
ACC deaminase in rice. In addition, other bacterial flora
in rice tissues may also affect IAA and ACC deaminase

Letters in Applied Microbiology © 2019 The Society for Applied Microbiology



T. Greetatorn et al.

Lichtenthaler, H.K. (1987) Chlorophylls and carotenoids:
pigments of photosynthetic biomembranes. Methods
Enzymol 148, 350-382.

Mae, T. and Ohira, K. (1981) The remobilization of nitrogen
related to leaf growth and senescence in rice plants (Oryza
sativa L.). Plant Cell Physiol 22, 1067-1074.

Noisangiam, R., Teamtisong, K., Tittabutr, P., Boonkerd, N.,
Toshiki, U., Minamisawa, K. and Teaumroong, N. (2012)
Genetic diversity, symbiotic evolution, and proposed
infection process of Bradyrhizobium strains isolated from
root nodules of Aeschynomene americana L. in Thailand.
Appl Environ Microbiol 78, 6236-6250.

Piromyou, P., Greetatorn, T., Teamtisong, K., Tittabutr, P.,
Boonkerd, N. and Teaumroong, N. (2017) Potential of rice
stubble as a reservoir of bradyrhizobial inoculum in rice-
legume crop rotation. Appl Environ Microbiol 83,
e01488-17.

Shahzad, R., Waqas, M., Khan, A.L., Al-Hosni, K., Kang, S.-
M., Seo, C.-W. and Lee, I.-]. (2017) Indoleacetic acid
production and plant growth promoting potential of
bacterial endophytes isolated from rice (Oryza sativa L.)
seeds. Acta Biol Hung 68, 175-186.

Somasegaran, P. and Hoben, H.J. (1994) Handbook for
Rhizobia: Methods in Legume-Rhizobium Technology. New
York: Spring-Verlag.

Letters in Applied Microbiology © 2019 The Society for Applied Microbiology

Empowering rice seedling growth by SUTN9-2

Spaepen, S. and Vanderleyden, J. (2011) Auxin and plant-
microbe interactions. Cold Spring Harb Perspect Biol 3,
a001438.

Steel, R.G., Torrie, J.H. and Dickey, D.A. (1980) Principles and
Procedures of Statistics: A Biometrical Approach. New York:
McGraw-Hill.

Terakado-Tonooka, J., Ohwaki, Y., Yamakawa, H., Tanaka, F.,
Yoneyama, T. and Fujihara, S. (2008) Expressed nifH
genes of endophytic bacteria detected in field-grown sweet
potatoes (Ipomoea batatas L.). Microbes Environ 23, 89-93.

Tittabutr, P., Awaya, J.D., Li, Q.X. and Borthakur, D. (2008)
The cloned 1-aminocyclopropane-1-carboxylate (ACC)
deaminase gene from Sinorhizobium sp. strain BL3 in
Rhizobium sp. strain TAL1145 promotes nodulation and
growth of Leucaena leucocephala. Syst Appl Microbiol 31,
141-150.

Tivendale, N.D., Ross, J.J. and Cohen, J.D. (2014) The shifting
paradigms of auxin biosynthesis. Trends Plant Sci 19, 44—
51.

Yang, Z., Jiang, W., Wang, X., Cheng, T., Zhang, D., Wang, H.
and Hong, Q. (2018) An amidase gene ipaH is responsible
for the initial degradation step of iprodione in strain
Paenarthrobacter sp. YIN-5. Appl Environ Microbiol 84,
e01150-18.



dndndvunalulagnisinuns
asUdwaugdnsanisfinen
\WUREaNIYING 1avaayilfin1sdsan1sAne

AMANISANEIN 3 UN1SANEI 2562 LNULAN

Y o v L% a

gansansanwszdutudindne ddndvimaluladnisinuns Tazveeydfnisduianisanuly

Y

I
[

& Ao o & [ a [ a ! &
Asell S ey 2 au Juwie 1 au v 1 Ay Mwazbeesaluil

USeyayn ¥ NEYS
INYIFAN TN U NG - 1
(NeyAams)

Ineman NI UAR 1 =

(walulaganns)

SAUNIFY 1 1

urN3nunauinATUTaBESUIS : SURANAREE UNIVERSITY OF TECHNOLOGY



drundvunalulagnisinung
ifla%aﬁé’ﬁﬁamiﬁnm STAUUMARANE
WUBAN1ITINTG HBYBaYIlRN1SANTINITANE

AANISANEIN 3 UNISANEI 2562 LNULAN

UseygynInendnansuniioudio (Wyaans)

fduil lavuszdnda e - ana wiwhn  uduszduazuuy  JuiidiFants  vunewe
dould \nAvsza Anwn
1 M5930043  wwAnefss woaatan 48 3.56 15 N3NNIAN 2563
THESIS TITLE CHARACTERIZATION OF SODIUM AZIDE INDUCED BLACK ROT RESISTANT

Dendrobium ‘Earsakul” MUTANTS
Wadednendnus @ nsAnwdnvazesandielianamieiudiduanaaeiugnatengndnilay

TaReulanlisunIulsALLIn

Ysygyninendransusnidadin (malulagainis)

adiuil lauszdnda e - ana witein  udussduazuuy  JuiidiSents  wunewme
doula \ndvazay Anwn
1 M5930289  wienguaumid umvain 48 3.68 30 NINYIAU 2563
THESIS TITLE: ULTRASOUND - ASSISTED EXTRACTION OF COLLAGEN FROM BROILER CHICKEN

TRACHEA AND ITS BIOCHEMICAL CHARACTERIZATION

Wadednendnus . nsadereaamunrassallifedanTedwarAMEnYME LAl

EIeEY 2 Au

UK13NuNauINATUTABESUNS : SURANAREE UNIVERSITY OF TECHNOLOGY




Fuddnsamsdnedindvimaluladnisinuns TIMUNAANYNTEAUATIULLAZEIUIIY

#1013
P295z6u | wmalulagnis | walulagnis | walulad wialulag 394
AZILUY NAANY NAREN I 21919

3.50 FulU 1 : : 1 2
3.25-3.49 - - - - -
3.00-3.24 = - - = -

ERPEY 1 . - 1 2
GPA 123 3.56 - . 3.68
GPA gan 3.56 - - 3.68
GPA #gn 3.56 . . 3.68




%'a—muaqa
lavUs2aR
NANgATHIYIIV
d11nvn

NUNISANEINLASU

a ol a a ¢
¥90191589NUIN NS TNUS
YaIngnwus

AWIDINGW

e lng

AaudsENnnIN;

szl v

wsaMIAfss waatan

M5930043

wialulagnsuan Y

wialulagnisiness
nunsAnEIATnAnwsERUTdnAnvfinnasflasunuideain

wna ey Uy (OROG)

[

ANANS19158 A5.Uran dninnd Funadan

CHARACTERIZATION OF SODIUM AZIDE INDUCED BLACK ROT
RESISTANT Dendrobium ‘Earsakul” MUTANTS
nsAnwdnurvesndelianameiugideanameiugnareiigndni
Inelaieielaalisnuniulsaniiem

900001 : COMPREHENSIVE EXAMINATION

NIULID NIANTSAN®IN 1/2560

o av &y yo aa d ]
'i"IEJ“UE)Nﬁ\i’lﬂ’mﬂ‘ﬂlﬂﬁ‘l]ﬂ'l'iﬂwuwLNEJLLWi :

- $18YAUNANUILNLASUNITANUW M TEITIVINTILAUBIR/UIUIYIR

- 91e%aunANNITBRNgULUUN A UN S AN LN SUSE Y AYINTTERULIUNYNA

Hualsawat, S., Ngoenyu, K., Phanya, K., Inthaisong, S., Moranok, S., Promaunand, S. and

Tantasawat, P.A. (2019). Identification of suitable culture media for stimulation of

Dendrobium ‘Earsakul’ growth. In Proceeding of the 5 International Conference on

Agricultural and Biological Sciences (ABS 2020). (pp. 1-8). July 22" 25" 2019. Macao

Science Center, Macau, China.

HAIUDY -

AUUIIU HYI8nIe

anuiivineu wMInedewmalulaggsuns

nungLaulnsAng 085-313-6394

NUBLavINgaNS -

aonuiiAnda awndvvaluladnisuaniiy unninerdemalulagasuni

111 0. uMINGEE 9. g5UNT 0. L9 3. uATII¥ENN 30000



UIN-ORTG-T®
é aovAidsuaraun
g‘\ﬁ\ UUNNUYBAINU »d 171 dA. 2368
g & ,
%ffff;g{j:ﬁi wInefemaluladsgsun’ om__10107 .,
WL awﬁm..)ﬂ%ﬁ?ﬁé@é‘ﬁ‘.@f ....... i, eol(@donosnd Nsenv 422 4% y5ens. 428
L IC ) Sl ARSOND
-

1399 denaaunu OROG

o

Bou  Aewensantuideuasinun

v v o PN /
Fmidh Fo-ana.... MOIRONES...... XORIGTD aUsydwinAnw. M2A3243..........

N3/ E-mail ’”68”935"[0\’V‘@fgm9'l(20"7 ............................................ I0sunu Ussinmunisfinyuiinfnusedy

@/ o =3 { L) Vas @ el ! a u 5 A

Undinfinyiiiaansdlaunuideannunamunieuen (OROG) mulssmauminendes a3l /2., /.. 2557 .....
| A 9w a ° o &

YodaNaUYU OROG LiveldUsenaunsiansandiveaunsiine il

o o/ s
nsfitinAnesEAuUTyIn
| ) a A Y o da . o d
1. [ weouwnswanulunsanssefunfviossiuunnei 18l Peer Review $1UMY oo 1394
' A Y @ a o
2. I mounsnanuiduenansatiuiiu (Full paper) IuLaﬂaWiﬂwsUszﬂguaﬂj'\ﬂws (Proceeding)
FEAULIUNNF (MIUTERIMAMINTTTaluAUsEna w3a Ianeusisseing yio
a Y a a) ' < av v o ] a
finauznssumsiudnmsiiiussisussme 225% uie waauAdoildiausluiivsyyivns
Y- | ° aa nl 1% ' v
wazgnAndemhluAiiumilunsasivsngluguteyaaina wu SCOPUS IEEE (us)
3. L @vduns we oydvSuns $100U e Fuau

nsdlinAnyIszAuUSyYeyLen

1 O wewnswanulunsanssesduwiunanifis Peer Review way aglugutayaaina Ais SCOPUS, ISI
7138 gwuﬁay‘amnaﬁ @n7. 8ausU LU Web of Science, MEDLINE, BIOSIS, SciFinder, EICOMPENDEX,
INSPEC, Social Science Citation Index (IS), Social SciSearch, ERIC, PsycINFO, Sociological Abstracts,

. ~ . . . - . o A L d’l
Arts & Humanities Search, Linguistics and Language Behavior Abstracts 37U .eeeverernenen L399 ANU
afu F9ITATILAVUINIYIA Yoguteyaana
1)
2. [ weunswanlunsansszivumimunasivesdiinnunswuativayuniside @m.) vie
Y03UINUANLNIIUNITNITRANANYY (AND.) TIU oo 1599 99il
o e lﬂ' Qs “a A U
GRigil YONTATILAVUWNNG (7755759839e) N @ne. an. sausy
1)
3. @nBURT U Tu

wsounull lawuuenasusenaunsiansan tawn

nseifl 1 msiRuanulusans
O 1.1 waFfRud atuiildsunsiiaiué (Article) wia
O 1.2. nifsdenousumsiium (Accepted Letter) wag navudiuatu (Accepted Article)
O 1.3. Print wh Web Page fuanshoglugdoyaiun wanzgmndoyaana nsdl Uin)

P

IRD-SUT-OROG: @UIN-0GOG-11 aynssunss 1/2559 e 7 ﬁqmau 2559 Wi 1910 2




' dni P ! P LY < By s “a 5
‘3t 2 weuwskanunduenaisaduidy (Full paper) Tuienansnisuseainnnsseauwunna (an vin)

A v ! - Q. “a
Q' 2.2 wnansiuandbidiuindunsssginnsseivunnei
D 2.3 misdonouiuviionisdoveuammsiauenanu

aa a awv e a aw v - "M Yo
N3N 3 aNFUNT U3D BUANTUAT Tuuulenansiuansinlasu
O 3.1 8@vddns vse O 3.2 aydvdUns (ame Ul
vungive) TnAnwifeansavaeuysenmamingidomaluladqsutd 3os inusin1siiudnasuingrliwuddmiunsduianmsanesziv
Undinfnwn w.e. 2557 Usenaa o Juil 30 manan 2557 nanife nsansiimanuluifuideslivsingly Beall's List Predatory

= - v a ¢ 1t N M ¢«
open-access journal u3ensansinanlasdinfininlaifiteusinglu Beall’s List Predatory open-access publishers (Julesiiite
P v a .
mmaamwwmﬁmmazﬁﬂunwuﬁﬁtlﬂng'lu Beall’s List: http://scholarlyoa.com/

2 o < a
QQL?EJUN']LW@IU?V]WQ']?W'\

............................................ 219158 INe g
(2SS woamdes ) (oo .05, oo oBoonl efundoSe
T . N /.3, . S /.k3.
G) S PG AT G s Wanthanide
(onmans1anad madfng wcllon) ) ( (599ANERG1915] AT NTINAMT ARAZYRS) )
""""" AR SRRy Ry AmindramANadn1aneRs
......... T 5 ROV T 0 I > Wl ' SOV 20
i
(GIT2) I A < S Ll AIUN
ot (msnanyd as. vds Wednge )

10 &f. 2563

AMTUFNITYITEAS WYY

a U - al d L4 | v U LY a

Naﬂqimi'l"ﬂﬂall@mllﬂigﬂ'lﬂiJM’\'J'V]EJ’mEJW]ﬂIUIaEJa\?u'TiLSEN ﬂ'ﬁlﬂnumqiﬁﬂw"lLLﬂUﬂﬁﬂU"ﬁgﬂUUm‘Vmﬁﬂwq
] [y a o ' v o
firansdladupliduanunamunieuen we. 2561 dail

: i
Wulumudeulvresusynien PO gl W— .
= < 3 .
O ‘LuLﬂi{himul,aaulwajﬂi:mfl IHTTY coereennecmesssnsenssssssssssessssssse s I — T W
O Wsndsdoya/onansifiuiiu wsil

< =
[ - [ 4
oeransse asfsewed gusana
Ae M saniuIdouasiaun

R e N Loviivotemmens
ean 2563

IRD-SUT-OROG: @uIn-0GOG-11 aynssunis4 1/2559 o 7 fqueu 2559 w1 2970 2



5th International Conference on Agricultural and Biological Sciences (ABS) 1OP Publishing
IOP Conf. Series: Earth and Environmental Science 346 (2019) 012016  doi:10.1088/1755-1315/346/1/012016

Identification of suitable culture media for stimulation of
Dendrobium ‘Earsakul’ growth

S Hualsawat', K Ngoenyu', K Phanya', S Inthaisong', S Moranok’, S
Promaunand’ and P A Tantasawat'?

'School of Crop Production Technology, Suranaree University of Technology, Muang
District, Nakhon Ratchasima, Thailand

E-mail: piyada@sut.ac.th

Abstract. Dendrobium is one of the most important economic cut-flowers in Thailand because
of its attractive floral characteristics and popularity among consumers worldwide. However, its
slow growth has prevented rapid mass micropropagation. The objective of this work was to
stimulate Dendrobium growth in vitro using supplements, plant growth regulators and natural
extracts. Dendrobium plantlets were cultured on VW0 media supplemented with 3 doses each
of the energy drink Ready® (5, 10 and 15 mL/L), 6-benzylaminopurine (BAP; 1, 2 and 3
mg/L), V8® juice (100, 200 and 300 mL/L) and shrimp paste (2.5, 5 and 7.5 g/L) for 90 days.
Plain VW0 media were used as control. The results showed that at 90 days the highest fresh
weight (0.39 £0.05 g), plant height (3.99 +0.23 cm) as well as total root length (7.08 +1.30
cm) was obtained on VW0 media supplemented with 1 mg/L BAP. These were 1.8, 1.5 and
2.5-fold higher than those observed on plain VWO media, respectively. However, the number
of roots and number of leaves of plantlets cultured on this medium were not statistically
significant. Results suggest that this culture medium is useful in promoting D. ‘Earsakul’
growth in vitro and may be applied for any future commercial micropropagation.

1. Introduction

Dendrobium is one of the largest genera of orchids and is widely used in commercial cut-flower
production. It has become popular worldwide because of its floral characteristics i.e., color, size, and
shape [1]. To enhance its production, improved techniques/methods of micropropagation are important
because of their ability to produce a significant number of quality plants throughout the year.
Additionally, micropropagated plants are uniform in age, size, growth and maturity which in turn
increase their economic value. They can also be disease-free and genetically true to type [2,3].
However, micropropagation of orchids in general is limited due to slow growth and thus necessitates
the development of culture media to stimulate orchid growth in vitro. The success of tissue culture
depends on the components and state of culture media, namely, macronutrients, micronutrients, plant
growth regulators, vitamins, carbon sources as well as organic compounds [4], which are necessary for
the growth and development of in vitro cultured plantlets.

Plant growth regulators (PGRs) affect plant growth and cell differentiation. They have been
supplemented in culture media to induce the physiological processes of plant tissues, allowing them to
grow and develop in vitro [5]. Generally, cytokinin is the most common PGR group that is widely
used in micropropagation. 6-Benzylaminopurine (BAP) is also largely used because of its high
efficiency in stimulating cell elongation, shoot proliferation and growth of lateral buds. Previous
studies showed that BAP was efficient for stimulation of growth and development of orchids, namely,

| Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution

of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd |
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Cymbidium finlaysonianum, Vanda tessellate and Violet phalaenopsis [6-8]. In addition to BAP,
shrimp paste derived from either shrimp or krill contains kinetin which is the essential precursor of
chitosan helps in increasing the cell division of plants [9,10]. There are a few reports describing the
effectiveness of shrimp paste in accelerating the root formation of ‘Nam Dok Mai’ rose apple ex vitro
[9]. However, it has not been used in the tissue culture of orchids as a supplement.

Vitamins are essential components for plant growth and development when they are directly or
indirectly combined with other media components [11]. This study aimed to reduce the costs of
micropropagation by using additives in the form of common products available on the market, e.g. the
energy drink Ready® containing goji berry and mixed berry juices, V8" and shrimp paste. Ready”
possesses vitamins, especially vitamin C (ascorbic acid), which has antioxidant effects on scavenging
free radicals, i.e. hydroxyl radicals (*OH), hydrogen peroxide (H.02), and singlet oxygen ('Oz) [12-
15]. Therefore, plant tissues are protected from high light intensity stress by vitamin C. In addition, it
helps preserve nitrate which is an important nutrient for growth [16]. Chaikhiri and Chouychai [17]
reported that 10 mL/L of Ready boot® was the most appropriate supplement for in vitro growth of
Cymbidium finlaysonianum, especially for shoot and root length, number of leaves and roots as well as
fresh weight. Vegetable juice ‘V8®” is also considered appropriate because it contains water and the
concentrated juices of tomatoes, carrots, celery, beets, parsley, lettuce, water cress and spinach
including vitamin C, beta carotene as well as citric acid, which are precursors that participate in
various biological processes in plants such as photosynthesis, photomorphogenesis, photoprotection,
and development [18-20]. Both products are rich in vitamins and are cheaper than PGRs and therefore
considered as alternative additives in the culture media of orchids. The objective of the present study
is to investigate the effects of various culture media for the stimulation of D. ‘Earsakul’ growth,
especially during a culture period of 90 days. The knowledge gained can be applied to provide
maximum benefits to farmers and entrepreneurs for the micropropagation of orchids and other plant
species for commercial purposes.

2. Materials and methods

2.1. Plant materials
Lengths of approximately 2.4 - 2.7-cm plantlets of D. ‘Earsakul” were initially grown on Vacin and
Went 0 medium (VWO0); VW basal salts, 100 g/L potato (Solanum tuberosum), 200 mL/L coconut
water, 50 g/L ‘Hom Thong’ banana, 2% (w/v) sucrose and 0.2% (w/v) activated charcoal [21] for the
present experiment.

2.2. Culture media for growth stimulation

The VW0 medium was developed for the in vitro culture of many orchid species [21-23]. This
medium was supplemented with the energy drink Ready® (5, 10 and 15 mL/L; T.C. Pharmaceutical
Industries Company Limited, Thailand), 6-benzylaminopurine (BAP) (I, 2 and 3 mg/L; Acros
Organics, New Jersey, USA), V8™ juice (100, 200 and 300 mL/L; Campbell Soup Company, Camden,
New Jersey, USA) and shrimp paste (2.5, 5.0 and 7.5 g/L; SGS (Thailand) Limited, Thailand). Plain
VW0 medium was used as control. The pH of the culture media was adjusted to 5.0 before gelling
with agar (0.7% w/v). All culture media were dispensed in volume of ca.15 ml into glass bottles (4
0z.). The media were autoclaved at 121 T for 20 min at 103.4 KPa pressure. Roots were cut from
plantlets under aseptic conditions, and the plantlets were transferred to various media randomly.
Cultures were maintained at 2542 C during a 16/8 h photoperiod.

2.3. Measurement of growth parameters

The following growth parameters were measured and recorded at 0, 45 and 90 days: fresh weight (g),
height (cm), number of leaves, number of roots and total root length (cm). To determine the fresh
weight, the plantlets were removed from the media, thoroughly washed in distilled water and dried
with paper before measuring with a 4 digit balance. The plant height was measured from the base to
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Abstract: Broiler chicken trachea (CT) is a co-product from a chicken slaughterhouse and is
usually turned into low value animal feed despite its high collagen. The aims of this study
were to determine proximate composition and to compare biochemical characteristics of
acid-soluble collagen (ASC) and pepsin-soluble collagen (PSC) from CT. CT contained high
protein of 68.0% and 37.6% collagen. Yields obtained from ASC and PSC were 0.7 and 3.1%
(dry basis), respectively, with collagen recovery of 1.3 and 6.9%, respectively. The purity of
collagen extracted from ASC and PSC were 74.0 and 82.8%, respectively. ASC and PSC
contained glycine as a major amino acid of 301 and 310 residues/ 1,000 residues.
Micro-differential scanning calorimetry (WDSC) revealed that denaturation temperature (Ty)
of ASC and PSC in deionized (DI) water was 34.8 and 45.8°C, respectively. Based on sodium
dodecyl polyacrylamide gel electrophoresis (SDS-PAGE), both collagens comprised of two
a-chains with a molecular weight of a; and a, of approximately 135 and 116 kDa,
respectively, confirming type I characteristic. Fourier transform infrared (FT-IR) and circular
dichroism (CD) spectroscopy revealed that both collagens existed in the triple helix structure
of collagen. These results suggested that CT is a good source of collagen, but a more efficient
extraction method should be developed.

Keywords: Collagen; Extraction; Chicken trachea

1. Introduction

Collagen is a biopolymer in animal connective tissue. It is a major component,
approximately 25-30% of total protein in the vertebrate body (Luo et al., 2018). Twenty-eight
different types of collagen have been identified and reported (Shoulders and Raines, 2009).
Primary structure of collagen is composed of specific glycine-X-Y pattern, where X and Y
are often proline and hydroxyproline, respectively [2 Shoulders and Raines, 2009]. Secondary
structure is twisted to o-chain. Three a-chains are twisted to triple helix known as
tropocollagen. Individual tropocollagen consists of helical region and short telopeptide region
(non-helical region) (Prockop and Fertala, 1998). Eventually, tropocollagen molecules are
assemble to form collagen fibers and they develop to connective tissues, such as, ligament,
vessel, basement membrane, gingiva, desmin, tendon, bone and including cartilage.

Chicken trachea (CT) is a part of cartilage in the respiratory organ with high tensile
strength. It is a co-product from a chicken slaughterhouse generated about 3,000 metric ton
per year in Thailand and it is usually turned into animal feed despite high collagen. Collagen
extraction can be achieved using acid, which yields acid-soluble collagen (ASC). Acid can
increase electrostatic repulsion between a-helix chains, leading to an increase in swelling and
solubilization (Sungperm, 2012). Raw material with high intermolecular cross-linkages via
covalent bonds would result in low yield. Another approach is using pepsin, resulting in
pepsin-soluble collagen (PSC). Pepsin cleaves specific peptide on telopeptide region,
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resulting in yield improvement without damaging their triple helix structure (Hong et al.,
2017).

Yield of collagen extracted from CT have not been characterized. Therefore, the
objectives of this study were to compare yield of CT collagen extracted by acid and pepsin,
as well as to biochemically characterize the extracted CT collagens.

2. Materials and Methods
2.1 CT and chemicals

CT was obtained from Tanaosree Green Food Co., Ltd. (Nakhon Pathom, Thailand).
It was kept in a polystyrene foam box filled with dry ice and transported to Suranaree
University of Technology. It was stored at -20°C throughout the study. Type I collagen from
bovine tendon and pepsin (EC 3.4.23.1: activity on 250 units/ mg solid) were purchased from
Sigma-Aldrich Co. (St. Louis, MO, USA). Other chemicals and reagents were of analytical
grade and purchased from Carlo Erba (Valdez Reuil, France).
2.2 Proximate composition

Moisture, ash and crude protein were analyzed according to AOAC [6 AOAC, 2015].
Total lipid was analyzed by the modified method of Folch (Folch et al., 1957).
2.3 Hydroxyproline (Hyp) assay

Hyp was determined by alkaline hydrolysis method based on Da-Silva (2015). CT and
extracted collagens were hydrolyzed using 7.0 M NaOH (10 mg/mL) in an autoclave (SX-
700, Tomy Kogyo Co Ltd., Tokyo, Japan) at 121°C for 40 min. Then, hydrolyzed samples
were determined for hydroxyproline according to Cissell et al. (2017). Briefly,
hydroxyproline content was oxidized with Chloramine-T. Chromophores were produced by
addition of Ehrlich’s aldehyde, and absorbance was measured at 550 nm. Collagen content
was calculated using a conversion factor of 8 (Edwards et al., 1980).
2.4 Extraction process

CT was pretreated with 0.1 M NaOH at a ratio of 1:10 (w/v) for 6 h and washed with
deionized (DI) water until neutral pH was attained. The extraction method was modified from
Luo et al. (2018). The pretreated sample was extracted using 0.5 M acetic acid at a ratio 1:15
(w/v) for 48 h. Subsequently, supernatants were collected by centrifugation at 15,000 x g for
20 min and collagen was precipitated by 2.6 M NaCl. Collagen pellets were collected by
centrifugation at 17,000 x g for 30 min, and further dialyzed against 100 volumes of DI water
for 48 h. Dialyzated collagens were lyophilized and kept frozen at -20°C throughout the
study. Non-dissolved residue after ASC extraction was added with 0.5 M acetic acid
containing pepsin (50 units/ g residue) at a ratio 1:15 (w/v). Extraction was carried out for 48
h as previously described above. Yield and recovery of collagens were calculated, based on
dry basis as follows:

. Weight of lyophilized collagen
Yield (%) e 8 ] w100
Weight of raw material gry pasis
Collagen content of lyophilized collagen
Recovery (%) = 2 L , g x 100
Collagen content of raw material gy basis
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(1) Audnuvialy 32 wuaenna
- ngununufinuvialy 12 wihein
202107  nsldmBuRImBsLaTENTaUNA 3 Wi

(Use of Computer and Information)
202211 nsAnien WAL 3 wihehe

(Thinking for Development)

202212 uyudiuimugssy 3 wihwein
(Man and Cutture)
202213 Tamiidad 3 wihwia
(Globalization)
- AgAnNMRRUTEnA 9 wmhein
203101  ATBNgY 1 3 miwhn
(English 1)
203102 AWIBINgY 2 3 meia
(English 1)
203203 MWBINGY 3 3 wvihehn
(English I1l)
- nasnfnuily smAnemansuazadinmans 9 wmhwhn
103113 pddaeaasludisdszdniu 3w
(Mathematics in Daily Life)
100113 uywdiudanedon 3 wiwin

(Man and Environment)

105113 uywdiumalulad -3 wihein
(Man and Technology)

- napAnidAnuilunuudon fusyweemand 2 wiwin

FpuAans anenans

(2) Funaws 8  wuawin
(3) VWINIVIEUNIANW 9  wiqein
551490  \W3BUANNIANY 1 wdehe

(Pre-cooperative Education)
551491  awnfiadny 1 8 whgin
(Cooperative Education 1)

(4) wuwAvuFaniad 8  wiqein
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fin fin fim
551111 inlidmivians 4 (551121 Wanddwmiuimns 1 4 |551123 WAdnddwmivienns 2 4
551112 Ujudnsaiidmiviemns 1 |551122 UfjuAmsianddmivienns 1 | 1 551124 JjvansWanddwmivimng 2 1
551130 mﬁmmami’v{ugwu 4 [551131 Adamansdemnsiy 1 4 551132 daransieinsiy 2 4
Uit 1[551140 @euuuuimnsy 2 551142 mslusunsumsLRInDT 2 [551202 Yasimngau 4
551141 Rugnidmnsmusmamsaiind 1
3 12 ity 11 I 13
551133 adinenansimnssy 3 4 1551203 warnanidennssy 4 551210 gunsainsduidsldh 4
551201 afingAaniinmns 4 1551204 Fmnysulnih 4 {551211 mImuauzuine mslinnaues | 4
Uit 2551207 waslulowniing 4 [551206 naenansian 4 Atmmmilevasiua
551209 nsswimawdauazufidinisnis | 2 1551340 UfiRnsdmnsaianinse { |551304 mseenuuuedniinina 4
HER find 1
551341 Ujuimsimnsnuaamsednd | 1
2
3 14 L] 13 Y 13
551241 mwsanqudmivieang 1 3 (551242 mwdangudwmivienng 2 3 551308 svuushluiRgnanunsay 4
551301 nseenuuuiudmeiasing 4 (551309 M9BBALUUTEUUAIAN 4 [551311 sundwweslva 4
551303 n1sduuasUUTIABITEUY 4 551342 UHURnITImnIsuwanImse 1 [551312 dunnimnssuwenmsstind 2
nd 3
551305 m3iauasiAdnsilatn 4 (551402 szuvlilasaeulvsaiaed 4 (551343 UjURmeimasinueamseilind 4 1
Uil 3[551306 szuuBidnnseiing 551470 lamnunyimnssuwanmseling 4
Fyudentadu(l) 4
k)t 19 kXY 16 k] 19

Jmaumieinsunneandingns 126 wiaein




Year First Trimester ar Second Trimester Cr Third Trimester Cr
551111 Chemistry for Engineers 4 |551121 Physics for Engineers | 4 1551123 Physics for Engineers |l 4
551112 Chemistry for Engineers 1 551122 Physics for Engineers Laboratory | | 1 [551124 Physics for Engineers 1
Laboratory Laboratory Il
551130 Basic Mathematics 4 |551131 Engineering Mathematics | 4 (551132 Engineering Mathematics Il 4
551140 Engineering Graphics 2 1551142 Computer Programming 2 (551202 Engineering Materials 4
551141 Mechatronics Engineering 1

Fundamentals
Total 12 Total 11 Total 13
551133 Engineering Mathematics Il 4 551203 Engineering Dynamics 4 1551210 Electrical Actuator 4
551201 Engineering Statics 4 (551204 Electrical Engineering 4 (551211 Geometrics Dimensioning and | 4
551207 Thermodynamics 4 1551206 Mechanics of Materials 4 Tolerancing
551209 Manufacturing Processes and | 2 {551340 Mechatronics Engineering 1 (551304 Design of Machinery 4
Laboratory |
Workshop 551341 Mechatronics Engineering 1
Laboratory Il
Total 14 Total 13 Total 13
551241 English for Engineer 3 1551242 Engtish for Engineer Il 3 1551308 Industrial Automation System | 4
551301 Design of Mechanical Elements | 4 {551309 Control System Design 4 1551311 Fluid Power
551303 Vibration and System Modeling | 4 {551342 Mechatronics Engineering 551312 Seminar in Mechatronics 2
551305 Measurement and 4 Laboratory IIf 1 Engineering
Instrumentation 4 1551402 Microcontroller System 4 (551343 Mechatronics Engineering 1
551306 Electronics System Laboratory Il
551470 Mechatronics Engineering 4
Project 4
Technical Elective (1)
Total 19 Total 12 Total 19

Grand total 126 credits
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(Use of Application Programs for Learning)
202201  vinwedin 3(3-0-6)
(Life Skills)
202202 anwuwadissuarnadleslan 3(3-0-6)
(Citizenship and Global Citizens)
202203 uyudiudsnuuazAuindey 3(3-0-6)

(Man, Society and Environment)
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Ui 1 LY
551161 msWeulusunsy 4 551262 mwndanqudmsuiaing 2 3 Fenssy
aaufiamafiln Jyndondediu a
et 15 3 17 Rt 20
551251 Adiaraniimingsy 3 4 551264 Puwosiiimveswmswdidmiu| 6  [551363 mseenuuuaTesing 8
Fenssumnnmsatind antul
551262 Fenssuliiuag 8 |551361 wiosinsdnlulieeamnssu| 8 551365 yueusidasiu 8
¥ 2 Sldnwsoiind
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va Fennssuuanmseiing
it 20 39 22 kit 22
Tumizsinsunaeandngns 116 widehn
Year First Trimester Cr Second Trimester Cr Third Trimester Cr
551151 Basic Mathematics 4 |[551153 Engineering Mathematics | 4 1551155 Engineering Mathematics I 4
- 551152 Chemistry for Engineers 4 |551154 Physics - Mechanics 4 551156 Physics - Electrical 4
§ 551241 English for Engineer | 3 1551162 Engineering Drawing 6 551261 Manufacturing Processes and 8
é 551161 Computer Programming 4 551242 English for Engineer |l 3 Materials Engineering
. Technical Elective 4
Total 15 Total 17 Total 20
551251 Engineering Mathematics IIl| 4 551264 Internet of Thing for 6 1551363 Design of Automation Machine | 8
Mechatronics Engineering
w 551262 Electrical and Electronics 8 |[551361 Industrial Automation 8 |551365 Introduction to Robotics 8
g Engineering
g 551263 Thermo-Fluid System 8 |551364 Modeling and Control 8 |551471 Capstone Design for 6
91 system Mechatronics
Engineering
Total 20 Total 22 Total 22

Grand Total 116 Credits
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202109 mskilusunsusEgndlionsGeud 1(0-2-1)
(Use of Application Programs for Learning)
202201  vinws¥in 3(3-0-6)
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- nauiviAnyhlukuudon 8 e
(2) wuamIvane 4 iein

- nguAvndantafumsimngsueans
(3) wnuwIwEunadnw 9 wuswin
558495  i@3guaniafinw 1 wiein
(Pre-cooperative Education)
558496 awnfiadny 1 8 wiefin
(Cooperative Education |)

(4) wuamAvuGonies 8 wiaenn



o o o e ¥
lLNunqiﬁﬂﬁqi‘h“iﬁgﬁ']ﬁﬂﬂqiaﬂ@qﬂixﬂ"ﬂuﬂumiq'U']%W“U’U@Q

v . a iy p i i oy
Y, aMansanyd 1 . aansAnend 2 . MansAnwi 3 -
N ne ns
551151 ﬂ:ﬁwmam‘fﬁugw 4 |551153 adinmansimnssy 1 4 |551155 Adinfmans3mnTsu 2 4
551152 nfidwsivimns 4 |551154 WaAnd-namans 4 551156 #aAnd-Insh 4
551241 mwdsnnudmivimng 1 3 [551162 msvlguuuvimngsy 6 |551261 nsrurunawdnuarianiuau 8
33 1]551161 madeulusunsunauiiawmes 4 [551242 mwrdanqudmivining 2 3 gy
ey
Fundentediu 4 1558201 narnansusnda a
574 15 EH 21 37 20
551251 ndinmaniinins 3 4 558203 winlulaflavzuayYandmsy 6 [558301 MIMUANNTEUIUNIAIBATHA 8
NIBYIUNSREN
551262 Jennssulnfiuas 8 558204 maufumedtelumsudn 8 |558303 sruumsuImsuIRInwm 8
7 2 Bidnvsolind
558202 Aeufiweivislunisesnuuy | 8 |558302 svuumsinasiden 8 [558401 Tasaamuwuuysamsdmiu 6
AN suNiaT
574 20 kgt 22 T 22
Iuumileinsaunaeauangns 120 wmidefin
Year First Trimester Cr Second Trimester Cr Third Trimester Cr
551151 Basic Mathematics 4 |551153 Engineering Mathematics | 4 |558155 Engineering Mathematics Il q
- 551152 Chemistry for Engineers 4 |551154 Physics - Mechanics 4 1558156 Physics - Electrical 4
g 551241 English for Engineer | 3 551162 Engineering Drawing 6 |558261 Manufacturing Processes and 8
UV’I_, 551161 Computer Programming 4 |551242 English for Engineer il 3 Materials Engineering
i Technical Elective 4 558201 Solid Mechanics 4
Total 15 Total 21 Total 20
551251 Engineering Mathematics Il 4 558203 Metal and Materials 6 |558301 Statistical Process Control 8
Technology for Processing
% 551262 Electrical and Etectronics 8 |558204 Computer Aided 8 |558303 Maintenance Management 8
% Engineering Manufacturing System
g 558202 Computer Aided Design 8 |558302 Precision Measuring System 8 558401 Capstone Design for Precision 6
& Engineering
Total 20 Total 22 |Total 22

Grand Total 120 Credit
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1. Iasuniseniusiedulumnadudnwialuwagnuiadsndonas 1uu 63 wiiein Feagusenaunig

o 1 L2 1M #
51839 9 Aamelull

(1) wanindnemall 38 wiaefin
- neju?‘znunuﬁnmﬁ"a‘lﬂ 15 wsin
202108  msAVA 2(2-0-9)
(Digital Literacy)
202109 mstilusunsuszgndilensiFoud 1(0-2-1)
(Use of Application Programs for Learning)
202201  vinwedin 3(3-0-6)
(Life Skills)
202202 msiluwariiowazwailoslan 3(3-0-6)
(Citizenship and Global Citizens)
202203  uywdrudsnuuardainden 3(3-0-6)

(Man, Society and Environment)

202207 uywdiuiATEgRIUAZN WAL 3(3-0-6)
(Man, Economy and Development)

- g 15miefin
213101 amwndanguitenisdeans 1 3(3-0-6)
(English for Communication1)
213102 awrdanquiien1sdoans 2 3(3-0-6)
(English for Communication?2)
213203 mwidnquiiteTngussasdnmaiens 3(3-0-6)
(English for Academic Purposes)
213204 mmé’anqmﬁm“mqﬂszaaﬁl,aww 3(3-0-6)
(English for Specific Purposes)
213305  mwndanquilenisviiu 3(3-0-6)
(English for Careers)
- ngiwndAnwiluuuuden 8 wwin
(2) wumdvawie 8  widwin

- ndudvndaBn IR UMTImNTINAans
(3) wmdvEunadnu 9 wiwin
551495 igSEuaNiIAny 1 whefa
(Pre-cooperative Education)
551496  awiadnw 1 8 whefin
(Cooperative Education )

(4) v ndanias 8  wuulwha



3.1.4.3 waumsnwdmiuddiiamsineuszmeatiednsiontnduge
- A’
wuuen (Gaanssulesuazlaseainenugiu)

Hutl mamsAnendl 1 wiy mamsAnunil 2 widg nemsfned 3 mioy
fin nn fin
559101  waagdadwivimnssulosuay 4 | 559104 \pfidwiuimnssalusuay 4 | 559109  unagdadmivimnsilen 4
Tassadaitug | Tassasreftugnu 1 warlassaiuiugu 3
559102 Wanddmivimassulusiuas 4 | 559105  UftEMsialidwmiviranssulea 1 | 559110  Jawimanssy 4
Tassasreugou 1 uarlaseaing 1
559103  UfURnsRAnddmivimnsiu 1 559106  upapdad mivimnssulusuay 4 | 559309 1A 3
o5 Tnseafraiug 2
Ui waglassadrafugu 1
. 559107  Wanddwmivimnisulesuay g | 559310 U{UEn1snsden 1
Tnssairafugy 2
559108  UfuRnsHanddmivimngsy 1 | 559311 psdmapauy 1

vy &
loswaziassaineiugiu 2

57 9 59 14 5 13

U | 551201 awndangqudmiuimng 1 3 | 559205  dfimumanimnssuvasnanians 8 | 559208 mMTIATIEHIETEBNUUY 12
2 Yan) Tassadng

559201  msidisuduviennssy 3 | 559206 meuninuaxldqioade 4 _ . 1

559209  UfUiinseanuuulasedie

559202 msileulusunsupaniainas 4 | 559207  UjUAmMsviedeumnaunin 1

559203 Amnssulasaiofiugu 2

559204  aunideoyRusdmivimng i

¥
Toswarlaseainaiug

U 16 kit 13 kil 13
q | 559301  vaenans 4 | 559305  msmuRuuteaianasns 4 | 559313 Jeonssuvamand 4
3 Famuadasdnina
559302 UfURmsvarans 1| 559306 ms@ennuuimNgTUUSH 1 6 | 559403 Aminssuouunthedadu 6
559303  lassadramdnuaslaseaine 4 | 559307 UfWEmsUgRnamans 1| 559421 n1sesnuuuimnTsiugh 2 4
a5
559304  UjUdnslassaieimdnuas 1| 559308  nisdmavinununeasn 3 | Sy udenvadu (1) 4
lassasathasm
559432 N13MTIRABUBIANT 4 | Fvudentadu (2) 4
ket 10 it 18 U 22
Ui | 551202 nwdanqudmivimng 2 3
4
559312 UfUAnsvaaeuianneaia 1
559402  mistliounuunasnisusvgnald 2
pouRusasiusndmnisules
v X
wazlsadieiug
559494 TassnuAnuiimnssulesn 9
v &
uazlseadnaiugu
559433 msussgndldpeuiaunesiu 4
mAmnsalasaing
97U 19 Et!l kit

Imeginsannaeanangns 147 viaenin




fear Fist Trimester Cr Second Trimester Cr Third Trimester Cr
559101  Calculus for Civil and Infrastructure ¢ | 559104 Chemistry for Civit and 4q 559109 Calculus for Civil and 4
Engineering | Infrastructure Engineering | Infrastructure Engineering Il
559102  Physics for Civil and Infrastructure 4 | 559105 Chemistry for Civil and 1 559110 Engineering Materials 4
Engineering | Infrastructure Engineering
Laboratory |
E 559103  Physics for Civil and Infrastructure 1 559106 Calculus for Civil and 4 559309 Surveying 3
é Engineering Laboratory | Infrastructure Engineering Il
= 559107 Physics for Civil and Infrastructure | 4 559310 Surveying Laboratory 1
Engineering ||
559108 Physics for Civil and Infrastructure | 1 559311  Surveying Camp 1
Engineering Laboratory Il
Total 9 Totatl 14 Total 13
551241 English for Engineers | 3 559205  Engineering Statics and 8 559208  Structural Analysis and Design 12
Mechanics of Materials
! 559201 Engineering Graphics 3 559206  Concrete and Construction 4 559209  Practice in Structural Design 1
Materials
% 559202 Computer Programming 4 559207  Concrete Testing Laboratory 1
§ 559203 Engineering Infrastructure 2
559204 Differential Equations of Civil and 4
Infrastructure Engineers
Total 16 Total 13 Total 13
559301  Hydrautics 4 559305  Construction Supervision, 4 559313  Hydraulics Engineering 4
Technique and Equipment
559302  Hydraulics Laboratory 1 559306  Soil Engineering Design | 6 559403 Sustainable Road Engineering 6
é 559303  Steel and Temporary Structure 4 | 559307  Soil Mechanics Laboratory 1 559421  Soil Engineering Design I 4
= 559304  Practice in Steet and Temporary 1 559308  Construction Quantity Survey 3 Technical Elective (1) 4q
Structure
559432  Buitding Inspection 4 | Technical Elective (2) 4
Total 10 Total 18 Total 22
551242 English for Engineers |l 3
559312  Construction Materials Testing 1
| Laboratory
- 559402  Civil Engineering Drawing and 2
(_Z) Computer Aided Application
@ 559494  Civil and Infrastructure Engineering 9
Study Project
559433  Computer Applications for 4
Structural Engineering
Total 19 Total Total

Grand Total 147 Credits




suidouansed 1 2 3 I 4 5 6 7 8

SosausiioNansanaydd/Ikaauiiuvau

255N

< 1 a o v Y v ao d s o a S
?lﬂﬂ’l']ilt‘l’iu‘ﬁaUEJﬂL’J‘L!i’]EJ'?‘U']H"I‘VI?UB‘JJL‘U"lﬁﬂ"lE}'WIﬁ'\Li’\]ﬂ’]iﬁﬂ‘lﬂ'ﬁ%ﬂU‘Ui&’ﬂ'}ﬂu&lUﬂi’J“lﬂ‘U‘W
3.3

=)

YugaisednamsAneszauUiynyns

(QLmaa - AUAANUNIVIFINTTUFAERS)

Arud1nIv1iAINIsuAmIdnTLasUTaIauaRELIINd1TNIUYEANTENTIIN1TRANAN Y

Ingimans Idouazuianssu (al.e2.) annisnsendeyatiedureiunsiundngnsHusruvansyaume
CHE CO Useiiuifeniulaseasne wazununsfine ﬁm%’uﬂ’nﬁnmazﬁwszmﬂiaﬁ’mﬁﬁm%w%uga lne al.o7.
fidewauouuy “Iuliszylaseaine uazuruntsfng dmsuindnwssdudssniadensivrwdugel Slusy
wangasiunisiawz ideseinuangasiitaaeudunangnsusygin3 4 U lulvvangnsusyying
(Faiiln9) n75§'U;‘7L777ﬁnw717§f7;§an7sﬁnmsm"udszmﬂﬁyﬁﬂﬁmﬂﬂwz;""ugm?aa”w?an7sﬁnw753w”uzl?tyty')
asidAny iandunisiduluaiudsenianuasuniingray” lasdriinivs laauiunsdadeyaniu
YorausuuziSeusosudaiy

2
a wva o [ [

Tunsil iedunwnujudmsunssuddnsansfnusedvuseneflodasindntugmse

a

dusansanuseauUSyaesidndnw dninduimnssumans lneanumiurgeuvesnmgnssunsuseardin

[V
v

o1+ TunsUseaunssi 11/2563 defuil 3 fusiou 2563 Jasusvernuiveusniiuneivdwiugidn
ﬁnmﬁﬁﬂL'sf'amsﬁnmszﬁ’uﬂ‘sxmﬂﬁﬂﬁ’mﬁ°zﬁ%w%y'ugwﬁaé'nf%an'\sﬁnw'lszﬁuﬂ‘%sycynm? VDMANGATUBNLIAT
1uau 4 wdnges fail

1. wingesirmnssumanstadin avivimnssuweamseiind (vangasuulss wa. 2558)
nngasImnssumansUudin avivdmnssumanmsetnd (vdngasuiuuse we. 2561)

wananTIrmnssumansUagia a3y ImnTsuniitu (mdngasuiuuse we. 2562)

N

nangaTIFnIsuemansUadia a1v13vimnssulesiuazlasiasiaiugiu (mangasinl
W.A. 2562)

lnedineazdeaUsingauienalsusenauinsen1suseyy

9 AURANIVINSINONANTUN

D:\ﬂnﬁ?ﬂn'ﬁ\?:JlflUU’]ﬁ:i\ZS(!]\')ﬁZ 10-63.docx 6



dag Lasmmrm ““‘J:;fn msn lum b ';u_u .1 w13
wa,, il 211D i [ d4
sad 1Y ZVIBT Y ) UV sgressescscessessntessimion i —
1D ﬂ?J 2563 . 5911 s =9 nsJ 2563
u“ : 7;«1 ( 'U‘UVIﬂ‘UE]ﬂ’T]SJ "]d’\....../l..g....?.l .......... o DR . % AR
o 10 0F N . L
Jmfmmaal,wﬂiuiaﬂqimi
WU dUnIIEINTSUANERS Wnsawn 4274 Wsans 4220
A 17414/ DBEA Fuil §  Aueeu 2563

v
U

Fos  vemuurevsniuseivdmsudidiAnwiiduianisdnwseduusemeatdeUnsinindugase
duSanmsenwseauUSyyng

@ Bou  @UYN1TANTIYINTg

A

ARY ANUNATIIAINTTUANARS lﬂi‘U‘UE]L?I‘u@LL‘U“’R]’]ﬂﬂ'TUﬂ\‘i’]U‘Uaﬂﬂiuﬂi?ﬂﬂ?’i@ﬂuﬂmﬂ’] Weenans 19y
LazuinnIu mﬂmsﬂsaﬂ‘uayjamasumasumwwaﬂqmmuswumsxamm CHE CO Uismuma’mu

lassaauazuaumsfinudmivinAnwszavussmatedn indntuas Tnedninaus ddewauswuy Ll

v
ISl o

seylassaiauazununsinwdmivindnwsedulsemetdedasigndnduadl luaundngasidunsiane

! -ﬂl U v v

P [ A a <3 [ a a = 1 1Y a al = ado @
Wasnnuangnsnilageuldurangasusgyin 4 U lm”lwaﬂqmﬂimmm (MBLUBY) NMITUKLUIANYINGILI

(A y

a a v a

mM3fnwszavdsznadetnsindntugaieduianmsfnwmszdudigginsidifne Tianudunisdulus

T U

Usgmanuasminends leedindyy laaudunisindeyanuteiauauiusiouiosudiiy

v
a wva o [ [ g & o

Tunnsil Lﬁ@L‘fJULL‘lJ']ﬂgUGW?I’]‘ViiUﬂW?iUNﬁ’lLiﬁ]ﬂ’liﬂﬂ‘t‘ﬂi"ﬂUﬂ‘J“ﬂ’]ﬂUHUG\‘J’J‘lﬁ‘l)W‘UNﬁ\i‘Mi@ﬂ’]Liﬁ]

Y

mMsfinwszauSygesdndng diindvn SwennuiugeveniiunedndmiudidAnwiiduianisding

seivUsEmAtednTinIntugusedniansfnumseduliyyes vemdnansusniiaidiuiu 4 ndngns aeil

1. wingaTimnssumansUndia a1wivimnssuuannselind nangnsusuuse w.e. 2558
2. vangaTIMmnTIumansUngin a1v1ivimnssumanmating wdnansuiuuse we. 2561
3. MANgRTIMNTINAERTIMAR a1U1 IV IMNTIUNTTVU nangmnIUuTuUTe WA 2562

4. vangeTIMmNIsumansUuen a1vdvimnssulesiuazlassaiiaiugiu vangasival we. 2562

v
o a

viall lerumnuiureuainaugnssunisUsedrdninivieanssumans lunisussquaiei 11/2563

dlaTun 3 fugneu 2563 laelinvaviduausingauenalsuseneuisenisuseyu

Fa3gunalusafiansandauean1IvInIsiaiansansaly

@ Bw . we<g % j

. s 1
I\)ammm/ (599ANEAMI19158 AS.HAD LH1AZBD)
v SRANUAENEUIMIS d1HNIv1IAINTTUAIENT
UAURNIsUNUANUA

ey )

T (® woudwngudavyiel

o o & 4
(57.5.9.95. NUARTT iU seAE) ‘\jH,\,,,, _—
¥ Ao,
saaa%m’auaﬁho";mmsuammmmwmﬁua’ma Whiupan: Loy A
‘ VN ldomum Y
wd V. MARSaSp Ve ia
Yol e ‘ ryU, 6D
YO 100 . ;P pA e ;W He 1oat nap Lo )Jﬂiﬂ q

(Walseian veum)

uidodia 8/9/2020 sa-Wamhdwduaduivinig
NﬂﬂWlJWLEma’li LWEUWAE



= =
JLUHUINEN

139946 UDVRDYIIA-LNDVINTIN

D.

PREA

v
.

vaanuiurevenuseividmiviidnAnwnduianisfnwmsedulsemade Unsindndugavie

dusamsAnenszauUSaens

(Huoas : auAdninIvienssumans)

fe drdnigndmnssuaans sudaiauauuzaindiinauldaniensaniseaudny) nemans
Weuazuinnssu nmsnsendeyaiieduvesunsundngasitusyuvanszauma CHE CO Ysziuieaiulasaing
wazwnunsinwdmsuindnwszauussnatedasindntugs lnedninaus ddeaueuur lilviszylassaiuag
wumsfinwdmiuindnwsedudszmaieUnsindntugdiludundnaasliunisany Wenwdngasnidaaeu
&, ) a = = 9 1w a a0 A v Y oY e oo = 9 Y]
Wunangniusygns 4 U iulwaﬂqmﬂisgmm (MDLUBY) NTIURWIANBINANIINITANYITEAVUIENIAUBUANT
ATwdugmsediianisnuszduligaresdndne Wisiunmsduluauysemenuiumine de Taed1inian

losnidunsindayanudeiauauiugisouaguauy

'
<A a wa o % [

Tumsil WoluwuufiRdmsunissudduiansfinwszaudsemeadedasinndndugmiadnsanisiinm
sEaul3ggresidndnen @1dnieng Fwearuiureveniusieividmiviidnfneiduianisfneiseau

UsgmallednsininduagmsedisansinyseaulIyg1es 1emdngasuenia1duiy 4 nanges Al

1. winanTirmnsiumansindin a1wivimnssumanvnsedind nangnsuTuuse wa. 2558
2. ndngesImnssumansudia avIydmnssumanmseiing vangasuTuuse we. 2561
3. NAnNgRTIAINTIUAANTUMAR a1U1 I IMNTIUNITUU nangmnIuTuUTe n.e. 2562

4. nangeimnssueansUndin a1v13vdmnssulesarlasiaiianugiu vangnslud w.e. 2562

Vel lRumuiureuainanznssunisusidninivimnssumans lunsussquaseil 11/2563 dieui

3 ey 2563 lneliseaviduausingauienasusenaunsensuseyy

Fasyunelusafiansandiaueilseyuan1ivns

o/

VoEUNA / VDLAUDLUL :

nanUsENaUMIUsEYran1umine domaluladasuts AT ... 17



vauniiunedndmiudidrAnufidgnsanisanessauuszmadedasindntugmiedso

n1sANENIZAUUTYINT
1. wangasdranssuaansUndin eru1ividanssumanmseiing ningasuiuuss w.a. 2558

dmsuiirdnuidnsamsdnusesiuusenailetsivdndugs seldsumsenduseinanigdisanmsdnm

U LY =1 ¥ =4 o ' a 14 a i 2 1
seautTsauAnwInouUaIeRBIAnY) 1wl 57 nulwie laeUsznoumesIeIvInIg 4l farelU

(1) AwAnwmaly 32 wiqenn
- nauArunuAnuIvily 12 wiheia
202107  A1skUABURILMDILAYEANSAULA 3 WA

(Use of Computer and Information)

202211 ms@aLeNITWALN 3 Whein
(Thinking for Development)

202212 wywdiUTUsIIY 3 whefn

(Man and Culture)

202213 lamAinu 3 wmhehe
(Globalization)
- navdnnwsnaUseime 9 wmhein
203101 MWBINgY 1 3 vuein
(English )
203102  N1WBINgY 2 3 wuwin
(English 1)
203203  AWBINGY 3 3 whein
(English 1Il)
- nauindAnuvill dmAvenmaniuazadamans 9  wmheia
103113 agiaeansluiinusedniu 3 mhin

(Mathematics in Daily Life)
104113 wywéifudandon 3 wein
(Man and Environment)
105113 uywdiumalulad 3 vwie
(Man and Technology)
- naudnAnuiluuuuiden Fuuyvemans 2 miheia

FIAUAERNS AnAIEnS

(2) A naniz 8 Wi
(3) NUINIVIEUNIANW 9  wULeAA
551490  \W38UARNAANY 1 wdwie

(Pre-cooperative Education)
551491 anfafnw 1 8 wein
(Cooperative Education )

(4) wuInIvaanLEs 8  wuawnn



2. HANgATIANTINAEATUMTR a1913¥1dAnTIumARmsating wangasuTuuse w.a. 2561

v v

ANVSURLY
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dnwidiiansAnuiseiulsenedednsindndugs agldsunmseniusedvaniigdiianisdnm

szauisoudnwIneulaefesnet S1uau 53 miein IneUsznaumeseiv a1 9 fesely

(1) wndwdneialy 32 wdlenin
. ﬂﬁiu%ﬂunuﬁnmﬂ"ﬂﬂ 15 wuwha
202108 n1536AVR 2(2-0-4)
(Digital Literacy)
202109 mslilusunsussgndiiionisiFous 1(0-2-1)
(Use of Application Programs for Learning)
202201  vinwzAin 3(3-0-6)
(Life Skills)
202202  anuduwaiiiesazwaliindan 3(3-0-6)

(Citizenship and Global Citizens)
202203 wyudiudinuuardanndey 3(3-0-6)

(Man, Society and Environment)

202207  UYWIRULATYSAILAENITAAILY 3(3-0-6)

(Man, Economy and Development)
- Mg 9  wmihwie
213101 mmé’anqmﬁams%ms 1 3(3-0-6)

(English for Communication1)

213102 awdanguiiiontsdeans 2 3(3-0-6)
(English for Communication2)

213203 awidsnquieinguszasdm v 3(3-0-6)
(English for Academic Purposes)

naudvAnwIlUuuuden 8 Mhwhn

(2) WUV AN 4 wioene
- ngudrIdonvadumdmnssumans
(3) wuRITIEUNAANEN 9  wuIwhA
551495  Lm3uARNIANG 1 wieha
(Pre-cooperative Education)
551496 @unadnu 1 8  uihein
(Cooperative Education 1)

(4) NuIRNIVNFDNLES 8  WulwnA
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v 9
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szautiseudnwmeulatefesdnet S1uu 53 wihein lagusenaumeseinang 9 sely

(1) nuandvrAnuialy 32 wdaeia
- nguAvunudnyily 15 wuein
202108 n53ARVR 2(2-0-4)
(Digital Literacy)
202109 mslilusunsuuszgndiiionisiFous 1(0-2-1)
(Use of Application Programs for Learning)
202201  vinweAIn 3(3-0-6)
(Life Skills)
202202  anudunadlesuazwailiodlan 3(3-0-6)

(Citizenship and Global Citizens)

202203 uyudiudsnuuazdandon 3(3-0-6)
(Man, Society and Environment)

202207  UYBERULATYFAILALNITARIL 3(3-0-6)
(Man, Economy and Development)

- NRUATINIW 9 wheia

213101 mwdanquionisdeans 1 3(3-0-6)
(English for Communication1)

213102 mmé’anqmﬁamiﬁams 2 3(3-0-6)
(English for Communication2)

213203 mwidanquieaguszasdminns 3(3-0-6)

(English for Academic Purposes)

- nawAnAnwhluuuuidon 8 wulein
(2) WuIIV AN 4 wqenn
- naudvidontadumadanssuamans
(3) VNINIVIEUNANL 9 wuqwAn
558495  LM3BNAUNANTN 1 nuwie
(Pre-cooperative Education)
558496 @unafnu 1 8 wuwhn

(Cooperative Education 1)

(4) BRIV NADNLES 8 wuaenn
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Ugae3 aefianuuandeangiirdnmiidnianisinussduisondnuinouvas Wesnldfinsdnulusedin
vednnualuMsfnuseRuayUIy w3e seaudiyaes safisemssaelui

1. Isunsenunedrumnedndnuiitluuasmnaividenia S1uau 40 miieAn dsazuszneusesein

A9 9 fanpluil

(1) vanaivdneialy 32 wdaein
- naadArunudneiily 15 mihein
202108  M33AdVa 2(2-0-)
(Digital Literacy)
202109 mslilusunsulszgndiiionisiFous 1(0-2-1)
(Use of Application Programs for Learning)
202201  vinyeIn 3(3-0-6)
(Life Skills)
202202  auduwaliioawazwaliieslan 3(3-0-6)
(Citizenship and Global Citizens)
202203 aywdfudanuuazAannden 3(3-0-6)

(Man, Society and Environment)

202207  uyBIRULATYEAIUAZNITRAILN 3(3-0-6)
(Man, Economy and Development)

- NI 9 vulene
213101 awdinguiitonisdeans 1 3(3-0-6)
(English for Communication1)
213102 mmé’anqmﬁamiﬁami 2 3(3-0-6)
(English for Communication2)
213203 nwdanquiieinguszasdmaininsg 3(3-0-6)

(English for Academic Purposes)
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Cooperation agreement
regarding the setting up of Double Degree in
Master of Science Program in Animal Production Technology of Suranaree
University of Technology, Thailand and Master of Science Program in Biology
and Health, specialty Reproductive Biology of the Université de Tours, France

Having regard to the French Education Code;
Having regard to the Decree 85-1124 dated October 215, 1985, relating to international cooperation
of higher education public institutions under the authority of the French Ministry of National

Education;

Having regard to the French circular N° 2015-0012/24-3-2015 relating to the implementation and issue
of national/State diploma;

In compliance with the Quality Charter Relating to International Partnership Degrees adopted by the
Université de Tours during its October 4™, 2010 Board of Regents meeting;

Representing France,
and
Having regards to the authority of Suranaree University of Technology Act B.E.2533;

Representing Thailand,

The following agreement is set up
BETWEEN

the Université de Tours (Tours, France), represented by its President,
AND

Suranaree University of Technology (Nakhon Ratchasima, Thailand), represented by its Rector,

The parties hereto agree as follows:
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1. PURPOSE OF THE AGREEMENT

With this agreement, partners show their joint determination to set up a programme leading to the
issue of a Master Double Degree in Biology and Health, specialty Reproductive Biology, for the
Université de Tours, and on the Master of Science in Animal Production Technology for Suranaree
University of Technology (herein referred to as “Double Degree in Animal Biotechnology and Livestock
Conservancy”)

The course offered, jointly set up by partners, is intended to form a new generation of scientists in the
field of animal biotechnology, animal reproduction, nutrition and genetics, aware of the most recent
technical advances, with their advantages and pitfalls. The course will insist on the development of
sustainable methods for animal breeding and local breeds conservation.

The purpose of this agreement is to define the terms and provisions of the course, as well as
responsibilities of each institution.

2. ADMINISTRATIVE PROVISIONS

2.1. Implementation and Management of Course
Partner institutions set up a teaching committee; comprises 8 members at least, including at least 4
teaching staff members from the Université de Tours or INRA and at least 4 teaching staff members
from the Suranaree University of Technology. This committee is in charge of implementing what is
taught.

Among the teaching committee, one academic coordinator per partner institution is nominated by
their respective institution (Suranaree University of Technology and Université de Tours) to make sure
the course operates smoothly.

Committees will be assigned by the school of Animal technology and innovation (Suranaree University
of Technology) and the faculty of sciences and techniques (Université de Tours) on a yearly basis.

2.2. Elaboration of Course Program
The program contents are jointly built up by partner institutions and annexed to this agreement. They
cover the whole study period until the issue of the Master diploma.

2.3.Number of students
The number of students joining this programme is not higher than 10 for the first batch.

2.4. Course Assessment

A steering committee is created: it comprises at least three members from each partner institution
and will meet at least once a year. It is responsible for examining cooperation results, reporting
assessment to each partner institution and suggesting decisions required for any improvement or
extension of the cooperation program. A report on actions carried out will be forwarded each year to
the International Relations Office of the Université de Tours, as well as to the relevant department of
Suranaree University of Technology.

Committees will be assigned by the school of Animal technology and innovation (Suranaree University
of Technology) and the faculty of sciences and techniques (Université de Tours) on a yearly basis.

In addition to this, the course will be assessed yearly by the Studies and University Life Committee
(CFVU) of the Université de Tours.
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3. ADMISSION AND MONITORING OF STUDENTS

3.1. Procedure
The partner institutions agree to review applications jointly according to the following criteria:

- Admission to course: registration to Master Double Degree in Animal Biotechnology and
Livestock Conservancy is allowed to provide that students hold a degree just below the one
issued at the end of the course, i.e.:

o in France: Licence (Bachelor) in Biology;
o in Thailand: Bachelor of Science.

- The students will be selected by interview process from both universities

- Language proficiency: in order to follow courses in English at the Université de Tours, students
must have a minimum standard in English that corresponds to the Level B1 of the Common
European Framework of Reference for Languages.

3.2. Registration
For the first year of the Master Double Degree in Animal Biotechnology and Livestock Conservancy,
students will register at Suranaree University of Technology if they follow the syllabus in Suranaree
University of Technology or at the Université de Tours if they follow the syllabus at Université de Tours.
For the second year, students will register at both Universities following the syllabus as listed in Annex
I

For the first year of the Master Double Degree in Animal Biotechnology and Livestock Conservancy,
students registered at Suranaree University of Technology will pay registration fees at Suranaree
University of Technology and students registered at the Université de Tours will pay their fees at the
Université de Tours.

For the second year, students registered in both Universities will pay the registration fees to the
Université de Tours and the Annual fee for Suranaree University of Technology for the first term. For
internship students going to France or in an European country will pay their specific tuition fees at the
Université de Tours. The students registered at the Université de Tours can register and/or transfer
their credit to fulfil the requirement of the Master Double Degree in Animal Biotechnology and
Livestock Conservancy with no extra fee. Students of University of Tours must be waived registration
fee for master thesis.

Healthcare
Students need to acquire insurance complied with the minimum requirements of VISA application.

3.3. Duties
- Asregards students:

o They must meet each institution’s administrative requirements;

o They must pay for their own medical health insurance, including specific medical fees,
hospitalization and repatriation on medical grounds, and have proof of this;

o They must pay all expenses related to the course and more particularly those related
to their stay at the host institution (civil liability, transportation, accommodation, meals,
personal expenses and, if applicable, expenses related to dependents);

o During the mobility period at partner institution provided for in the pedagogical
appendix attached to this agreement, they have the same rights and prerogatives as local
students;

o Students are provided with all useful information relevant to the course and enabling
them to carry out their mobility period in optimal conditions.
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As regards partner institutions:

o They undertake to assist students during the whole duration of the course regarding
administrative and teaching matters;

o The home institution provides students with all useful information to prepare them
for their stay in partner institution;

o The host institution endeavors to assist and help students to the best of its abilities to
look for accommodation, on campus as a priority.

4. ORGANIZATION OF STUDIES

4.1.0Organization of Teaching
First year 60 ECTS or at least 24 SUT credits
Students enroll courses at their home university.

Second year 60 ECTS or 25 SUT credits

During the coursework, the students stay at Suranaree University of Technology but the teaching is
made by the Université de Tours and INRA. The six- month internship will be held at Suranaree
University of Technology or Université de Tours and INRA.

The course equivalency and transfer scheme have to comply with the syllabus as stated in Annex I.

Mobility of students coming from France

Students having completed a French Licence degree or equivalent (Bachelor) will be selected to join
the Master dual degree in Animal Biotechnology and Livestock Conservancy.

Selected students from the master degree at the Université de Tours can move to Suranaree University
of technology for their internship.

Mobility of students coming from Thailand

Students will be selected to join the Master dual degree in Animal Biotechnology and Livestock
Conservancy.

Selected students from the master degree at Suranaree University of technology can move to
Université de Tours and INRA for their internship.

4.2.Internship
The six-month internship is compulsory and should be completed in a research laboratory performing

research in the fields of animal production, reproduction, nutrition and genetics. The laboratory can
belong to public entities (university, research institute, and private companies). The internship can be
achieved in laboratories in Thailand, France and European countries. The choice of a laboratory for the
research internship must be validated by the teaching committee. A list of internships with
corresponding laboratories and countries will be proposed to the second year students by the teaching
committee.

The internship report or thesis should be written in English. The report or thesis have to comply with
the regulation of each universities.

At least two referees (one from each university) will be assigned by the teaching committee to assess
the internship report or thesis. The referees could belong to the teaching committee or not. The two
referees will lead the discussion during the viva.

The viva will be public. The examination jury will be composed by the teaching committee and external
referees if there are. The student will present orally with slides his/her research work-and he/she will
be asked questions by the referees and the whole examination jury.
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4.3. Research Dissertation [if applicable]
At least two referees (one from each university) will be assigned by the teaching committee to
supervise the research subject and fields. The referees could belong to the teaching committee or not.
The two referees will be part of the research proposal committee to validate the research subject. The
research dissertation has to comply with the regulation of both universities (Regulations for Graduate
Studies for Suranaree University of Technology).

4.4, Assessment of Students
Partner institutions jointly determine terms and methods of student assessment and diploma issue:

First year:

Students following the first year teaching at Suranaree University of Technology will be assessed
according to the regulations of Suranaree University of Technology.

Students following the first year at the Université de Tours will be assessed according to the regulation
of the Université de Tours.

Second year:
The course evaluation will be evaluated by at least two referees (one from each university).

The graduation requirement according to the regulation of Université de Tours and Suranaee
University of Technology has to be fulfil.
5. FURTHER STUDIES AND JOB PROSPECTS

Students graduating with this degree can apply for doctoral positions in France, in Thailand or in any
other country.

Potential job prospects are in translational research and innovation in the field of sustainable animal
production in regional, national and international public structures or in private companies.

6. COOPERATION ACTIVITIES
In the first semester of the second year, courseworks are conducted by professors from Université de
Tours at Suranaree University of Technology. During internship, students are supervised by professors
from both universities.

7. FINANCIAL PROVISIONS
Partner institutions agree on the type and amount of specific and joint expenses incurred (specific
classes within the partnership course, language class to prepare students to mobility period, program
leaflets and other public relations supports, etc.); Each university responsible for the expenditure of

the program leaflets and other public relations support at their home country.

They will endeavor unilaterally and/or jointly to find financial resources required to implement and
sustain the partnership course.

A balanced budget will need to be set up.
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8. LEGAL PROVISIONS

This agreement will come into effect after it has been signed by both parties and approved by the
relevant authorities. It will expire in three years, unless one of the parties terminates this agreement
with a 6 months’ notice, as termination may not be effective until the end of the academic year in
progress. Should termination of this agreement occur, students already involved in the course will
finish their academic year.

Should this agreement be reviewed or renewed, it will be submitted to relevant authorities in
compliance with regulations in force.

In the event of difficulty, partner institutions agree to try to settle the difference out-of-court through
direct conciliation, by calling a meeting of the course steering committee. If endeavors fail, partner
institutions will settle the matter in the relevant French court.

Two (2) signed copies in English of the present document have been released, the text shall be deemed
authentic.

Mr. Philippe Vendrix Assoc. Prof. Dr. Weerapong Pairsuwan
Université de Tours, Suranaree University of Technology,
Tours, FRANCE Nakhon Ratchasima, THAILAND
President Rector
Mr. Jerome Barrere Prof. Dr. Nueng Teaumroong
Director of Legal Affairs Dean, Institute of Agricultural Technology
Witness Witness
Encl.:
Annex |

e Pedagogical appendix
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Pedagogical appendix

Equivalent courses between University of Tours (UT) and Suranaree University of Technology (SUT)
Annex | is constituent document of Cooperation agreement regarding the setting up of Double Degree
in Master of Science Program in Animal Production Technology of Suranaree University of Technology,
Thailand, and Master of Science Program in Biology and Health, specialty Reproductive Biology of the
Université de Tours, France (herein referred to as “Double Degree in Animal Biotechnology and
Livestock Conservancy”). This annex presents content of the course equivalency and transfer scheme

between both universities.

Course equivalency and transfer scheme

Code/subject title (SUT) L (SUT Credits) ETCs | Code/subject title (UT) | (SUT Credits) ETCs

Subject alignment

Core Course

333810 Experimental (4) 10 7.3 Methodology in (4) 10
Designs in Animal Science experimental design and
Research data analysis & 8.2

Methodology of research

and scientific project

Group Equivalent courses
Elective Courses
SUT students must choose (11) 50 UT students must follow (11) 50
at least 11 credits from the M1 courses at UT
the list of the subjects
those are presented in the
curriculum
Animal cell culture and (3)5 Animal cell culture and (3)5
cell based technology cell based technology
Reproductive physiology (3)5 Reproductive physiology (3)5
and endocrinology and endocrinology
Animal biotechnologies- (3)5 Animal biotechnologies- (3)5
Conservation — Conservation —
Cryobanking Cryobanking
Nutrition — feed sciences (3)5 Nutrition — feed sciences (3)5
Imaging technology (3)5 Imaging technology (3)5
Bibliographical survey and (3)5 Bibliographical survey and (3)5
Experimental planification Experimental planification
Thesis or Project

333893 Thesis* (15) 333893 Thesis* (15)
8.5 Research project * 30 8.5 Research project * 30
Total (48) 120 (48) 120

*Students of both universities must enroll 333893 Thesis and 8.5 Research project at SUT and UT,

respectively.
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UNIVERSITI TUNKU ABDUL RAHMAN

Wholly owned by UTAR Education Foundation
(Co. No. 578227-M)
DUD12(A)
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MEMORANDUM OF UNDERSTANDING
BETWEEN
UNIVERSITI TUNKU ABDUL RAHMAN,
MALAYSIA
AND
SURANAREE UNIVERSITY OF TECHNOLOGY,

THAILAND
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This memorandum of understanding (hereinafter called “MOU”) is made on the

BETWEEN

UNIVERSITI TUNKU ABDUL RAHMAN, a private university registered under the
Malaysian Private Higher Educational Institutions Act 1996, wholly owned by UTAR
Education Foundation [Company No. 578227-M], and having its address at Jalan
Universiti, Bandar Barat, 31900 Kampar, Perak, Malaysia (hereinafter called
“UTAR?”)

AND

SURANAREE UNIVERSITY OF TECHNOLOGY is a public autonomous university under

the Royal Thai Government, having its address at 111 University Avenue, Muang

District, Nakhon Ratchasima 30000 Thailand (hereinafter called “SUT”)

WHEREAS

a) UTAR is a university offering courses in undergraduate and postgraduate
programmes in the areas including Accountancy, Actuarial Science, Applied
Mathematics, Arts and Social Science, Chinese Studies, Malaysian Studies,
Business and Economics, Engineering and Built Environment, Information
and Communication Technology, Life and Physical Sciences, Medicine and
Health Sciences, Media and Journalism, Education, Agriculture and Food
Science, and engages in the provision and conduct of research, consultation,
management and leadership training and other related educational services at

its campuses at Bandar Sungai Long and Kampar in Malaysia.

b) SUT is a public autonomous university offering courses in undergraduate and
postgraduate programmes in the areas including Natural and Applied Science,
Engineering, Medicine, Dentistry, Public Health, Nursing, Agricultural
Technology, Business Management, Digital Technology, Entrepreneurship,

Social Science and Linguistics, conducts research and provides academic

1
MoU/DCIN/SUT/02
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services to the public through adaption, transfer and development of
technology and innovation.
c) Both parties now wish to enter into a series of discussions for meaningful

collaboration for purposes more particularly set forth herein.

Following the discussions between UTAR and SUT (hereinafter called “the Parties”),

the Parties hereby agree to the following.

ik AREAS OF UNDERSTANDING

1.1 The relationship created by this MOU is not intended to be binding in
any court of law. Any collaborative ventures that may bind the Parties
are subject to separate contractual arrangements which include terms
relating to ownership, intellectual property, financial arrangements, use

of resources, etc.

1.2 This MOU is intended to establish a basis upon which UTAR and SUT
may explore areas for cooperation. In this regard, the Parties agreed to
the following goals and objectives as part of their international

collaboration programmes:

a. To initiate joint projects involving international collaborative
research and to share expertise and joint development of
research.

b. To facilitate academic development exchanges between the
Parties, including mutual visits by faculty members to pursue
research, teaching, and to participate in seminars, conferences,
workshops, etc.

c. To facilitate study visits and student exchange by postgraduate
and undergraduate students where appropriate for the purpose

of enhancing students learning experience.

d. To facilitate industrial placement of SUT and UTAR students.
e. To facilitate the co-supervision of the PHD students.
2
MoU/DCIN/SUT/02
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i To facilitate visits and exchanges of supporting and
administrative staffs where appropriate for the purpose of
enhancing administrative academic support, and learning

experience.

2. DURATION

This MOU shall come into effect upon execution hereof by the Parties hereto
and shall continue for a period of three (3) years and may be extended upon

mutual agreement thereafter.

3. IMPLEMENTATION & COORDINATION

3.1 The implementation of the cooperation under this MOU shall be dealt
with by the relevant departments or faculties of both Parties. A
separate written agreement shall be entered into by the Parties setting

out the detailed arrangements for collaboration which will stipulate the

following:
a. The scope, timeframe, and objectives of the activity in detail.
b. The responsible persons within the particular departments or

units that are concluding the agreement. The persons named
will be directly responsible for the implementation and
oversight of the proposed activity. Changes to the personnel
involved may be made at the discretion of the department or
unit head, in coordination with the institutional points of
contact at UTAR and SUT named in Clause 3.2 of this MOU;

and

& The commitment of resources, if applicable, and the attendant
financial obligations of the respective partnering departments.

This MOU does not require either Party to support any new

MoU/DCIN/SUT/02
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financial commitment unless expressly agreed otherwise by the

partnering departments or units.

3.2 In order to oversee this MOU and coordinate with the associated
departments and separate supplementary agreements, both the Parties

agree that the institutional points of contact shall be the following:

For SUT: Asst. Prof. Dr. Wipawee Usaha
Head of the Office of Global Engagement
Institute of Engineering

Email: wipawee@sut.ac.th

For UTAR: Ts. Dr. Goh Hock Guan
Deputy Dean (R&D and Postgraduate Programmes),
Faculty of Information and Communication Technology

Email: gohhg@utar.edu.my

4. AMENDMENT

The Parties may revise, amend or modify all or any part of this MOU by way
of mutual consent in writing which shall come into force on such date to be

determined by the Parties.

5. CONFIDENTIALITY

All information and/or data that may be exchanged, acquired and shared in
connection with the areas of cooperation between the Parties pursuant to this
MOU shall be treated as strictly confidential and shall not under any
circumstances be divulged by the receiving Party to any third party without the
prior written consent of the disclosing Party unless otherwise the same has
already been in the public domain. This obligation shall continue to bind the

Parties hereto notwithstanding the termination of this MOU.

4
MoU/DCIN/SUT/02
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6. RESULTS OF COLLABORATION

Ownership of any research findings, curriculum, content and intellectual
property arising from collaborative studies or researches shall be decided upon
through mutual agreement of the Parties. Any publication, application, use
and others regarding the same shall only be allowed after obtaining the prior

written consent of both the Parties.

7. LIMITATION OF LIABILITY

In no event shall either Party be liable to the other for any damages
whatsoever including without limitation, direct, indirect, speculative,
incidental, special, or consequential damages in connection with the

performance under this MOU.

8. GoOoD FAITH

In entering into this MOU, the Parties recognise that it is impractical to make
provisions for every contingency that may arise in the course of the
performances thereof. Accordingly, the Parties hereby declare it to be their
intention that this MOU shall operate between them in accordance with the
principles of good faith, with fairness and without detriment to the interests of
any of the Parties. If in the course of this MOU, unfairness to any Party is
disclosed or anticipated or any dispute arises, the Parties shall use their best
endeavours to agree upon such action as may be necessary and equitable to
remove or resolve the cause(s) of the same. If the Parties hereto fail to resolve
the disputes or disagreements amicably then the MOU shall be deemed to be

terminated forthwith.

9. CosTs

No Party shall incur any expenditure on behalf of the other Party. Each Party
shall be responsible for its own expenses incurred unless otherwise agreed

upon prior to carrying out the activities under this MOU.

MoU/DCIN/SUT/02
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10. TERMINATION

Either Party may terminate this MOU for any reason whatsoever by giving to
the other Party a written notice of three (3) months. Where such termination
occurs, the provisions of this MOU shall continue to apply to on-going

programmes or activities until their completion.

11. NOTICE

Any notice required to be given hereunder shall be in writing and shall be

delivered by courier service or facsimile to the address stated herein.

[The remainder of this page is intentionally left blank.]

MoU/DCIN/SUT/02
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IN WITNESS WHEREOF the Parties hereto have their authorised representatives hereto

set their hands the date and year first above mentioned.

Signed by:

IR. PROF. DR. EWE HONG TAT
President

Universiti Tunku Abdul Rahman

In the presence of:

IR. PROF. DR. YOW HO KWANG
Vice President (Internationalisation and
Academic Development)

Universiti Tunku Abdul Rahman

MoU/DCIN/SUT/02

Signed by:

ASSOC.PROF.DR.WEERAPONG PAIRSUWAN

Rector

Suranaree University of Technology

In the presence of:

ASSOC.PROF. FLT. LT. DR. KONTORN
CHAMNIPRASART

Vice Rector for Academic Affairs and
Internationalisation

Suranaree University of Technology
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Memorandum of Understanding between Suranaree University of Technology and Universiti Tunku
Abdul Rahman

ANLATILSN 27 unsAN 2009 — 26 UNSIAN 2011
YNYTTYEIA1 27 UATIAN 2011 — 26 unsnAn 2013
27 unT1AN 2013 — 26 UAT1AN 2015
1 wgerdnneu 2015 - 31 faAy 2018

Wate \enuatudy \apnuatulml

UNIVERSITI TUNKU ABDUL RAHMAN, a private
university registered under the Malaysian
Private Higher Educational Act 1996, wholly
owned by UTAR Education Foundation
[Company No. 578227-M], and having its
address at 13, Jalan 13/6, 46200 Petaling Jaya,
Selangor Darul Ehsan, Malaysia (hereinafter
called “UTAR”)

AND
SURANAREE  UNIVERSITY OF TECHNOLOGY, an

autonomous university under the Royal Thai

Government and having its business address

at 111 University Avenue, Suranaree
Subdistrict, Muang District, Nakhon
Ratchasima, Thailand, 30000 (hereinafter

called “SUT”)

UNIVERSITI TUNKU ABDUL RAHMAN, a private
university registered under the Malaysian
Private Higher Educational Institutions Act
1996, wholly owned by UTAR Education
Foundation [Company No. 578227-M], and
having its address at Jalan Universiti, Bandar
Barat, 31900 Kampar,

(hereinafter called “UTAR”)

Perak, Malaysia

AND

SURANAREE UNIVERSITY OF TECHNOLOGY is a
public autonomous university under the
Royal Thai Government, having its address at
111 University Avenue,
Nakhon
(hereinafter called “SUT”)

Muang District,

Ratchasima 30000 Thailand

a) UTAR is a university offering courses in

undergraduate and postgraduate

programmes in the areas including
Accountancy, Actuarial Science, Applied
Arts,

Engineering,

Mathematics, Business,

Biotechnology, Information
and Communication Technology, Natural
Sciences, and Social Sciences and engages
in the provision and conduct of research,
consultation, and other related
educational services at its campuses at
Petaling Jaya, Bandar Sungai Long, Setapak

and Kampar in Malaysia.

a) UTAR is a university offering courses in

undergraduate and postgraduate

programmes in the areas including
Accountancy, Actuarial Science, Applied
Mathematics, Arts and Social Science,
Studies, Studies,
Business and Economics, Engineering and
Built

Communication  Technology,

Chinese Malaysian

Information  and
Life and
Physical Sciences, Medicine and Health
Media

Education, Agriculture and Food Science,

Environment,

Sciences, and  Journalism,
and engages in the provision and conduct
of research, consultation, management
and leadership training and other related
educational services at its campuses at
Bandar

Sungai Long and Kampar in

Malaysia.
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b) Suranaree University of Technology is the
first

Thailand offering courses in undergraduate

state autonomous university in

and postgraduate programmes in the fields

of Natural and Applied Science,

Engineering, Medicine, Environmental and

Occupational Health, Animal Production,

Crop Production, Biotechnology, Food
Technology, Information and
Communication  Technology, Business
Management,  Social  Sciences  and

Linguistics, and conducts research and
provides academic services to the public
through technological adaptation, transfer
and development.

b) SUT is a public autonomous university
offering courses in undergraduate and
postgraduate programmes in the areas
including Natural and Applied Science,
Engineering, Medicine, Dentistry, Public
Health, Nursing, Agricultural Technology,
Business Management, Digital Technology,

Entrepreneurship, Social Science and
Linguistics, conducts research  and
provides academic services to the public
through adaption, transfer and
development  of  technology  and

innovation.

1.2 d. To facilitate applications from candidates | d. To facilitate industrial placement of SUT
for relevant postgraduate research and and UTAR students.
taught courses provided that the prevailing | e. To facilitate the co-supervision of the PHD
university qualifying criteria and financial students.
requirements can be met. f. To facilitate visits and exchanges of
e. To encourage academic innovation by supporting and administrative staffs where
cooperating in developing new teaching appropriate for the purpose of enhancing
and learning technologies. administrative academic support, and
f. To organise and participate in joint learning experience.
academic activities such as conferences,
workshops, publications, and seminars.

DURATION | This MOU shall come into effect upon | This MOU shall come into effect upon
execution hereof by the Parties hereto and | execution hereof by the Parties hereto and
shall continue for a period of two (2) years | shall continue for a period of three (3) years
and may be extended upon mutual | and may be extended upon mutual
agreement thereafter. agreement thereafter.

32 For SUT: Prof. Dr. Pairote Sattayatham, For SUT: Asst. Prof. Dr. Wipawee Usaha

Vice Rector,Academic Affairs

For UTAR: Dr. Yeoh Suan Pow,
Vice-President, Student Development and

Alumni Relations

Head of the Office of Global Engagement
Institute of Engineering

Email: wipawee@sut.ac.th

For UTAR: Ts. Dr. Goh Hock Guan
Deputy Dean (R&D and Postgraduate
Programmes), Faculty of Information and

Communication Technology

Email: gohhg@utar.edu.my
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This Memorandum of Understanding (hereinafter called “MOU”) is made on
Jom. 27,2009

BETWEEN

UNIVERSITI TUNKU ABDUL RAHMAN, a private university registered under the
Malaysian Private Higher Educational Act 1996, wholly owned by UTAR Education
Foundation [Company No. 578227-M], and having its address at 13, Jalan 13/6,
46200 Petaling Jaya, Selangor Darul Ehsan, Malaysia (hereinafter called “UTAR”)

AND

SURANAREE UNIVERSITY OF TECHNOLOGY, an autonomous university under the

Royal Thai Government and having its business address at 111 University Avenue,

Suranaree Subdistrict, Muang District, Nakhon Ratchasima, Thailand, 30000

(hereinafter called “SUT”)

I
:
WHEREAS !

a) UTAR is a university offering courses in undergraduate and postgra%ﬁai'fe

programmes in the areas including Accountancy, Actuarial Science, App!red

Mathematics, Arts, Business, Biotechnology, Engineering, Informatlori and A

Communication Technology, Natural Sciences, and Social Smencesg éll

engages in the provision and conduct of research, consultation, and - her
gag p

related educational services at its campuses at Petaling Jaya, Bandar SungaL

Long, Setapak and Kampar in Malaysia. :

)

b) Suranaree University of Technology is the first state autonomous univcrs—igx.in
Thailand offering courses in undergraduate and postgradvate programmes in

the fields of Natural and Applied Science, Engineering, Medicine,
Environmental and Occupational Health, Animal Production, Crop
Production, Biotechnology, Food Technology, Information and

Communication Technology, Business Management, Social Sciences and
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Linguistics, and conducts research and provides academic services to the

public through technological adaptation, transfer and development.

c) Both parties now wish to enter into a series of discussions for meaningful

caollaboration for purposes more particularly set forth herein.

Following the discussions between UTAR and SUT (hereinafter called “the Parties™),

the Parties hereby agree to the following.
1. AREAS OF UNDERSTANDING

1.1  The relationship created by this MOU is not intended to be binding in
any court of law. Any collaborative ventures that may bind the Parties
are subject to separate contractual arrangements which include terms
relating to ownership, intellectual property, financial arrangements, use

of resources, etc.

1.2 This MOU is intended to establish a basis upon which UTAR and SUT
may explore areas for cooperation. In this regard, the Parties agreed to
the following goals and objectives as part of their international

collaboration programmes:

a. To initiate joint projects involving international collaborative
research and to share expertise and joint development of

research.

b. To facilitate academic development exchanges between the
Parties, including mutual visits by faculty members to pursue
research, teaching, and to participate in seminars, conferences,

workshops, etc.
& To facilitate study visits and student exchange by postgraduate

and undergraduate students where appropriate for the purpose

of enhancing students learning experience.

11 14/18 A



d. To facilitate applications from candidates for relevant
postgraduate research and taught courses provided that the
prevailing university qualifying criteria and financial

requirements can be met.

e To encourage academic innovation by cooperating in

developing new teaching and learning technologies.

f. To organise and participate in joint academic activities such as

conferences, workshops, publications, and seminars.

DURATION

This MOU shall come into effect upon execution hereof by the Parties hereto
and shall continue for a period of two (2) years and may be extended upon

mutual agreement thereafter,

IMPLEMENTATION & COORDINATION

3.1  The implementation of the cooperation under this MOU shall be dealt
with by the relevant Departments or Faculties of both Parties. A
separate written agreement shall be entered into by the Parties setting

out the detailed arrangements for collaboration which will stipulate the

following:
a. The scope, timeframe, and objectives of the activity in detail.
b. The responsible persons within the particular departments or

units that are concluding the agreement. The persons named
will be directly responsible for the implementation and
oversight of the proposed activity. Changes to the personnel
involved may be made at the discretion of the department or

unit head, in coordination with the institutional points of

i 15/18
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contact at UTAR and SUT named in Clause 3.2 of this MOU;

and

c. The commitment of resources, if applicable, and the attendant
financial obligations of the respective partnering departments.
This MOU does not require either Party to support any new
financial commitment unless expressly agreed otherwise by the

partnering departments or units.

32 In order to oversee this MOU and coordinate with the associated
departments and separate supplementary agreements, both the Parties
agree that the institutional points of contact shall be the following:

For SUT: Prof. Dr. Pairote Sattayatham,
Vice Rector, Academic Affairs
ForUTAR: Dr. Yeoh Suan Pow
Vice President, Student Development and Alumni

Relations
AMENDMENT

The Parties may revise, amend or modify all or any part of this MOU by way
of mutual consent in writing which shall come into force on such date to be

determined by the Parties.
CONFIDENTIALITY

All information and/or data that may be exchanged, acquired and shared in
connection with the areas of cooperation between the Parties pursuant to this
MOU shall be treated as strictly confidential and shall not under any
circumstances be divulged by the receiving Party to any third party without the
prior written consent of the disclosing Party unless otherwise the same has
already been in the public domain. This obligation shall continue to bind the

Parties hereto notwithstanding the termination of this MOU.

A
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RESULTS OF COLLABORATION

Ownership of any research findings, curriculum, content and intellectual
property arising from collaborative studies or researches shall be decided upon
through mutual agreement of the Parties. Any publication, application, use
and others regarding the same shall only be allowed after obtaining the prior

written consent of both the Parties.

LIMITATION OF LIABILITY

In no event shall either Party be liable to the other for any damages
whatsoever including without limitation, direct, indirect, speculative,
incidental, special, or consequential damages in connection with the

performance under this MOU.

GOooD FAITH

In entering into this MOU, the Parties recognise that it is impractical to make
provisions for every contingency that may arise in the course of the
performances thereof. Accordingly, the Parties hereby declare it to be their
intention that this MOU shall operate between them in accordance with the
principles of good faith, with fairness and without detriment to the interests of
any of the Parties. If in the course of this MOU, unfairness to any Party is
disclosed or anticipated or any dispute arises, the Parties shall use their best
endeavours to agree upon such action as may be necessary and equitable to
remove or resolve the cause(s) of the same. If the Parties hereto fail to resolve
the disputes or disagreements amicably then the MOU shall be deemed to be

terminated forthwith.
COSTS
No Party shall incur any expenditure on behalf of the other Party. Each Party

shall be responsible for its own expenses incurred unless otherwise agreed

upon prior to carrying out the activities under this MOU.

i 17/18

.



10. TERMINATION
Either Party may terminate this MOU for any reason whatsoever by giving to
the other Party a written notice of three (3) months. Where such termination
occurs, the provisions of this MOU shall continue to apply to on-going
programmes or activities until their completion.

11.  NOTICE
Any notice required to be given hereunder shall be in writing and shall be

delivered by Courier or facsimile to the address stated herein.

IN WITNESS WHEREOF the Parties hereto have their authorised representatives hereto

set their hands the date and year first above mentioned.

Signed by: Signed by:

............................................................

YBHG. ENGR. PROF. DATO’ DR. CHUAH HEAN TEIK ~ PROF. DR. PRASART SUEBKA

President Rector
Universiti Tunku Abdul Rahman Suranaree University of Technology
In the presence of: In the presence of:

Dr. Yeoh Suan Pow Assoc. Prof. Group Captain Dr. Vorapot Khompis
Vice President Dean
Student Development and Alumni Relations Institute of Engineering
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