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Abstract
Over the years, the mulberry is popular with people due to it is rich in phenolic
compounds which possess the ability to inhibit oxidation. It is considered as alternative
economic plant and can be exported. Nevertheless, the mulberry is a high genetic diversity
and discrimination using morphological traits often require long and difficult to identify.
This current research, therefore, aimed to identify cultivar and to analyze the genetic
variation of mulberry (Morus alba) in Phitsanulok province inferred from ITS (805 bp) and

matK (830 bp) sequences. Afterwards, the phylogenetic tree using Maximum Likelihood
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(ML) method was constructed. It was found that ITS Sequence based phylogenetic
relationship demonstrated as monophyly. Whereas phylogeny inferred from matK
sequence obviously displayed as two main clades. In this regard, the nucleotide diversities
among mulberry verities from both nucleotide sequences were relatively low. However,
these obtained results provide the information for parental line selection in the future
breeding program.

Keywords: Mulberry, DNA barcoding, ITS, matK
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Figure 1 General external morphology of mulberry leaves in different varieties. (a) White
king (AUSW) (b) United State of America (USA) (¢) Mungkorn (MK) (d) White
United State of America (USAW) (e) French (f) Taiwan (g) Red king (AUSR) (h)
Kampaengsaeng (KPS) and (i) Buriram (BRR).

nsAnEmMeTLluana
wdnihAdueiiadalallifiay3ua
AdueresBu matK wag TS eujizegnle
WoaLNeLsa (polymerase chain reaction; PCR)
Tnefiusannssauianan 25 lalasans Usznou
8 1xPCR buffer, 0.4 mM dNTP, 2.0 mM
MgCl,, 0.5 uM primer, 0.5 unit Tag polymerase
(Vivantis) wagadueduiuu 20 uilundu Ing
glwsiwesilddmiuduunamsue fe ITs:
18d (5’-CAC ACC GCC CGT CGC TCC TAC
CGA- 3’) 28cc (5’-ACT CGC CGT TAC TAG
GGG AA-3’) (Sitthithaworn et al., 2010) uag
matK: matK-390f (CGATCTATTCATT
CAATATTTC) wag matK-1326r (TCTAGCA

CACGAAAGTCGAAGT) (Cuenoud et al., 2002)
wdavinsiindnaimiswelueios PCR
Falusunsuiildluufisengnlewodiueisa
Usgnoushedunousng 9 il pre-denaturation
7 94.°C (5 w¥l) 1 59U denaturation 7l 94.°C
(1 u19l) annealing 50 °C (1 u1¥) wag
extension 71 72 °C (2 wiit) \ushuau 30 seu
wae final extension #i 72 °C (10 u¥) 1 sou
LAEVINITNTIVADUNANEANTDS (PCR
product) NansAENIANIISaLKANARTITENS
Tuusagiug 9nduis 2 Usom Tasnuuay
vunUsraae 850 Alua (basepair, bp)
(Figure 2)
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Figure 2 DNA bands of ITS (a) and matK (b) from different mulberry strains (Marker (M)
=1,000 bp ladder DNA) (1) White king (AUSW) (2) United State of America (USA)
(8) Mungkorn (MK) (4) White United State of America (USAW) (5) French
(6) Taiwan (7) Red king (AUSR) (8) Kampaengsaeng (KPS) (9) Buriram (BRR)).

NNHan1ERATIEIERUTREle YA wuh
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YUPIUSELRI 805 LU YA ATUUT IR matk
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WuganIgeIsn1v1 (USAW) iuglaviu (Tw)
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Uszana 830 Awua lehdduiiadlelndves
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=
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MUBLAVLANE (accession number) (Table 1)

Table 1 Accession numbers obtained from ITS and matK sequences of different mulberry
varieties.
Accession numbers
Mulberries

ITS (805 bps) matK (830 bps)

Red king (AUSR)

White king (AUSW)

United State of America (USA)

White United State of America (USAW)
French (FR)

Taiwan (TW)

Mungkorn (MK)

Kampaengsaen (KPS)

Buriram (BRR)

MH187214 -
MH187215 MH187244
MH187216 -
MH187217 MH187245
MH187218 MH187246
MH187219 MH187247
MH187220 -
MH187221 MH187248
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fidnd1uvee Cytosine (C =

yosiralendlngsausunidanouil 1, 2
war 3 Yasduusias ITS fandu A = 22.7%,
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24.5%; G = 31.6%, 26.9% Wag 30.9% uay
T = 17.0%, 23.0% waz 21.0% MUd16U
drunsnszareanudvesiandlelndlaesiy
fuvudaneuil 1, 2 way 3 vesduuiian matk
fiandu A = 29.6%, 32.1% uaz 29.0%;
C =199%, 16.6% way 14.0%; G = 16.6%,
16.3% wag 15.2% tag T = 34.0%, 35.0% Lag
42.0% $1a19U (Table 2)

Table 2 Compositional properties of ORFs and nucleotide composition in each codon

of ITS and matK genes of different mulberry varieties.

Mulberries

ITS TU) C A G T1 C1 A1 G1 T2 C2 A2 G2 T3 C3 A3 G3
AUSR 204 281 219 297 17 286 227 316 23 310 194 269 21 246 235 306
AUSW 204 281 21.7 298 17 286 227 316 23 310 194 269 21 246 231 310
USA 206 278 219 297 17 283 227 316 23 306 194 269 21 246 235 306
USAW 207 277 219 297 17 283 230 312 23 310 194 269 22 239 231 310
TW 202 281 21.7 299 17 286 227 316 22 310 194 272 21 246 231 310
MK 204 281 21.7 298 17 286 227 316 23 310 194 269 21 246 231 310
KPS 204 281 21.7 298 17 286 227 316 23 310 194 269 21 246 231 310
BRR 204 281 21.7 298 17 286 227 316 23 310 194 269 21 246 231 310
Average 204 280 218 298 17 285 227 316 23 309 194 269 21 245 232 309
matK
AUSW 37.0 167 3202 160 34 199 296 166 35 166 321 162 42 138 290 152
USAW 369 169 301 161 34 199 296 166 35 166 318 166 42 141 290 152
TW 369 169 3202 160 34 199 296 166 35 166 321 162 42 141 290 152
MK 37.0 167 3202 160 34 199 296 166 35 166 321 162 42 138 290 152
BRR 369 169 302 160 34 199 296 166 35 166 321 162 42 141 290 152
Average 369 168 302 160 34 199 296 166 35 166 321 163 42 140 290 152

Note: AUSR (Red king), AUSW (White king), USA (United State of America), USAW (White United State
of America) TW (Taiwan), MK (Mungkon), KPS (Kampaengsaeng) and BPP (Buriram).
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haplotype diversity (hd) (+SD) AU 0.786
(+0.151), nucleotide diversity () (+SD) t¥nAu
0.00280 (+0.00144), total number of
mutations (m) WU 9 #7 tag mean number
of pairwise nucleotide differences (k) 1Yy
2.250 puandu dusuluduuiie matk
3113U haplotype (No.) Wiy 3 sUuuy,
number of polymorphic (segregating) sites
(S) WU 2 Ay, haplotype diversity (hd)
(+SD) w1fiu 0.800 (+0.164), nucleotide
diversity (7r) (+SD) winfiu 0.00120 (+0.00082),
total number of mutations (m) Wity 2 §7
ae mean number of pairwise nucleotide
differences (k) 111U 1.000 AILAIGU
dedisnzvinimuduiusnisane
U135 (Phylogenetic relationship) 494
ffawesiseauiiug mnawuiadlelndvesdy
ITS fe35 Maximum likelihood (ML) #ne
TUsun3U MEGA version 6.0 Iagiiwana Trophis
waz Sorocea \Uu outgroup dwiunugl
auldl (phylogenetic tree) wuinldanunsauus
naustug vesstaesioananduls (Figure 3)
Turauedi nsdhnsziaduiiedlelndaniy
matkK wu3n awnsawvingulaidu 2 nqu
(clade) o clade A Usznaumey ughiviAs
(AUSW) uaziugdans (MK) uaz clade B
Usgnaume wugussud (BRR) Wugldniu (Tw)
wagiuganszeisn1ud (USAW) (Figure 4)
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KPS
BRR
MIK
VW
AUSR

100) susw

— USA

0.0100

Figure 3 Phylogenetic tree based on ITS gene of the eight mulberry varieties using
Maximum Likelihood (ML) method and confidence level was calculated with the
bootstrap test (1,000 replicates). AUSR (Red king), AUSW (White king), USA
(United State of America), USAW (White United State of America), TW (Taiwan),
MK (Mungkon), KPS (Kampaengsaeng) and BPP (Buriram).

86

KP149516 Morus alba

< ABOD38183 Morus alba

AUSW
MK
BRR
VW
USAW

AY257531 Morus alba

KUB56466 Morus alba

JQ588443 Trophis racemosa

0.0010

Figure 4 Phylogenetic tree based on ITS gene of the five mulberry varieties using Maximum
Likelihood (ML) method and confidence level was calculated with the bootstrap
test (1,000 replicates). AUSW (White king), USAW (White United State of America),

TW (Taiwan), MK (Mungkon) and BPP (Buriram).
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