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ABSTRACT

Genetic diversity is a crucial component of biodiversity, essential for preserving gene
banks and enriching plant genetic resources. One way to assess genetic diversity is using
band patterns (0 and 1) produced by PCR-based DNA markers (such as RAPD, SSR, ISSR,
AFLP, SCoT etc.). After achieving reproducibility, the bands are selected, scored, and
analyzed. The data is analyzed using multivariate statistical methods, including cluster and
principal coordinate analysis. Genetic similarity or dissimilarity coefficients are used based
on 0 and 1 data (for dominant and codominant markers), and allelic frequency coefficients
(for codominant markers). Some algorithms such as UPGMA and Ward are employed to
group the studied individuals and investigate their genetic relationships. Quantifying
polymorphism and assessing genetic diversity within and between populations will depend
on the type of marker (dominant and codominant) and reproduction mode. Parameters such
as polymorphic information content (PIC), resolving power (Rp), marker index (MI),
polymorphic loci/marker ratio, heterozygosity (H)/gene diversity, allelic diversity (A), the
effective number of alleles (Ae), Shannon's index (I), Wright’s F statistic (Fir, Fst, Fis), G
and analysis of molecular variance (AMOVA) are evaluated. Software tools (NTSY Spc, R,
DARwin, PAST, Excel, PowerMarker, Popgen, and GenAlEx) can assist with grouping
and estimating genetic diversity.
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Table 1. Some of the PCR-based markers used in genetic diversity assessment

Jlo BCy3ga 9 glro Llje & L el
Abelmoschus esculentus L. Sl - LSS o s Williams etal., (RAPD) Randomly  8slas oa s , oS5 IS ¢l g0
e Sl ol o) > S0

(Hamdan et al., 2024) A S el 52 PP SR 005 (1990) Amplified Polymorphic DNA
Hordeum vulgare L. (Esmaili et . .

al., 2014); Solanum g oSl 4 N JSdnz 9 xS Akkayaetal, (SSR) Simple Sequence olsalos, b osbs ()],S5 s,

lycopersicum L. (Hosseini et al., y = 2% b ol (1992) Repeats

) ;

Solanum lycopersicum L.

Gy Jg cledbl 4 5ls

5ok S Y (65

Akopyanz etal., (CAPS) Cleaved ol 4iuwss odd 1SS S sl JIg

(Pozharskiy et al., 2023) 5 )'léj ol (1992) Amplified Polymorphic Sequence
Amaranthus (Ray and Roy, <5k <o 0 Q‘i ol Lot S5 VU (6 i )5 Nﬁﬁgg;ﬁfe (SCAR) Sequence asciio ciudy Ly odigds , iS5 4l
2009) Skl % FERR 1 ? Characterized Amplified Region
5 (1993)
Hordeum vulgare (Yongcui et ST IS Gly Jg cledel & Wpae Wuetal, (1994) (RAMP) Random  3sLaj o595 2S5 0)lgalo}s ) (slacglis
al., 2005) AR b S0l S 5el cale ” Amplified Microsatellite Polymorphisms
e (s 1y Jg oleMbl 4 5 pae
Ricinus communis (Sharifi S gy ) S5 ISk o ‘%9’ u. s j,) N F Zietkiewics et (ISSR) (ske ook (5 )1,S5 (sla JIgs
Soltani etal., 2023) e S he & 35 Sl el al., (1994) Inter-Simple Sequence Repeat
) DNA

Oryza sativa L. (Alizadeh et al., 5o ¢ ¢ oo | S5 1Kk . o . . o
3013y, Sorghum bicolor L. Sl ,{)fv Sz g cledbl o i pie V(ols9e9tsz;|., (AFLP) Amplified -G j| Jole clasb J3 o coglis
Moench (Medraoui et al., 2024) e Fragment Length Polymorphism
Gladiolus (Nazarbeigi et al., e Sl T s N, sy  Kalendaretal,  (IRAP) Inter-Uaygjoul ) s iS5 ) ISy
A S Y pagess o5 oy 9 SIS (1999) Retrotransposon Amplified Polymorphism
Triticum turgidum L. (Marzang ~ JSde b M A NIRRT, Sy  Kalendaretal, (REMAP) (955l golymlossy o piSS o (JSbuy
etal., 2020) e Sl (I pasuis PRI ORRS (1999) Retrotransposon-Microsatellite Amplified Polymorphism

Foeniculum vulgare Mill. e S 1K b AT . s X 5
(Nikkerdar et al., 2018); Cressa SR )SJ i W0 4 950 Sk Mgfﬂ?fd(?ggg) (SCOT) jlel g8 baa gy S
cretica L. (Jahangir, 2021) e Sl > Start Codon Targeted

DNA i 5 cunS iomus g aalllas 3550 31,3 DNA 7zl 5l

!

ok it 40l 9 55181 5l oolizal L PCR plogl

I

§ ol 485 & jg0 g slosily iS5 L

|
t v

kb o aigo by 5l eolizl L PCR )85

Silel Gls

I

€ 95 o0 odabia Ll (5 s S5 bl L

ol Bis

=1 R

Lol bl

!

o bl glassl u&:.\)L.ml

|

oMbl b g 43359

(Ng and Tan, 2015) sl 5o wlo! » PCR 5 siee DNA (sl Sl 1 oolazul b Siobes; ¥ JSu
Figure 2. Genotyping using PCR-based DNA markers banding pattern (Ng and Tan, 2015)



Yoy VEY s FA by o o )les qomdlan Jo eslyj olalS (6psbicns s ale 4y

(A)

(B)

(De Vicente et al., 2004) 5,5 V+ )3 5)ben (B 9 L& (A S5l J5 Ladjlael ¥ S
Figure 3. Gel scoring A) dominant and B) codominant marker in 10 individuals (De Vicente et al., 2004)

Vicente et al., 2004; Noni¢ and Sijaéié-
=amex O €95 2Lyl 53 omizmen (Nikoli€, 2019
Ot Lo ) oo S sl amor 0 3le5 ]
&5 3 Cmo e oG] oS0 iz sl Fome
olly 4 P ol ol 8" S5
De Vicente ) 395 o3lizwl (AMOVAY JoSge
(et al., 2004; Noni¢ and Sijaci¢-Nikoli¢, 2019
lo)lle 5 5l s e ys85e slo el 250 sy
3 POPGENE PowerMarker Excel j9— oo
mplas 5l Sy rdgr 4 asbdl )0 5 000 GenAlEX
5 S=Bdiz Glie yp ln ool 3)90 sl pel)l

Dydee aly (V Joio) (S 45

42. Interpopulation differentiation for one locus (gST)
43. Interpopulation differentiation for several loci (GST)
44. Population’s contribution to total genetic diversity
45. Wright’s F statistics

46. Analysis of Molecular Variance (AMOVA)

3 O3S  ogde a5 3l (g S 4 Cunen
N fosp 5 55 SaiS b B bl ) o i
Tool )8l o dw jd Cmes po Hl8 Lo 95 0 G
E95 o9 33y o el JS Cumax 3 Cupman
plodl bcunes (o b Cures S§ (90 )0 Cunl (S
Nl as Slej.(De Vicente et al., 2004) s5
Sl oS (5395 o 5 (3t by E) asliza
Lacaner om b 09) 5 o odaliie 405 5 (JSubri>
339052 3 Lo jtelly o2y Siotes 109 (s (o8 5k 51
Ol 5ol an GlsS e (Sme (9950 £95
M 3 Sle (JSinin la 186 Cons ¢ JSEas
De ) 3,5 o)Ll jUasil 3)90 (s jg i (0le

40. Individuals
41. Subpopulation



PCR e o )Solis o)l (o553l oalisl b (oS (S £95 o 5 385 2 g0 1289 ol 9 (S9wge

S5 E98 g SSba liee 59l )3 oalitl 390 (slayialyly Sl (B Y Jge
Table 2. Some parameters used in the estimation of polymorphism and genetic diversity

- : x i

I B B zi‘
:—} _P ] 3 )g 3 \\%: 3 ‘% R _ »
R N O U T T T T B
AR T N e S S T - S

% 4 3 4 3 3
e ’ Y v v v :j 1y v
5)bpen v v v v v , , , , B

b SO )3 S (o0 (Bpme JSbdiz plgie 4], 2L
Ot |y LS S a5 095 0 5,8 &5 I
4 arg plan A8 o 0)lal o 4 gl 45T (gl o a3
M8l oo )2 €3,8 0 )3 b Hod> pas g jpa5»
ST ke laie a4 Canl dlllas 550 09,5 saiad S5
als po oy izl o 0y 31,81l sy A 3 Wb S
» JSbie plaie 4l ply 0g alg «ul jpas»
Aoy Py ladd guil ST piomen gd e 48 a3
€L jgmd> pae? dlsjo (Yl g sanlie 21,3
b ol @ad oo 005 3148 Loy AF > &S Dy dalgs
o=l (Laurentin, 2009) 35 sales i Sb (on
slaplse glaas eIk gla Sl gl el )y
sl )SOUES )3 239 o0 0deels JSubtin UL ¢ JSubria>
ol el o Pl as Slash sl b e G 5)ben
Logd> (Ao o il) ST ecnlple 298 00 03>
A3l 5l oy 20 51 1508 o () 45l jgmis pae
Ol o 0430 dslllas 3yg0 09,5 ol iad S i
s Cmad &9 eyl ol il St
s LaglSe JS ol o JSB0ia 55 sl
s Sz o)L Coamsd b j)len (slo S0l
] e B L o Sl gl W Sl S

(Laurentin, 2009)

ol dlne W 35 L sl Sl (gl e o ) D

T A ledlb glgxe
Sl G oblg onmsy i ISsas SleMbl (glgie
A g Gl Comenr S5 013l le ISy asis )
B o)l (S b @i Slglyd 9 39290 cla T sluss
ol i S J i) il SV gl ) &
s SLis gl jal) ol (Serrote et al., 2020)
Botstein ) PIC = 1 — XL, p} dlaly b 3l 55ben
PIC =, 4 ol s, 5L gl 5 (et al., 1980
9 Pi jl yolaie l_mOT 2 &S D o dulo 2fi (1 — fi)
s el ol s asaly cad ol T Sll3 £
el Sl Sl (gl 5 U B jae Sl ke (sl 0L
=y (Serrote et al., 2020) \_ib o pus U youo
(2015) Chesnokov and Artemyeva jsoced  padse

Al )5 s 8 55 g9 Jolee |y o

SRS Comnidl Sy (55 s o

AN ESR
L (S5 695 oy sl 45 ola el 51 (S5
el 030l 5 5l g e (sla KoL 5] o3lizel
(1992) Ott 48 Lo 51 iy o IS5t dpuslea

20 5 56 S Fats e szly Slohd & et

. Polymorphic Tnformation Content (PIC)
. Gene diversit§

. Polymorphic %oci/marker ratio

. Stage 0

(U R S N



AR VY line FA by o ojladd cuadylea Jlo clyj lS (gysldcun; cale 4 pis

He g Ho a5 oK .l [l 505 diged ol
2 SW (sl aslys e b gls) dis aline
Chesnokov and ) cwl Sslay Ly ,a5 Czen
A oo o el wsS 9 (Artemyeva, 2015
Di o 4S5 33,5 o dsle h = 1= pi% g,
»Lie (De Vicente et al., 2004) cul pli JT Slgl,3
6ol &S oy g el yusio S U yauo I galyly oyl
Al 4l dgmg (ol cla g3 >
Ol ey o S d LAl )00 (g jg i
J (035 Lo lSe plas 3 LTl 3590 (ghousgS jo i
98 S 5 L Sl e 31 S5 S5
Al )l Lo O o e seem sl 3590 (sl
ke e 9 1S5 oo do sl oo cul 098 0
4 (De Vicente et al., 2004) 5,5 s duwlxe o]
Slolyd dusloes s (358 alaly (2009) Laurentin aaS
b e o gl 55 £95 b amsSejag g Cusl Il
S =20 (1= Tx2)/@n— 1) oL,
L) pli T (Sl jglato adaly (ol 3 48 0005 o0
105 S5 )9l Cawd 4 (gl canl D3l sl 1 g (S0l
(oot 5 3l) Cpmar Sy > (S5 £95 51 IS
el PIC ) jSicbio ogrde (55 £95] (Samgajg i

{(Laurentin, 2009)

 See ST slas B UT goi
0S5 o5 (S5 E95 ol sl ey ool
s 1S5l (A) T g9 .ol 39390 sla P dlass
SGDS E9S o gy g Gl K6 oy LmJJ]
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. Frequencies 6

. Genetic variaBility

. Allelic diversty (A)

. Effective nunsber of alleles (Ae)
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. Resolving Power (RP)

. Marker Index2(MI)

. Informative bands (Ib)

. Effective Multiplex Ratio (EMR)

. Heterozygosify (H)/Gene diversity
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6 . Shannon’s infex
6 . Variation 1
6 . Genetic bottléhecks



AR VY line FA by o ojladd cuadylea Jlo clyj lS (gysldcun; cale 4 pis

,» (Kosman and Leonard, 2005) 33,5 .o ozl
SpS (S Aol clio gla)j b lacais ol
39l y <> .(Bhandari et al., 2017) x5)ls ;5.5 L
o e calps B (S5 alits pas
Vi gn Ylassdl sy o))Vt sl wndl L8 T
S 5 (5§ 3t (S5 alolf VY
.(Mohammadi, 2006) 395 e3lazfAY

alis 3,905 can odlitul 3y90 colpd 503 dtwd
5 o slodly p e LBl Gl pae bS53
Ml culps Jols ol o glize o8 cunlV S
Sosle sl 5 (NLI'W 5 5 b (D)l )
obwl > .(Mohammadi, 2006) ssb . (SM)
i) Sl g9 4 (2009) Laurentin oSk ol s
olS (sygldlj e £9 4 oned g (len b
28l Colps gl il 00,8 dogi (iS55 b (ui843)
Sl coyl g Bgliagd s S8l awyp 3 1) b g
o Sl 1 eoliwl b Wgliygs o3l awyy 3 1y ool
Lilyy (owpp 3 gl Opimen Cul 03)8 dleidy L
sdac b s sl Sl edizl b S5
059 ol cops &S bl I (Laurentin, 2009)
5,8 s ply 90 0)8 90 o S yiiie slanily Dl
M3l (g ©ejen g > gdie wB)S i )
Syge g Sl Gy (B 5 ) cups 9
3 oolizl b oy 95 ol 3590y oyl 390 95059 50
5 550 jged 38l S5 a8 &S G bes sl Sl

(o)}

. Genetic dissirffilarity coefficients for allelic informative
marker data

. Euclidean 0

. Rogers 1

. Modified Rogkers
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Table 3. Some of the most common software programs for analyzing genetic diversity (Govindaraj et al.,

ee, 2016; Bhandari et al., 2017)

2015; Mukhopadhyay and Bhattacharj
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1. Neighbor-joining (NJ)
2. Bootstrapping
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