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Abstract, Sanivarsil 8, Fitrianto N, Azizah £, Herawati W, Rodmatine, 2020, Anatomical profile and genctic variability of sweet
potato (Ipomocy bataties ) caltivars in Banywmas, Central Java, bmn on RAPD markers. Biodiversitay 21 1755-1766. Indonesin has
developed o food consumption diversification bised on locul sources. Sweet potato (pomeca batatas) is one of the wbers of curbohydrte
sources in addition to wheat, rice, com, potatoes, and cassava, It has o wide distribution, and high cultivars diversity produces a bigh
variation on its moephology. anatamy, and genetic madification, The abjectives of this research were to investigate the anatomical profile
and genetic variability of ¢ight sweet potatoes (Ipomoea batatas) cultivars found in Banyumas, Central Java, Indonesia, Anatomical profile
was observed by the embedding method and subjected to analysis of variance. DNA amplification wing Random Amplified Polymorphic
DNA (RAPD) method with 10 primers, namely OPA-1, OPA-2, OPA-3, OPA-L, OPA-9, OPA-11. OPA-13, OPA-15, OPA-16, und OPA-
18, The result of the anatomical study showed that cight sweet potato cultivars have significantly different (p<005) variation in leal’
aratomical profilke. RAPD primens produced 52 mmplified fragments varving from 100 to 1300 bp in size, and 9%0.40% of the amplilication
bands were polymorphic. The genetic similarity kevel is ranged from 037 w0 093, Two wspealic groups were foming aa coelhcient of
55% from the dendrogram, The st group consisted of one cultivie, Canghuang. and the second group comsisted of seven cultivars Antin,
Ungu Tua, Borobodur, Sukuh, Suri. Beta, and Kidal, The searest relationships cultivars were Borobudur, and Ungu Tua had the highest

o«

similurity cocfTicient of 93%

and the Jowest similurity found in Cangkuang and Antin with a coeflicient of 37% . The munge of genetic

distance of cight cultivars was from 0,37-0.93, Implementation of the rescarch would particulurdy useful for the identification und evaluation

of the genatic improvement of sweet potato cultivars.,
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INTRODUCTION

A specilic region in Indonesia has its preferred [ood
commodities to cultivate, meaning cach region has its
staple fof] For example in Banyumas. Central Java
Province. sweet potato (Ipomoea batatas) (L.) Lam.) is one
of the primary sources of carbohydrates that is quite
preferred and has potential as a rice substitute. Sweel
potato is an altemative rice substitute food that has high
nutritional content (Dewi et al. 2019). It is suitable for
production on marginal lands and has an essential role as a
food (Motsa et al, 2015). Sweet potatoes cultivars have a
very high diversity (Laurie et al. 2013). Hidayatn et al,
(2011) reported Indonesia has 74 local cultivars orginating
from wvarious regions (9 accessions [rom Banten. 18 from
West Java, six from Central Java, 11 from Sumatra, one
from Kalimantan, five lfrom South Sulawesi, seven [rom
Bali. ten from East Nusa Tenggara, one from Manokwari,
and six from Wamena). In Banyumas Regency, eight
cultivars were found  that  were cultivated based on
purposive sampling in eight different districts.

Muany cultivars of sweet potato causing  difficulty
rescarchers  to distinguish,  and  therelore  required 2
erouping of cultivars by using numerical taxonomy. The
genetic approach commonly used i the form of a method

includes  morphological. anatomical, and  molecular
characters (Aguoru et al, 2015 Amoatey et al. 2016). Leal
anatomical profiles widely used to distinguish between
cultivars include the epidermis, cuticle. papillae, trichomes,
stomata (size and density). and the palisade layer. The
structural resistance of plants o discase closely associated
with anatomical characters (Dickison 2000). An example.
investigating the diversity and the similarity relationship of
chrysanth cultivar based on leal anatomy (Sari et al. 2017).
Anatomical structure can be used as instructions o the
structural resistance of plants to pathogen attack. Various
pathogens attack  sweet  potato  plants, such as  the
Sphaceloma batatas fungus that causes scurvy disease
(scab) (Samiyarsih et al. 2018). Anatomical profile and
genetic diversity are essential mformation durmyg  the
selection of the desired character o get superior crops.
Morpho-anatomical based identilication is still widely
applied (Cahyanto et al. 2017). An example, a variation
analysis of three Banyumas local saluk cultivars Salacea
zalacca based on leaf anatomy and genetic diversity has
been reported. The research showed that all salak cultivars
have similar variations in leat anatomy. It can be used for
further research, such as for conservation and genetic
engineering (Herawati et al. 2018). However, DNA-based
molecular  markers  are  considered  stable and  liule
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nfluenced by environmental changes (Sudheer etal. 2010).
DNA-based molecular markers commonly used 1o assess
genetic diversity in plants include restriction fragment
length  polymorphism  (RFLP).  random  amplified
polymoffhic DNA (RAPD). simple sequence repeats
(SSR), amplified fragment length polymorphism (AFLP)
(Costa etal. 2016), and a new class of advanced techniques
using next-generation sequencing (Onda and  Mochida
2016). These techniques well established, and  their
advantages and limitations have explored (Govindaraj et al,
2015). An older technology that is still relevant and can be
used to assess genetie diversity in plants is RAPD. RAPD
is u DNA-based method that has widely used for a variety
of purposes, such as genetic diversity (Munurung et al.
2017), selection of cultivars of the genetic character of salt-
tolerant (Juwarmo and Samiyarsih 2017), conservation of
cultivars as local genetic resources (Herawati et al. 2018)
and genetic diversity-genetic variation ol species (Annisa
et al, 2019).

Collecting data on genetics and profile anatomy on
various sweet potato cultivars of Banyumas is essential to
be carried out since such data can be used as the basis of
mformation for further rescarch. This present study aimed
to know anatomical profiles and genetic diversity of sweet
potatoes cultivars in Banyumas based on leal anatomy and
Random Amplified Polymorphic DNA (RAPD) markers
method. Understanding anatomical proliles and  genetic
diversity would be highly valuable information in
preserving and the sustainable use of the germplasm,

MATERIALS AND METHODS

Samples collection

Samples collection of sweet potatoes cultivars were
conducted in each sub-districts (Figure 1), Total of 40
sumples ol eight cultivars, Five samples ol each cultivar
were used to anulyze the anatomical profile. and one
sample of each cultivar was using to molecular analysis.
Details sample site collection consist Sumpiuh  (cult.
Cangkuang.  Swri.  Beta, Kidal). Kemranjen  (cult.
Cangkuang, Sari, Beta), Kebasen (cult. Beta, Kidal, Ungu
Tua, Antin), Rawalo (cult. Borobudur, UnguTua, Sari,
Antin). Kalibagor (cult. Beta, Kidal, Antin), Purwokerto
Selatan (cult. Ungu Tua. Sari. Borobudur), Kuranglewas
(cult. Ungu Tua. Borobudur, Beta. Kidal, Antin), Pekuncen
tcult. Cangkuang. Sari. Borobudur, Sukuh, Beta, Antin).
The sweet potatoes plants from each cultivar were collected
and then transferred to the greenhouse of the Faculty of
Biology. Universitas Jenderal Soedirman. All of the
cultivars were plantlet under controlled conditions at a
temperature of 30°C27°C day/might. and relative humidity
ol 64%. From each cultivar, 2-3 leallets were taking. then
the leaflets were cut in 2 x 2em and then put in a plastic
clip bag with silica gel with a volume ratio of 1@ § to
molecular analysis (Santoso et al, 2003). Fresh leal of the
5™ Jeaf from the shoot bud taken to anatomical profiles
analysis (Samiyarsih et al. 20192). Detailed the sample site
and the staws of eight cultivars of sweet potato are
presented in Table | and Figure 2.
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Embedding for leal anatomical profiles

The observed anatomical profiles  (paradermal and
transversal section) included cuticle thickness, epidermis
thickness, mesophyll thickness, stomata size. stomata,
palisade ratio, and trichomes density per | mm? area of the
epidermis of leaves. The observation of leal’ anatomical
profile was performing on five months old of a plant
(Samiyarsih et al, 2018). The 5" leaf from the shoot bud
was taken and cut into a | em? picce. It then was subjected
to fixation in FAA solution (FAA: 10% formalin, 5% acetic
acid, 50% ethyl aleohol, and aquadest 35%) for 24 hours.
Preparation of leal anatomy based on the embedding
method and staining was done using safranin (1%) in 70%
alcohol. Transversal and paradermal slices using  intact
preparation method ol fresh leaves, including (1) the
number of trichomes and stomata cells: (i) stomata and
trichome density obtained from the following caleulation:
stomatal/trichome density=total stomatw/richomes per arca
of the field of view (mm®): (i) thickness of cuticle,
epidermis, and mesophyll, the ratio of palisade (cell/mm).
Observations were made with a binocular microscope,
Olympus CH-20. at 400x magnification. Measurement of
watomical  profiles done using u calibrated  ocular
micrometer (Samiyarsih et al. 201%).

Genomic DNA isolation

Young leaves were collected, and dried using silica gel
were cleaned using alcohol 70%. The leal of cach cultivar
was placed into a plastic ziplock bag containing silica gel.
The ratio of sample weight and silica gel weight was 12 10
Silica gels were replaced when its color changed. It was
continued until the leaves were dehydrated. DNA - was
extracted from the dried leal sample using the
cetyltrimethylammonium — bromide  (CTAB)  method
described by Doyle and Doyle (1987) and modified by
Vijuy and Uttamkumar (2013). Dried leaf sample of each
cultivir was placed in @ cold mortar, and 500 gl of
extraction bufler (10% 1M Tris hydrochloric acid. 10%
200 mM cthylenediaminetetraacetic acid (EDTA), 40% 5M
sodium chloride, 3% CTAB, [l-mercaptoethanol, and 1%
polyvinvlpyrrolidone) was added, and the sample was
ground. The mixture was then transferred o microtubes
and incubated w 65°C for 15 min. One hundred microlitres
of sodium dodecyl sul fate (209 ) were added and incubated
for 45 min at 65°C. Ammonium acetate (7.5 M: 150 pl)
was added and imcubated at 4°C for 15 min. Chloroform
isoamyl aleohol (24: 1) was added Ix mixture volume and
centrifuged (10000 rpm for 5 min). The top supernatant
was transferred 10 a new tube, The DNA present in the
supernatant was  precipitated in 1 volume of ethanol
absolute and washed in ethanol 70%. Pellet was air-dried
and suspended in Tris-EDTA buffer and stored at -20°C.

RAPD amplification analysis

Amplification was conduct following Desai et al.
(2015) method. RAPD DNA amplilication was using ten
primers (Table 3) and carried out using the ApEJed
Biosystem 2720 Thermal Cycler PCR machine. The PCR
reaction with a total volume of 13 pl. consisted of 6 pl of
the mixture of Go Tag polymerase master (catalog number
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M712B). one ul of stock DNA that had been diluting five
times. one ul primary. and five ul ion free air. DNA
amplification.  The PCR  amplification  begms  with
predenaturation of the double-stranded DNA template at

94°C for | minute (1 cycle). then 45 cycles consisted of

L\

1757

denaturation at 94°C for I-minute annealing at 36°C for |
minute. and extension at 72°C for 2 minutes. This process
was terminated by one cyele to complete the process during
clongation (complete extension) at 72°C for 5 minutes.

Figure 1. The selected sampling sites of the sweet potatoes area in Banyumas Regency, Central Java, Indonesia. District 1 Sumpiuh
2 Kemranjen, 3 Kebasen, 4. Rawalo, 5 Kalibagor, 6. Purwokento Selatan, 7. Karanglewas, 8. Pekuncen

E F

G H

Figure 2. Morphology of eight sweet potato cultivars, A, Cangkuang, B, Sari, C, Kidal, D, Ungu ta, E. Antn, F. Borobudur, G, Sukuh,

H. Beta
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Table L The sample site and status of sweet potatoes cultivar studied
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= {:;“h";;” ey C Culivan  Suw Coordinate P
Sumpiuh Cunghuang, Sari. Beta, Kidal | T Cultivated TPIS20.6°5 10921493, 7'E 25
Kemrunjen Canghuang, San. Beta Cultivated TOASIEAS 10 I83AT.0E 23
Kehasen Beta, Kidal, Ungu Tua, Antin Cultivaned T AVIAR'S 19" 1 207 Y4
Rawalo Borobudur, UnguTua, San, Antin Cultivated TUI2Z0LES 191010, 7"E 28
Kalibagor Bewa, Kidal, Antin Cultivated 72849778 1001819, 7"E 76
Purwokerto Sclitan Ungu Tua, Sari, Borobudur Cultivated TO27T14.2°S 10 14°29.0"E i3
Karanglewas Ungu Tua, Borobudur, Beta, Kidal, Antin Cultivaed 77254047 1" 12234°E 40
Pehuncen _ Cunghuang, San, Borobudur, Sukub, Beta, Anun Cultivated  7°20°15.1°5 10970414 4"E 210

Data analysis

Data analysis ol the rescarch consist: (1) Analysis ol
anatomical profile. Al anatomical data collected were
subject 1o analyses of variance, and means were separated
using Duncan’s multiple range test at a 5% level of
probability as well as simple percentage error for the charts
and following standard deviation. (i) The amplilial RAPD
were scored based on the presence or absence of [Fagments
using binary code. Score 1l there are Iragments ind score
0 if there are no fragments regardless of their intensity. A |
kb DNA ladder determines the size of o DNA fragment
molecule. Binary data that has been obtiiming, then tested
by cluster analysis using the Numerical Taxonomy and
Multivariate  System  (NTSys)  version 2021 and
Unweighted Pair Group  Arithmetic Method  (UPGMA)
(Rohlf" 1993),

RESULTS AND DISCUSSION

Anatomical profile of paradermal section

The analysis results showed that the eight pbserved
cultivars of sweet potatoes varied greatly i anatomical
profiles such as cuticle thickness, mesophyll thickness,
width and length of stomata and trichomes, the density of

stomata offf trichomes and palisade ratio. of the observed
cultivars, Analysig' varance showed that all ol the sweet
potatoes cultivars were significantly different (p<(1.05) for
all observed anatomical profiles (Tables 2, Figures 3-4),
Epidernus cell structure as the outer part of the plant has
ditferent characters which are using o distinguish plant on
the species to genera and family taxa (Ahmad et al, 2010),
Paradermal section o leaves of all sweet potatoes cultivars
to observed size and  density  of  stomata and
richomes. The highest density of adaxial and  abaxial
stomatit was found in Cangkuang cultivars of 8 cell/mm®
and 17 cell/mm?, respectively. Trichomes have the highest
density m Cangkuang cultivars as many as four cell/mm®in
adaxial and three cell/mm? in ubaxial, Guard cells of eight
cultivirs of sweet potatoes amounted 1o two picces in the
form ol a kidney and included in the parasitic type. Guard
cells are surrounding by two neighboring cells where the
dividing wall of neighboring cells was parallel to the large
porous stomata or parallel to the Kidney-shuped cell cover,
Based on the cross-section of the leave, the position of the
stomata was parallel to the surface of the eprdernus called
the pancrophore type. The stomati can be found in both of
the upper layer (adaxial surface) and lower layer (abixaal
surface): there was called anfistomata type (Figure 3, Table
2%

done

Table 2. The quantitative anatomicul profile of cight sweet potutoes cultivars bused on paradermal and twunsversal section,

W ; Density Demity Densily Density
Cuticle  Mesophyll  Width | Length i ofabaid ofadavial o ahavial Tt
Cultivars thickness Ihickness of stomata  of stomata domats it pieka | tieho r |;'|
m) bzl skt () (cell fmm?) feelvmne)  (eell/mmd)  (cell/mm?) o

Cangkuang 4251800 LIS SO0 Stab 47500 200 21 25:0.58¢ 80040 700 17001 M 430 83 16l 14 1420 Ha
San A0020.03ub 1127520640 27500220 270020, 28ab  600£1 22ub 13,0020 70b 2244 ! 1208 3
Koudal 3002 1.25h FULS00.80b  2,75:0.25¢  2950=041ab  5.00£0.70b 1 1L00£0.70¢ 262044 232013 0. T0¢
Ungu Tua  2752020be  8S5.50:384¢ 42520170 | 26.00:0326  5.00=1.22h  1100=] .58 33044 260,16 720,704
Antin 10050130 1285021 910 4.00=0.13b | 355020320 T002) 580 10002187 2He0 83 2320006 Ra08Md
Buorobudur 300£0.22h 1335021220 450200130 [2400£0.30bc  5.0020.70b 140021 220 332044 2.620.21 1hed) 44
Sukuh 275:0200  B2.S0:048 45020200 | 21502028 70021220 10,0020.70¢ 2hal) 83 23021 120.70b
Beta 200020 94.75¢1.24be 40020 20h 2350+0.68bc 60021 22ub 1200+070bc 230,70 2002044 91 920d
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Specific  anatomical  characteristics  have
considering o be essential data for uscertaining the
phenetic relationships among cultivirs in a species. Eight
ol sweet  potatoes  cultivars  showed  differences  in
anatomical profiles in terms of cuticle thickness, mesophyll
thickness, length-width of  stomata,  stomata-trichomes
density. and palisade ratio. Cangkuang has the highest
different anatomical profile in cuticle thickness, density
stomata-trichomes i the abaxial-adaxial side. and palisade
ratio (Tuble 2.). An anatcfBcal
renetic and

anatomical characteristic (He et al, 2017). The d
stomata-trichomes and cuticle thickness of sweet potatoes
leaves correlated with the intensity of leal scub
caused by pathogens Sphaceloma batatas (Pradag

cultivars of one species almost gave diflerent st
phytochemical — compounds, and  different b
activities.,

Leal anatomical traits may reflect plant :-dilm 10
environmental changes and influence ecosystem
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as they regulate light absorption and gas exchange to some
extent. The anatomical character from polluted habitat was
different from unpolluted habitat. This difference was
shown in leaves mesophyll thickness, cuticle thickness,
stomata length size. and amount of stomata and wichome
per mm 2 leaves unit area (Samiyarsih et al, 2017), Usage
ol nitrogen fertilizer was able to provide changes in the
thickness of the cuticle, epidermis, mesophyll, und stomata
density of sweet polatoes leaves (Juwarno et al, 2000),
Responses to excess iron to the stomata densities were
reduced on the abaxial surfaces of the sweel potatoes
leaves (Adamski et al. 2012). Anatomical profile of sweet
potato leaves is influenced by environmental factors, such
as plumbum (Pb) as hea al in air 1

tively correlated with 0
% in leaves of road shade canopy uaﬂ
ericulture (Samiyarsih et al, 2019b). Stomata were

n a ir. The distributios

Figure 3. Puradermal section of leaves of eight sweet poatoes cultivars (an 4008 mugnification). A, Cuangkuang, B, Sari, C. Kidual, D.
Ungu wu, E. Antin, F. Borobudur, G, Sukuh, H. Beta, ST: stomuta cell (parasitic type ), TR: trichroma cell, PO: porus of stomata, GC:
wuard cell, EC: epidermal cell




Figure 4. Anatomical of keaves cross-section ol eight
D, Ungu tua, E. Antin, F. Borobudur, G. Sukub, H.
trichomata, KT cuticle, PL: Palisade mtio (double layer palisade), ST: sponge tissue, VT vesiculur transport

Anatomical profile of the transversal section

The mesophyll leaves of eight sweet potatoes cultivars
consisted of two-layer of palisade and few layers of sponge
tissues. The leal anatomy was composed of threg types of
tissue, i.¢.. the epidermis, mesophyll, and vascular tissue,
Leaves anatomical of all cultivars show that the 1
was  diflerentiated  becomes palisade  paren
spongy parenchyma. The palisade parenchyma ¢
two-layer palisade parenchyma cells. Pahsade was
beneath the up-pu cpldu'nnl ti»uc with mlum ur -sh

palisade cells are p(muuu at lhc base of the adaxiz
sweel potato (Figure 4.A-4.H). Sponge parenchy
consists of cells that are irregular i shape
between cells, The sponge tissue lies beneath th
tissue, with shaped like branches cells, appes

are lewer than those of palisade tssue  (Fig
Vascular bundles are the colliteral type i whicl

cet potato cultivars (at 400x magnificaton). A, Cangkuang, B, San, C. Kidal,
Hetn. ED: adaxiul epidermis, EB: abaxial epidermis, MS: mesophyll tssue, TR

coexists with the phloem (Figure 4.H). Sweet potatoes
cultivar ‘Cungkuang' have the best character on cuticle
thickness, mesophyll thickness, stomata-trichomes density,
and palisade ratio compared o other cultivars (Figures 3.A
and 4.A, lc 2). S.Lmtyamh et al. (2019a) reported that

e thick mesophyll indicated the availability

lhc lc.wcs

plas ﬁﬂiﬁ Auummual profiles ﬂ' leaves :ndlunled the
pmszblluy of the same genetic diversity. The anatomical
profile as evidence of cultivars identity supported by

cuticle. W urul palisade ratio. The average
mesophyll thickness of all of the cultivars is a range ol
82.50-133.50 pm. The highest mesophyll thickness was
Antin and Borobudur cultivar. Cangkuang cultivar has the
highest palisade ratio of 14 cells (Figure 4 A-4.H and Table
2). Sharma et al, (2017) reported that anatomical studies
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are critical to know the structure of the organ, the gells, and
the tissues that are possible to synthesize secondary
metabolite compounds. Rampe et al. (2019) repﬂ'n] that
s sweet potato cultivars in Tomohon City: showed
differences in anatomical characteristics in s of
stomatal density. length, and width of opened stomata
pores, mesophyll thickness, and petiole cortex diameter.

Sweet potato. as a genetically diverse economic crop.
olfers enormous genetic resources that should be explored,
muntained.  utilized,  and  conserved.  Synergistic
information obtained from anatomical sources of local
sweel potato. cultivars in Banyumas Central Java has
yielded reliable results that may call for appropriute
nomenclatural assignments, Plant breeders may explore
variability i sweet potato for crop improvement. This
outcome thus calls for a more xonomic audit of the /.
batatas complexes through an anatomical profile and
systematic molecular studies.,

DNA band formation in eight sweet potatoes cultivars

There were 52 DNA fragments with length ranging
from 100 bp up to 1300 bp in size. The primer that
produces the highest level of polymorphism s OPA-3,
OPA-4, and OPA-16 of which are 0 monomorphic bands
and eight polymorphic DNA bands (Table 3). Figure 4.A
(OPA-1,OPA-2), 4.B (OPA-3,0PA-4), 4.C. (OPAY, OPA-
11), 4.D (OPA-13. OPA-16), 4.E (OPA-15, OPA-18) are
total of 52 bunds were amplificd by the selected RAPD
primers with an average ol 5.2 bands per primer. Certan
ndividuals show a considerable amount of amplification,
whereas, in other individuals, there are only o few
amplilication bands. OPA-3, OPA-4, and OPA-16 primers
are the primers that most amplify sweet potalo DNA
fragments and the primers that least amplify sweet potato
[ragments are OPA-1 and OPA-18 primers. They were all
polymorphic, as shown in Figure 5, The results showed that
DNA umplification in eight sweet potato cultivar using 10
RAPD primers where nine primers produced polymorphic
bands. The results of the summary of the size and number
ol DNA bands ol sweet potato cultivar samples can be seen
(Table 3). Juwarno and Samiyarsih (2017) reported that on
the RAPD markers, alleles have variation obvious il there
are polymorphisms of the DNA bands, RAPD muarkers are
not mfluenced by the environment, analysis of diversity
based on RAPD. therelore, it reflects the genetic diversity
ol the population studied. The existence of high genetic
diversity found in the population studied can be ciused by
dilferent sources of seed origin or due to the influence of
natural mutations and crosses (Vidal etal. 2019),

Percentage of polymorphisms DNA

PCR-RAPD amplilication using ten primers produce
diverse genctic variation, marked by the DNA  bands
formation m eight sweet potato cultivars with varving sizes
in cach cultuvar, The monomorphic bands (9.6%) and 47
polymorphic DNA bands (90.4%). The scoring results of
each primer generate DNA polymorphism data shown in
Table 2. Total 52 DNA bands amplified, with 47
polymorphic DNA fragments and live monomorphic DNA
fragments. RAPD primers amplified bands with a size

1761

runge of 100 bp (OPA-3) to 1300 bp (OPA-13 and OPA-
16). They amplified 47 polymorphic bands and 52 twotal
numbers of bands with an averuge of 4.7 and 5.2,
respectively. Dendrogram constructed from RAPD  data
showed that Jaccard's similarity range from 0,51 10 0.93
(Figure  6.). The average of the polymorphic DNA
percentage is greater thun 50%, so these cight primers have
a high polymorphism level. It can be used in the genetic
variation analysis (o compare between cultivars, Overall
results of data in Table 3, the pacentage of polymorphic
DNA above 50% is found in OPA-1 (100%), OPA-2
(100%), OPA-3 (10005), OPA-S (100%), OPA-Y (80%),
OPA-11 (100%). OPA-13 (100%). OPA-16 (100%)
primers. while percentage of polymorphic DNA in the
below 50% is found in OPA-1S primer (50%) and OPA-18
primer (0%). The results showed that the RAPD markers
used had high levels of polymorphism. On average, cach
primer produces 9.5 bands, OPA-3, OPA-4, and OPA-16
gave the highest polymorphic bands (8), while the lowest
number of polymorphic bands (1) wis observed in OPA-1S
(Table 3). Scoring the polymorphism was started by
assuming the band produced by the primers as putative
locus, The DNA hands are in polymorphic patterns when
the appearance w the purticular Jocus  all samples’
templates are < 95% and vice versa when they appear on
>05%are called monomorphic (Sasongko et al, 2019),
Overall, the polymorphic level of the primers used in this
study was considered good with a range between 50% o
100% polymorphic bands. Subositi and Widiyastuti (2013)
stated that polymorphisms mean as genome complexity
leads to genetic varability among the samples. Nine
primers (OPA-1, OPA-2, OPA-3, OPA-40PA-11, OPA-
13, and OPA-16) produced 100% polymorphic patterns
(Table 3) and so-called performed high polymorphisms. As
stated by Poerba and  Yuzamou  (2008),  highly
palymaorphisms of the primers tested were = 50% .,

Genetic variability of sweet potatoes cultivars

Primers were used in this study have a proportion of
G4+C between 60-70% (Table 2). so it is good enough to be
used lor the PCR-RAPD process, Condition this s
following Newton & Graham's (1997), that success DNA
genome amplification using the PCR-RAPD technique was
determined by order of the primary bases used, Suitable
G4C base content in the primary sequence used for PCR-
RAPD  for orgamsms  cukaryotes  should  contan a
proportion of G+C of 60%. Consistent with the statement
of Poerba and  Yuzammi  (2008) that the successiul
amplification of  genomic DNA using the PCR-RAPD
technique 15 also determming by the hase sequence of the
primers used and the guality or content ol the primer in
cach reaction. RAPD  markers  obtained with  random
amphification of DNA segments from a single arbitrary
primer. Primers used are typical of 10 bp. The G+C content
of bases in primer sequences used for PCR-RAPD should
contan more than 40% G+C bases (usually contunmg 50-
80% G4C) und does not contain palindromic sequences
(Premkrishnan and Arunachalam, 2012). Different genetic
distinces were found i among the eight sweet potato
cultivars based on these ten of DNA markers. The genetie
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distunce based on RAPD muarkers were ranging [fom 0,37
1o 093 (Table 4). Avivi et al. (2019) reported that the
molecular markers data function in determining the level of
diflerence and similarity of cach cultivar. The lower the
coelficient of simalanity between cultivars indicates that the

AW Sl K LT A0 B R e OMT e KD UTD AT D WD T
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(41 1755-1766, April 2020

farther relutionship between cultivars so that it will have a
high heterosis effect when crossed. The results obtained
demonstrated that the RAPD approach has considerable
potential  for the dentification and  diserimination
different sweet potato cultivars,

of
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Figure 5. Amplifiecd DNA of cight sweet potatoes caltivars based «
4.(CrOP,
UT= Ungu Tuwa, A= Antin, Bd= Borobudur, Sk= Sukuh, Bi= Beu

Fable 3. DNA polymorphisms detected on mine RAPD painwrs lor

9, OPA-11. (D) OPA-13, OPA-16, (E) OPA 15, OPA 15, Nole: &

m 10 RAPD primers, namely (A OPA-1, OPA2. (B) OPAR, OPA
marker 1 kb, Ck~ Cangkuang, S San, Kd- Kidal,

cleht sweet potatoes cultivars

Number of

Percentage of

Primer Seq l;ll.'ltl'l.' Laocus : GO t DNA Polymorphic .\Itm.mmrp hic Polymerphic

(5%-3") thp) Content (%) fragments DNA bund DNA hand DNA bands (%)
OPA-1 CAGGCCCTTC  250-750 707 2 2 S0 100
OPA-2 FGCCGAGOTG 200-720 70 | ! 0 100
OPA-3 AGTCAGCCAC  100- 1050 0l 8 8 0 10
OPA-4 AATCGOGGOTG 20041250 6 8 8 0 ([EA]
OPA-Y GGGTAACGCC 2501150 70 b} 4 | bl
OPA-11 CAATCGCCGT 250- 1150 ] 5 h] 0 10
OPA-13 CAGUCACCCAC 20001 300 T 7 7 IP 10
OPA-16 AGCCAGCGAA - 200-1300 6l) 8 ] ] 10
OPA-15 ITCCGAACCC 6HS0-TS50 tll 2 | | M
OPA-18 AGGTGACCGT 200-65(M) 6l 3 ) 4 ]
Totul S2 O 100%) 47 (90.4%) 5 (9.6%)
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A dendrogram based on UPGMA analysis with RAPD
data (vimilarity matrix) is illustrating i Figure 6. Almost
all cultivars stand alone at a 93% relationship leével, The
level ol genetic relationship between the two g'l:nm_\pc.\
tested ranged from 0.51 1o 0.93, meaning that all eight
genotypes had o close relationship level o @ distant
relative. Based on the dendrogram, all genotypes can
distinguish between one genotype cultivar and another. The
high  genetic distance indicated  that the  relationship
between both cultivirs was far enough and that the small
genetic distance value suggested that the relationship way
close, Cluster anulysis was performing using the UPGMA
method to produce a dendrogram. 11 a straight line is drawn
thit cuts the dendrogram at a 55% relationship level, two
groups are formed. Namely, Cluster 1 consisting of one
cultivar. Cangkuang, and Cluster 11 was consisting of seven
i other cultivars: Antin. Sari. Kidal, Borobudur, Ungu
Tua. Sukuh and Beta, Major clusters show genetic variation
among the cultivars that form sub-clusters. Borpbudur's
cultivar shows the closest relationship and Ungu Tua with a
similarity coefficient of 93%. Avivi et al. (2019), the
molecular markers data function in determining the level of
difference and similarity ol each cultivar, In Contrast,
cultivars that have the most distant relationship are
Canghuang with Antin was similarity coellicients reaching
37% (Table 4, Figure 6).

The CTAB method has been successtully used [or DNA
extraction from sweet potato leaves. RAPD marker analysis
15 widely used for the detection of genetic diversity and
classification ol the germplasm of 1 ny  orfanisms,
Permatasari etal, (2018) reported that the cenetic sinilarin
ol an orgumism could e determmed by DA inadysis
using a specific molecular marker application, Nonfspeeilic

primers could lead to the amphification of other arefls of the
genome that were not targeted, or otherwise, there were no
amphibied genonne resions, The difference in cultivars can
be seen from the number of the bund, the band thickness,
and mobility (Figure SA-SE). Cluster analysis carried out
using RAPD marker data showed that the genetic nuterial
studied was grouped into two nxin clusters.

The different primers are using to amplity dilferent
numbers ol genotypes. Estimation ol genetic diversity
among and  within crops s crucial o breeding  and
conservation  of genetic resources, RAPDs  have been
showing to be an elfective method for studying genetic
diversity - many  plants such as hybrid  species of
Nepenthes  hookeriana (Yulita and  Mansur - 2012),
Capsicum anmn (Peeraullee and Ranghoo-Sanmukhiya
2013), Salacca zalacca (Herawati et al, 2018), and Carica
papava (Sabary and Vakharia 2018). The current results
showed that sweet potatoes cultivars in Banyumas had a
variety ol distant relationships. Sweet  potatoes  locals
cultivars could be essential genetic resources for sweet
potito breeding and plant diseases.

The genetic distance of the similarity matrix (Table 4.
Figure  6). Borobudur's cultivar, shows the  closest
relationship and Ungu Tua with a similarity coellicient of
0.93. In contrast, cultivars that have the most distant
relationship are Cangkuang' with - Antin was  similarity
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coeflicients reaching 0.37. Based on the analysis results, the
Cangkuang - cultivar - has  the  characteristics  in the
anatomical profile that are most different from  other
cultivars so that they form their group (Cluster 1) on the
formed dendrogram. This study shows that there is a
relationship  between  the anatomical  characteristics  of
leaves: with moleculur characters. Fajriani et al, (2012)
reported that there s the extensive genetic diversity of
sweet potato cultivars for the leaves. vines length. storuge
oot number. storage rool weight, storage oot length,
storage root diameter, harvest index. dry matter content of
storage roots, and storage root vield. Mohammed et al.
(2015). found to be useful in assessing diversity, and
specitic markers obtuned for cultivars could be used for
their identilication. The character which has 4 broad
genetic: diversity would also have a wide diversity of
phenotypes, Almost the same results are showing by some
previous research on sweet potato. In the previous research
of Solankey et al. (2015), cluster analysis of sweet potatoes
cultivars divided twenty genotypes into two main groups.
indicating a genetic relationship among accessions.

The dendrogram showed clear grouping ancestrally
related sweet potato cultivars, The analysis of RAPD
generated polymorphic bands showed vanations in the
number. length, and intensity of the resulting bands, Yang
ol al, (2015), PCR-RAPD are widely distributed throughout
the eukaryotic genomes i coding and non-coding regions.
Their random genome distribution and use with low quality
DNA have resulted in extensive use in the determination of
genetic diversity, germplasm fingerprinting, genctic lnkage
mapping. and phylogenctic studies  of  sweet  potato,
Genotypes that have many similanties in character means
having a close relatnonship, while genotypes which have
lide or no similarity in character, means having a distant
relationship (Jan et al, 2012). Genetic Lactors influenced the
characters found in sweet potato genotypes. Phenotypic in
30 sweet potato genotypes found at the Politeknik Negeri
Lampung has an extensive genetic and phenotypic diversity
and high henitability (Dewi et al, 2019),

The anatomical profile helps m the dentification of
plant taxa when the floral charaders wre unavailable or
stmilar, Micro-anatomical features are relevant taxonomic
toals n .\caruliug sweet potato cultivars in Banyumas
Regency. It was  concluded  that o comprehensive
anatomical profile is advantageous in order 10 understand
all aspects of this variation. RAPD markers for evaluated
diversity analysis  was  highly reproducible, revealed
sufficient genetic variability, and @ high level of genetic
polymorphism. These would be further usetul for the
evaluation of the genetic improvement of sweet potato
cultivirs, Rahajeng et al, (2017), both morphological and
molecular markers, have been using to assess the genetic
diversity of sweet potato. The most important activity in
the sweet potato breeding program is the selection activity,
and the selection activity has an essential role in selecting
and determine the genotypes which are compatible with the
purpose ol breeding. So the success of the breeding
program is determined by the elfectiveness of selection
actvities,
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