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Abstract

Maize is important cereal crop which is used a major source of dietary ingredients. Due to implementation of Plant
Breeders Rights, plant variety protection is absolute necessity. Plant variety protection using morphological markers is not a
reliable source due to heavy influence of environmental factors. However, DNA fingerprinting using molecular markers is
reliable technique as these are unaffected by environment. Present study was carried out for DNA fingerprinting of 08 maize
genotypes comprising of 03 hybrids and 05 parental lines using 209 Simple Sequence Repeat markers. Sixteen SSR markers
were not amplified, 19 were found monomorphic and 174 were polymorphic. A sum of 1015 alleles was amplified and 783
were found polymorphic. Maximum number of alleles (21) was recorded for umc1676, maximum number of polymorphic
alleles (16) were recorded for p-Phi008. Polymorphic Information Content values ranged from 0.0 (umcl1179) to 0.94
(umc1676) with an average 0.67. Jaccard’s similarity coefficient was used to construct a dendrogram based on unweighted
pair group method with arithmetic mean and SAHN clustering. Maize hybrids and parental lines were classified to 03
clusters i.e. Group I, II and III on 96% similarity coefficient. DNA fingerprints were also developed for identification of
maize hybrids as well as parental lines which will be useful for variety protection in future.
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Introduction

Maize (Zea mays L.) is an important cereal crop after
wheat and rice which is used as human food, feed for
animals, means for income and source of employment
(Anon., 2010). It contains rich source of nutrients such as
starch, vitamin A and B, proteins, oil, fiber and sugar. In
Pakistan, maize is third major crop which accounts 4.8%
of crop cultivated area and approximately 3.5% of
agricultural output. Maize production has increased
largely due to use of new and upgraded technologies.
According to Plant Breeders’ Rights Rules, 2018 of
Pakistan, the varieties are differentiated on the basis of
Distinctness, Uniformity and Stability (DUS) and
examination of morphological characteristics. However,
characterization merely on morphological basis is not
sufficient as these characters may be offered because of
environmental conditions, poor sampling and unknown
genetic control (Ye-Yun et al., 2005).

There is need of a robust and reliable technique to
characterize, differentiate, purify and study the genetic
variability among the cultivars in order to improve
production and help in breeding programs. Biochemical
analysis ie. reversed-phase high performance liquid
chromatography and electrophoresis of storage proteins in
seed can also be used for the identification of hybrid (Asif
et al.,, 2006, Salgado et al., 2006). DNA fingerprinting
approaches using DNA markers are considered most
effective genomic tools having high resolving power for
hybrid/elite genotype identification (Perry 2004, Salgado
et al., 2006; Sadia et al., 2018).

DNA fingerprinting is an effective method to help
breeders in placement of breeding lines to accurate
heterotic group, enabling to distinguish the hybrids at
different stages of plant development and allowing
comparison of the plants with control and its parental

lines (Warburton et al, 2002). Further, technique is not
affected by environmental interaction and spatial-
temporal expression. It employs the use of polymerase
chain reactions (PCR) and is based on several types of
markers. To understand, assess and elucidate the genetic
diversity, variability and inter-relatedness among
varieties, inter and intra species at molecular level,
molecular markers have been proved to be the powerful
tools. Various markers have been used to characterize
the species; these include RAPD, AFLP, SSR, STS,
SCAR, RAMP, ISSR, RFLP and SNPs (Pejic et al,
1998; Warburton et al., 2002; Reddy et al., 2009, Igbal
et al., 2019). Nowadays, microsatellites, also known as
SSR markers, are widely accepted to be the best choice
for characterization of varieties at molecular level,
genome analysis and gene mapping in different species
of crops such as barely (Liu et al, 1996), maize
(Legesse et al., 2007) , sorghum (Agrama et al., 2003),
wheat (Salem et al., 2015), rice (Rabbani ef al., 2010;
Shah et al., 2015; Singh et al., 2016) datepalm (Zhao et
al., 2012), pearl millet (Chandra-Shekara et al., 2007)
and cotton (Bourgou et al., 2017).

SSR markers are comprised of 2-5 nucleotides

tandemly repetitive sequence that is randomly
interspersed in eukaryotic genome. They are co-
dominantly inherited, hyper-variable, highly
polymorphic, highly reproducible, easily scorable,

abundant and multi-allelic, reliable and exhibit cross
specie transferability within and between species and
populations (Rakoczy-Trojanowska et al., 2004). In this
study, 209 SSR markers have been utilized to generate
genotypic data providing unique allelic profile in order
to discriminate 8 maize cultivars. We have evaluated the
degree of polymorphism of the markers using
polymorphism information content (PIC) (Smith et al.,
1997). Moreover, a standardize-able reference based on
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DNA finger prints establishing unique genotypic identity
was established. This study will be useful for maize
variety/hybrids protection in future. Further this study
has provided useful information about effectiveness of
SSR markers for study of genetic diversity and DNA
fingerprinting.

Materials and Methods

The current research was carried out at
Biotechnology Laboratory, Agricultural Biotechnology
Research Institute (ABRI) Ayub Agricultural Research
Institute, Faisalabad, Pakistan, during 2018 to 2019. The
germplas comprised of eight maize genotypes, of which
03 were commercial hybrids and 05 were parental inbred
lines. The detail of hybrids and their parental lines is
given in Table 1.

Table 1. Detail of plant material and its origin.

Male  Female
parent  parent

Origin Hybrids

Maize & Millets Research
Institute, Yusaf wala, Sahiwal

Maize Research Station,
Faisalabad

YH-1898  Y-27 Y-22

F-271
F-308

FH-949  F-165
FH-1046 F-165

Table 2. Chromosome wise detail of 209 SSR markers.
Chromosome

No. p-nc  p-Phi Umc Bnlg Total
1 - 02 15 02 19
2 - 01 08 - 09
3 - 03 13 - 16
4 02 11 25 01 39
5 01 06 13 01 21
6 02 06 17 01 26
7 - 02 13 - 15
8 - 02 06 - 08
9 - 10 07 - 17
10 - 05 34 - 39

Total 5 48 151 5 209

Seeds of each variety were sown in pots in green
house at 28°C following the standard agriculture
practices. Each genotype was planted in 5 different pots
wherein, each pot contained 2 seeds per genotype. After
germination and seedling development till 3-4 leaves, 05
seedlings for each genotype were harvested and stored at
-40°C until DNA was extracted. The genomic DNA was
isolated using modified Cetyl Trimethyl Ammonium
Bromide (CTAB) method of Salgado ef al., (2006). DNA
was quantified using Nanodrop spectrophotometer (ND
2000, Thermo Scientific, USA). DNA was considered
pure when Ajso/Azgo ratio ranged between 1.80 and 2.0.
The quality of extracted DNA was also assessed by
loading DNA 20 ng/ pl on 0.8% (w/v) agarose gel
stained with ethidium bromide. All the DNA extracts
were stored at -40°C.

To obtain a well representative sampling of maize
genome, a total of 209 evenly distributed SSR markers
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across the genome were selected on the basis of bin
locations and repeating units and synthesized according
to the sequence information retrieved from Maize
Genome Database (http//:www.maizegdb.org/SSR.php)
(Table 2). The selected markers belonged to four
different series, p-nc, p-Phi, Umc and Bnlg. Each series
contained 5, 47, 151 and 5 markers, respectively.

Entire genome of maize was covered such that
maximum number of selected SSR markers was 39 from
chromosome number 04 and 10 m whereas; minimum
number of SSR markers was 9 that were screened from
chromosome 02 (Table 2).

PCR was assembled using standard procedure. The
reaction mixture (50 pL) comprised of 30 ng/ul genomic
DNA, 25ul of 2X PCR Master Mix (DreamTaq Green
PCR Master Mix of Thermofisher Scientific Catalogue
No. K 1081), 0.6 uM of each forward and reverse primers
and nuclease-free water. Negative controls without DNA
were also included. The PCR reaction was carried out in
Qantarus Thermal cycler under the following parameters:
initial denaturation at 94°C for 5 min; followed by 35
cycles of 94°C for 1 min, annealing for 1 minute at
variable temperatures according to the primers (Table 3),
polymerization at 72°C for 1 min, finally, an elongation
at 72°C for 7 min.The PCR Products were subjected to
6% Polyacrylamide (19:1 acrylamide: bis-acrylamide)
Gel Electrophoresis (PAGE) for migration at 16 W, 300 V
and 3000 mA using 0.5X TAE Buffer in vertical gel
electrophoresis system. The amplified product was
detected by silver nitrate staining. The gels were soaked
in fixative (10% ethanol, 10% acetic acid) for 15 minutes
followed by 08 minutes treatment on shaker with staining
solution (1.75 mg/ml silver nitrate) and visualized by
placing the gels in developer (12 g NaOH pellets and 08
ml 37% of formaldehyde solution dissolved in 800 ml
d3H>O) until the bands were clearly observed. A 50 base
pair ladder was used as a molecular weight marker and
sizes of alleles was evaluated visually. The products of
different sizes obtained from same primer were
considered as different alleles. The gels were photo-
documented under ultraviolet light on Gel Documentation
System (Syngene).

The amplified fragments produced by the genotypes
(hybrid and parental lines) were entered in binary form
(0 and 1). Scoring of alleles was done by considering
each band as an allele. Binary data was used for
estimation of allelic diversity to find the total number of
alleles per SSR, Polymorphic alleles per SSR and
Polymorphic Information content (Smith et al., 1997).
Moreover, genetic similarity relationship was also
analyzed using the NTSYSpc program version 2.0
(Rohlf, 1998). Jaccard similarity coefficients following
unweighted pair group method with arithmetic mean
(UPGMA) and SAHN clustering (Sneath and Sokal,
1973) were used to construct dendrogram. DNA bands
that were unique in each hybrid/parental lines were
recorded as DNA Fingerprints for identification of
hybrids/Parental lines.



2135

DNA FINGERPRINTING OF MAIZE

0T 9g 4 T 0’0 OVOIOVI9O101VOL1911091011 101V2220VL09VILVYILLOVDD T/0yd-d 'Ge
9 9% 4 T 6¥'0 OVVI1IO101999V0O991VvID OVIOLVILLIOVILVYOOOVOLDD o0/0lyd-d e
6 9g 1% € 790 19V IOVOOLIOVVVIVIOLDLVID OVIOVIVOVOILOIVIVVVIVIOOY Gooyd-d ‘e
0T 9% € € 990 O21V19101092119291VvVI291V VVOLLOV1099V109000VvVvID 2z9olyd-d ze
6 9g S 1 1.0 OL11V9109199099JVVOVVYIVVYYV 1v20910109V1009VV190VvD T190yd-d Tg
0T 99 4 [4 050 O.10VOOI99I1LIVIODOLDDIL 000.1VIO1990099VVLIVV109VY 6S0lyd-d  0g
S 9g 1% € 990 OL1101001099VII0LVOVOLIV OVVILLOVOVIVIVOOLIDLIDOY 8solyd-d 62
0T 9% 14 0 SL0 1119101V9O9OVIOOVIOLIIVIVOOD 01VO199VVIVOIVIIDLYVOVD zsoyd-d ‘gz
0T 99 4 0 0S0 OVOVLOOOVVOIOVLIOLOODLY OVIOVOOIVLVIVIVOVIIDLYIOVVYL osowd-d /g
€ 9g S € 6.0 1191V19VIO01Vv0OI9I2011910110 19119VVI9909L1IVIVVYIVOIOLIVYD 6701yd-d 9z
S 9g [4 0 0s'0 OL11VOIVOOLO9VIILIIDVYID 1911V9220VVOLVYIOL1DOVVYID 8rolyd-d ‘Gz
6 9g 1% T GL'0 VOOOVIOVVILOOLVVIOIIVIVIOY VOVI001900010100019911vI1 tvwowd-d vz
6 9g 9 ] 0.0 19VVOL00090VIOL1DIVOVIOLY J1011991V9I99VIOLVYVYVYOILY ¢geoyd-d ez
6 9% [ [4 0S0 JVVOILVOLVVILVYIOIOIIVIVO OVO19091VOLOVVIOVIOLD zeowd-d gz
9 99 A 0T 680 119V19VIOI21191091929VID VOOVOLIOVOLVYIVLIOOVIVYID Teoyd-d Tz
€ 8g 1% T ¢L0 110VVOVVYOOVOIIVIIOL1IOVIOLLLV VVOO9OVIOVVYIOVIOLIDL1D11101911 6zowd-d "0z
6 89 9 4 LL0 10099220101 1991VI099VIOLVY 99IVLIOVLIVODOLIDD191090101L 8zowd-d 6T
6 8S S S 8.0 JVIVOVVOIVOIVLIOIVLIOID 1010111V99091190VIOVOVD /Lzowd-d g7
1% 89 1% 1% ¢L0 919V I99VIOVIOVOOIVILVIOLD 09VOL1IV99000109010011vvL 9zowd-d /T
9 85 14 4 890 J10VVOLlOVIOVOOLOO1L11191009VIV 99VVIVLOVIIOVOVODLIDLVIVYID Geoyd-d 91
S 8g 4 [4 050 00100101VO999119999V 1OV VOVOIIOVVIOVVYVYIOVIOLLDIOV tzowd-d ST
6 8g q 14 99°0 JVVVIOIL1092VOI9D99I9D JOVOLOVOIOVIOVIDIDL gzowd-d ¢
1% 89 9 ] 1.0 VI2921910910011102VI1VvOllD VOO19919VODLID1191901011vddLL TZowyd-d €T
1% 8s 8 L 6.0 19999VIOOVIOOVILLIOIVIILY VOO9OVVIVLIVVIOVLIOL1100900L 6Toyd-d 2T
6 9g 9 S LL0 OVVVOLVOLVIOL1IVIOOVIOVVIOOL LV99119091999VIOVOI99L19D LTod-d 'TT
6 9% € 0 190 VYV9OOVIILVIOILVIVVIOVIOOIVY 90191999001V911vI1voDLl 9towd-d 0T
8 99 L L ¢80 OVVOOOIIVLIVVILIVIODLIIIDV VOOOLL100V1920VLI90VVYI9 sTowd-d 6
q 9g 8T 9T ¢6°0 O19VIOLVIOVIVIDIDDD1VO 9199099V99IVLI99D 8ooyd-d g
1% 9g €T 0T 260 91VVIVOLODII2101VI1129D L1O0VOVVO10919099099V 900iyd-d 2
T 9% 6 S .80 909OVIOVILOOVIOVIOOVIIV OVOL10901V99190VIOOVOL Tooyd-d 9
90 [AS] € T 950 JIVVVVVOVVYVYIIIOIVIVIV 92OVIIVIVIIVIOVVVLLIVVL ZT0dou-d ‘S
90 Zs 14} [4) 16°0 9200990119121 V11VD OVIOVOIVOIVILIOVOL 0T0ou-d ¥
G0 [AS] q 0 080 90DIVOVVOVOOLVII1D J9VVIIVVYVIOVIILLO1DV L00ou-d ‘€
70 [AS] 0T 0T 980 OOVIOOVIOLLIVOVOLOOLLL 09219VI29210V1D12D S00du-d ¢
70 Zs 4} [4) 880 OIVIOIVOVVOVIOOVOOL VVYVIOVLIOVIOVVYOVVYOIOL +00ou-d T
.oon_ gy SRV SRV JaUlLIg 9SIaAGY J3WLId preMIOS  BUEN  ‘ON
04yD JoON  “JowAjod J8WIid pIemIOS JaWlid PAemIoo JadJdelN IS

"Apms ul pasn saawiid HYSS Jo smess aiydaowAjod pue aousnbas ‘awieu siawidd '€ 9jgel



SHAKRA JAMIL ET AL.,

2136

g S L L 6.0 990 11VVILVIIVIOVVYVIVVY 112119219112191V¥J29VID 6T0TOWN "0/
9 0 L v €80 OVVOLLOV1IDILD199IVIOLD 0919100VVOOLIVIVOOIVYD 8T0TOWN 69
4 99 6 8 980 V19VOL190VVYOLOVIOLIIVID VOOVOIVOIVIOVVLOOVOVYYD LT0TOWN 89
L 05 9 G 18°0 2119901VILVOL999IVOLYD 09199101VV.LI999JIVLIVOLD 9T0TOWN /9
9 9§ 0T L 68’0 1122119220VvJ110191229 91000VOVOVOILYOILOVVYVYD +T0TOWN 99
5 S 5 5 99°'0 VOVOOVVVYVIIOVIVVVIOVVY 9190VOLOLDIDIDIVIOIVIOL 0T0ToWN  °§9
T S Z Z 050 VOVIIVLIVIDIDOVIVYLIDLY VVOVVYOOLYOLODLILIOVIOV 600TOWN  H9
v S g v v.°0 09IV LOVOVVVIVIOVI LVIV VOLL99199199191109V1IOL 800ToWN ‘€9
9 S T 0 000 101011109109V9II1L19V 9110VIJIVVLIOLIOVLIIDOD1IVY 900ToWN  °Z9
Z G v v €60 VL1OLOJVIO1111091VVIIL1191 0009 L19IVOVVIVVYOLLVYOVLYY £00ToWn 19
9 S 8 8 Gg8'0 V.19OVVVVOOOVIVVYOOLLIOVIL 99OVIIDIIVIVLIVLOOVLIOOV Z00Town 09
T S b v 1.0 1VOVOLDI1D1119DIVIOV OVOLLO1IVOOVVYIDILDD1D 62vIblug 65
9 S S G 920 90L19OVOIVVYILLIOVILYD D0L1D1VO9VOLVYODIIVYL 9eTThlUg "85
T s € € 650 1VOVVOVYVIVIILVYIVIOOL VOVOLOVVVOILY1ID1D1D1vOL1D1 #21T6lug 2§
% S Z Z 660 V.1V.1OOV99L1OVIDOOVYLOLIV VOVVLOVVLIVVLIO9L1D9V1DD09 06¢0lug "9
g S vT €T 16°0 VOL19IVO9IDIVVIVVID 01000VVI9209VIDLLD 8Tiblug 'S5
L 95 L 4 280 090 1OVVOLILIVOIVVYVIILIOV VVOLVIOVOVYILOIIVOVOID +ITIud-d v
g 9§ Z Z 220 1OVOVIOIVOLOVIILVYIVIVVIVD VOLO1IVOVODILOOVIDLIDD E€TTIYd-d €S
4 S 8 8 €8°0 VVOLLDDOVOIVIOVLOID VO9OOVLIOVOVOLLIVIOVIOL 960lyd-d g
T 9§ 8 v ¥8°0 L1OVOVVIOVLVYLOVIOVLIDLIVIOVIDLY J9VLILI9DIDVILVYL1109901v92D s60yd-d ‘1§
% 05 v Z 99°'0 VOV 1VOOLVVIVVIOLLIDIVIDLIVIIODOV OVVIVLII9I1VILLI9OVILOID19V ¢60iyd-d 05
% S L 9 €80 1992V 1VILVYIIDOVIIVO 99OVIVLIOVLIDI9OVIODDOLD z6owd-d 6v
G S vT vT 060 VOOIVOIVIIVIVIOODLLL 1OV 10999VVI99IVVOVIOVY &goyd-d gy
0T 0 g 0 080 00JVVVYVOOVOLLOVLIDIIIVD 09VVIILVIILVOIILVYVOOVYOY +8od-d /v
Z 99 T 0 000 1OV 1019VIVILDIDIVOILVILLY OVOOVVIVOVOVIIOVILYIVYVYD €80lyd-d -9y
L S g g 9,0 L1OOVOVVYOLLOLVOVYVYVIDDIDD 92119VI99VIVIOVIVD z8od-d Gy
9 05 g G 9.0 0101V22921091V9I209V 11021999VOVOLO91IVVOOVY T180d-d vy
8 05 5 Z 050 OVILVIVOIVIILLIDIVILDDL VOV1909110VVIOLVOIIIVD 080lyd-d ey
4 9§ 8 8 980 VVOVOVIVVYOILLIDDIDDLIOVID VOOV LOLVVYVIOOL1901091991 6L0md-d "z
9 9 8 L ¥8°0 19VOLO1IVOLOVOIDIINDD VV19190VOLVOVLIOVOVIOVIOVD 8/0md-d Ty
% 05 v % 19°0 J19OVOVIDIIIVOOVILYIO JOVOLLIVVIO11099090011011 9/0md-d  -of
9 9 S g 6.0 VOLOVV19D91VIVVYVIVOD LIV I1IDOVVY VV1VI92992IVILIOVOOVOD Soiyd-d  6€
% 05 9 v 080 1OVVVOVIODLVYOLOVILIODLD VIO9911001VVIOVVYIVVIOLIVVIDD v/0yd-d '8¢
5 S €T 9 26'0 VVOOVOIODIVILLODDVY VVOOVOLLO99VOVOIOLD ¢0md-d /¢
v 9 L 9 18°0 1OVYVOLLIVODLVVYVIDIDIOVIVO 11009VO010111VV1IVOLIVIOLDD0V z/0lyd-d  -9¢

.oon_ el S99V .mm_o__< d 18U 9513AY Jawlad pJemioq  aweN ..oz

o1yo JO ON ._OE\A_on_ sWlid pJemio Jswlid pJemiod JIaxJdeN 1S

‘(‘pauo)) " 9|qeL



2137

DNA FINGERPRINTING OF MAIZE

1% Zs 1% 0 L0 V0I1111911919191919190VI9 VVIOOVVVOVVVIOILIDIVVVIVVY P#ITToWN °"GOT
8 9% 4 T g0 0910VLIID110910V1IO922VLIOO VLILL1OVVOOVIOOL19D1090109 ToTTo0Wn "v0T
€ 9g 4 0 0S50 10V100109VOL10910VVIOOLlVY VOLLIVIVOVVYVYVOVOILVYVOIVOD 8STToWN "€0T
0T 9g 1% 1% 690 O10110202010092V1910V DOV LIOVIVVIVVIOVVVIIVVIVOVVOID <¢STToWn 20T
T Zs 9 S 080 VVVVLIVOOIOVIOVLIVOLIOIOL 1910101VIVOLVOLOVIID991lY vyTToWn ‘10T
9 99 q € .0 0000VVVVIL191VVIOOVIIVIVO 111201V1291VO99199190 eriTowun ‘00T
€ 9g paiyjdwy 10N VOVOVOVIOOIOIVOVOVVVIOVOD O1VO2190122VIOVLOLDI9D OFTToWNn  '66
T 9% L L €80 OV1OVIOOVIOVIIOVOIOILIIV O0VOVIOLO9VIOLLIDIVVOOVVVYD ¥ZIToWn  "86
0T qg payidwy 10N O109VVLIO1IVVOLVIOIVOLVOLOL VOVLILIVOOVOLVYIVOOOOVVYOOL GITTdWn  °/6
0T qS 1% € 0.0 VOOVLIOLOVIOILOOVLIOOVIO1LID JVVOVIOLOLOVIOLVOLODD1IVIOLY ETTToWN  '96
L qS € [4 G380 1109V19910VVILIOVIOVOVOIL OLVOILIOIVIIOIDDOVILLLIVY EOTTOWN  "G6
L qg L 1% 80 19VOVLIVIOOIVIOLVIOLILVIVD O109VLIOVIVIOOVOLIODID1DIDD1LY SG60TWN  “¥6
6 qg 9 0 080 19001VO19919V11099VVOL 19919910VO91921010V1I09 ve0TdWwn ‘€6
1% 9% 4 8 160 1110VO02VVOVIOVILOVIVVVVYV O0.10V1J0102109V1D0210201vILl 880TdWN  °Z6
T 99 9 14 ¢80 1VOLVIO9199VOVIOVIVIO1IDD OOVII19DVVIVIOLVYIIVOID ¢280TdWn ‘16
8 14°] € [4 €90 191991V0IO29VOOI1IVILLD IVVVIVVYVIOVVIOIIDLVVOVOVY 690ToWN 06
L 14°] T 0 0 O119910110111VIO100VIL19VOL V.IVO1I91099VVVIOLLLIOD19V 890TdWn 68
1% 9% 9 1% 6.0 OVVOLOVOLVYOOLD19101209V DI L19VIVOOIVIOIVLIOVIOLIOV /[90ToWn '88
4 99 pa1jdwy 10N 1V110JVV1OVIVIOI1ID199IVD V.19VIOOVOVVOLVILVIIIIVVIVY G90TWwn /8
9 9% 6 L €80 O199110019VIOIVOVIOILIVOLD OVVOLO9VIOVIOLOVIIOOV €90ToWn 98
€ 14°] € [4 790 OVLOVIVOOI1L1IVOIOOVOLIODLD OVIOOVILVIOLVIL1I91IVIVIVOOD ¢290Tdwn 'GQ
0T 14°] [ [4 20 O1VOVIVIOIOVVIOOIVIOVIVILYL 0J019VVVOLVYIOIVIOVOOVIOVY T190ToWn  '¢8
1% 9g 1% 14 690 OIVVOLLOVIIVIOVIIVIVO 1VOOVVIVVYVOILIOVOOVVYIOOVY 8S0ToWN g8
€ 9% 4 T 6¥'0 OVIOLI9VI9IVIILIIIIVVD JVVIOVOOVLIOVVIOLOOOVIOD /LSOToWn  "¢8
S 9g € € 190 OVIOLLIVIDLI9D9VIOVOVVIOV VV.IV1D19JJVLIL1112921VvVO9D 9G0TWwn ‘18
0T 9% S € LL0 OVI9OL11921999VIOVLIIOVIOLD J01191999VI1121101920 vS0ToWn  “08
0T 14°] L L ¢80 11091VIO910VVI191V110VVILl 191VIO999VIO9OVILVIOLVIO1L1D €s0Town ‘6L
1% 12°] 0T 0T 880 19111V11VIO091VVVOOlVOLlVY OVVVILVIOO99OVVIIVIOLOIVOLD TS0oTown 8L
1% 9g € € 140 OVVIOOVVIVLIVVIOVIOLLIDDD 09OV199VIL101VIILVIVIVIVOD 0s0Tdwn /L
S 9% T 0 000 JOVOVVOIVOLIOVIILOVVIVOVY VV1OVOVOLOVLIOOLL1I9109091L 8y0ToWN "9/
0T 9g L 9 080 91199VODI91IVIOVVYIOLOOVY O1VIO9OVIOOVILVYII19D109 &GvOoTown ‘gL
T 9g L 9 780 OL1VI10911199VIOOVIOLVIOVVY.L O1VI91IVIODIVILVYOLVIOOLD Georown  "yL
9 99 € € .90 DIV LOVVVVOOIVIVVOOLL1IOVI V19VIOL1VOVIOOIVII91911D €20Tdwn ‘gL
1% 99 L € 6.0 909OVI19020IVILVOLVY 9029VVIOVOLLIOLILI19VVOVY ¢ZcoTown ¢/
9 9g L L 180 101VOL1VOVOLOOVOLOIDOVIL VVOOVVIVLOVIOIOVOVOOLDD 0c20Town ‘T
.oon_ oy SRV SRV JaULIg 9SIaAGY J3WLId preMIOS  BUEN  ‘ON
04yD JoOoN  “JowAjod 18WIid pIemIOS JaWlid PAeMIOS  JadJelN IS

‘(‘pauo)) " 9|qeL



SHAKRA JAMIL ET AL.,

2138

0T qs 9 9 080 9101VI1VOL109101VIID1D1VO OVOVIOVVIOLVOLOLL19ID1IVID €62ToWN "ot
0T 9% 4 [4 [4AY; OV1IOOVIOOD1IVILVILOD1IOVVD OVVOLOVVOLOOOVIDLID1OV T6LTIUWN  "6ET
8 qg T T 000 O19VIOL119019VIOLVILVOOOLY OVOVOIVLIVIOIOOVOOVVYOY [8ZTdWn "GET
0T qS 9 1% €L0 Q011101 110110991VI01VVVY VVLIV19OL1099911119VIOI9VIVY 08cTdWn °LET
1% qS T 0 000 O190VIOVIO9OLIOVIIVIIVVIODV VL101900999VLI0J1191120V1D 9/¢TdWwn "9gT
0T qg q 1 .90 OVVIOOVILVVLIO99D9OVOILY 1999VIVOVIOLOIVOVIVOLOLD <Z/L¢Tdwn 'GET
T qg T 0 000 O9O1110VIOOOVILLIID1IIDV 19201002100V IO99OVOVLIVIVL 69ZT0Wn vET
€ GG € 0 190 1110102190VVOLlL1l1vO1921D OIVIOVIOIVVVLIOVVVVIOOVIVI 99cToWn "geT
1% qg 9 9 €80 V1910119901VVOVVOVOO9ILlll 1VOVOOIOOIVILVIVLOVOD §GZTown  "¢eT
0T qS 1% 4 L0 119909VIO991110VI191011D 111VOVOOVOVLIOVIOVIOVIIVD 6¥cTown ‘TET
0T qS € T .90 VVOLLV1LI1D10991VIVIOVIOL OL119VIJ2121211091119VOIL 9FZToWwn  "0ET
L qg 1% [4 €9°0 OVVYIOVVIO1l1lIV1IVOIIVIVIVOL VIOOVOVVLIOO1LIVIOLIOVVIOVVYOL TriTouwn '6¢T
0T qg 9 4 LL0 VOLOVOVVOLVOOLOVIIVOLODD OO10111VOOLLIDJVIVIVVYILY 6ECToWN  "8CT
1% qS TT 8 98'0 1192V1099100V109VID1099V 99110VVVLIOVVVIOVVIOVIIVLIIVVOD c¢ecTown /2T
€ qg payijdwy 10N 1109111999101110290V 1VVI9OOIVOOOVVIILOILOV 6TZToWN 9T
L qg q ] 080 V10911VO91920091VIV11lO VOL1lV1VIO01099119119911 9TZ¢TdWn 'GZT
9 qg paiyjdwy 10N 11110VI1OVOL1VV102921000 100VL19999VIOLIVVYVIOVVYD STZToWNn  y¢7
L GG S S ¢L'0 1VOOVVOLOVIOLVYOILODIVD 10109192200V IO0190V19 ETeTown "get
€ qg 1% T 690 OVOI19OIVLIOVIOVOOLDD1O OVVIIOVIOILIDILIOVIOOVID 60ZTWn  "2¢T
4 GG pay1|dwy 10N 1VOVVOOVIOVIOOIVILVYOOLIVI 1VI9VOODOIVVIOVIOOVVYOLOD L0ZToWNn "T¢T
€ qg 8 L G880 119VVOVIOVII1D21I2191109 91191919V IDIVVOVOOLI991Y €0ZToWNn  "0¢T
8 qg q 14 9.0 910VIVIOOOIIVOVVIOVVOVVOVY OVIL109VIOVIOIVOLVIIVD <20cTown '6TT
14 GG paiyjdwy 10N OVOOVIOL1IIDD191VIOVIVIOID O211D111919VIIOVLLIVVIOLIOND L6TTown '8TT
0T qS S S LL0 10VVVOIDL1019190119019V VOOOVVVIOVLIOOLOVIOVLIOODLIDD 96TTOWN “LTT
9 qg T 0 000 0001VL1D10020VIOIVLIOVOV VOLV1001191101091VvV0O9191V /[8TToWn '9TT
9 14°] 9 1 ¢L0 O11IVOOVILIDIVOL1D9VIOOV OVII0DOVOIVIVVIVIOVVYOVVYOL 98TToWN "GTT
€ [AS] 9 14 8L°0 1VVYVOO1O1109911111VO191V VOL1l1l100VVOVIOVVYIOVIOVLIOLVID E€8TToWNn "¢TT
0T [AS] T 0 000 VVVVVYOVL1O099I109VIOLllV VYVV19201VV11J01V0OJ02109V 6.TTdwn "¢TT
9 14°] 4 4 0S'0 090VIVLOVIVVOLVYIOOVVYILILD OVIVVIOOIOVOVVLIOILOD1D 8.LTT0WN CTT
1% ¢S 6 € 880 9009092V IVIOOVIOVVOVL VVVVO99OOVVVVVIOODDLVY ELTToWn °ITT
8 14°] 1% 14 ¢L'0 J0VVOLOVIVVIOLVYID1021D 9110111319VI99IVIOVIOVYVYOLY <Z.TT0Wn "OTT
S 14°] 1% 4 0.0 VV191lVVLIV19VOLVIOIIVIDIDDD OIVOIDIIIVVIVIOVIVIIOVIOIY T.LTT0WN 60T
T 14°] TT 0T 880 VOl1l111VOVVIOIO19VIVVYIIoOV.L VOVVOOIILVIVVIVVOVLIOOOVD 69TToWNn 'goT
€ [AS] € T 120 VO11099111119VVvVOO1101119 OVVOOIVIVIOOVIIVIOIVIOLDD /L9TTdwn °/0T
[ 14°] 4} T 880 001901VIVVYVIOIVOVIOLILOLVL VVVLLOLVOODIL1IVOLIVOOLD S9TToWn 90T
.oon_ oy SRV SRV JaULIg 9SIaAGY J3WLId preMIOS  BUEN  ‘ON
04yD JoOoN  “JowAjod 18WIid pIemIOS JaWlid PAeMIOS  JadJelN IS

‘(‘pauo)) " 9|qeL



2139

DNA FINGERPRINTING OF MAIZE

L qs a1 [4) 060 10110V9911029911019910 101001021 VIL1OVVVIOVIVILD 9psTown 'G.T
L qS S S 990 VL1IIVIOO1l1091101199119911V 9109VVIVVIVVILVYIODLOVVVYVYD &ySTowun /1
K4 qg S S €L0 V191111230091 110309111VIVD VOVOOLIOVOOOLVIOLVIOOVVYVL ¢ZrSTown ‘g/T
€ qS 17T 0T G8'0 19V109IVIOOVIOOVIILOVO OVIIVOIVIOIVIVIOVIOVD 6ESTIWN "¢/LT
S qS 1% [4 L0 O109VVOL19210019109VVIOV O199191VO911IVIVOLVYVYOLVYD LESToWNn 'T/.T
4 qg q 1 TL0 VOO1VVOVVYVVVOLVOVOVOVIOD V1IVOV1IVIOVIVIVIIIVIOOVVYD GESTIWN "0LT
T qg 9 S 6.0 O0L1119201919921119VIOVLL O09L19VVIVVIOLLIO9D1099VIOVOV GTSToWN 697
1% qS 4 T 0S0 VOL10211119011099V191119 OV.1IVOVOOVIILVIODLVOVIVOVD TISTOWN 89T
1% qg € € 1210 OOVVOVOVLIVOOVOLLIIDI19911 110111900VOLLIVOVIOLD1L11D 60SToWwNn  °/97
0T qS 1% 1 090 OVIOLVLILIDI9191091102VVOID VOOOL1l110VOVVVIOVVYVIOLLVYD 0STOWn 997
0T qS 9 S 9.0 DJ9VOILOVILIDIVIVVVIOVVYVYV 1009V1I90VVVVIOOL199VVVLY 905T7dWn 'G9T
6 qg € € 090 1VVOVLIOL19919911911991VOD 199VVOLLIVODDOVVOVIOVIVLL S0SToWN  "$91
9 qg L € 080 19001V1VIO1lV1VII1l91991VO O1VOV1D191109211VIOJ192VV 86vTown ‘€97
S GG € € 090 VOVVVOVOVIOLOIVLIOOL1D10D OVIOV1LI9VOOOIOVIOOIVVIVLILVYD 967TOWN "¢9T
G qg 1% 14 €L0 DOVVVVIOVIOVVVIIOILVVIVYL V110210919VIVIOI99VOLLIVY TevTown ‘19T
q qg 0T 0T 980 1199VVIOVVYVOOVIOLILIDDVO 09 1VOIVIVVIVILVYVOVVVIVVYO ¢Z8yTown Q9T
14 1] paiyjdwy 10N 199990111999V 1IOVIOLVD 101V12192901019919VIVVID 99FToWN "6GT
0T GG S T 6.0 J1VIOVV1II9VIOI1VVYVILOD O0VVVOVIOLIOVIOLOOVVIOVIVY ESyTown "84T
S GG paiyjdwy 10N JOVLIOVIVIOOVOOIODOVIOVO 0991091VO11VOO1991VIOVvL €ZyTown /6T
0T GG 14 1% SL0 O191VVIOOVIOVLIOIDIIIVILO OL11199910109VIO90VIVL <Z0pTown 997
L qg 1% [4 89°0 111199VO9VII91VILIVIOV 1020VVOVVYOOLO191VO1I91D 08ETIWN 'GST
T qg € € 790 OVOVIOOVOILIVILIVILIDI1VID 110JVOOL1IVVOVIIOIVOVID 6SETIWN "vGT
0T qS L L 180 1VO910100VOI1LIIVVILOIV JVOOVOL1LID90221I0VVOYV 8SETIWN  "gqT
8 GG T 0 000 OVVOVVIOOLOLVIIDIVOVIOVIOD OL1IOVOOVOVLIVVLIOVOLD1I9ID PreETOWN "¢GT
9 qg 9 € 180 VL1I1VIO1lVOVIOVVYOOLl1019901V 1VOOVLIVIVV1IOOVIOO1DD1L1D EpETIWN "T9T
0T GG [ T 0 OVOVVVIOVOOL9111001VvVVOLDD O919100VLLIOIOVOOVIOOVIIOLD TreETOWN 09T
0T qg 1% 14 GL'0 291VVOLVIVVIOOVVIOL1DD91D OODLIVIIIIIOIVILIIVILILIIOIVO9L LEEToWNn "6¢¥T
0T GG pay1|dwy 10N 99111109VVOVVOOL11191010 OVIOOIOVVIOVVLVOLVYVYVIVID 9EETOWN "8pT
0T qg 4 T [AS0) V199109121920VIOIVILl9 1OVVOOVOVVYVIOIOVVYOVVYVIOOVY O0EETIWN “/yT
1% GG S € €L0 JVVIILLOVIOII1O19VIILY 191090099VOOVIOVVIVL 8eEToWN "9yT
0T qg € € 290 1V199VIO9OVVOIOOVVOL1DD11L 10VI09VOL1D110JVIIOVOVOL 6TETIWN "GiT
0T qS 6 6 980 VOVVIVIVVIOVVVVLLVYOVIOOL 1192010021919VI0192112V 8TETIWN vyl
0T qg 4 T L0 1991VIVOO199I29VOILIVOV O019109VVVIOOL1I91DVILIOVVY (ZIETdWN ‘EvT
1% qg € € €90 19991VvV102010101101199911D 1VVL11909919VVIOVVVIVLIOD 66ZToWN  "ZyT
T GG paidwy 10N VOOVVOOIVVVLVVVVIVVYILOOV OIVIOVVOVVOVVYVVVOVVYIVOOVY 862ToWN Tyl
.oon_ oy SRV SRV JaULIg 9SIaAGY J3WLId preMIOS  BUEN  ‘ON
04yD JoOoN  “JowAjod 18WIid pIemIOS JaWlid PAeMIOS  JadJelN IS

‘(‘pauo)) " 9|qeL



SHAKRA JAMIL ET AL.,

2140

L qg paiydwy 10N 1VIO11VIOVOIIVVVVIOIVIOVOY OVVOVOOIVIOLOOVIOLOLIVOLY +69ToWN  "60¢
G 1] L q 0L0 119VVOV19910I2190VII191VO 919VVOLIDOVVILOVVIOIVOVIOVY ¢69TdWN  '80¢
T Qg [4 [ Ge0 OVOL1909VIOOOVIOVIOIVVYO OVIOVIOVVOOIVOIOVIOIOOVD 689TdWn °/0¢
6 1] S ] ¢L0 0191091909109VO9O101V OVOVIOVVIODIIVIOVIOV 889T3WN  "90¢
1% 1] S € €L0 OVOOVOVOVLVOVIOIDIOVIIOOVO V.19VOLOVIOLOVVIOVVIOVVIOY ¢89TdWN  "G0¢
T qg T¢ [A) ¥6°0 VYOVYVYO1LVOLIOVOIIVIOIVID 099VOOIVIOLVYOIVIODOIOV 9/.9TdWN  "y0¢
0T Qg S S 6.0 OL1119VVOIVOLO1IIOVILIOD OJVLO1I229VIOLOIVLIOVIOLD 8r9TdWN "€0¢
0T 1] 1% 1% €L0 OOVVIVVYIVVYOVVYIOILOI1D OJ1VOLOIVIOVILOIODIVIVLIIV 0r9ToWn  "20¢
6 1] 0T 0T 880 1121092192199 VIVIOOLIVIO VVL09OVII1l9I119I219VILVIVDI 9€9T7dWNn "T0¢
[ qg 9 9 6.0 OIVOVIOIILIVVOVIOVOOVY Q1119110211 101VIOVIOOVILOD GEITIWN  *00Z
T Qg paiyjdwy 10N 219VvVOO2L101101109911119V LIOVVOVVIOIOVIOILLIIVOVDO 0€9T70WN  "66T
S qg [4 [ ¢€0 O.10V1I092190190199VIOVO VV1OOOVVOOLIIDLIVOVIIVOVD #2oTown 86T
1% 1] € € 650 VOVLLV1J0VVIOIVIOVVOVIOVIOL VVOOL1D119VIOOVIOVIIVOVD €29Tdwn /6T
4 qg 4 4 ¥Z'0 1110919910V1001VVVIV1I9D 10111VOVVVVIOOLLLIVODIDL1DD ¢29T1dwn 96T
9 1] L L ¥8°0 OVVVVOIVIOVVIIOVILIVLIIIVI V.19VOLl1OVVOOVOLVOOLIOVOL PT9TOWN "G6T
1% qg S S 6.0 J1921909919101VOVOLLD O119010V10101vO2L10010190 0T9TdWNn  "¥6T
9 qg paiyjdwy 10N 119110100VVIV1ID199109109 OVVVOVLIOOVVYVIOOLVVVOLLOOD G6SToWN "E6T
€ Qg paiyljdwy 10N JOVVVLVVVVLVVVIOVIOOIVIOO V.1VOVLIVIOVIVIOOOVIOLOVDO PweSToWN “¢6T
0T 1] 1% T QL0 1001VOVIVOIO1L1L1OVILIVOOVD OVOLO9L109VIOLIOVIODLIDOVI 689ToWN  "T6T
6 qg S 14 S0 001091019191V 109VIOVVIVOL JVLVIVIOVVIOVVVIOVVOLVYOD 883TIWN 06T
L qg 6 8 G8'0 J9OV1ID0I21VVIOVVL1IOLV1IDD99D 01920VVIILVVLIVVOVVYVYOOOVY G8SToWN 68T
0T 1] S 1% 79°0 OI011VIIDDOOVIOOVIOOVLIVOV OVOOILVIVOLOVOVOLOLODD1LD ¢8STIWN 88T
L 1] 1% € L9°0 9OVOOVIOOL1D11200111 9209109VVOLLDJ1IVVOVY [L.GTown /8T
0T 1] € 4 Gg'0 OOVIOOOLOOVVIVLLIVVYVYVIVIOL 1V1919vO9O10111001VvVO19010 9.9TdWn 98T
q qg G 1% ¢9'0 OOVVIVOOLVILOIVIOVLIIIO O1102192091IJVOVOILOVO G/LSTdwn  "G8T
1% Qg paiyl|dwy 10N OVOLL19VOVIOLID09191VIOLlll 11019109221V I9VVIOLVILD #.SToWN “y8T
1% Qg S S 8.0 JVOVIOVIO9102102102019 99109110VI992190VOIV €.5ToWn g8t
9 1] 1% 1% 690 OVIOLV1IO19199110219199VVO 1010111021909101011021VV ¢LSTown  "¢8T
6 1] G q 080 199VI910101020VV1IVIO1l1lIVI9 1V11V19VIVIOOIVIOVOOIOVOIIVO T.LSToWNn ‘18T
6 qg L L 780 OVIOOOIIVILVYOLVOVIOIVOD 9109109199199VOVIODLO 0.S5TdWn 08T
T Qg S S ¢L0 000919199910VVV.LOVVLIOLIV VOVVVIOLVYILIOVVIOOVIILOVY 894ToWN 6.1
T 1] 8 L 9.0 O0199VO199101VVOVVOLOOVD OL1020VIIOVVLOIVLILODJ1D1V 994ToWwn "8.T
S 1] 8 9 ¢80 9091I00VVLIVLIIVIOD109VIVOD 99DIVIOVVOVVOVOVVYVIOVVYOVY vogTown /LT
1% 1] T 0 000 O100VVIVIVIOOD11VV19999D 111119V10290VVIOI1020919 08GT7dwn 9.7
.oon_ gy ORIV SRy JoliLIg 8519A3Y] JoWLId pJemiod  sweN  ON
01yD JOON  "JowAjod 13WIid pIemIOoo J8Wiid PAemIod  JJdelN IS

‘(‘pau0)) g 9geL



DNA FINGERPRINTING OF MAIZE

Results and Discussion

Plant variety/cultivar identification is important
aspects in agricultural system (Shinwari et al., 2013; Jan
et al., 2017; Jan et al., 2019). The cultivated varieties are
almost alike which require an effective method for their
identification. The large number of varieties/hybrids
among crop plants has made it difficult to identify and
characterize varieties merely on morphological characters
only because they are non-stable and are affected by the
environmental and climatic conditions (Asif et al., 2006;
Kostova et al., 2006). Molecular biology methods,
especially DNA fingerprinting techniques, have
promising applications in identification of plant genotypes
including varieties and cultivars (Shinwari et al., 2018).
Nearly 1000 SSR markers are available in maize under
public domain facilitating their utilization for diverse
purposes in genetics and plant breeding and are also used
as an important tool for purity identification of maize
hybrid (Wu et al., 2010). Nikhou et al., (2013) studied
polymorphism among maize varieties by application of
SSR markers and found distinctiveness for varieties that
served as an identity to diagnose maize varieties.

SSR markers analysis: In present study 03 hybrids along
with 05 parental lines were used to study polymorphism
and develop DNA Fingerprints for varietal identification.
A sum total of 209 SSR evenly distributed across maize
genome were used for genetic Fingerprinting of locally
bred maize hybrids and inbred lines. 16 SSR markers i.e.
umc1065, umcl115, umcl140, umcl197, umcl207,
umc1215, umcl219, umcl298, umcl336, umcl423,
umcl1466, umcl574, umcl1594, umcl595, umcl1630 and
umc1694 were not amplified. Nineteen SSR markers i.e.
p-nc007, p-Phi016, p-Phi048, p-Phi050, p-Phi052, p-
Phi083, p-Phi084, umcl006, umcl048, umcl094,
umcl58, umcll64, umcll79, umcll187, umcl266,
umc1269, umc1276, umc1344 and umcl1550, were found
monomorphic. Whereas remaining 174 SSR markers were
polymorphic (Table 3). These monomorphic markers
were not considered for DNA fingerprinting as these
amplified a uniform banding pattern and could not
differentiate genotypes (Lukman et al. 2008).

The 183 markers amplified 1015 alleles among which
783 were polymorphic whereas 232 alleles were
monomorphic. Some representative gels showing some
polymorphic SSR markers i.e. umcl018, umc1020,
umcl022, p-Phi09642, p-Phill3, p-Phill4, umcl491,
umc1496, umc1498, umcll44 and umcll67 showing
diversity among 08 maize genotypes and one monomorphic
SSR umcl1164 are given in Fig 1. Maximum number of
alleles (21) were recorded for umc1676 followed by 18
alleles observed for p-Phi008 whereas maximum number
of polymorphic alleles 16 were recorded for p-Phi008
followed by 14 alleles observed in p-Phi085. Whereas
minimum number of polymorphic alleles (01 allele) was
observed in p-nc012, p-Phi029, p-Phi044, p-Phi070, p-
Phi071, p-Phi085, umcl057, umcl161, umcll167,
umcl209, umcl246, umcl287, umcl312, umc1330,
umcl341, umcl453, umcl511 and umcl589. On an
average 5.25 alleles per locuswas observed in this study
(Table 4) was higher than earlier reports of 3.25, 3.85, 4.9
except 5.3 alleles using 36, 27, 85 and 80 polymorphic SSR
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loci, respectively (Warburton et al.,, 2002, Bantte &
Prasanna, 2003, Patto et al., 2004, Legesse et al., 2007).
The average number of alleles amplified per SSR locus are
influenced by type of SSR loci and repeat types, genetic
diversity among genotypes and methodology adopted for
detection of polymorphic markers (Gupta & Singh, 2010).
Polymorphic Information Content is (PIC) is used to
measure the effectiveness of a genetic markers for linkage
studies. PIC value of 209 SSR markers was calculated
using Smith et al., (1997) method. PIC values ranged
from 0.0 (for umc1179, umc1187, umcl269, umcl287,
umcl344 and umc1550) to 0.94 for umcl676 with an
average 0.67. 124 SSR marker showed PIC value greater
than average 0.67 (Table 3). These results indicated that
genotypes used in this study are highly polymorphic. Shiri
(2011) obtained similar results in maize using 40 SSR
markers observing PIC values 0.23 to 0.79. Pandit et al.,
(2016) observed PIC values ranging from 0.00 to 0.87
with an average of 0.65 using 18 SSR markers in maize.

Cluster analysis and dendrogram: Dendrogram was
constructed from similarity/dissimilarity coefficient (Table
5) using UPGMA algorithm which showed variable genetic
similarity 0.69 to 0.96 among maize genotypes (Table 5).
Genotypes were classified into 03 groups (Fig 1). Group |
comprised of two genotypes YH-1898 (hybrid) and Y-22
(female inbred line) from Maize and Millets Research
Institute, Yusaf wala Sahiwal sharing 77% genetic
similarity. Whereas group Il was subdivided to Ila and Ilb
each comprising of two genotypes. Ila comprised of two
genotypes i.e. Y-27 and F-165 which were both male
inbred lines, former from Maize and Millets Research
Institute, Yusaf wala Sahiwal and later from Maize
Research ~Station Faisalabad sharing 78% genetic
similarity. Both these male inbred lines may possibly share
the common origin. llc comprised of two genotypes FH-
949 and FH-1046 both were hybrids from Maize Research
Station Faisalabad and were highly similar with almost
96% similarity (Fig. 1). Group I comprised of two
genotypes i.e. F-271 and F-308 both were female inbred
lines from Maize Research sharing 72% genetic similarity
(Table 5). Most distantly related genotypes were YH-1989
and F-308 sharing 61% genetic similarity (Fig. 2).

Genetic Similarity coefficient among genotypes from
Maize and Millets Research Institute, Yusafwala Sahiwal
ranged 0.748 to 0.777 with an average 0.749 whereas
genotypes from Maize Research Station, Faisalabad
showed a genetic similarity coefficient 0.592 to 0.936
giving an average 0.883 (Table 6). These results suggested
that genotypes from Maize Research Station except hybrids
(FH-949 & FH-1046) have high genetic distance as
compared to genotypes from Maize and Millets Research
Institute, Yusaf wala Sahiwal. Kumari et al., (2018) also
studied eight maize genotypes using 22 SSR markers which
were also clustered to 03 groups and reported genetic
similarity coefficient varying from 021 to 0.64.
Kanagarasu et al., (2013) studied genetic diversity in 27
maize inbred lines using 10 SSR markers and clustered
genotypes into five major heterotic groups at 0.62
similarity coefficient. Kumar et al. (2016) studied genetic
diversity in 13 maize genotypes using 22 SSR markers
which were grouped to five clusters.
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p-Phi09642  p-Phill3  p-Phill4

Fig 1. Different amplified alleles with polymorphic (umc1018, umc1020, umc1022, umcl144 and umc1167 umc1491, umc1496,
umc1498 p-Phi09642, p-Phill3, p-Phil14) and monomorphic (umc1164) SSR markers for DNA fingerprinting of Maize. L, 50 bp
ladder; 1, YH-1898; 2, Y-22; 3, Y-27; 4, FH-949; 5, FH-1046; 6, F-165; 7, F-271; 8, F-308.

Table 4. Summary of allelic diversity parameters for SSR
marker used for DNA fingerprinting of commercial
maize hybrids and their parental lines.

Allelic diversity parameters Values
Total SSR Markers used 209
Total SSR Marker amplified 193
Total SSR Marker no amplified 16
Total Polymorphic SSR Markers 174
Total Monomorphic SSR markers 19
Proportion of amplified SSR marker 96.5%
Total number of amplified alleles 1015
Total polymorphic alleles 783
Proportion of Polymorphic Alleles 71.2%
Total Monomorphic alleles 232
Alleles Per Locus .25
Polymorphic Alleles Per Locus 4.05
Maximum Alleles Per SSR 21
Maximum Polymorphic Alleles Per SSR 16

DNA fingerprinting: DNA Fingerprints are used for
identification of varieties/genotypes for variety
protection. 209 SSR markers were used for
development of DNA fingerprinting profile of 08
maize genotypes comprising of 03 hybrids and 05

inbred lines (Parents). Forty one unique DNA regions
using 32 SSR markers were identified which could be
used as an identification mark or DNA fingerprint for
YH-1898. The size of DNA fingerprints varied from 85
bp for SSR marker umc1020 to 400 bp for SSR marker
umcl676. Y-22 which is female parent (inbred line)
was identified with the help of umc1067 (152 bp) and
umc1682 (150 bp). Similarly male parent (Inbred Line)
Y-27 was identified with the help of 03 SSR markers
i.e. p-Phi019 (200, 500, 520 bp), p-Phi026 (80 bp) and
umc1564 (80, 90 bp) (Table 7).

Table 5. Genetic similarity matrix of eight maize genotypes
using Amplified 193 Simple Sequence Repeat Loci.

YH- FH- FH-

Accessions 1898 Y-22 Y-27 949 1046 F-165 F-271
Y-22 0.77
Y-27 0.75 0.78

FH-949 0.66 0.61 0.69

FH-1046 0.65 0.59 0.67 0.94

F-165 0.68 0.68 078 0.72 0.73

F-271 0.61 0.66 0.67 059 058 0.71
F-308 0.61 0.67 0.67 070 0.69 0.68 0.72
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Table 6. Range and mean genetic similarity between maize
genotypes from different source.

Similarity coefficients
Genotype source

Range Mean
Maize and Millets Research Institute, ] 0.749
Yusafwala Sahiwal 0.748-0.777 '
Maize Research Station, Faisalabad ~ 0.592-0.936  0.883
s ]
— Group |
5/
Y
= Group lIa
Fles
(s 7
p— Group Ob
|F}{-1046 J
Fm ]
— Gronp I
m -
w 0% e 0%

Coefficieat

Fig 2. Dendrogram of 08 maize genotypes constructed based on
Jaccords similarity coefficients following Unweighted Pair
Group Method of Arithmetic Means (UPGMA) and SAHN
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DNA fingerprints were also developed for genotypes
from Maize Research Station Faisalabad. Maize hybrid
FH-949 was identified with the help of 02 SSR markers
i.e. umcl1209 (175 bp) and umc1232 (200 bp) whereas
maize hybrid FH-1046 was identified with the help of 01
SSR marker umc1063 (190 bp). Male parent F-165 which
is common parent for both hybrids was identified with 11
SSR markers giving 20 DNA fingerprints. Maximum
number of DNA fingerprints for F-165 was recorded with
p-Phi085 (180, 195, 290, 330, 600 and 800 bp). F-271
which is female parent for FH-949 was identified with
help of 48 DNA fingerprints using 34 SSR markers.
Similarly F-308 which is female parent for FH-1046 was
uniquely identified with help of 20 DNA fingerprints
using 12 SSR markers. Maximum DNA Fingerprints for
F-308 was observed with umc1692 (185, 200, 250, 300,
400 bp) (Table 7).

Jhansi et al., (2015) also developed DNA fingerprints
of 05 maize commercial hybrids and their parental line
using 100 SSR markers. Sharma et al., (2014) also
developed DNA fingerprints for 07 commercial maize
hybrids using 19 SSR markers. They reported that SSR
markers i.e. umc087, umc1088, umc1389, umc2281, p-
Phi022, p-Phill2 and p-Phill4 could be used for
identification of KH9374, KH 404, KH 2005, KH 9452,

clustering.

POLO, KH 789 and KH 717 hybrids respectively.

Table 7. Identification of Maize inbred lines and hybrids through banding pattern with SSR markers and their respective base pair.

Genotypes

DNA Fingerprints (Markers along with allele sizes)

YH-1898

p-nc004 (250 bp), p-Phi017 (125 bp), p-Phi076 (190, 205 bp), umc1017 (160 bp), umc1018 (110 bp), umc1020 (85
bp), umc1019 (135 bp), umec1103 (115 bp), umec1124 (200 bp), umc1143 (245 bp), umc1165 (95 bp), umc1169 (240,
250 bp), p-Phi033 (260, 270 bp), umcl144 (160 bp), umc1196 (205 bp), umc1203 (225 bp), umc1213 (190 bp),
umc1241 (225 bp), umc1280 (320 bp), umc1293 (200 bp), umc1318 (200 bp), umc1358 (75 bp), umc1507 (225, 260
bp), umc1545 (150 bp), umc1564 (170 bp), umc1566 (140 bp), umc1575 (225, 240 bp), umc1622 (80 bp), umc1635
(190 bp), umc1676 (400 bp), umc1688 (90, 125 bp) and p-Phi021 (100 bp)

Y-22

ume1682 (150 bp) and umc1067 (152 bp)

Y-27

umc1564 (80, 90 bp), p-Phi019 (200, 500, 520 bp) and p-Phi026 (80 bp)

FH-949

ume1209 (175 bp) and ume1232 (200 bp)

FH-1046

umc1063 (190 bp)

F-165

p-Phi008 (150 bp), p-Phi085 (180, 195, 290, 330, 600, 800 bp), p-Phi092 (150 bp), umc1183 (175 bp), umc1213 (160
bp), umc1232 (160, 210 bp), umc1482 (165 bp), umc1539 (150, 165, 190, 225 bp), umc1542 (200 bp), umc1566 (180
bp) and umc1582 (130 bp)

F-271

bnlg1429 (185 bp), bnlg118 (98, 160, 260 bp), bnlgl124 (315 bp), p-nc005 (225 bp), p-nc010 (90 bp), p-nc012 (115
bp), p-Phi008 (320, 420 bp), p-Phi015 (90 bp), p-Phi072 (148, 155 bp), p-Phi079 (185 bp), p-Phi095 (150, 190 bp), p-
Phi085 (250 bp), p-Phi096 (130, 150, 162 bp), p-Phill3 (125 bp), umcl016 (160 bp), umc1022 (145, 155 bp),
umc1045 (180 bp), umc1050 (105, 120 bp), umc1058 (115 bp), umc1061 (105 bp), umc1167 (100 bp), umc1202 (148
bp), umc1272 (100 bp), umc1291 (110 bp), umc1318 (150 bp), umc1498 (230 bp), umc1506 (165 bp), umc1546 (145,
150, 160 bp), umec1566 (175, 225, 350 bp), umec1568 (130 bp), umc1571 (105 bp), umc1576 (105 bp), umc1585 (135,
145 bp) and p-Phi065 (190 bp)

F-308

p-Phi033 (235, 270 bp), umc1014 (160, 170, 180 bp), umc1165 (250 bp), umc1318 (60 bp), umc1509 (193 bp),
umc1535 (190 bp), umc1582 (140, 160 bp), umc1636 (60 bp), umc1692 (185, 200, 250, 300, 400 bp), p-Phi019 (650
bp), p-Phi022 (250 bp) and umc1063 (275 bp)

Conclusion

be helpful in variety protection and registration process.
Further it was observed that genotypes belonging to Maize

DNA fingerprints were developed for 02 maize
hybrids (FH-949 and FH-1046) and 03 inbred lines (F-165,
F-271 and F-308) from Maize Research Station, Faisalabad
and 01 maize hybrid (YH-1898) and 02 maize inbred lines
( Y-22 and Y-27) from Maize and Millets Research
Institute, Yusafwala Sahiwal. These DNA fingerprints will

and Millets Research Institute, Yusafwala Sahiwal are
genetically more similar whereas genotypes from Maize
Research Station Faisalabad were dissimilar. Further PIC
values for 209 SSR markers reported in this study will
assist maize breeders who are working on the study of
maize genetic diversity.
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