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ABSTRACT

The debate on the taxonomic status of the two most popular cultivated
mulberry species of India; Morus alba and Morus indica has persisted
sincelongtime. Subtle morpho-agronomical distinction and cross pollinat-
ing nature have added to the confusion in identification. Historical evi-
dence suggests that M.alba has been introduced from China to Japan and
to rest of the world including | ndia through the famous silk route. M.indica
is believed to be endemic to the Indian subcontinent. The present study
utilizes the DNA markers for screening the genetic resolution of the two
species for reassessment of the taxonomic status. DNA profiling of 16
indigenous and exotic varieties belongs to M.indica and M.alba were
analysesfor genetic variation by 12 informative RAPD markers. The domi-
nant random primers generated 136 markers, of which 128 (80%) were poly-
morphic. The UPGMA clustering resulted in four distinct clusters. Based
on the results obtained from material s used and interrel ationship observed
by UPGMA analysis of marker data, it is concluded that, the genetic dis-
tinction between the taxa were very less and hence M.indica may be con-
sidered as a variety under the species M.alba. The conclusion is support-
ive of the findings of the lectotypication and taxonomic studies on these
species. Genetic diversity estimates of some of the materials utilized in the
present investigation can be used in precise planning of mulberry crop
improvement.  © 2008 Trade Science Inc. - INDIA
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INTRODUCTION

Mulberry (Morus spp.) isanimportant crop plant
of sericulture anditsleavesformsthe only source of
natural food for thedomesticated silk producing worm,
Bombyx mori L. The art and technique of silkworm
rearing wasintroduced from Chinathroughthelegend-
ary sk route.

InIndia, thecommonly cultivated mulberry variet-
iesareconsidered to belong to M.albaand M. indica

along with the naturally occurring wild speciesviz.,
M.laevigata and M.serrata Hooker 188514, However,
thevarietiesbelonging to M.alba had been introduced
from China, to Japan and to other countriesincluding
IndiaKameswaraRao and Jarvig?. Linnaeus 1753
classified these two species —M.alba and M.indica
under the genus Morus aong with other five species.
Koidzumi 1917 and 1923, whilereviewing thetax-
onomy of genusMorus, did not recognizeM.indicaas
adistinct species. M.indica varietiesare supposed to
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beendemictoIndiaor at least restricted initsdistribu-
tion to the subcontinent. However, acloseexamination
of collections belonging to these two species shows
subtledifferencein morphologica and reproductive
characters. Some of theauthorshave considered these
two species as synonymous, while others treated
M.indca asvariety under M.alba. High reproductive
compatibility and crosspollination nature hasmadethe
speciesclassfication difficult and often arbitrary. But
varietiesbelonging to M.indica appear to behardy, in-
variably |obed from mediumto high, poor inlesf yield,
and highly acclimatized to tropical conditions. In con-
trast, thevarieties of M.alba aregenerally considered
to be succulent, larger leafed, dark greenin color with
superior leaf quality characteristicsand grown exten-
svely intemperate sericulturezones. M.albaisconsd-
ered to be one of the most adaptable and can thrive
under extremecold conditionsto thewarm humidtropi-
cd climate.

Applicationof DNA marker technol ogy for address-
ing the problemsin plant systematicsand geneticsis
well recognized. With the advent of polymerasechain
reection (PCR), thenumber of marker techniquesavail-
ablehasincreased manifolds. PCR based DNA mark-
erslikerandomamplified polymorphic DNA (RAPD)
hasrevolutionized the genetic analysisof plantsdueto
itsspeed, simplicity, accuracy and areneutral to envi-
ronmentad affectd®. Conventiona marker systemslike
morphology areof limited valuein speciesidentification
of mulberry asit exhibitshigh reproductive compatibil-
ity and cross pollination acrossthe membersof thege-
nus Dandin and Naik. DNA marker techniquesare
routinely gppliedin thesedaysin DNA fingerprinting of

TABLE 1: Ligt of varietiesbelongingtoM.albaand M.indica
Sl. no. Name/Origin of the mulberry variety  Species

1 Kataneo (Italy)

2 Tagowase (Japan)

3  Kokusou-27 (Japan)

4 ChinaPeking (Philippines) M.alba
5  Kyro Negume Geshi (KNG) (Japan) '

6  ChinaWhite (China)

7  English Black (France)

8  Shinlchinose (Japan)

9 Kali (West Bengal)

10 Kadliakutahi (Jammu & Kashmir)

11 Sujanpur-5 (Punjab)

12 Assambola (Assam) M.indica
13  Almoraloca (Utter Pradesh) '

14  Localobed (Karnataka)

15 Punjab Loca (Punjab)

16  Berhampore-20 (West Bengal)
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mulberry for Naik et a.[®, Naik and Dandin®, i dentifi-
cation of duplicate collectionsin germplasm Naik and
Dandin’%, assessment of geneticdiversity andinterre-
lationships among germplasm Chatterjee et al.[*Y,
Awasthi et a.'2, Sharmaet d.*¥; Vijayani*¥; Vijayan
et d.; Srivatsavaet d .9 andidentification of QTLS
for water use efficiency (WUE) and root traits
Sukumaran et & .17,

So far, no attempt has been made to demarcate
thesetwo species-M.alba and M.indica and establish
reliable genetic rel ationshipsamong the speciesusing
molecular marker systems. Inthisbackground thestudy
will beproviding required genetic resolutionfor clearly
ng the taxonomic statusthrough DNA marker
analysisand contributeto the better understanding of
thiscomplex genus. Theexperiment will a'soprovidea
reliableestimateof genetic diversity that existsinthese
two popularly cultivated mulberry speciesof India

MATERIALSAND METHODS

Plant materials

Sixteenmulberry varietiesbelongingto M.albaand
M.indica (TABLE 1) were used in the study. These
vaietieswereavailablein ex-situ conditionsinthemul-
berry genebank at Central Sericultural Research and
Training Institute, Mysore. Thesevarietiesare main-
tained under standard package of practices recom-
mended by theIngtitute.

Mulberry genomic DNA isolation

Genomic DNA was isolated using Nucleon
Phytopure Kit method (Amersham Biosciences, UK).
The DNA wasquantified on 0.8% agarose gel stained
with ethidium bromide. The DNA stock solution was
diluted to uniform concentration of 10ng/ul for PCR
amplification.

RAPD amplification

PCR reactionswere performed by modified pro-
tocol of Williamset d.19. The PCR amplificationwas
carried out in a0.2 ml PCR tubein PTC-200 DNA
engine(MJResearch, U.S.A.) with 20ul reaction vol-
umescontaining 20mM Tris-HCI (pH 8.4), 50mM KCl,
2.0mM MgCl,, 0.2uM primer, 0.1mM of eachdNTPs,
0.5U of Tagq DNA polymerase (Genei, Bangalore)
and 20ng of template DNA. The random primers
(TABLE 2) were obtained from Operon Technologies
Inc., Almeda, USA. Amplification reactionswerecar-
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TABLE 2: Ligt of random primer sused in thestudy alongwith mar ker polymor phism

Sl. Nameof the . ~» Total no. of No. of monomorphic No. of polymorphic % Of
) Sequence 5'-3 .
no. primes markers markers mar kers polymor phism
1 OPA 07 -gaaacgggtg- 15 01 14 93.33
2 OPA 09 -gggtaacgce- 07 00 o7 100.00
3 OPA 10 -gtgatcgcag- 09 01 08 88.88
4 OPA 12 -tcggegattag- 09 01 08 88.88
5 OPA 14 -tctgtgetgg- 11 01 10 90.90
6 OPA 15 -ttccgaaccce- 12 00 12 100.00
7 OPA 16 -agccagcgaa 15 00 15 100.00
8 OPA 17 -gaccgcttgt- 17 01 10 90.90
9 OPC 05 -gatgaccgcc- 11 01 10 90.90
10 OPC 07 -gtcccgacac- 11 00 11 100.00
11 OPC 08 -tggaccggtg- 14 01 13 92.85
12 OPC 09 -ctcaccgtec- 11 01 10 90.90
Total 136 08 128 94.12

ried out by following cycleprofiles: initial denaturing
cycleat 93°C for 2 minfollowed by 40 cyclesat 93°C
for Imin, 35°C for Imin, 72°C for 2minand afina 7
min extension at 72°C. PCR products were el ectro-
phoresed on 1.5% agarose gel Sambrook et al.*® in
1xTAE, stainedin ethidium bromideand thegd image
was recorded using the gel documentation system.
(Syngene, U.K.).

Data analysis

DNA banding patterns generated by RAPD was
scored as ‘1’ for the presence of marker and O’ for the
absence. Reproducible RAPD primerswere consid-
ered for scoring. Dicesimilarity matrix was generated
using the equation, s=2Nxy/(Nx +Ny), whereNxy is
thenumber of shared markersbetween ‘x” and ‘y’ en-
tries. Nx isthetota number of markersin °x” entry and
Ny isthetotal number of markersin ‘y’ entry Nei and
Li, 197919, Genetic distance (1-s) was calcul ated and
adendrogram was constructed based onthe similarity
matrix data set by applying un-weighted pair group
method of arithmetic averages(UPGMA). RAPD mark-
erswere identified by the source of primers (OP for
Operon), kit letter, the primer number and its approxi-
matesizein basepairs.

RESULTS

The mulberry varieties considered for the study
werebdonging to themost cultivated speciesin India
However, mulberry bel onging to these specieswere
from different geographica originand represented from
thehigtoricaly important sericulturd regionsof theglobe.
All thevarietiesincluded inthe study werediploidsand
theplaceof theoriginisgiveninthe TABLE 1. Thetwo

(Based on the RAPD simiakrity coeficient)
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Figure 1: UPGMA clustering of M.alba and M.indica
collestions

species were identified based on the key characters
described in Floraof British IndiaHooker 18851 and
thepublishedinformationformthegenebank of CSRT],
Mysore. However, thecommercidly important growth
and yield parameters of the mulberry are highly influ-
enced by theenvironment and theinformation onthese
parameters can befound in published literature under
various eval uation programs Rgjan et a .[*; Rgjan and
Sarkar 1998[2Y,

A tota of 12 informative decamer RAPD primers
(TABLE 2) wereused for screening 16 mulberry geno-
types. PCR amplificationswere performed twice and
consensus markersfromtwo identical profileswere
scored to avoid any ambiguity. A total of 136 markers
were scored in therange of 500-3200bp. The number
of markersper primer ranged from 7-15with an aver-
ageof 11.3 markersper primer. Out of thetotal, only 8
markerswere monomorphic and rest 128 (80%) were
polymorphic. TheRAPD profilesof dl the 16 mulberry
varietiesbe onging to M.alba and M.indica produced
by primers OPA-16 and OPC-05 were shown in the
figure 1. On comparison of the RAPD profiles estab-
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lished somevariety specific DNA markers(TABLE 3).

Diceof smilarity coefficient vaueswerecdculated
(TABLE 4) based on RAPD markersdataset Nei and
Li,*® and 1-svaue denotesthe genetic distance. Based
onthesmilarity vauesamong 16 mulberry varieties the
two popularly cultivated speciesof IndiaTagowaseand
K okuso-27 weregenetically closewith asimilarity of
83.5% and Shin Ichinoseand Almoral ocal werege-
neticaly divergent withleast Smilarity (40%). UPGMA
clustering based on SHAN routineusing RAPD marker

China White
Berhampore-20

China Peking
Kaliakutahi

ll I 1Kb ladder

a) OPA-16

1kb ladder
Kokuso-27
China Peking
Kaliakutahi
Sujanpur-5
Assambola
/Almora Local
Local Lobed
Punjab Local
China White
English Black
Berhampore-20
Shin Ichinose

KNG

OPC-05
Figure2: DNA finger printsof M.alba and M.indica col-
lectionsgener ated by therandom (RAPD) primer s(a) OPA-
16and (b) OPC-05
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similarity coefficient resulted in four distinct clusters
(Figure 2). Cluster | was represented by one variety
namely KNG and Cluster || wasthe largest with 11
varietiesbelongingto M.alba (5 nos.) and M.indica (6
nos.). Clustersli| represented by AlmoraLocd, Punjab
Local (M.indica) and ChinaWhite (M.alba). Cluster-
IV issolely represented by Shinlchinosebelongingto
M.alba.

DISCUSSION

Indiahasalong history of mulberry cultivation. Silk
culture spread to Indiathrough thelegendary silk route,
which dates back to 140 BC. Even though few of the
speciesof mulberry aretruly nativeto India, however
theorigin of someof thecultivated formsof mulberryis
not clear. Hooker 1885 and Brandis 19061%2 had re-
ported the occurrence of four mulberry speciesnamely,
M.indica, M.alba, M.laevigata and M.serratain In-
dia Among them M.laevigataand M.serrataaretruly

TABLE 3: List of mulberry variety specific DNA markers
identified

Sl. no. Name Variety specific marker
1 Kaliakutahi OPC-08gqo
2 Sujanpur-5 OPC-08;5
3 Punjab Local OPA-0909, OPA-125149
4  Berhampore-20 OPA-15,49
5 Kataneo OPA-15/5,
6 TagO\Nase OPA-121409

OPA-07.000, OPA-1275,, OPA-
151900, OPA-151,50, OPA-1550,
OPA-16,500, OPA-17 000, OPA-
171450, OPA-171100, OPA-170,
OPC-05g50, OPC-08500, OPC-09,700

7 Shin Ichinose

TABLE 4: Dicesimilarity coefficient based on RAPD mar ker data of M.albaand M.indica collections

8 9 10 11 12 13 14 15 16

S.no Accessions 1 2 3 4 5 6 7

1 KNG 1.000

2 Kataneo 0.541 1.000

3 Togowase 0.581 0.681 1.000

4  Kokuso27 0.566 0.632 0.835 1.000

5 C.Peking 0.598 0.731 0.629 0.620 1.000

6 Kagali  0.505 0.672 0.614 0.589 0.738 1.000

7  K.kutahi 0.500 0.637 0.610 0.569 0.687 0.748 1.000

8 Sujanpur5 0.553 0.661 0.645 0.684 0.614 0.632 0.702 1.000

9 Assambola 0.527 0.627 0.629 0.584 0.667 0.667 0.609 0.620 1.000

10 A.Loca 0.545 0.539 0.512 0.545 0.613 0.613 0.589 0.646 0.611 1.000

11 L.Lobed 0.583 0.748 0.732 0.676 0.783 0.783 0.736 0.748 0.630 0.645 1.000

12 P.Local 0.584 0.603 0.590 0.577 0.643 0.625 0.584 0.598 0.542 0.602 0.672 1.000

13 C.White 0.625 0.618 0.605 0.661 0.655 0.605 0.600 0.673 0.544 0.720 0.682 0.693 1.000

14 E.Black 0.530 0.694 0.707 0.676 0.686 0.643 0.652 0.689 0.645 0.562 0.745 0.525 0.651 1.000
15 Berham20 0.538 0.626 0.613 0.587 0.756 0.693 0.719 0.595 0.613 0.611 0.729 0.624 0.655 0.642 1.000
16 Slchinose

0.432 0.493 0.514 0.511 0.537 0.567 0.622 0.467 0.492 0.400 0.558 0.414 0.455 0.542 0.519 1.000
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wildwith different geogragphica originand sexualy dis-
tinct. However, M.indica, M.alba aregrown through-
out Indiafor silkworm rearing and to producefertile
hybrids. Thereisno authentic report of natural popula
tion of M.albaor M.indicain India. Watt 18911>% and
Parker 1956/ reported that the origins of these spe-
ciesarefrom Chinaand extensively cultivated through
out theplainsof Indiaup to an eevation of 3300m. The
varietiesof M. indicaare cultivated and area so grown
asgarden plantsin householdsin Indiaespecidly inthe
plainsand hill gations. Occuranceof M.albatreeswere
foundinthemountainousterranviz., Lhasanear Tibetian
border, valeysof Kashmir, North-west Himalayashad
been reported Ravindran et d. /. M.indicavarieties
aresturdy, relatively poor inleaf yield and havelonger
stylethan the M.alba varieties. However in cultivated
formsof mulberry, thevariationinthestylelength makes
it difficult to classify speciesbased onitsmorphology.
Attempts had been made by Hirano et al.,19802¢ to
classfy someof the Japanese varietiesof mulberry un-
der M.alba, M.latifolia and M.bombycis based on
theisozymeand protein profilesand concluded these
speciesaregenetically closeand henceto betreated as
subspecies of aspecies.

Kameswara Rao and Jarvis 19862 made a
specia attempt to designate | ectotypes for M.alba,
M.tartarica and M.indica. M.tartarica was treated
as synonymouswith M.alba and following Bureau’s
187327 treatment, M.indica wasrecognized asavari-
ety of M.alba. Theauthorsgavekey differencesthat
existed between thetwo species. M.alba hasstylefree
at thebasewith glabrousor glabrescent stylearms, se-
palsof maleflowersisovate and upper surface of the
leaf issmooth, but lower surface hastuftsof hair onthe
axilsof major veins. Leaf apex isacuteand margin
dentate. In comparison, in M.indica, styleisconnate,
stylearmsdowny, sepa sof themaleflower isobovate,
leaf surfaceisrough and tufts of hair on the axils of
major veinson thelower surfaceisclearly absent. The
leaf gpex isacuminateto caudatewith coarsely serrate
margin. Under cultivated conditionsthey expressmo-
noeci ousfeatures against the normal dioeciousnature.
Themost important difference between thetwotaxais
presence or absence of connatestyle. Thischaracter is
most dependable and alowstheidentification of fe-
mal e specimen asM.alba or M.indicairrespective of
thevariationinthelength of theconnate part of thestyle
and hairinessof thestylearm. But, itisoftendifficult to

di stinguish male specimens of thesetaxaasthe shapes
of the sepalsare sometimesvariableand isnot awell
marked character.

DNA markershave beenincreasingly usedto re-
solvethetaxonomic problems. Thepresent sudyisan
effort towardsobtaining further insight into the taxo-
nomic statusof thecultivated varietiesbel ongingto the
M.alba and M.indica. Someof thevarietieshaveorigi-
nated from open-pollinated hybrid selection/cross-pol-
linated hybrid selection with the possibility of mixing of
genomesfrom different species. Thusthetaxonomic
consderaionsof cultivated varietiesaremore complex
and should not be approached routindy. RAPD marker
analysisreveded that Tagowase and K okuso-27 origi-
nated from Japan werethe cl osest entrieswith 83.5%
similarity and belongs to M.alba. Shin Ichinose
(M.alba) originated from Japan and Almora Local
(M.indica) originated from Indiawerethe most distant
(genetic distance=0.600). Grouping based on UPGMA
broadly resulted in four clusters. Thecluster | hasa
singlerepresentation of thevariety KNG (M.alba) from
Japan and quitedistinct. Theclugter 11 ismost complex
and represented by 5 varietiesof M.alba and 6 variet-
iesof M.indica. Thevarietiesof M.albaiseither form
Chinese or Japaneseorigin. Cluster 111 isrepresented
by two varietiesbelongingto M. indica (AlmoraLoca
and Punjab Locd) and avariety-ChinaWhitebelong-
ingto M.alba. Shinlchinosevariety evolved out of in-
ter-specific hybridization and classified (based on key
characters) under M.alba formsadistinct cluster IV.
The study further does not support the claim of mo-
lecular marker discriminating the cultivated mulberry
varietiesin accordance with the geographical origin
Sharmaet a.[*3. The RAPD marker analysis based
UPGMA clustering has not succeededin clearly delin-
eating thetwo cultivated species. Thesexual isolation
was recognized with the species having lowest taxo-
nomic unit. However, reproductiveisolationisyet to be
found among the cultivated species of mulberry. Cat-
egorization of cultivated varietiesneedsto beanayzed
interms of its economic valueto theindustry rather
than purely based on some of themorphol ogical traits.
Thegrouping or classfication of thecultivated varieties
isrequired mainly for identification and proper utiliza-
tion by theend user or by the breeder.

Thestudy highlightsthecomplexity intheevolution
of cultivated varieties of thesetwo species. The pure
materia s (wild population of M.albaand M.indica) of
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the speciesarevery much needed for the study, which
islacking. Asunderstood presently, thereisno pure or
wildpopulationof M.indicainIndiaor € sewhere. Based
ontheresult obtained from materialsused and interre-
lationship observed by UPGMA clustering obtained
from the DNA marker analysis, it isconcluded that,
thereisnot much genetic distinction between thetaxa
under consideration and hence M.indica may be con-
Sidered asavariety under thespeciesM.alba. Thisalso
supports the taxonomic analysis of M.indica by
KameswaraRao and Jarvis 198612. Therelative esti-
matesof the genetic diversity based on RAPD markers
also support the above conclusion. Genetic diversity
estimates of some of thecommon varietiesutilizedin
the present investigation can be used in precise plan-
ning of themulberry cropimprovement.
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