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Abstract 

 

Mulberry with cosmopolitan distribution has a great economic value. The genetic diversity in mulberry, identified based 

on morphological characters, is highly ambiguous due to remarkable morphological plasticity. Molecular markers are 

meritoriously employed to identify genetic diversity and relatedness in living organisms. This study was conducted using six 

RAPD primers to decipher genetic diversity and relatedness among 18 mulberry accessions including 13 indigenous, four 

cultivated and nine wilds, and five overseas cultivated. Altogether 112 distinct bands were obtained, ranging from 270 to 600 

base pair. Seventy-six bands (67.86%) were polymorphic (x̅ = 12.67 primer-1). Five primers yielded > 0.5 polymorphic 

information content. All accessions were genetically different with genetic similarity coefficient varying from 0.364 to 0.933. 

The accessions were divided into four principal clusters with genetic distance of 41.6% to 92.3%. Genetic diversity was greater 

relatively in cultivated accessions compared to wild ones. Tropical and subtropical ecotypes were richer in mulberry genetic 

resources compared to temperate ecotypes. The cluster analysis unraveled a mixed genetic relatedness in cultivated and wild 

accessions. Accessions in temperate ecotype were concentrated in one cluster, while accessions in tropical and subtropical 

were concentrated broadly in two clusters. CMP-16 (cultivated) and STP-18 (wild) were genetically faraway from each other. 

PFI-1 (cultivated) and OKP-18 (wild) were related distantly with overseas accessions MLJ-85 (Japanese origin) and HSC-85 

(Chinese origin), respectively. Based on these findings, it is recommended that above mentioned four indigenous accessions 

may be conserved in their respective ecotypes for future breeding programmes. 

 

Key words: Characterization, Ecotype, Genetic analysis, Growth habit, Mulberry. 

 

Introduction 

 

Mulberry is a multipurpose, fast growing perennial tree 

species of great economic value. The oligophagous Mulberry 

Silkworm Moth (Bombyx mori L.) eats solely leaves of some 

species of genus Morus. Apart from the food of silkworm, the 

genus provides nutrient-rich forage for livestock. Mulberry 

berries are widely used in food industries for making fruit 

juices, jams, marmalades, wines, etc. The fruit is categorized 

as super food, consumed either fresh or dried, due to its 

exquisite taste and odour, congenial colour, low-fat content, 

and highly nutritious (Zhang et al., 2018). All plant parts 

including root, stem, bark, leaf and fruit have therapeutic 

properties and used as herbal medicine for the ages. The leaf 

and fruit contain polyphenolic compounds, flavonoids, 

amino acids, vitamins and minerals. These compounds are 

endowed with bioactivities importantly like anti-coagulant, 

anti-diabetic, anti-hyperlipidemia, anti-neoplastic, anti-

oxidative, non-steroidal anti-inflammatory and anti-obesity 

(Lee et al., 2020; Insang et al., 2022). Mulberry is also a good 

source of timber particularly for sports goods, furniture, 

musical instruments, and fuelwood. It is a good ecological 

tree species since it is a net mitigator of greenhouse gases. It 

can sequester from 93.95 to 321.7-ton CO2 ha-1 year-1 (Li et 

al., 2020; Bajwa et al., 2021). 

Mulberry has a cosmopolitan distribution; growing in 

wild and also cultivated in Africa, Asia, Europe, Latin 

America and Western Hemisphere. It has adapted in 

tropical to subarctic regions and flourishes well from 

lowlands up to altitude of 4,000 m above mean sea level 

(Orhan et al., 2020). Mulberry is cultivated either through 

seed or by vegetative propagation. It outcrosses in nature 

frequently and can easily be hybridized artificially as well. 

Moreover, polyploidy is in abundance in mulberry. It is 

amenable to management operations, such as training and 

is quick to rejuvenate (Rohela et al., 2020). 
Mulberry belongs to genus Morus (Urticales: Moraceae) 

and has multicentric origin (Hou, 1994). More than 150 
species of genus Morus were enlisted in Kewensis Index since 
first taxonomic report by Linnaeus in 1753. These species 
were described and named using morphological traits. High 
levels of plasticity in morphology however became cause of 
obscure taxonomy. Majority of the specific names recorded 
earlier in Kewensis Index happened to be either synonyms or 
categorized as varieties, while some of the species have been 
shifted to other related genera (Zhao et al., 2005). Apart from 
taxonomic confusion, morphological traits are poor 
parameters for analysis of genetic diversity, detecting genetic 
composition of hybrids and patterns of introgressive 
hybridization (Andersen & Lübberstedt 2003; Botton et al., 
2005). Thus morphology is not reliable for characterization of 
mulberry genetic resources and their conservation to meet the 
future challenges (Wang et al., 2017; Pádua, 2018). 

The molecular approaches developed for analyzing 
genetic diversity, and establishing genomic relationships have 
several merits. The molecular markers are firm and indifferent 
to environmental changes, and thus provide quick and 
dependable information for genetic analysis. A small amount 
of plant material at any developmental stage is enough to 
conduct complete genetic analysis (Vijayan, 2007). 
Previously, researchers have identified genetic diversity and 
genetic relatedness in mulberry genotypes using molecular 
markers including AFLP, ISSR, RAPD, RFLP and SSR or 
microsatellites (Kafkas et al., 2008; Hu et al., 2014; Orhan et 
al., 2020; Park et al., 2020; Akzad et al., 2021). 
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Pakistan has diverse climatic conditions, wherein four 

species of mulberry (M. alba, M. laevigata, M. nigra & M. 

rubra) grow indigenously. Apart from indigenous species, M. 

latifolia (Japanese origin) and a few varieties of M. alba were 

introduced from Japan, Peoples Republic of China and 

Republic of Korea for rearing B. mori in early 1980s. Earlier, 

genetic diversity and relatedness among ten overseas 

mulberry accessions was studied using agronomic traits 

(Bukhari et al., 2010). However molecular markers, to the best 

of our knowledge, have not been used for genetic diversity 

analysis of mulberry genotypes in the country. Thus, we used 

six RAPD primers with the objective to: (i) analyze genetic 

diversity in 18 cultivated and wild accessions of mulberry, (ii) 

identify genetic diversity in different ecotypes, and (iii) 

establish genetic relatedness among the accessions. 

Specifically we estimated polymorphism, Polymorphic 

information content, genetic similarity and drawn a UPGMA 

dendrogram for cluster analysis. 
 

Material and Methods 
 

Plant material: The study was conducted at Pakistan 

Forest Institute (PFI), and Institute of Biotechnology & 

Genetic Engineering, The University of Agriculture, 

Peshawar during 2021-22. Leaves of 18 mulberry 

accessions were collected from different ecotypes of 

Pakistan during February 2021 including five overseas 

accessions introduced from China, Japan and South Korea 

and cultivated at Sericulture Research Garden (SRG), PFI, 

Peshawar. Out of 13 indigenous accessions four were 

cultivated and nine were wild. Accession-wise collected 

leaves were kept at − 20°C in airtight bags for isolation of 

DNA. Mulberry accessions, their habit of growth and 

description of ecotypes are summarized in (Table 1). 
 

Extraction of DNA: Genomic deoxyribonucleic acid 

(gDNA) was isolated by Cetyltrimethyl ammonium bromide 

(CTAB) surfactant, employing slightly customized protocol 

developed by Doyle & Doyle (1987). Two hundred 

milligram leaves per accession, stored at − 20°C, were 

macerated in liquid nitrogen (− 192°C). A paste of 

macerated leaves was prepared by adding 0.5 mL of CTAB 

buffer (100 mM Tris Base, 4.5 mM NaCl, 0.5 mM ethylene 

diamine tetra acetic acid (EDTA), 2.0 g powder of CTAB 

and 2.0% Mercaptoethanol). The paste was transferred into 

2.0 mL Eppendorf tubes and incubated at 65°C for 30 

minutes in hot bath with constant mixing by inversion. In 

incubated paste, 500 µL of PCI solution (Phenol 25.0 µL, 

Chloroform 24.0 µL, Isoamyl alcohol 1.0 µL) was added, 

mixed using vortex mixer, and was centrifuged for 10 

minutes at a speed of 13k rpm. The top aqueous layer, 

holding DNA, was poured into fresh Eppendorf tubes and 

added 600 µL ice cold Isopropanol and 28.0 µL Ammonium 

acetate. The suspension was mixed gently by several 

inversions, incubated at − 20°C overnight, and centrifuged 

for 12 minutes at a speed of 13k rpm for precipitation. The 

top layer was removed without disturbing DNA pellets at the 

bottom. DNA was purified by washing with 70% cold 

ethanol (150-250 µL) and centrifuged at 12k rpm for 5 

minutes. Ethanol was removed and the pellets containing 

DNA were dissolved in 50.0 µL of 1X TE Buffer (Thermo 

Scientific). The quality of extracted DNA was checked by 

spectrophotometry (Thermo Scientific NanoDropTM 2000c), 

diluted to a concentration of 100 ng µL-1, and stored at − 

20°C for RAPD based analysis. 
 

RAPD Amplification: Six RAPD primers were used for 

amplifying polymerase chain reaction products. The 

thermal cycler method, slightly modified by Ahmad et al., 

(2012), was applied for amplification. PCR was performed 

using 10.0 µL reaction consisting of 5.0 µL Master Mix, 

2.0 µL primer, 2.0 µL PCR water and 1.0 µL DNA. PCR 

thermo-profiling for amplification started with initial 

denaturation and denaturation for 5 minutes and 1 minute, 

respectively, both at 94°C. The denatured samples were run 

through 35 cycles of annealing each of 1 minute at 37°C - 

54°C, primer annealing range (Table 2), and followed by 

extension and final extension for 1 minute and 10 minutes, 

respectively, both at 72°C. The amplicons were profiled in 

1.5% agarose gel by electrophoresis. The agarose gel 

consisted of 90.0 mL distilled water and 1.5 g agarose in 

10.0 mL 10x TE buffer (100 mM Tris-borate, 2.0 mM 

EDTA, and pH 8.0). The gel of 1.5% concentration was 

melted in a microwave oven for 30 seconds, stained with 

3.0 µL Ethidium bromide and cooled down. One hundred 

base pair Ladder (Thermo Scientific) was used for 

measuring amplicon size and images of amplicons were 

realized using Gel Documentation System (Unitec). 
 

Table 1. Summary of mulberry accessions, habit of growth, vegetation type and ecotype characteristics 

S. 

# 

Accession 

code 

Growth 

habit 
Ecotype description 

1. PFI-1 Cultivated Sub-tropical broad leaved; MTR = 3 - 39°C; MAP = 470 mm; Elev. = 357 m masl 

2. PAS-18 Wild Tropical thorn; MTR = 9 - 44°C; MAP = 160 mm; Elev. = 65 m masl 

3. LAP-18 Wild Sub-tropical broad leaved; MTR = 6 - 40°C; MAP = > 800 mm; Elev. = 225 m masl 
4. GTP-18 Wild Sub-tropical broad leaved; MTR = 5 - 41°C; MAP = 400 mm; Elev. = 235 m masl 

5. CHKP-19 Wild Dry temperate (Steppe); MTR = − 5 - 22°C; MAP = > 1200 mm; Elev. = 1,494 m masl 

6. MQB-18 Cultivated Dry temperate (desert); MTR = − 2 - 34°C; MAP = 13 mm; Elev. = 1,700 m masl 
7. QAB-18 Wild Dry Temperate; MTR = −3 - 36°C; MAP = 260 mm;  Elev. = 1,680 m masl 

8. AMAK-18 Cultivated Moist Temperate; MTR = − 2 - 30°C; MAP = >1500 mm; Elev. = 1,445 m masl 

9. HAS-18 Wild Mediterranean tropical; MTR = 11 - 40°C; MAP = 180 mm; Elev. = 13 m masl 
10. OKP-18 Wild Sub-tropical broad leaved; MTR = 7 - 41°C; MAP = 500 mm; Elev. = 110 m masl 

11. STP-18 Wild Sub-tropical broad leaved; MTR = 5 - 40°C; MAP = > 1,000 mm; Elev. = 250 m masl 

12. CMP-16 Cultivated Sub-tropical broad leaved; MTR = 5 - 41°C; MAP = > 700 mm; Elev. = 225 m masl 
13. BKP-18 Wild Tropical thorn; MTR = 8 - 42; MAP = 200 mm; Elev. = 160 m masl 

14. KSK-85 Cultivated Introduced from South Korea and cultivated in SRG, PFI, Peshawar; MTR = 3 - 39°C; MAP = 470 mm; Elev. = 357 m masl 

15. QMK-85 Cultivated -do- 
16. HSC-85 Cultivated Introduced from China and cultivated in SRG, PFI 

17. MLJ-85 Cultivated Introduced from Japan and cultivated in SRG, PFI 

18. KMJ-85 Cultivated -do- 

MAP = Mean annual precipitation; MTR = Mean temperature regime; masl = mean above sea level 
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Marker coding and data analysis: All distinctive and 

reproducible bands were counted in binary coding of 0 and 

1; where 0 and 1 meant absent and present, respectively. 

Polymorphism was estimated based on total and 

polymorphic bands scored by each primer. Genetic 

similarity coefficients among accessions were calculated 

using complete linkage of the number of common bands 

employing equation developed by Nei & Li (1979). 

Genetic diversity expressed as polymorphic information 

content (PIC) was computed following formula derived by 

Anderson et al., (1993) and genetic relatedness among 

mulberry accessions was established by cluster analysis. 

Minitab Statistical Software ver.17 was used for finding 

the squared Euclidean distance matrix data sets and 

drawing a dendrogram based on an unweighted pair-group 

method of arithmetic mean (UPGMA). 

 

Results 
 

Quality of isolated DNA was good with an optical 

density (OD) ranging from 1.62 to 2.15 and concentration 

of 275.7 ng µL-1 to 1411.4 ng µL-1. Optical density was > 

2.0 in more than 60% accessions. The best OD was found 

in LAP-18, while the poorest OD was found in PFI-1. DNA 

concentration was > 500 ng µL-1 in more than 72% 

accessions. The highest and the lowest DNA concentration 

was found in KSK-85 and AMAK-18, respectively. 

All the tested primers amplified DNA fragments with 

reproducible and distinct bands (Fig. 1). The amplicon 

size was 270 to 600 base pair. Primer OP-AP12 amplified 

larger sized fragments, while primer OP-G11 amplified 

smaller sized fragments. In accession QAB-18 and HAS-

18 eight loci were amplified, while in HSC-85 four loci 

were amplified. 

Summary of amplified bands, polymorphic bands and 

PIC is presented in Table 2. Overall, 112 monomorphic 

bands were amplified, (x̅ = 18.67 bands primer-1). Primer 

OP-G19 amplified the highest number of monomorphic 

bands, while three primers (OP-B8, OP-G3 & OP-G11) 

amplified equal number of monomorphic bands. Out of the 

total bands, 76 bands were polymorphic (67.86%), (x̅ = 

12.67 primer-1). Three primers amplified bands all of 

polymorphic nature. Primer OP-G19 produced the lowest 

polymorphism, followed by primer OP-B1. In seven 

accessions 100% bands were of polymorphic nature, while 

in four accessions > 60% bands were of polymorphic 

nature. PIC was ranged from 0.480 to 0.753, (x̅ = 0.612 

primer-1). Primer OP-G3 gave the best PIC, while primer 

OP-B1 gave the least PIC. 

The pair-wise genetic similarity matrices are 

summarized in (Table 3). A large variability was observed 

in genetic similarity (GS), ranging from 0.364 to 0.933 

among the accessions. Overall mean similarity coefficient 

was 0.725. GS among nine wild accessions, collected from 

tropical, subtropical, moist temperate and dry temperate 

ecotypes, varied between 0.400 and 0.933. The GS within 

tropical and subtropical ecotypes varied between 0.500 and 

0.833, while the GS within temperate ecotypes varied 

between 0.769 and 0.933. Genetic variability (GS = 0.364 
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to 0.933) in cultivated indigenous accessions was relatively 

greater compared to the wild accessions. The GS further 

revealed that cultivated indigenous accessions have 

moderate genetic similarity with that of overseas 

accessions. Two wild dry temperate accessions (QAB-18 

CHKP-19) related closely, while cultivated dry temperate 

accession MQB-18 was related the most with overseas 

accession KSK-85 (Korean origin). Contrarily, two sub-

tropical accessions (CMP-16, cultivated and STP-18, wild) 

were genetically faraway from each other. Similarly, three 

indigenous accessions PFI-1, MQB-18 (cultivated) and 

OKP-18 (wild) showed exquisite genetic distance with 

overseas accessions MLJ-85 (Japanese origin), QMK-85 

(Korean origin) and HSC-85 (Chinese origin), respectively. 

Indigenous accession AMAK-18 was at a distance with 

overseas accession KMJ-85 (Japanese origin). 

Summary of cluster analysis of 18 accessions is 

presented in (Fig. 2). Cluster analysis showed a genetic 

similarity range of 41.55% to 92.26%. Primarily, 18 

accessions were grouped into four clusters consisting of 

2 to 6 accessions. Cluster I (C-I) & Cluster III (C-III) were 

separated at 58.45% genetic distance from Cluster II (C-

II) & Cluster IV (C-IV). While C-I and C-III were 

separated from each other at 33.33% genetic distance. C-

II and C-IV were separated from each other at 50.0% 

genetic distance. C-I included four indigenous accessions: 

PFI-1, AMAK-18, GTP-18 and HAS-18. Within C-I, PFI-

1 and AMAK-18 were further separated from GTP-18 and 

HAS-18 at 79.99% similarity. GTP-18 showed 85.36% 

genetic similarity with HAS-18, while PFI-1 showed 

92.26% genetic similarity with AMAK-18. Seventy five 

percent accessions in C-I were cultivated. C-II was the 

most diverse with a genetic similarity between 75.36% 

and 92.26%. This cluster included three indigenous wild 

accessions (PAS-18, LAP-18 & STP-18) and three 

overseas cultivated accessions (HSC-85, QMK-85 & 

KMJ-85). C-II was further divided into three sub-clusters 

at 75.36% GS. Within C-II, PAS-18 was remotely related 

to other five accessions, while overseas accessions QMK-

85 (Korean origin) and KMJ-85 (Japanese origin) were 

closest with each other. Indigenous wild accession STP-

18 showed 91.84% GS with overseas accession HSC-85 

(Chinese origin). C-III included five indigenous (CHKP-

19, MQB-18, QAB-18, OKP-18 & BKP-18) and one 

overseas accession KSK-85 (Korean origin). C-III was 

further sub-divided in three sub-clusters, each comprising 

two accessions. About sixty-six percent accessions in C-

III were wild. MQB-18 showed 91.84% GS with QAB-

18, while CHKP-19 showed 92.26% GS with BKP-18. C-

IV included two accessions; one indigenous cultivated 

accession CMP-16 and one overseas accession MLJ-85 

(Japanese origin) with 83.33% GS between themselves. 

Accessions belonging to dry temperate ecotype were 

confined to C-III, while nearly 89% wild accessions 

belonging to tropical and sub-tropical ecotypes were 

confined to C-II and C-III. 
 

 

 
 

Fig. 1. Gel photographs of PCR products amplified by RAPD primers (a) = OP-B1, and (b) = OP-G19. (Lanes are labelled with number 

as per accession number listed in Table 1). 
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Table 2. Summary of sequence, annealing temperature, band size, polymorphism and polymorphic  

information content of six RAPD primers. 

Primer code 
Sequence 

5′→3′ 

Tm 

(°C) 

TB 

(No.) 

Band size Min-

Max (bp) 

PB 

(No.) 

Polymorphism 

(%) 
PIC 

OP-B1 GTTTCGCTCC 43 25 290 – 355 11 44.0 0.480 

OP-B8 GTCCACACGG 48 15 300 – 320 15 100.0 0.653 

OP-G3 AGACCCTCCA 44 15 295 – 380 11 73.33 0.753 

OP-G11 TGCCCGTCGT 54 15 270 – 290 15 100.0 0.651 

OP-AP12 GTCTTACCCC 40 16 500 – 600 16 100.0 0.605 

OP-G19 GTCAGGGCAA 37 26 290 – 500 8 30.77 0.528 

Total   112 - 76 67.86 3.670 

Mean   18.67 - 12.67 67.86 0.612 

PB = Polymorphic bands; TB = Total bands; Tm = Annealing temp, PIC = Polymorphic information content 

 

 
 
Fig. 2. UPGMA dendrogram exhibiting genetic relatedness of 18 mulberry accessions (C-I = Cluster I; C-II = Cluster II; C-III = Cluster 

III; C-IV = Cluster IV). 
 

Discussion 

 
An advance knowledge of genetic divergence in 

mulberry accessions is important for conservation and 

future breeding programmes. Precise information of 

genetic diversity within ecotype has paramount 

importance to ascertain what to conserve, and where to 

conserve. Genetic diversity is determined traditionally by 

phenotypically. However, due to high degree of 

morphological plasticity in mulberry this method is 

highly unreliable. The use of molecular techniques for 

genomic studies has definite advantages over all other 

methods. Among molecular markers, the PCR-based 

RAPD analysis is a simple and a powerful tool and does 

not require priori knowledge of the target genome. It is 

used often to detect genetic diversity and genetic 

relationship (Akzad et al., 2021). 

Our findings reveal that the tested primers are useful 

for deciphering genetic diversity and establishing 

genetic relatedness as well in mulberry genotypes. The 

six RAPD primers amplify altogether 112 bands of 270 

to 600 bp size, out of which 67.86% are polymorphic in 

nature. Apart from polymorphism, PIC is another 

reliable criterion applied for suggesting usefulness of a 

molecular marker (Orhan et al., 2020). The primers used 

in this study provide valuable data regarding PIC. Based 

upon categorization of molecular primers as described 

by Botstein et al., (1980), > 83% of our primers turned 

out to be highly informative (PIC > 0.5), while < 17% 

primers are fairly informative (PIC = 0.48). 
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Polymorphism and PIC expose a substantial level of 

genetic diversity amongst 18 mulberry accessions, 

either cultivated or wild, belonging to different ecotypes. 

The polymorphism disclosed by our study is comparable 

with Kalpana et al., (2012). Kalpana and his research 

team found 66.67% polymorphism via 40 RAPD 

primers in 16 Korean mulberry cultivars belonging to M. 

alba. Our findings of polymorphism of 12.67 bands 

primer-1 are greater compared to Awasthi et al., (2004) 

and Sheet et al., (2018). Awasthi and his research team 

obtained a sum total of 128 discrete bands using 19 

RAPD markers in 15 mulberry species with a 

polymorphism of 6.26 bands primer -1. Sheet and his 

research group achieved 59.62% polymorphism using 

ten RAPD primers in nine cultivated Korean mulberry 

cultivars. Our primers disclose PIC ranging from 0.480 

to 0.753, (x̅ = 0.612 primer-1). The present mean PIC is 

greater compared to Sheet et al., (2018), who obtained 

PIC ranging from 0.173 to 0.792, (x̅ = 0.457). Contrarily, 

Ozrenk et al., (2010) reported greater polymorphism 

(86.0%) than ours. Ozrenk and his research group 

obtained this polymorphism using six RAPD primers 

while analyzing genetic diversity amongst 47 mulberry 

genotypes collected from Eastern Anatolia-Turkey. The 

variation in polymorphism and PIC obtained by above 

mentioned researchers using different primers may be 

assigned, besides other factors, to incomplete annealing 

primer to DNA template. A compatible quantitative ratio 

between DNA template and a primer is vital for 

consistent RAPD-PCR products (Ali et al., 2006). A 

molar excess of primers against DNA template is 

necessary for complete annealing and to avoid self-

annealing as well. 

All under study accessions are genetically different 

from each other. The primers generate similarity 

coefficient between 0.364 and 0.933 (x̅ = 0.725), indicating 

a substantial genetic diversity amongst the accessions. 

These findings validate a high-degree of genetic diversity 

in the accessions either cultivated or wild, collected from 

different ecotypes. We find higher genetic diversity 

compared to previously reported by Sheet et al., (2018). 

They obtained genetic similarity coefficients ranging from 

0.361 to 0.790 (x̅ = 0.575) in nine mulberry cultivars. 

Present findings further highlight higher genetic diversity 

in cultivated accessions compared to wild accessions. 

Moreover, tropical and subtropical ecotypes harbour 

greater genetic diversity compared to temperate ecotypes. 

Broadly these findings are in agreement with that of 

Awasthi et al., (2004), who reported greater genetic 

divergence in cultivated species of mulberry. Zhao et al., 

(2007b) formerly compared genetic diversity among 19 

cultivated and eight wild mulberry accessions in China 

using ISSR and SSR markers. They found cultivated 

accessions different genetically from wild accessions. 

The UPGMA dendrogram confirms genetic diversity 

patterns and relatedness amongst the accessions. As a 

whole, 18 accessions are divided into four main divergent 

clusters. The accessions collected from dry temperate 

ecotype are clustered in C-III. Accessions MQB-18 and 

QAB-18, collected from almost same altitude, are the 

closest genetically. Accession AMAK-18 (cultivated) 

collected from moist temperate is at a good distance from 

the accessions of dry temperate ecotype. Eighty-nine 

percent wild accessions belonging to tropical and sub-

tropical ecotypes are grouped into C-II and C-III. 

Overseas accessions fall in one main cluster except MLJ-

85 that lies with indigenous accession CMP-16 

(cultivated). Among overseas accessions QMK-85 relates 

closely with KMJ-85. All the accessions fall in one 

principal cluster that indicates that they have a common 

ancestor. While down to the cluster and sub-cluster levels, 

there are further grouping that means these accessions 

have evolved in different environments which diverged 

them. The close relationship between CMP-16 and MLJ-

85 suggests either there is convergent evolution in these 

loci or they possess a common ancestor, which could be 

natural phenomenon or breeding. 

Separation of accessions across ecotypes, especially 

tropical and subtropical in two clusters, shows existence 

of a considerable genetic diversity in the ecotypes. Our 

findings of high genetic diversity within ecotypes are in 

conformity with Vijayan et al., (2004). They grouped 

genotypes of genus Morus collected from different 

geographical locations in different clusters due to 

different levels of genetic diversity within a 

geographical location. Zhao et al., (2007a) analyzed 

eight populations, comprising 66 varieties, of mulberry 

in different ecotypes in China using 12 ISSR primers. 

They found relationship among mulberry varieties 

within ecotype with some anomalies, such as, genotypes 

from the same district were placed in distant clusters. 

Similarly, Kafkas et al., (2008) found weak genetic 

relatedness within geographical regions amongst 43 

mulberry accessions belonging to three species. They 

found strong clustering of accessions around their 

respective species instead of their geographical regions. 

Likewise, Park et al., (2020) found assorted genetic 

relatedness among 48 mulberry (Morus spp.) genotypes 

collected from different regions. They recorded a weak 

mutual genetic relatedness among overseas genotypes. 

Our study is the first attempt to ascertain mulberry 

genetic resources in different ecotypes in the country 

using RAPD markers. The current band profiles amplified 

using six RAPD markers are useful to compare the 

patterns of unknown varieties and also to predict their 

ancestry. This study discloses all together a significant 

genetic diversity in cultivated and wild accessions. The 

cultivated accessions PFI-1 and MLJ-85 (Japanese origin) 

are distantly related, while the wild indigenous accession 

OKP-18 of sub-tropical ecotype is related distantly with 

HSC-85 (Chinese origin). The indigenous cultivated 

accession CMP-16 and wild sub-tropical accession STP-

18 are genetically the farthest from each other. These 

remotely related accessions are highly likely to produce 

more productive and hardy varieties through 

transgressive breeding. These accessions, therefore, 

should be conserved in their respective ecotypes for the 

benefit of breeders working globally. 
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Conclusions 

 

The results showed that the six RAPD primers were 

polymorphic and highly informative with PIC ranging 

from 0.480 to 0.753. The similarity coefficient of 0.364 to 

0.933 showed the existence of a considerable genetic 

diversity among 18 accessions. Cultivated accessions were 

genetically more diverse compared to wild ones. Tropical 

and subtropical ecotypes were richer in mulberry genetic 

resources compared to temperate, both moist and dry 

ecotypes. Altogether, accessions are divided in four distinct 

genetic groups. Indigenous accessions CMP-16 and STP-

18 are genetically faraway from each other. Similarly, 

accessions PFI-1 and OKP-18 are distantly related with 

overseas accessions MLJ-85 (Japanese origin) and HSC-85 

(Chinese origin), respectively. These findings recommend 

in-situ conservation of four remotely related indigenous 

mulberry accessions for future breeding programmes at 

national and international level as well. 
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