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ABSTRACT

The hybrid Eucalyptus UP99 (E. urophylla x E. pellita) and UP95 (E.
urophylla x E. pellita) were recognized as a high economic value species
according to Decision 65/0D-BNN-LN on January 11" in 2013. However, it is
very difficult to the famer in identifying these species by morphological
observation. Therefore, this study aimed to develop a method using DNA
barcode fragments to identify the hybrid Eucalyptus UP99 and UP95. The total
genomic DNA was extracted from leaf samples of UP99 and UP95 and was
used to amplify the DNA barcodes (matK, rbcL, trnH-psbA, ITS and ITS2) by
PCR. The results showed that the bands of PCR production have the expected
size, which is 643 bp, 743 bp, 626 bp, 563 bp, and 250 bp for matK, rbcL, trnH-
psbA, ITS, and ITS?2 fragment, respectively. After that, these sequences were
aligned with the sequence of those genes of other Eucalyptus species in NCBI.
The results showed that UP99 with matK, rbcL and trnH-psbA gene fragments
are 100% similar to UP95, ITS gene fragment is 99.81% similar to UP95, ITS?2
gene fragment is 98.86% similar to UP95. These results suggest that it is best
Jor using ITS2 and ITS molecular marker as a DNA barcode to identify Hybrid
Eucalyptus UP99 (E. urophylla x E. pellita) and UP95 (E. urophylla x E.
pellita) in Vietnam. These results are an important basis for the identification
hybrid Eucalyptus UP99 (E. urophylla x E. pellita) and UP95 (E. urophylla x
E. pellita).

TOM TAT

Giong Bach dan lai UP99 (E. urophylla x E. pellita)va UP95 (E. urophylla x
E. pellita) dirgc cong nhén la giong cé gid tri kinh té cao theo quyét dinh
65/0D-BNN-LN ngay 11/1/2013. Tuy nhién, doi véi nhing nguoi néng dén
viéc xdc dinh giong chi bang quan sat hinh thdi la hét sire khé khan. Do do,
muc dich cua nghién cuu nay la sir dung DNA md vach dé xdc dinh giéng Bach
dan lai UP99 va UP95. DNA tong s6 duwoc tach chiét tir cac mau la ciia UP99
va UP95 va duwoc sir dung dé nhéan ban cdc doan gen matK, rbeL, trnH-psbA,
ITS va ITS?2 bcing ky thudt PCR. Céc két qua chi ra rang cdc bang ciia san
phdm PCR diing véi kich thiede di kién nhie 643 bp, 743 bp, 626 bp, 563 bp va
250 bp, twong wng voi cac doan gen matK, rbcL, trnH-psbA, ITS, va ITS2. Sau
do, cdc trinh tw nay dwoc so sanh voi cac trinh tir trén ngdn hang gen quéc té.
Két qua di chi ra rang giong Bach dan lai UP99 va UP95 c6 ty 1é twong dong
100% ¢ doan gen matK, rbcL va trnH-psbA, twong dong 99,81% ¢ doan gen
ITS, twong dong 99,86% & doan gen ITS2. Két qua ciing cho thdy sir dung chi
thi ITS va ITS2 lam DNA md vach dé giam dinh giong Bach dan lai UP99 va
UP95 la tot nhdt. Két qua nghién cieu la co sé quan trong cho viéc xdc dinh
giong Bach dan lai UP99 va UP95 dang trong ¢ nudc ta.
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1. INTRODUCTION

Eucalyptus belongs to Myrtaceae which has
a large number of species. They are timber trees
of high economic value species. The wood of
these species has good quality to be used in
house furniture, raw materials for pulp,
plywood in industry and eucalyptus oil to treat
headaches, bone pain [1, 2]. In this study, the
two varieties of hybrid Eucalyptus were chosen
as shown in table 1. All of them are fast growth,
good resistance and high productivity which has
high economic value in planting forests.
However, it is very hard for famer in identifying
these species by morphological observation.
Previously, identification and classification of
plants vere mainly based on morphological
methods. Therefore, nowadays, DNA barcoding
is molecular method which helps to identify the
organisms based on short, standardized gene
sequences in nuclear genome, chloroplast
genome, mitochondrial genome of organisms in
the short time and accurate efficiency [7]. DNA
barcoding is effective tool which improves the
drawbacks of the morphological methods [5].
DNA barcodes were used for the classification
and identification of all organisms, including
plants, animals, fungus, microorganisms and
viruses. The short gene sequences in DNA
barcodes were located in the nuclear genome

(ITS, 5.8S, 18S...), in which these sequences
show significant sequence variability at the
species level or subspecies. The short gene
sequences in DNA barcodes were also located
in the chloroplast genome (matK, rbcL, trnH-
psbA, ycflb...) and mitochondral genome
(Cytb, CO1...), in which these sequences have
high conservation, suitable to DNA barcode in
plants [6, 9-12].

In this study, we selected the five candidate
DNA barcode regions, including 3 regions
(matk, rbcL, trnH-psbA) are located in the
chloroplast genome and two regions (/7S, I7S2)
are located in nuclear genome. Using these
fragment sequences can be bring positive results
to classification, identification as well as the
study of genetic relationship of plants,
contributing to improve efficiency conservation
and development.

2. RESEARCH METHODOLOGY
2.1. Plant materials

The leaves of UP99 and UP95 were
collected at Experimentation center and
transfer of Forestry Variety, Bavi district. Each
species got three samples of different
individual plants. These samples were kept in
silica gel and stored at -80°C. The samples of
UP99 and UP9S5 were labled as show the Table
1

Table 1. The information of variety

Order Scientific names Symbol of varieties
1 E. urophylla x E. pellita (UP99) UP99.1; UP99.2; UP99.3
2 E. urophylla x E. pellita (UP95) UP95.1; UP95.2; UP95.3

2.2. Chemical materials

Plant DNA isolation Kit of Norgen, Canada;
Master mix of intron biotechnology, Korea;
PCR purification Kit of Norgen, Canada;

Agarose; 1Kb DNA ladder; Redsafe of Norgen,
Canada. The primers were designed for

amplification of DNA barcode sequences as in
the Table 2 [4].

Table 2. The list of primers

DNA barcode locus Primers Primer sequence (5°-3°) Temperature (°C)
matk mP3F TTCCATGGCCTTCTTTGCATTTGTTGC 50°C
mP3R TTCCATGGTTTTTTGAGGATCCGCTGT
vhel rP2F TGTCACCACAAACAGAGACTAAAGC 59°C
rP2R GTAAAATCAAGTCCACCTCG
trnH-psbA trnPF1 CGCGCATGGTGGATTCACAATCC 51°C
psbPR1 GTTATGCATGACGTAATGCTC
7S ISP2F CGAATTCATGGTCCGGTGAAGTGTTCG 50°C
ISP2R AGAATTCCCCGGTTCGCTCGCCGTTAC
1T Is2P1F ATGCGATACTTGGTGTGAAT 43°C
Is2P1R TCCTCCGCTTATTGATATGC
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2.3. Methods

Total DNA was extracted by plant DNA
isolation kit, Norgen, Canada. The DNA
barcode fragments (matK, rbcL, trnH-psbA,
ITS and ITS2) were amplified by PCR technique
on PCR 9700 thermal cycler Applied
Biosystems (USA). The PCR reaction included:
deionized water (7ul); 2xPCR Master mix
solution (10ul); 10pmol/ul Forward primer
(1ul); 10pmol/ul Reverse primer (1ul) and
50ng/ul DNA template (1ul). The PCR reaction
program: 94°C in 5 min; (94°C in 30sec; 48°C-
52°C in 30sec; 72°C in 1 min) repeated 40
cycles; 72°C in 5 min; incubated at 4°C. Each
PCR reaction was repeated 3 times for each

sample. The PCR products were purified by
PCR purification kit. After that, these products
were sequenced by Sanger’s method, using kit
BigDye Terminator v3.1 Cycle Sequencing.
The DNA sequences were analyzed by different
softwares such as MegaX, Bioedit, NCBI.
3. RESULTS
3.1. Total DNA extraction

Total DNA were extracted from leaves of
UP99 and UP95, and then total DNA products
were tested by electrophoresis on 1% agarose
gel. The results of electrophoresis showed that
all DNA bands were clear and not breakage.
Therefore, the total DNA products were suitable
for using as DNA template for PCR reaction.

UP99.l UP98.2 UPSG.3 UPSS.| UP95.2 P53
e a )

v i -

i+ »dq

Figure 1. Agarose gel electrophoresis of the total crude DNA extracted from UP99 and UP95
UP99: UP99.1; UP99.2; UP99.3 (UP99 was repeated 3 times)
UP95: UP95.1; UP95.2; UP95.5 (UP9S was repeated 3 times)

3.2. PCR amplification

Total DNA of UP99 and UP95 were used to
be templates in PCR reaction to amplify DNA
fragments (matK, rbcL, trnH-psbA, ITS and

ITS2) with specific primers. The PCR results
were tested by electrophoresis on agarose 1%
(Fig. 2; Fig. 3).

Figure 2. Agarose gel electrophoresis of PCR products from UP99 (UP99.1; UP99.2; UP99.3)
with DNA barcodes (IT7S2, trnH-psbA, matK, ITS and rbcL)

Figure 3. Agarose gel electrophoresis of PCR products from UP9S (UP95.1; UP95.2; UP95.3)
with DNA barcodes (I7S2, trnH-psbA, matK, ITS and rbcL)

The DNA bands were clear, no by-product,
which showed that the primers were specificity.
These results indicated that the size of five DNA
barcodes: I7S2, trnH-psbA, matK, ITS and rbcL.
were the expected size as 250bp, 626bp, 643bp,

563bp, 743bp, respectively. These PCR
products were sequenced directly after which
was purified by PCR purification kit (Norgen-
Canada).
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3.3. The DNA sequence analysis of five DNA  PCR fragments of UP99 and UP95 were 743bp

barcodes and 687bp, respectively (Fig.4; Fig.5). There

3.3.1. The DNA sequence of rbcL fragment was no difference among three repetitions of
The DNA sequences of clones from the rbcL. ~ UP99 and UP95.

ATGTCACCACAAACAGAGACTAAAGCAAGTGTTGGATTCAAAGCTGGTGTTAAAGATTATAAACTGACTTATTATACTCCTGACTATG
AAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCCTCAACCTGGAGTTCCTCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTG
AATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGGCTTACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTG
TTGCTGGAGAAGAAAATCAATATATATGTTATGTAGCTTACCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATT
GTGGGTAATGTATTTGGGTTCAAAGCCCTGCGCGCTCTACGTCTGGAGGATCTGCGAATCCCTCCTTCCTATACGAAAACTTTCCAAGGCC
CGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGAACAAATATGGGCGTCCCCTATTGGGATGTACTATTAAACCGAAATTGGGGTTAT
CCGCTAAGAACTACGGTAGAGCAGTTTATGAATGTCTTCGTGGTGGACTTGATTTTACGAAAGATGATGAGAACGTGAACTCACAACCAT
TTATGCGTTGGAGAGACCGTTTCTTATTTTGTGCCGAAGCCATTTTTAAATCACAGGCTGAAACAGGTGAAATCAAAGGGCATTACTTGAA
TGCTACTGCAGGTACATGCGA

Figure 4. The rbcL fragment sequence of UP99

GGTGTTAAAGATTATAAACTGACTTATTATACTCCTGACTATGAAACCAAAGATACTGATATCTTGGCAGCATTCCGAGTAACTCC
TCAACCTGGAGTTCCTCCTGAGGAAGCAGGGGCTGCGGTAGCTGCTGAATCTTCTACTGGTACATGGACAACTGTGTGGACCGATGGG
CTTACCAGCCTTGATCGTTATAAAGGAAGATGCTACCACATCGAGCCTGTTGCTGGAGAAGAAAATCAATATATATGTTATGTAGCTTA
CCCTTTAGACCTTTTTGAAGAAGGTTCTGTTACTAATATGTTTACTTCCATTGTGGGTAATGTATTTGGGTTCAAAGCCCTGCGCGCTCT
ACGTCTGGAGGATCTGCGAATCCCTCCTTCCTATACGAAAACTTTCCAAGGCCCGCCTCATGGCATCCAAGTTGAGAGAGATAAATTGA
ACAAATATGGGCGTCCCCTATTGGGATGTACTATTAAACCGAAATTGGGGTTATCCGCTAAGAACTACGGTAGAGCAGTTTATGAATG
TCTTCGTGGTGGACTTGATTTTACGAAAGATGATGAGAACGTGAACTCACAACCATTTATGCGTTGGAGAGACCGTTTCTTATTTTGTG
CCGAAGCCATTTTTAAATCACAGGCTGAAACAGGTGAAATCAAAGGGCATTACTTGAATGCTACTGCA

Figure 5. The rbcL fragment sequence of UP95

These sequences were compared to other  species level. Some species had the similar
species on NCBI to find the differences at  sequences with UP99 as in Table 3.

Table 3. Some species are homology to UP99 on the rbcL fragment

Order Scientific name Code Similarity ratio (%)
1 E. urophylila KJ440000.1 100
2 E. grandis AB537496.1 100
3 E. pellita KF496742.1 100
4 UP95 E. urophyla x E. pellita UP95 100
5 Syzygium aromaticum NC 047249.1 99.07

Using Mega X software to construct the  rbcL fragment of UP99 with other species in the
phylogenetic tree and genetic distance based on ~ Table 3 as showed Fig.6 and Table 4.

Eucalyptus pellita

Eucalyptus grandis

000465

Eucalyptus urophylla

UFP99 E.urophylla x E. pellita

UP95 E.urophylia x E. pellita

OOo4sSS

Syzygium aromaticum

——————

0.0010

Figure 6. Phylogenetic tree were built based on rbcL fragment sequence
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Table 4. The genetic distances of UP99 with other species on rbcL fragment sequence

UupP99 UP95_ Svevoium E E E
Scientific name E.urophyla E.urophyla a:‘) ?rfa ticum : il élli » i:an dis
x E.pellita x E.pellita urophyita — p 8
UP99_E.urophya
x E.pellita
UP95 E.urophyla
x E.pellita 0.0000
Syzygium 0.0093 0.0093
aromaticum
E. urophylla 0.0000 0.0000 0.0093
E. pellita 0.0000 0.0000 0.0093 0.0000
E. grandis 0.0000 0.0000 0.0093 0.0000 0.0000

The results of phylogenetic tree combined
with genetic distances and similarity ratio on
rbcL fragment sequence which showed that
UP99, UP9S, E. urophylla, E. grandis and E.
pellita were no difference with the highest
similarity ratio of 100% (genetic distances were
0,0000), but there was the difference among
UP99 and Syzygium aromaticum with similarity
ratio of 99.07% (genetic distances was 0,0093).

Therefore, the rbcL fragment had not yet
determined the difference between the UP99
and UP95.
3.2. The DNA sequence of matK fragment
The DNA sequences of clones from the
matK PCR fragments of UP99 and UP95 were
643bp in the length (Fig.7; Fig.8). And there
was no difference among three repetitions of
UP99 and UP9S.

TGGCTTCAAAAGATACGCCTCTTCTGATGAAGAAATGGAAATATTACCTTGTTAATTTATGGCAATATCATTTTTACGCCTGGTTTCAAC
CAGGAAGGATCGATATAAACCAATTATGCAAGTATTCTCTTTACTTTTTGGGCTATCGTTCAAGCGTGCGACTAAATTCTTCAGTGGTACGAA
GTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATTATTCCTCTGATTGGATCATTGTCTA
AAGCGAATTTTTGTGACACATTAGGGCATCCCATTAGTAAACCGACCCGGGCTGATTCATCAGATTCTGATATTATCGACCGTTTTTTGCGTA
TATCCAGAAATCTTTCTCATTATCACAGCGGATCCTCAAAAAAAAAGAGTTTATATCGAGTAAAATATATACTTCGACTTTCTTGTGTTAAAA
CTTTGGCTCGTAAACACAAAAAGACTGTACGTACTTTTTTAAAAAGATTAGGTTCGGAATTTTTGGAAGAATTCCTTACGGAGGAAGAAGTT
GTTCTTTCTTTGATCTTCCCAAGAACTTATTCTACTTCACGAAGGTTATATAGAGGGCGGATTTGGTATTTGGATATTACTTCTATCAA

Figure 7. The mafK fragment sequence of UP99

TGGCTTCAAAAGATACGCCTCTTCTGATGAAGAAATGGAAATATTACCTTGTTAATTTATGGCAATATCATTTTTACGCCTGGTT
TCAACCAGGAAGGATCGATATAAACCAATTATGCAAGTATTCTCTTTACTTTTTGGGCTATCGTTCAAGCGTGCGACTAAATTCTTCA
GTGGTACGAAGTCAAATGCTAGAAAATTCATTTCTAATAAATAATGCTATGAAGAAGTTCGAGACAATAGTTCCAATTATTCCTCTG
ATTGGATCATTGTCTAAAGCGAATTTTTGTGACACATTAGGGCATCCCATTAGTAAACCGACCCGGGCTGATTCATCAGATTCTGAT
ATTATCGACCGTTTTTTGCGTATATCCAGAAATCTTTCTCATTATCACAGCGGATCCTCAAAAAAAAAGAGTTTATATCGAGTAAAAT
ATATACTTCGACTTTCTTGTGTTAAAACTTTGGCTCGTAAACACAAAAAGACTGTACGTACTTTTTTAAAAAGATTAGGTTCGGAATT
TTTGGAAGAATTCCTTACGGAGGAAGAAGTTGTTCTTTCTTTGATCTTCCCAAGAACTTATTCTACTTCACGAAGGTTATATAGAGGG
CGGATTTGGTATTTGGATATTACTTCTATCAA

Figure 8. The marK fragment sequence of UP95

And then these sequences were compared to ~ among UP99 and other species as in the Table 5.

other species on NCBI to find the differences

Table S. Some species are homology to UP99 on the marK fragment

Order Scientific name Code Similarity ratio (%)
1 E. urophylia KJ510901.1 100
2 E. grandis MG925369.1 99.45
3 E. pellita KT633046.1 99.45
4 UPY95 E. urophyla x E. pellita UP95 100
5 Syzygium paniculatum KMO065365.1 98.07

Using mega X we constructed the phylogenetic
tree (Fig.9) and genetic distance (Table 6) to

find the genetic relationship of UP99 with other
species.
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OLOOTOLS

UP99 E.urophylla x E_pellita

0.002777

0009791

UPSS E.urophylla x E._pellita

Eucalyptus urophylla

| Eucalyptus pellita

O.002760

| Eucalyptus grandis

0.0020

Syzygium paniculatum

Figure 9. Phylogenetic tree were built based on the marK fragment sequence

Table 6. The genetic distances of UP99 with other species on marK fragment sequence

Scientific name UP99_E.urophylla

UP95_E.urophylla

Syzygium E. E. E.

x E.pellita x E.pellita paniculatum  urophylla  pellita  grandis
UP99 E.urophylla x E.pellita
g];ifl;t]j.urophylla X 0.0000
Syzygium paniculatum  0.0196 0.0196
E. urophylla 0.0000 0.0000 0.0196
E. pellita 0.0055 0.0055 0.0196 0.0055
E. grandis 0.0055 0.0055 0.0196 0.0055 0.0000

Combining the phylogenetic tree with
genetic distances and similar ratio based on
matK fragment showed that UP99, UP95 and E.
urophylla had a the highest sequence similarity
up to 100%. There was a little difference
between UP99 to E. grandis and E. pellita with
similarity ratio of 99,45% (genetic distances
were 0.0055). However, UP99 had the highest
difference with Syzygium paniculatum (genetic
distance was 0.0196). So, the marK fragment

sequence had not yet determined the difference
between two hybrid Eucalyptus UP99 and
UP9s.
3.3. The DNA sequence of #rnH-psbA
fragment

The trnH-psbA fragment sequence analysis
of UP99 and UP95 were determined 626b p in
the length (Fig.10; Fig.11). The three repetitions
of UP99 and UP95 did not differ.

CGCGCATGGTGGATTCACAATCCACTGCCTTGATCCACTTGGCTACATCCGCCCCCACTACTACTAATATTCTTTTTTTTCTTTTTAAAT
GGATTAAAAAGAAAAAAAAGAATATTCCATTTTTAATGAAATAAAAAAAAGAAATTCATAATGGAAAATATTTCATTCGATTGTTAATTT
TTAACATTTTTCTATACTTAATTATGAGTAACATTTTTCTATCTTAATTATGAGATAGAAGAAGCAGAAAATTATAACCTTTCTATTTTATT
TGATAAAAAAAAACTAGAAGATAATAATCTCACAAAGCCTTACAAAGGGTTGAAAAGAATGTATATAAATTCATATCTAAGGAAAAAAG
TATGATAAGCAATCATAAAGCAATCCCTAAGACTAGAATACTTTTTCTTATGTTGAAGTAAAGAAAAACTTATGTAAAGAAAAGAGCACT
AAATAAAGGAACAATAACCAATTTCTTTTTCTATCAAGAGTGTTGGTTATTGCTCCTTTCCAATCAAAAACTCGGCTAGACTTATACTAAG
ACCAAAGTCTTATCCATTTGTAGATGGAACTTCGACAGCAGCTAGGTCTAGAGGGAAGTTATGAGCATTACGTTCATGCATAAC

Figure 10. The truH-psbA fragment sequence of UP99
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CGCGCATGGTGGATTCACAATCCACTGCCTTGATCCACTTGGCTACATCCGCCCCCACTACTACTAATATTCTTTTTTTTCTTTTT
AATCCATTTAAAAAGAAAAAAAAGAATATTCCATTTTTAATGAAATAAAAAAAAGAAATTCATAATGGAAAATATTTCATTCGATT
GTTAATTTTTAACATTTTTCTATACTTAATTATGAGTAACATTTTTCTATCTTAATTATGAGATAGAAGAAGCAGAAAATTATAACCT
TTCTATTTTATTTGATAAAAAAAAACTAGAAGATAATAATCTCACAAAGCCTTACAAAGGGTTGAAAAGAATGTATATAAATTCATA
TCTAAGGAAAAAAGTATGATAAGCAATCATAAAGCAATCCCTAAGACTAGAATACTTTTTCTTATGTTGAAGTAAAGAAAAACTTAT
GTAAAGAAAAGAGCACTAAATAAAGGAACAATAACCAATTTCTTTTTCTATCAAGAGTGTTGGTTATTGCTCCTTTCCAATCAAAAA
CTCGGCTAGACTTATACTAAGACCAAAGTCTTATCCATTTGTAGATGGAACTTCGACAGCAGCTAGGTCTAGAGGGAAGTTATGAGC
ATTACGTTCATGCATAAC

Figure 11. The trnH-psbA fragment sequence of UP95

These sequences were uploaded on NCBI by  species in Table 7.
BLASTn to find the differences with other

Table 7. Some species are homology to UP99 on the trnH-psbA fragment

Order Scientific name Code Similarity ratio (%)
1 E. urophylla EF507887.1 100
2 E. grandis EF507887.1 99.41
3 UPY95 E.urophyla x E.pellita UP95 100
4 Syzygium aromaticum MHO070008.1 85.05

Using Mega X software program we  distances as Fig.12 and Table 8.
constructed the phylogenetic tree and genetic

UP99 E.urophylla x E . pellita

OLOO02%E

UP9S5 E.urophylla x E pellita

0048738

Eucalyptus urophylia

O OO8610

Eucalyptus grandis

0.057348

Syzygium aromaticum

P——

0.01

Figure 12. Phylogenetic tree were built based on the trnH-pshA fragment sequence

Table 8. The genetic distances of UP99 with other species on rrnH-psbA fragment sequence
UP99_ UP95_

Scientific name E.urophyla  E.urophyla
x E.pellita x E.pellita

Syzygium E. E.
paniculatum  urophylla grandis

UP99 E.urophyla

x E.pellita

UP95 E urophyla 0.0000

x E.pellita

Syzygium aromaticum 0.1106 0.1106

E. urophylla 0.0000 0.0000 0.1106

E. grandis 0.0086 0.0086 0.0966 0.0086
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The results of the phylogenetic tree, genetic
distances and similarity ratio showed that there
was no difference among UP99, UP95 and E.
urophylla. And UP99 had a little difference with
E. grandis (genetic distance was 0.0086). But
UP99 have the highest difference with Syzygium
aromaticum (genetic distance was 0.1106).

determined the difference between two hybrid
Eucalyptus UP99 and UP95.
3.4. The DNA sequence of I7S fragment

The ITS fragment sequence of UP99 was 563
bp, the /TS fragment sequence of UP95 was 534
bp (Fig.13; Fig.14). There was no difference
among three repetitions of UP99 and UP95.

However, the trnH-psbA fragment had not yet

CCGACGTCCCTCTCGACGCGGAGGATCGGGGCTCGGGCACCTCAGGGCGCTCGGCCTTTGTCCTCGGCGGCGCAACGAACCCCGGCG
CGGAATGCGCCAAGGAACTTTAACAAGAGTGCGATGCTCCCGCCGCCCCATACACGGTGCGCGCGCGGGATGCCATGCAATCTCATATTA
GTCATAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGGTGTGAATTGCAGAATCC
CGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAACCTTTGGTCGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCT
AATCCCCTCCGCCCTCTGAACGGGGCGAGCGGGACTCGGGCGCGTACGATGGCCTCCCGCGACGACCACGTCCCGGTTGGCCCAAAATCG
AGCGTCGGAGCGATCAGCACCACGACATTCGGTGGTTGATTAGACCCCAATGATCAATGTCGCGCGTGCCGCTCATCGCACGCTCCGCGA
ATCTGCTCCTTACCAACGCGACCCCA

Figure 13. The ITS fragment sequence of UP99

CCGACGTCCCTCTCGACGCGGAGGATCGGGGCTCGGGCACCTCAGGGCGCTCGGCCTTTGTCCTCGGCGGCGCAACGAACCCCGGCG
CGGAATGCGCCAAGGAACTTTAACAAGAGTGCGATGCTCCCGCCGCCCCATACACGGTGCGCGCGCGGGATGCCATGCAATCTCATATTA
GTCATAACGACTCTCGGCATCGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAACTGCGATACTTGGTGTGAATTGCAGAATCC
CGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAACCTTTGGTCGAGGGCACGTTTGCCTGGGTGTCACACATGGCGTTGCCCCT
AATCCCCTCCGCCCTCTGAACGGGGCGAGCGGGACTCGGGCGCGTACGATGGCCTCCCGCGACGACCACGTCCCGGTTGGCCCAAAATCG
AGCGTCGGAGCGATCAGCACCACGACATTCGGTGGTTGATTAGACCCCAATGATCAATGTCGCGCGTGCCGCTCATCGCACGCTCCGCGA
ATCTGCTCCTTACCAACGCGACCCCA

Figure 14. The ITS fragment sequence of UP95

These sequences were uploaded on NCBIto  as in Table 9.
find the differences of UP99 with other species

Table 9. Some species are homology to UP99 on the I7S fragment

Order Scientific name Code Similarity ratio (%)
1 E. urophylla HM596068.1 99.04
2 E. grandis AF058475.1 98.13
3 E. pellita KT631261.1 98.31
4 UPY95 E.urophyla x E.pellita UP95 99.81
5 Syzygium paniculatum KMO064993.1 90.67

in Fig.15 and Table 10 to find the relationship of
UP99 with UP95 and other species.

[ —

Eucalyptus pellita
000376
0005183
Eucalyptus grandis

OODEELS

And then the phylogenetic tree and genetic
distance were constructed by mega X software as

O.O00 104
Eucalyptus urophylia

uUP99 E.urophylla x E.pellita
oc.ocoxfes
0001882
UPas E.urophylla x E.pellita

Syzygium aromaticum

O.OL0aTE

P——

0.01

Figure 15. Phylogenetic tree were built based on the ITS fragment sequence
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Table 10. The genetic distances of UP99 with other species on ITS fragment sequence

UpP99_ UP9s5_ Svevoium E E
Scientific name E.urophyla E.urophyla x :1) :?:fu latum u;'o mvila ;'an dis
x E.pellita E.pellita p Py &
UP99 E.urophyla
x E.pellita
UP95 _E.urophyla
x E.pellita 0.0018
Syzygium 0.0981 0.1004
aromaticum
E. urophylla 0.0075 0.0094 0.1003
E. pellita 0.0171 0.0190 0.1091 0.0075
E. grandis 0.0133 0.0153 0.1077 0.0075 0.0095

The results of the phylogenetic tree
combined with genetic distances and similarity
ratio indicated that UP99 were 99.81% similar
to UP95 (genetic distance was 0.0018), 99.04%
similar to E. urophylla, 98.31% similar to E.
pellita, 98.13% similar to E. grandis, 90.67%
similar to Syzygium aromaticum. So, there was
the difference among UP99 and UP95 on ITS
Therefore, this result

fragment sequence.

suggests that it is better for using /7'S molecular
marker as a DNA barcode to identify bybrid
Eucalyptus UP99 and UP95.
3.5. The DNA sequence of I7S2 fragment
The results of I7S fragment sequence
analysis indicated that UP99 was 214 bp, UP95
was 374 bp in the length (Fig.16; Fig.17). There
was no difference among three repetitions of
UP99 and UP95.

CACATGGCGTTGCCCCTAATCCCCTCCGCCCTCTGAACGGGGCGAGCGGGACTCGGGCGCGTACGATGGCCTCCCGCGACGACC
ACGTCCCGGTTGGCCCAAAATCGAGCGTCGGAGCGATCAGCACCACGACATTCGGTGGTTGATTAGACCCCAATGATCAATGTCGC

GCGTGCCGCTCATCGCACGCTCCGCGAATCTGCTCCTTACCAAC

Figure 16. The ITS2 fragment sequence of UP99

TGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAACCTTTGGTCGAGGGCAC
GTTTGCCTGGGTGTCACACATGGCGTTGCCCCCAATCCCCTCCGCCCTTTCAACGGGGCGAGCGGGACTCGGGCGCGTACGATGGCCTC
CCGCGACGACCACGTCCCGGTTGGCCCAAAATCGAGCGTCGGAGCGATCAGCACCACGACATTCGGTGGTTGATTAGACCCCAATGAT
CAATGTCGCGCGTGCCGCTCATCGCACGCTCCGCGAATCTGCTCCTTACCAACGCGACCCCAGGTCAAGCGGGGCTACCCGCTGAGTTT

AAGCATATCAATAAGCGGAGGA

Figure 17. The ITS2 fragment sequence of UP95

These sequences were uploaded on NCBI by
BLASTn to find the difference between UP99

and other species in Table 11.

Table 11. Some species are homology to UP99 on the 1752 fragment

Order Scientific name Code Similarity ratio (%)
1 E. urophylla AF390492.1 98.29
2 E. grandis HM596050.1 98.29
3 E. pellita KT631261.1 96.57
4 UP95 _E. urophyla x E. pellita UP95 98.86
5 Syzygium paniculatum AY187204.2 86.78

Using mega X software to construct the
phylogenetic tree and genetic distance as in

Fig.18 and Table 12.
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0.006345

0.011615

0.011642
Eucalyptus urophylla
0.011679

0.005855

Eucalyptus pellita

0.048812

0.000316
Eucalyptus grandis

0.00531

0.090092

UP95 E.urophylla x E_pellita

3
UP99 E.urophylla x E._pellita

0.02

Syzygium paniculatum

Figure 18. Phylogenetic tree were built based on the 752 fragment sequence

Table 12. The genetic distances of UP99 with other species on I7S fragment sequence

uprP99_ UpP9s_ s . E E
Scientific name E.urophyla E.urophyla Vaystm ) Coo
x E.pellita x E.pellita paniculatum  urophylla grandis
UP99 E.urophyla
x E.pellita
UP95 _E.urophyla
x E.pellita 0.0016
Syzygium aromaticum 0.1477 0.1488
E. urophylla 0.1740 0.0234 0.1711
E. pellita 0.0356 0.0297 0.1711 0.0175
E. grandis 0.0235 0.0116 0.1655 0.0234 0.0175

From the phylogenetic tree based on /752
fragment sequence combined with genetic
distances and similarity ratio indicated that
UP99 was 98.86% similar to UP95, 98.29%
similar to E. urophylla and E. pellita, 96.57%
similar to E. grandis, 86.78% similar to
Syzygium aromaticum. So, there was the
difference between UP99 and UP95 on [7S2
fragment sequence. Therefore, it is better for

using /752 molecular marker as a DNA barcode
to identify UP99 and UP95.
4. DISCUSSION

Comparing five candidates DNA barcodes
(matK, rbcL, trnH-psbA, ITS and ITS2) between
UP99 and UP9S5 showed that: The /7S and /752
regions were the most efficient DNA barcode
sequence with the difference ratio reached 0.19%
and 1.4%, respectively (Table 13).

Table 13. Compare five DNA barcodes between UP99 and UP95

DNA barcodes locus matK rbcLL trnH-psbA ITS 1TS2

Difference nucleotides 0 0 0 1 3

The length 643 687 626 534 214

Difference ratio 0 0 0 0.19 1.4
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Some other research before had shown the
efficient DNA barcode sequence as In 1999, the
study of Steane et al with 35 species Eucalyptus
were analyzed by ITS sequence [8]. Another
study of Fladung had carried out with six
chloroplast regions (rbclL, matK, matK-trnK,
trnG-psbK, psbK-psbL, psbA-matK) and ITS
region to identified 6 Eucalyptus species in
Mexico [3]. The classification based on
morphological marker had got a lot of problem
for hybrid Eucalyptus species. Therefore, using
DNA barcode is a powerful tool complement
the morphological method in classification and
identification.

5. CONCLUSION

Five candidate DNA barcodes (matK, rbcL,
trnH-psbA, ITS and ITS2) were successfully
amplified and sequenced from hybrid
Eucalyptus UP99 and UP95. The length of
matK, rbcL, trnH-psbA, ITS and ITS2
fragments were 643, 743-687, 626, 563-534 and
374 for UP99 and UP9S5, respectively.
Comparing these sequences on NCBI indicated
that the hybrid Eucalyptus UP99 and UP95
were 100% similarity in matK, rbcL, trnH-psbA
fragment sequences; 99.81% similarity in /7S
fragment sequence; 98.86% similarity in /752
fragment sequence. The study results showed
that among five cadidates DNA barcodes were
studied the /TS and ITS2 regions were the most
efficient DNA barcode sequences with
maximum genetic distances reached 0.0018 and
0.0016, respectively. These results are an
important base for the identification hybrid
Eucalyptus UP99 and UP95 for the future
development orientations.
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