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ABSTRACT

Introduction: Humans have long sought to select the desirable traits for agriculture and domestication of important and economical crop species
around the world. In fact, the human selection is a factor that plays a key role in determining the fate of plant breeding lines, especially cereals.
Therefore, the study of genetic diversity and the study of germplasm storage of breeding lines on the one hand and the study of the role and effect
of choices made by plant breeders, on the other hand, are key factors in investigating the fate of improved seeds and lines. To conduct such
studies, molecular studies using markers that act neutrally and randomly are important. Accordingly, the present study aimed to investigate the
effect of selection on seeds of an important crop that has long been under domestication and crop breeding programs. Sixteen pure lines of
sorghum grown in the research farm of Agricultural and Natural Resources Research and Training Center of Khorasan Razavi were assessed
using retrotransposon-based molecular markers plus desirable morphological traits used in breeding crop sorghums.

Materials and methods: A total of 80 individuals belonging to the first to ninth generations of breeding sorghums were randomly selected, and
molecular studies were performed using 8 IRAP primer combinations. Morphological studies were also performed using the measurement of
traits related to leaf biomass (the number of leaves at 60 days of plant growth).

Results: The observations showed relatively high intergroup genetic diversity (between breeding generations) (63.5%) in the study group.
Among the studied generations, the fifth generation and afterward the seventh and eighth generations showed the highest hereditary diversity, the
highest heterozygosity, and the highest number of unique alleles. The first and ninth generations with the highest homozygosity, respectively,
were the purest lines studied.

Conclusion: The results of dendrogram trees also confirmed the existence of three completely different clusters in the study group. Accordingly,
the existence of gene flow between the breeding lines of sorghum and its occurrence among the individuals of the fifth, sixth and seventh
generations was confirmed. However, its decline and decrease in the seventh generation onwards indicated the instability of observed
recombination. Finally, it was concluded that the selection of superior and desirable phenotypes during the purification process always acts as a
selective sweep and as a directional selection eliminates the variations created by gene flow and thus reduces the genetic diversity in the pure
lines of crop sorghum.
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Table 1. Accession codes of studied individuals, generation number and herbarium code of

individuals deposited at the Herbarium of the University of Isfahan.

o9l oS s 05l SUCE 9,
Herbarium code Generation number Individual name Number
HUI-19791 F3 Sh1 1
HUI-19792 F3 Sh2 2
HUI-19793 F2 Sb3 3
HUI-19794 F9 Sb4 4
HUI-19795 F7 Sb5 5
HUI-19796 F1 Shé 6
HUI-19797 F4 Sh7 7
HUI-19798 F5 Sh8 8
HUI-19799 F5 Sh9 9
HUI-19800 F6 Sbh10 10
HUI-19801 F6 Sbhi11 11
HUI-19802 F3 Sbh12 12
HUI-19803 F5 Sbh13 13
HUI-19804 F8 Shi14 14
HUI-19805 F6 Sb15 15
HUI-19806 F9 Sh16 16
HUI-19751 - Sh63” 17

05,5 59y Olsie 4 oalds ooliul Sorghum halepense 438 *

* Sorghum halepense used as outgroup
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Table 2. Sequences of primers used for IRAP, their retrotransposon source and direction (— or «).

* Sy 0939l 555 pie 9 S Skl @,
. Retrotransposon source and ]
Sequence o Primer Number
direction
GATAGGGTCGCATCTTGGGCGTGA Sukula — Sukula 1
CTGGTTCGGCCCATGTCTATG
BARE-1 «— LTR6150 2
TATCCACACATGGTA
CTCGCTCGCCCACTACATC
BARE-1 «— LTR6149 3
AACCGCGTTTATT
TRGTARAGRAGNTGRAT W1, W3, W7, W8 — Reverse Ty2 4
CCYTGNAYYAANGCNGT W1, W3, W7, W8 « Reverse Tyl 5
ATCATTGCCTCTAGGGCATAATTC BARE-1«+ 5°’LTR2 6
TGTTTCCCATGCGACGTTCCCCAACA BARE-1 — 3’LTR2 7

*Y=CorT;N=A,G,CorT,R=AorG
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Table 3. The percentage of variations within and between pure lines of S. bicolor in Iran (AMOVA).

63.5%

36.5%

oo aslllas sl s s

among groups polymorphism

oo aslllas gl i y9,0

within groups polymorphism

slasl o oy HIZ0.079 5 HIZ0.071 ose b
D dploe (8 5 o

Ot iz lacnY G sylel Jolos g 420
sh16 5 shld oY oo 1, (AMV/) (Siisy cals
O S Al 0 g 0 g i ol 4 lae
Ol pgd 5 o8 sl 4 3laie SB35 SDA (slaY
ls

plSa,ms 5l ol slaganeg S g Sllllae 4y azgs L
as' S. halepense 445 «(\ Jsts) Neighbor Joining
e &yg0 4 gy oads adlol aslllas &y 09,5 (350 Olgieas
Ay 5 15 ot anlllas ol 3l Lo 5l e alols L
B0 s Lol aligE g0 4 dalllas )50 o131 (]
o et D3 (Sen (C alipm) badys 5l (S

abg> o o o plo g ol sl 35 3 ) ey

i 931 2 3l w00t slaJT slass o ity
Oty cmizpe (F Jgaz) 050 TN ggome b ony
s b paniy Jood o3l & 3late 5 Stz il sl
035 Jsl s 4 3late bglas 3gy Lacl aen ;o Wil OF
Sy ol lid (69 8 pamie Pz ot g plas
AYIB) lyee Cnyiden pomiy s 5o SSdoiz laolSol>
slacl & bgye o] 0o,s (S g del Casas (a0

(F Jgoz) de1 (2o, VA/F) sl s
Ol Aolee Lulul s odal Caws @ Swsoje e (e
Shannon's Information Index = -1* (p * ) .Sou!
slael s HI=0.663 L il («(Ln (p) + g * Ln(q
Sohss G 0ad dalone Gl (n i by ey s
5 FesNere Oliee ryeS ol cews 4 Gl



YEA NOF-VE ()Y AF ) O condigm 5 658005 gm /(g0 g (o0u,S

sl s 4 late ol 3l Colys ,o 5 (A algs) K6o,5 oll
4 g 03,8 obml plFgus ;5 Sl Cosdse Fo g Fe

ol oyl

WD el (28 SlaadeS n g 8T 15 S i
Fe 9 F; L;LQJMJ EY) dJ.v.o.a o|)é| L;c:)s LngA..ibe} I
sl 3l ais S sbul (B asgs) o3l Ko sl las glades

J)........n Alg> ;5....)’..,.2':45F3 Fo Fq LsL(bJ.w.}d.g BJM =

U oty 33 prod 330 Tl 030 g B yge Sy Wb Slasi couel Cawddy Wb Sluai 3 Sy pazio JT Sluws —F Jgus

Ol 39 1)) P95 yam o b Juw 4o

Table 4. Number of unique alleles, number of bands, number of polymorphic bands and percentage

of polymorphism in different generations of cultivated Sorghum in Iran.
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Figure 1. Achieved dendrogram using Jaccard similarity coefficient and Neighbor Joining
clustering method, showing the relationships between individuals related to nine different

generations of crop sorghum lines.



el Sla s ;0 camy alo e 55 g ety Juus 03150 00
Ol 3 sz sla oS g slml s 4 Wlgi oo ptin
ol o

s,z b (Muraya et al., 2012) K2 5 Lljse
sy Gm eSS Sl Jels s 4w o B
5 ol o Glglings 5 (ely5 psSim LAl
Sy dmosly s o AWl b Gl oy
oy 1y =l ey At lohs G (S5 Ol
G5 a5 b adlas mls Jb ol b wis,S
5 5 ok 297y Kby (Bl Jolo i sla s
el amy &y oy sl o 5l Sl sl B 50 T 3
0dls gy Jol Jod s )0 (odgid gls samline pas
aw ¢ (Muraya et al., 2012) ,5Kee 5 Ll)ge lawgs
EF Jeds 4 wlgi oo caddllan (nl jo 00l (o) Jol Jous
Sl yo abb el)y poS 5w (VOL) 6 pSoly Hap b
bz 25 0 g 55005 Gon Ol 009 Omb
Ol 5 ob (Sasy Sl Golasl ol 59 0nds (55
Syt laded 5 2te ol S w5
e Sl bz 4 ol Jels Sl b oasies
g yalls ol 8l Ciend jo aulel aS aiw

B alols U Fr g Fo Fs clas mliz (Jl> o 4
e85 Sl o] it padj50 s § s plos 5l 4z
985 9 Sl (£1)5 p5 5w A SlacnY G G5 0Lz

@lizee slocp¥ oS 5 as sl JJdo ol 4 wilgi oo ol

Slegl iz b Ol evslie (IS Djgen
e sloaigs ool 5 (alisee Glo s ) (29,5
YL 351003009,0 5 56 s |y (snn 9550 09,5 50
4 ke 0)lged (57535 009)0 &S 12 1l 095 g olS
29 om Oleg (Rl g (295 (gy0 Slegs Shals
D9 50

So 0 iy e 4 Lo ol 38,5 )18 00 S5b
Sl ons dalllae 313 plo 4 o Tizme ShelS aigs
sl & Cond Jud cnl 33 3 azgs BB (55 alolé
Ot (JSdaiz aily olaai 2l a9y Consl (s
Ole Crytde (izmes g 9B amis gla il slass
b oy s o3l (s 00 (5 Sl GanagSy 3 i
plo b alie jo poy Jus o8 YL 3159 £455 0aisS
SRS I3l wyp 3550 Sladed g Sl 4
Lo s ol 51 e (sladigs )0 5 b g i (sl s
o o3 pl (o8 (Seop Sl o a5, 50
el 5 glads b bl (S alold 5 ooy

9 $i9lS Ghjgal g Dlinios 3510 50 o CuiS (slaydy
el il glayeiS 5l g9, el b wlee
Sedal (Al o Olgie cov g Wil 5 oz il
slaaalp cod adgl ually Gy 4 g 0l Sy Glnl &
Sl o3k o) dasie s ndy oS F g il (o
5y90 Slio b Lalls slaeyY sbmyl cg (Jlo £ o,

salive (Vb (2l g9 culple wlaidys 18 el



Vo) e oIl 5o 2y e e LAllE SlacnY mdlp ) e p Sl ]

& aglme (g5 50 25250 it Gl T 5 00,5 Jae
2Ll SLl ey g WS gS e b B )
Dean et al., 1999; Robertson, ) wjy o8, HLlS
@ e Dilg o g glo s jo Sl s (1961
Pl S5 Gl e s el (il Dlegs als
£ aalS a5 sed e blatul iz WS sl olS
2B 5 2l Slge am 4 etin glades 3
sbwl 5 (Bl Slegs rals gz o0 ol o
O Sy B4 alh ko palls lagnY
polie g 5Ll slas,90 olxl o Wilg so (olapusilS
& peboles a5 S e Ll i 4 S
3 =l e s Jlse slo s jo g5l ol 5 bl
P S ol g lul e ol 4 e ol
5 Sy Celd ppin L) w8 g ptie slafes
[l 5 oud (o 12 50 ewsajsfia Slie (2 eS
Shdel w5 Al o3, (B e

el 00l lpl yo (sile ol
5,5 blatu! s ngsso W Cewddy @Lu a4 azg b
a4 S0 S @l sl jo gl Jal 5 Clsl a5
5 03,5 Jos GBS 050 Cio Zuz )0) Jlocux Ojpe
2 e g Ban o5 50 ey (M st g pSedz jsba
SR Ole 4 aasoe 18 (oeg) (5 slaplSe

LBl o535 o)l So IS a4 Sl e bl

L odsl sl il (slalass 51 328 4 sl Lalls
Slodes yo (Seiy wax gl S g kol 4 e
2 YL (g ge 4 e oS SleS 5 el a3
pae Jl ol bl oo S F7 g Fo s sl s
4,308 5o ol sazme uals 5 Vb s ez ok
Oz OO Sebe Sl Wl oe gan Slafus S
e 50 00l bl Slegs v, oo Sl 4yl Slegs
hybrid ) s me (8bsp (98 ©ipo & pxn
5 g obul L g cwl 00,5 Jee (breakdown
SRl By Slegs ey crsn b sloonS g
(g Gl s o saze slacglo el b aS coul ons
4 ol 075 & (sl oS s 5 4d )T S5 o5l sl ]
sl 458 s 3l 5 00 B 0505 ke e

L pleosly) ceslie slacusgd bl s S)b )
4 e Sl oo iludal Jsb )0 (S slawi iy
sladll Gi> g ologe b Lasye ol slaws il
Slao ol o3l Sl Ses ol 4 09 alieé
By csiluglal 5 ol 51 Jolo Dlio b gy (oreissd
g ond (S (S0 (n s b (o3l 8l Dbl el
Silotiny olete sladfus (b )0 1y (g o5 A
ol ools alS” ok

Sy Gl s Sl a8 el T Sl il olalllas
(e glafud) 45 O glacures o ol Y

selective sweep) 5 syl o Dyg0 4 Wl o



VoY AOF-VF (1) VF) O codion 5 (5995 g /S § (o025

s ool i car B AL sl s a5
a ool Gl sd e apog (Mol Slayd S5 15Sy
i 55y e o 5 o055 5, 1 o3t oy e
oy 5 sslital b cpl b il e HFasS soliz
oz ot Js aw 1 iy ol cuiS pace g 0k
Wolg 5o wsdioe dmos glhe la Shy i
@ i slades g ol Sl eolitul b i slaow) 2
sl 5 SV pdy Sl b oolie 5
2 = psise (el pB)l adllas Cux oolais
=y poSie oy Jed 3B S9doe Sleiiny HeiS
ale s @5staS Gijsel 5 Slih 35,0 0 ogzge
shed Olyieas Vb (g 55 L 58 (590, el P (b
syl g bas 5 canlio s 1 Sly e Co> e
23,5 o0 (B Olnl 5o =) ps5 s Bl £55
1998 g ST

e Loyle 150 GBI Gl 5l (B aiy s sy
5 5laS el 5 Slidsd S ele ol gae
Sladiges o503 mald b oS 90, Glul S b mlee
G Lo b Gz cnl bl jo (oly) ps¥em
w2l col lesal JBidls 5l g 00,5 Jlojad wss,S

5ol 0395 o ala 5 0355 plal SLISel (0505

Pl sle Y @ e g 00 Jee lapadle ) s,
e Sl @ azgi by pelel cnl g 09l (o0 (S5
2 psSose Sls A sl ol e S g0 ol
o aler 5l oyl wolhe Slis Lis wadlbs oyl
3 g g iy S olasd (ng, Jore | vueie slaadls
Glsn 5 T b ol aile syar Slio 50,5 adlsl 3,k
Glous Sy cald sl 00y oS ol 5L 5 i
O Oliize Codbge Silo sl glafus b cany 4 oiin
Cho o, adlal b ooles Qs Y obul s S
a5 S ol Az b coles jo .l oog T 4 Ll 890
0555 5 Ol eon rl o ool j0e Silis
S il gladas jo cendbip)) g9 S pdDsls
L ol Olgisn el 03,5 s nSojlail s |y (5 cnY
S o p ool Cuz s 50 5 @ Ol LS

Cenils (2ly; QLS (endbp ) £ b Lo e
Ol ogllas Slao 5 Vb (wloger (392 Ll b oSy o3
4y Sl odn; S8 @ plal o G)ls Al 635 S
a5 Ll 5l g e St ol 5laS Lyt 0308 50
JAS w0as ol )| by o 38,80 Jelge 51
b ol 3; (55 Yols 5 ol gibe; PBlo> @y
Cadgazme el o Wgldyss 5,055 slaaisS 5 o6l Lo

cﬁ‘a o ol u.uo.@‘ )jl.> oli; pg) e ‘5&& CuBlS

sl g 2lyy psSrem 50 (5 Obx 989 4 axg L



oy e oIl 5o 2y e e LAllE SlacnY mdlp ) e p Sl ]

References

APG (Angiosperm Phylogeny Group). 2003. An update of the Angiosperm Phylogeny Group
classification for the orders and families of flowering plants: APG Il. Botanical Journal of the Linnean
Society, 141, 4, 399-436. https://doi.org/10.1046/j.1095-8339.2003.t01-1-00158.x

Benson, C., & Rao, C. S.1906. The Great Millet or Sorghum of Madras. Government Press.

Borghi, E., Crusciol, C. A. C., Nascente, A. S., Sousa, V. V., Martins, P. O., Mateus, G. P., & Costa, C.
2013. Sorghum giraln yield, forage biomass production and revenue as affected by intercropping time.
European Journal of Agronomy, 51, 130-139. https://doi.org/10.1016/j.eja.2013.08.006

Burkill, 1. H. 1937. The races of Sorghum. Bulletin of Miscellaneous Information, Royal Botanic
Gardens, Kew, 2, 112-119.

Dean, R. E., Dahlberg, J. A., Hopkins, M. S., Mitchell, S. E., & Kresovich, S. 1999. Genetic redundan_cg
and diversity among ‘Orange’ accessions in the U.S. national sorghum collection as assessed wit
simple  sequence  repeat (SSR)  markers. Crop  Science, 39 (4), 1215-1221.
https://doi.org/10.2135/cropsci1999.0011183X003900040043x

De Wet, J. M. J., & Harlan, J. R. 1971. The origin and domestication of Sorghum bicolor. Economic
Botany, 25 (2), 128-135. https://doi.org/10.1007/BF02860074

FAO. 1991. Sorghum and millets in human nutrition. Retrieved in,
http://faostat.fao.org/docrep/t0818e/T0818E03.htm, accessed 2013.

Fedoroff, N.V. 1991. Maize transposable elements. Perspectives in Biology and Medicine, 35 (1), 2-19.
https://doi.org/10.1353/pbm.1991.0065

Feschotte, C. 2008. Transposable elements and the evolution of regulatory networks. Nature Reviews
Genetics, 9 (5), 397-405. https://doi.org/10.1038/nrg2337

Gautam, S., Mishra, U., Scown, C. D., & Zhang, Y. 2020. Sorghum biomass production in the continental
United States and its potential impacts on soil organic carbon and nitrous oxide emissions. GCB
Bioenergy: Bioproducts  for a  Sustainable  Bioeconomy, 12  (10), 878-890.
https://doi.org/10.1111/gcbb.12736

Gawel, N. J., & Jarret, R.L. 1991. A modified CTAB DNA extraction procedure for Musa and Ipomoea.
Plant Molecular Biology Reporter, 9 (3), 262-266. https://doi.org/10.1007/BF02672076

Ghahramani, S., & Darvishzadeh, R. 2021. Estimating breeding value of agro-biological traits in maize
using IRAP and REMAP  markers. Crop  Biotechnology, 11  (36), 33-48.
https://doi.org/10.30473/CB.2022.62429.1865

Jaccard, P. 1908. Nouvelles Recherches sur la Distribution Florale. Bulletin de la Société Vaudoise des
Sciences Naturelles, 44. 223-270.

Jankowski, K. J., Sokolski, M. M., Dubis, B., Zatuski, D., & Szemplinski, W. 2020. Sweet Sorghum-
Biomass production and energy balance at different levels of agricultural inputs. A six-year field
experiment in north-eastern Poland. European Journal of Agronomy, 119, 1261109.
https://doi.org/10.1016/j.eja.2020.126119

Karimi, A., & Saeidi, H. 2016. Genetic diversity of Sorghum halepense (L.) Pers. in Iran as revealed by
IRAP  markers. Plant Genetic Resources, 14 (2), 132-141.
https://doi.org/10.1017/S1479262115000167

Kimber, C. T. 2000. Origins of domesticated Sorghum and its early diffusion to India and China.
Sorghum: Origin, history, technology, and production, 3-98.

Lin, Z., Hayes, B. J., & Daetwyler, H. D. 2014. Genomic selection in crops, trees and forages: a review.
Crop and Pasture Science, 65 (11), 1177-1191. https://doi.org/10.1071/CP13363

Liu, K., & Muse, S. V. 2005. PowerMarker: an integrated analysis environment for genetic marker
analysis. Bioinformatics, 21 (9), 2128-2129. https://doi.org/10.1093/bioinformatics/bti282

Magbool, S. B., Devi, P., & Sticklen, M. B. 2001. Biotechnology: Genetic improvement of sorghum
(Sorghum bicolor (L.) Moench). In Vitro Cellular & Developmental Biology-Plant, 37 (5), 504-515.
https://doi.org/10.1007/s11627-001-0089-8

Martiwi, I. N. A., Nugroho, L. H., Daryono, B. S., & Susandarini, R., 2020. Genotypic variability and

relationships of Sorghum bicolor accessions from Java Island, Indonesia based on IRAP markers.
Biodiversitas Journal of Biological Diversity, 21 (12). https://doi.org/10.13057/biodiv/d211220

Muraya, M. M., Geiger, H. H., Sagnard, F., Toure, L., Traore, P., Togola, S., de Villiers, S., & Parzies, H.
K. 2012. Adaptive values of wildx cultivated sorghum (Sorghum bicolor (L.) Moench) hybrids in
generations F;, F;, and Fs. Genetic Resources and Crop Evolution, 59 (1), 83-93.
https://doi.org/10.1007/s10722-011-9670-0


https://doi.org/10.1046/j.1095-8339.2003.t01-1-00158.x
https://doi.org/10.1016/j.eja.2013.08.006
https://doi.org/10.2135/cropsci1999.0011183X003900040043x
https://doi.org/10.1007/BF02860074
https://doi.org/10.1353/pbm.1991.0065
https://doi.org/10.1038/nrg2337
https://doi.org/10.1111/gcbb.12736
https://doi.org/10.1007/BF02672076
https://dx.doi.org/10.30473/cb.2022.62429.1865
https://doi.org/10.1016/j.eja.2020.126119
https://doi.org/10.1017/S1479262115000167
https://doi.org/10.1071/CP13363
https://doi.org/10.1093/bioinformatics/bti282
https://doi.org/10.1007/s11627-001-0089-8
https://doi.org/10.13057/biodiv/d211220

VOF NOF-VE ()Y AF ) O condigm 5 658005 gm /(g0 g (o0u,S

Nei, M., & Li, W. H. 1979. Mathematical model for studying genetic variation in terms of restriction
endonucleases. Proceedings of the National Academy of Sciences, 76 (10), 5269-5273.
https://doi.org/10.1073/pnas.76.10.5269

Peakall, R. O. D., & Smouse, P. E. 2006. GENALEX 6: genetic analysis in Excel. Population genetic
software for teaching and research. Molecular Ecology Notes, 6 (1), 288-295.
https://doi.org/10.1111/j.1471-8286.2005.01155.x

Robertson, A. 1961. Inbreeding in artificial selection programmes. Genetics Research, 2 (2), 189-194.
https://doi.org/10.1017/S0016672300000690

Rohlf, F. J. 2000. NTSYS-pc: numerical taxonomy and multivariate analysis system, version 2.1., New
York, Exeter Software.

Wasson, A. P., Richards, R. A., Chatrath, R., Misra, S. C., Prasad, S. S., Rebetzke, G. J., Kirkegaard, J.
A., Christopher, J., & Watt, M. 2012. Traits and selection strategies to improve root systems and water
uptake in water-limited wheat crops. Journal of Experimental Botany, 63 (9), 3485-3498.
https://doi.org/10.1093/jxb/ers111


https://doi.org/10.1073%2Fpnas.76.10.5269
https://doi.org/10.1111/j.1471-8286.2005.01155.x
https://doi.org/10.1017/S0016672300000690
https://doi.org/10.1093/jxb/ers111

