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World University Rankings 2017 - 2020

Mahidol University Ranking
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THE World University Rankings 2020: methodology

Indicators and Weightings

Teaching (the learning environment)

Reputation survey 15%, Staff to student ratio 4.5%, Doctorate to bachelor’s ratio 2.25%,
Doctorates awarded to academic staff ratio 6%, Institutional Income 2.25%

30%

30%

7.5%

Research (volume, income and reputation)

Reputation survey 18%, Research Income 6%, Research Productivity 6%

Citations (research influence)

International outlook (staff, students and research)

International to domestic student ratio 2.5%, International to domestic staff ratio 2.5%,
International collaboration 2.5%

2.5%

Industry income (knowledge transfer)

17 : https.//www.timeshighereducation.com/world-university-rankings/world-university-rankings-2020-methodology
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QS World University Rankings 2020: methodology

Indicators and Weightings

40%

Academic Reputation Based on our Academic Survey, it collates the expert opinions of over

94,000 individuals in the higher education space regarding teaching and research quality at the world’s
universities.

10%

20%

I:mpLoyer Heputatlon Our Employer Reputation metric is based on almost 45,000 responses

to our QS Employer Survey, and asks employers to identify those institutions from which they source the most
competent, innovative, effective graduates. The QS Employer Survey is also the world’s largest of its kind.

FaCUlty/StUdent Ratio Teaching quality is typically cited by students as the metric of highest

importance to them when comparing institutions using a ranking. It is notoriously difficult to measure, but we
have determined that measuring teacher/student ratios is the most effective proxy metric for teaching quality. It
assesses the extent to which institutions are able to provide students with meaningful access to lecturers and
tutors, and recognizes that a high number of faculty members per student will reduce the teaching burden on
each individual academic

20%

10%

Citations per faCUlty All citations data is sourced using Elsevier’s Scopus database, the

world’s largest repository of academic journal data. This year, QS assessed 74 million citations from 13.5 million
papers once self-citations were excluded.

International faculty ratio/International student ratio (5% each)

A highly international university acquires and confers a number of advantages. It demonstrates an ability to
attract faculty and students from across the world, which in turn suggests that it possesses a strong
international brand. It implies a highly global outlook: essentially for institutions operating in an
internationalised higher education sector. It also provides both students and staff alike with a multinational
environment, facilitating exchange of best practices and beliefs. In doing so, it provides students with
international sympathies and global awareness: soft skills increasingly valuable to employers. Both of these
metrics are worth 5% of the overall total.

7 : https.//www.topuniversities.com/qgs-world-university-rankings/methodology
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Academic Ranking of World Universities Rankings 2019: methodology

Indicators and Weightings

10% Quality of Education

Alumni of an institution winning Nobel Prizes and Fields Medals 10%

Quality of Faculty

40 0/0 Staff of an institution winning Nobel Prizes and Fields Medals 20%,
Highly Cited Researchers 20%

Research Output

40 0/0 Papers published in Nature and Science 20%,
Papers indexed in Science Citation Index-Expanded and Social Science Citation Index 20%

10% Per Capita Performance

Per capita academic performance of an institution 10%

17 : http.//www.shanghairanking.com/ARWU-Methodology-2019.html
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Academic Ranking of World Universities 2019

o MI000M Methodology  Statistics

By location Total Score on

I National/Regional
Institution Thailand v Rank Score

401-500  Mahidol University E 1 0
601-700  Chulalongkorn University E 2 0
801-900  Chiang Mai University E 3-4 0
801-900  Prince of Songkla University E 3-4 0

* Institutions within the same rank range are listed alphabetically.

7 : http://www.shanghairanking.com/ARWUZ2019.html 11
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Current Plant Biology 19 (2019) 100112
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Current Plant Biology

¥

ELSEVIER journal homepage: www.elsevier.com/locate/cpb

Unraveling vascular development-related genes in laticifer-containing tissue
of rubber tree by high-throughput transcriptome sequencing o

Pakatorn Sae-Lim™", Chaiwat Naktang®, Thippawan Yoocha®, Kanlaya Nirapathpongporn®,
Unchera Viboonjun®, Panida Kongsawadworakul®, Sithichoke Tangphatsornruang®,
Jarunya Narangajavana®"

* Depurtment of Biotechnology, Foculty of Science, Mahidol University, Bangkok 10400, Thailand

® Center of Excellence on Agriculturol Bistechnology (AG-BI0/PERDO-CHE), Bangkok 10900, Thailond

“ Rubber Resenrch Institute of Theilmd (RRIT), Bangkok 10800, Thoilond

< Department of Plamt Science, Faculty of Science, Mahidel University, Bangkok 10400, Thailand

“ Natianal Center for Genetic Engineering and Biotechnology (BIOTEC), National Science and Technology Development Agency, Pathurm Thani 12120, Thailond

ARTICLE INFO ABSTRACT

Keywords: About 9% of natural rubber is obtained from tapping of the mbber tree (Hewen brosiliensis) for latex, which is

Rubber tres circulated in the laticifers. Nowadays, the world supply of natural rubber is not sufficient for global demand, thus

Transeriptuane the increased latex yield was significantly underlined. In addition, the demand for wood (as a xylem part) from

ﬂ:m;" rubber tree was also increased as renewable resource for various applications. Laticifers are found in the sec-
oifers

ondary phloem containing tissue of rubber tree trunk-inner soft bark. The number of laticifers varies in con-
siztent with latex yield and in responses to jasmonic acid level. This present study was committed to comparative
transcriptome analysis in laticifers containing mature phloem, mature xylem and newly developed stem tissues
of high latex-yield clone (RRIT251, with more laticifers) and high wood-yield clone (RRIT402, with less lad-
cifers) af rubber tree to classify the genes and pathways involved with phloem (with laticifers) and xylem cell
differentiation. There were 49, 54, 46 and 50 of vascular development-related genes in primary and secondary
tissues of phloem and xylem, respectively. Differentially expressed genes in jasmonic acid signaling pathway was
established with their highest expression in phloem tissue with laticifer cells of RRIT251, while genes in auxin
signaling and secondary cell wall biosynthetic pathways were up-regulated in xylem tissue of RRIT402 for high
wood yield. Promoter analysis of candidate-differentially expressed genes suggested the related pathway amd
putative regulatory elements for gene regulation. This genome-wide exploration of vascular development-related
genes unraveled a largely unknown gap of this special vascular development containing laticifers in rubber tree.

Hylem
Vascular development-redated genes

1. Intreduction growth and development. Vascular tissues are responsible to transport

these factors to other parts of plants. Plant vascular tissues consist of

Plants contain a distinct feature which continuously generates or- two major cell types, including xylem and phloem. Xylem serves as a
gans along their entire life cycle. During plant organ development, the death cell which plays role in water transportation from roots to leaves. 28

controllable of cell proliferation and cell differentiation are co- In addition, xylem is the main source of wood as plant biomass. By
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transcriptome analysis in laticifers containing mature phloem, mature xylem and newly developed stem tissues
of high latex-yield clone (RRIT251, with more laticifiers) and high wood-yield clone (RRIT402, with less lad-
cifers) of rubber tree to classify the genes and pathways involved with phloem (with laticifers) and xylem cell
differentiation. There were 49, 54, 46 and 50 of vascular development-related genes in primary and secondary
tissues of phloem and xylem, respectively. Differentially expressed genes in jasmonic acid signaling pathway was
established with their highest expression in phloem tissue with laticifer cells of RRIT251, while genes in auxin
signaling and secondary cell wall biosynthetic pathways were up-regulated in xylem tissue of RRIT402 for high
wood yield. Promoter analysis of candidate-differentially expressed genes suggested the related pathway amd
putative regulatory elements for gene regulation. This genome-wide exploration of vascular development-related
genes unraveled a largely unknown gap of this special vascular development containing laticifers in rubber tree.

Hylem
Vascular development-redated genes

1. Introduction growth and development. Vascular tissues are responsible to transport ° .
UNUY/Introduction

these factors to other parts of plants. Plant vascular tissues consist of

Plants contain a distinct feature which continuously generates or- two major cell types, including xylem and phloem. Xylem serves as a
gans along their entire life eycle. During plant organ development, the death cell which plays role in water transportation from roots to leaves. 29
controllable of cell proliferation and cell differentiation are co- In addition, xylem is the main source of wood as plant biomass. By
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2. Materials and methods
2.1. Plant materiols

The high latex/low wood-yield clone, RRIT251 (L) and low latex/
high wood-yield clone, RRIT402 (W) were selected for this study. Each
rubber tree clone was at the age of 15-year-old and grown at the Rubber
Research Center at Chachoengsao Provinee. In each clone, three mature
branches from three trees were used in the experiments to collect RNA
samples. Each mature branch contained newly developed stems. Each
branch was separated into three main tissues; mature phloem (MF),
mature xylem (MX) and newly developed stem (NS). Mature phloem,
mature xylem and newly developed stem samples from each branch of
each rubber clone were extracted for total RNA to be used in this study.

aaUsuNa

4. Discussion

Plant cells are consisted of two different cell wall types, including
primary and secondary cell wall. To differentiate these two types of cell
wall, the strength and thickness was considered. Secondary cell wall is
stronger and thicker than primary cell wall. The thin and extensible
wall of primary cell wall is defined as the major function in cell elon-
gation and cell expansion [59). Conversely, the thickness and strength
of secondary cell wall is established by the deposition of cellulose,
hemicellulose and lignin within the xylem cell compartments. The
secondary cell wall provides strength and rgidity in plant tissues and
also assists plant water transportation [60]. The molecular genetics of
secondary cell wall biosynthesis has been studied for long time in
various plants, for example Arabidopsis thaliona [1Z], loblolly pine
(Pinus toedn, [61,62]), poplar (Populus, spp., [63]), white spruce (Piceo

3. Results

3.1. Confirmation of xylem ond phloem contoining tissue sample separation

Mature branches were collected from RRIT251 (high-latex, low-
wood-yield clone) and RRIT402 (low-latex and high-wood-yield clone).
Each mature branch was separated into two main vascular tissues;
phloem and xylem, and the newly developed stems of each branch
clone were also collected (Supplement Fig. S1a, 51b and S1c). The
mature branch cross sections were observed under stereo microscope to
indicate parts of each vascular containing tissue (Fig. 1a). This histo-
logical analysis confirmed that each xylem and phloem tissue was
correctly separated. From this observation, samples from RRIT251
contained higher number of laticifer cells (132+4 laticifer cells/
4 mm?) than those from RRIT402 (70 + 3 laticifer cells/ 4 mm?) (Fig. 1b
and c). This observation was correlated with each rubber clone char-
acteristic in which RRIT251 provided more latex yield than RRIT402.

To verify the perfect tissue separation of phloem and xylem, RT-PCR
by tissue-specific marker genes, such as HRT as a specific marker gene
for latex (in phloem tissue), IRXT as a specific marker for xylem tissue
and actin as a house keeping gene in both tissues was conducted. The
presence of specific transcripts in each specific tissue, HRT can only be
amplified in phloem tissue while IRX] can only be amplified in xylem
tissue, confirmed the completed separation between phloem and xylem
tissue (Supplement Fig. 52). Thus, sampling phloem and xylem tissues
were accurately and completely performed.
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5. Conclusion %Bﬁ?ﬂ

Rubber tree vascular tissues consist of phloem with specialized cells
called laticifer cells, and xylem for latex and wood production, re-
spectively. To investigate the gene regulation in these two different
vascular tissues in rubber tree, the high latex-yield clone (RRIT251) and
high wood yield-clone (RRIT402) were performed the lon-torrent RNA-
sequencing to discriminate the highly expressed genes in each tissue
All differentially expressed gpenes were classified into their four dif-
ferent tissue groups, including primary and secondary phloem and
xylem, and the vascular development-related genes were focused. From
gene ontology, most highly expressed genes in phloem were responsible
for sugar and ATP transporter as well as latex biosynthesis. Conversely,
almost highly expressed genes in xylem were established in secondary
cell wall biosynthetic pathway, and remarkably expressed in RRIT402
for more xylem than RRIT251. The experimental validation by gRT-PCR
of seven candidate genes was consistent to RNA-sequencing results. In
phloem of RRIT251, JA-signaling pathway with its related genes was
elucidated to promote more phloem with laticifer cell differentiation.
The auxin signaling pathway and its related genes were highly ex-
pressed in xylem of RRIT402, for more xylem cell differentiation. These
results were correlated with Arobidopsis candidate genes coexpression
network analysis. Apart from these, promoter analysis of seven candi-
date genes also revealed the putative hormonal JA and auxin responsive
motifs, thus these seven candidate genes should be responsible for JA
and auxin signaling pathways. A schematic diagram represents the
possible regulation of cell differentiation in phloem (with laticifers) and
xylem was proposed in Fig. 6. The obtained RNA-sequencing informa-
tion in two different clones of rubber tree provided better under-
standing in molecular mechanism of phloem with laticifer cell and
xylem cell differentiation. This acquired information may be benefit to
utilize as selectable markers to investigate the suitable clones for rubber
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