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Silent Guardian Brings New Life
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Establishment of the Species DNA Database
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Prof. Chyng-shyan Tzeng, Institute of Bioinformatic and Structural Biology and Department of Life Sciences, National Tsing Hua University. & F1gft
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Shei-Pa National Park removed the built dam so that the salmon could swim freely.
Subsequent tracing had proved that this measure was highly conducive to improving the
worsening genes of Oncorhynchus masou formosanus. / Photo provided by Chyng-shyan
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n CS/, the popular TV series, a forensic specialist can

recover the truth and find out the killer by a drop of
blood, a hair, or a tiny tissue residue left on the crime
scene. With the same molecular technology, can a
biologist unveil the myth of living things? Let the two
experts, Professors Prof. Tzen-yuh Chiang and Prof.
Chyng-shyan Tzeng, lead us in the exploration of the life
codes for different species.

New Breakthrough Technology

Tropical and mountainous, Taiwan is known for its
biodiversity. Field investigations during the Japanese
colonization are the best proof. To sustain local species,
national parks were created. However, as time went
by, the original purposes of minimizing development
and cultivation of primitive lands, destruction to the
local environment, and hunting of certain species are
no longer sufficient. Since sustainability is the basis for
biodiversity, what matters is how to present biodiversity.
Life Science Professor Chiang Department of Life
Science, from National Cheng Kung University says:
“The old practice can no longer satisfy current needs.”

In the case of Formosan landlocked salmon
(Oncorhynchus masou formosanus), the national
treasure fish of Taiwan, each year, more than 1,000 of
bred fish are set free in their original habitats but few
managed to survive because of their lack of defense in a
natural setting and the ability has to do with their genes.
However, one cannot tell the genetic diversity through
field investigations and morphological classification. It
has to be identified with molecular biology.

BEah] 037

Cover Story IEIMNE 2o 0007



2

DFEVRMAERRE » BRETYERERREL

%8 ERFATEAD FIEM (fingerprinting) £ 1if » 3E7&
T2 A T ME 2 DNA (microsatellite DNA) SUKIHREE
DNA & —/\ERFVHFTE DNA 31 - MiSHRAY/)\EX DNA
JgE . ERUERIRZEEYNER - FE—F » BE
D TEBEEYEREH DNA B » BIIFTENEEE
FIEE -
BEEEHMEEREE

SN KENEEEET A » 505005 I‘EEI'J
B E0B8_B53E - BRIER AR RIERSE
SR - SWEBEERRRY  EMETTHNAE

Molecular biology is widely applied. In species kinship
classification, there is the fingerprinting technology that
uses segments of microsatellite DNA or mitochondrial
DNA sequences whose variance can indicate the
difference of each living thing and be used in the analysis
of the entire DNA sequence of the living thing to establish
the so-called genetic data.

Formosan Landlocked Salmon in Crisis
There are few freshwater fishes in Taiwan. With
migratory ones included, there are only around 200 of
them in total, and the damage people do to rivers makes
them fewer and fewer. A field investigation will only find
30 to 40 fishes in one river. Among them, the most valued
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The salmon lives in several branches of Cijiawan
River(creek), an upper reach of the Dachia River. The
geographical separation blocks them from traveling
freely, resulting in several independent subgroups close
in biological relationship which will propagate and lead
to genetic degradation, reducing genetic diversity. Prof.
Tzeng from Department of Life Sciences, National Tzeng
Hua University tells us that the salmon is endangered by
this crisis now.

Tzeng's study indicates that the culprit for the
separation of the salmon is the dam in Cijiawan River
(creek) which prevents it from passing. Several years
ago, Shei-Pa National Park removed four built dams so
that the salmon could travel freely and the result was
successful. Another measure is that national parks set
free artificially bred Formosan landlocked salmon. As
long as the number of the fish set free is sufficient, we
can expect that in a decade, the genetic diversity of the
species will develop and improve.

Tzeng also says, “Although phylogenetic relationship
studies and the genetic database are not at the core
of conservation, they will get us
prepared for any unexpected >
that happens in the future.” This
clearly says the importance of
related researches.

and indicative fish is Formosan landlocked salmon.
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Formosan landlocked salmon (Oncorhynchus masou formosanus) is the most indicative conserved species
among freshwater fishes in Taiwan. / Photo provided by Chyng-shyan Tzeng
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Sinogastromyzon puliensis primarily primarily lives in the middle stream of rivers in central Talwan, with
waterways with rapid currents as their habitats. They lean against rocks with their pectoral fins and pelvic
fins and feed on benthic algae. They are protected wildlife with obvious migratory habits. / Photo provided by
Chyng-shyan Tzeng
038 R wf 039




040

IERIRARAFN RMEARIIEE

IRIEBHRAHRARMANE » RIVEEREM
AEBEMBE - BFFBERMENTANRIER
F - ZERERENARYE—UUEE > SRE—E
FUWEE - REREVEZEART » SEMMER T —=R
REX K - ERESENBRENBENERMEY)
RITEESEFERTIR ? BRERR - &2 DNA
RUBRZE » SIELMERARDS » B FISNNRKEARRE
REREE

812 DNA &1 BRIEEZEREER L E/Y)
BIRL  BETHRBEZEURRAEET - 2
MEUERR2ERRTEYEUER EEEER D
E2E » ZXU - ERSFSUMEBREL MR
RALES - D TEVRINEREAER » EUAES
MAEKALBREREE - MBI EEZEINDIRE
S8 - fELIZERRES DNA RERDAT - SEB R UALERAD
AREAEERERE - AEBEA—BERLULUIRRAR
WK Bt ESEEEDEAER - HR » EiEFEL
BUNEUMBSRERRSHNERINEE - BRItiX
BTN IEREST -

Study Root Causes for Invasion by

Foreign Species

Chiang explains that many species in their original
habitats are not threats but when they relocate across
ocean, they can be. For example, Pueraria montanus
(Lour) Merr is a harmless fava plant in Taiwan, its home,
but is causing problems and killing local species in the
U.S. Why? Microsatellite DNA studies explain it all from
the very basics and let us know answers to invasion by
foreign species.

The technique of microsatellite DNA has been widely
applied in researching species in Taiwan's national parks.
Commissioned by Yushan National Park (YSNP), Chiang
had analyzed the genetic structure and the degree
of variation of Rhododendron pseudochrysanthum
Hayata, a representative plant in YSNP. Through the
molecular technology that contained an analysis of
chloroplast DNA segments, Chiang discovered and
proved that Rhododendron pseudochrysanthum Hayata
and Rhododendron morii Hayata, which he collected in
high mountains in Yushan and South Cross-Island Hwy,
are actually the same species. The difference in their
appearances should be the result of strong variation in
their genes taking place in Jade Mountains and Central
Mountains respectively. Among them, the Rhododendron
pseudochrysanthum Hayata in Mt. Guanshanling has
the highest genetic diversity, indicating the species has
probably existed since the glacial age.
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Chiang also says that analysis of Pueraria
montanus in microsatellite DNA studies
shows that the plant changed its reproductive
method after it arrived in the U.S. from sexual
reproduction to asexual reproduction, which
features rapid multiplication in large quantities.
The same problem happens to Taiwan with
Mikania micrantha H. B. K., whose place of origin
is Mexico. The behavioral changes of plants
are caused by two extremities of genetics. The
low genetic diversity of the two plants enables
rapid propagation. However, high diversity is
also catastrophic. Tamarisk, another hazardous
plant in the U.S., is many times bigger than its
counterparts in the place of origin and the big size
makes its ability to absorb large quantity of water.
It can dry a wetland, a river or even ground water.
It all happened because someone hybridized the
two types of tamarisk that are always separate
from each other in Southeast Asia and changed
its morphology. All of these ecological questions
are answered in studies with molecular biology
because all sciences are interrelated.
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Climbing Plant Kudzu (Pueraria montanus
(Lour.) Merr) is very common and normal plant in
Taiwan, yet across the Pacific Ocean, it becomes
troublesome invasive plant. / by Vasility Koval
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Picture of White Leadtree (Leucaena leucocephala
(Lam.) de Wit) (Up: Seedpod, Down: Flowers).It
causes harm to environment and has the risk of
spread and invasion, the devastating enemy for
conservation. The molecular biology can help to
remove it / by Vasility Koval

There are a variety of eels, good and bad, on the
market. If it were not for the molecular technology,
we may be easily fooled! / Photo provided by
Chyng-shyan Tzeng
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The swamp eel (Anguilla marmorata), or marbled
eel, is carnivorous and demersal, living in the bottom
of the silt of a river. It hides in the silt during day time
with only its head shown for breathing, and preys for
food at night, feeding on shrimps, crabs, and other
fish. / Photo provided by Chyng-shyan Tzeng
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Unveil Hidden Species

Molecular biology is used in more and more research
to analyze genetic sequences. Research results are
compiled in the NCBI genetic sequence database
(GenBank) and shared internationally. What is the main
purpose of the genetic database? Tzeng answers with a
fun example.

Eel fry in the eel cultivation industry of Taiwan can be
as expensive as gold sometimes. To make more money,
ill-natured businessmen will mix them with cheap eel
fry from other countries and of course ordinary buyers
cannot tell the difference. By the day the eels are big
enough for them to tell the difference, it is already too
late because lots of money has been invested. But only
a tiny piece of tissue is required for the molecular biology
to distinguish the difference. Tzeng even found a new
species besides the 18 species collected in the genetic
database when authenticating the eel. He cheerfully
indicates that the new species will be officially made
known to the public this year and named after Pien-Chien
Huang, who introduced the biology into Taiwan 20 years
ago.

Understanding Drives Protection

During the interview, we know that some indigenous
ayu fish Plecoglossus altivelis can grow to 50 cm but the
species is extinct now with only written records. The fish
could be found in China, Taiwan, and Japan. Despite
similar appearance, the molecular biology found that
the ones in Taiwan look more like those in Japan but are
closer in blood to those in China. This loss cause by lack
of knowledge about genes could never be made up!
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We also know that studies of the molecular biology
and establishment of the genetic database are only part
of fundamental research. Although they seem purely
academic and hard to be applied in actual conservation,
fundamental research is important to conservation. For
example, some may think Formosan landlocked salmon
can be found in Taiwan and Japan so if they disappear in
Taiwan, we can get some from Japan. However, genetic
difference is unbeatable. The species spent tens of
millions of years adapting to the environment in Taiwan
and hence it is irreplaceable.

The interviews with the two professors make us realize
that we should not misplace species as we wish because
the result may be detrimental. Foreign species may
die or occupy habitats of indigenous species. We must
protect local species to ensure that they are of a sufficient
population. Gene diversity will evolve from generation to
generation. Why bother to introduce foreign species?

Molecular authentication used to be costly and time-
consuming but now it is fast with a reasonable price. A
brand new tool in classification, it can identify different
populations of species and analyze their survival on
the earth to help recover the panorama of biological
kinship and history of evolution. Establishment of the
genetic database only requires fundamental research,
but what's important is how to use such database in the
conservation and protection of species, interpretation of
information provided by molecular evidence, and future
conservation.
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Picture of Thale Cress (Arabidopsis thaliana) in the laboratory after genetic transformation / by Vasility Koval
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Formosania lacustre, though named after Taiwan, has recently been found not exclusively available in Taiwan.
The fish mainly lives in rivers north to Jhuoshuei River and is representative of fishes in rapid currents. / Photo
provided by Chyng-shyan Tzeng

042 B R 043

protect rivers for the ultimate goal of improving river ecology.



