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Figure 1. Schematic steps of the GBS method for plant breeding (He et al., 2014).
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Table 1. Applications of GBS method in ornamental plants based on existing studies

B I s B - TSRS D1 ]

& P S Sl a8 4 K33 3,
Reference Plant species GBS approach Row
application
Ahrens et al., 2017 Diuris Sm.
Ryu et al., 2019 Dendrobium candidum Wall. ex Lindl.
Gladfelter et al., Franklinia alatamaha W.Bartram ex
2020 Marshall
Pais et al., 2016 Cornus florida L.
Hadlzgg(;r; etal, Eremurus S5 SSUS sp
Hasing et al., 2019 Sinningia speciosa Baill. Genetic diversity 1
Wu and Alexander, analysis

2019 Hydrangea macrophylla Thunb.

Tamaki et al., 2017 Rhododendron japonoheptamerum

Kitam
Yoichi et al., 2018 Rhododendron indicum L.
Yadav et al., 2019 Rhododendron canascens Michx
Buti et al., 2016 Physocarpus (Cambess.) Raf. LK e A g
Yanetal., 2018 Rosa L. _ )
Guo et al., 2017 Petunia Juss. Genetic maps
Zhang et al., 2019 Paeonia suffruticosa Andrews. construcion
W Al 5 %
uand Alexander, Hydrangea macrophylla Thunb. 055 &5 3
2020 GWAS
Heo et al., 2017 Rosa x hybrida sl Sl 2.8
Syringa pubescens x Syringa meyeri
Chen et al., 2020 A 4
Trankner, 2019 Hydrangea macrophylla Thunb. Molecular marker

development

Olames SLS So) S80S Gl n o L5 S8 @ (S5 skl pond Bs) Sl blye OV 5
Comar K55 56T lasll Sl (6,50 dacus sioms b ale 3l 05 5425 (i, opl 5l ealinad 3 olacys sdous
SNP Avev U Wiy e Lo GenAlEX |53l or Jls Olge ap Ll I8 Sg) opl 5 &S sl plaesls S >
3050 3 ol 55 U Iy SaS L K5 sltle end sy 3 e 5 gle SNPslws aSTd- cbles o |
laazia & STRUCTURE l3le 5 53 SNP Vevve 51 iy slind kol s & 3o iman 3L oo 33 ol 51 iy Sl

.(Peterson et al., 2014) I 5L Ole;
osliial ol S5 (glaai S 5l (63 5dme sldd (K5 SSUS s $lp oLl SaS 4 S sl ns i
Sheslizal oo ysl @l s 5 a3 Diuris SM. saS )1 455 Sl IS 0505 5 e S5 SSUS sl el

SOl WAVEY 5 28 L s ool (Ahrensetal., 2017) ui o) oL s eSS sltle und 5y

a4

=) gL g S5


http://dx.doi.org/10.52547/flowerjournal.6.2.95
https://dor.isc.ac/dor/20.1001.1.26765993.1400.6.2.2.2
http://flowerjournal.ir/article-1-195-fa.html

[ Downloaded from flowerjournal.ir on 2025-10-19 ]

[ DOR: 20.1001.1.26765993.1400.6.2.2.2 ]

[ DOI: 10.52547/flowerjournal.6.2.95 ]

Ve5-a0 (V)P (VFer) s OlS 5 S

55500 S SaS VU b 7505 b Comar Sl Lol @ UL jzad leus Sl oo eS| 45503 TYY 3 SNP
Al Lol oS il OB o 1y 2L (S5 SSULS il O 2 osdle

SaS S35 Sltle s o, ) eslizd L Dendrobium SW. oS asl ier 5 ol sLOBsIE oes
D. candidum Wall. ex Lindl. £ sl olas| SNP cla Sl w55 5 L3 S S5 ) p 5550 oL I
OLlS pl K3 58508 51 ads 5,50 5 s pwlast] gl Sl SaS L e (Ryu et al,, 2019) i 5 xe
A plos| Dendrobium al g gladised )3 5 KASPljfv'L';; oS 5 Kk LT man 5 el cy
LTS8 o5 oS i gl 5 edd it 0815 M0 Camerr Sl s b daly 53 6505 Jhasn o
53 eddedalive sl esllG g 5sSULS Ot &S s asie b Il SKaS 4 S bl and gy Sl eslizud
adlae cpl s el 5 Lles S Lite by 0o adsl Comexr 31 OGS elos ol cpl s ol slaas s
(Hasing et al., 2019) & slgiy s5le ol b s 55 S80S andllas ol slin Jio oS Ol oty LS 518
SSUS A el T3l G55 b I SeS (S bl s 3 S0 55 Sl eslinad L oS s op b
el sty SNP SOLEs DAY 5l sl b cpiomen oA KT 0,8 ol 5 08315 AY Comar Sltle 5 S5
(Wu and Alexander, 2019) 3 jasis 455 ol 55 ey 385 tuaib

S s Sas b s SaS w S okl s STSS 1 eslinad UL sl gl a5 6,0 Jiash o
SSUS oman 5 oluls SNP LS 48+ ¥ sluw o2 S <, 50 Franklinia alatamaha W.Bartram ex Marshall
orl o eslazad U e (Gladfelter et al., 2020) b xd 5 ooy 655 ol 5l 4500 V8 Camar il 5 S35
mled s el askll 58 LK LgLas)Jﬁ Loodus axil glayds sl J.pb— asl e el,f V4 5 55 se L;K_.;J\.a- (I
2l oslaal Py au'jf NSLBE u.:L&L oA L;LA;}J Ja}:.\..f Sy J..}ly”d« axles RBE e.)\_.';dil.ﬂl;.i }L)

Sanh elal cudly Cornus florida L. s €555 oL Iy SaS & Sh Hltle s 5,055 31 esla
Patis et ) s JICET 1) 4658l e ol a3 S5k dgtms (o35 505 S Sl 5 (S35081 (5, 5L
Loy oh SaSl, 86 w8 ol 5l caliis Camex £ 5131 s edis sl YL S SSUS L@l 2016
s e OLE 1 08,

ST G e ol s b s S 4 K sl s Soslop b eslizal Ol 53 5l sl gl cimman
oIS s joledls a8 el S5 oY d 518 5L IS A o3Il L S e ¢35 L Asphodelaceae o3 5l
oS (pl 03w e p 5 Ol D (Hadizadeh et al., 2020) Lol oL JI55 o3l sl opl o S 5 s i Sl
48 gazme S (555 SNP Sl 5 Cilise (gla gy Sl oslinad b o e e S1058 o 5 1650503 S5S0SS o 2

L}»Lz &ﬁ 4—’}§ Can Ls‘j’ C!f-]a (a‘yj oS A &JL.«L«Z [GIWL] ““.}‘ L: SNPJ§JL\:~’ Yoo ¥ slows 9 rbu\ e

Sinningia speciosa Baill. -v (KASP) Competitive Allele-specific PCR -1
Foxtail lily -f Hydrangea macrophylla Thunb. -v

= LS 9 5


http://dx.doi.org/10.52547/flowerjournal.6.2.95
https://dor.isc.ac/dor/20.1001.1.26765993.1400.6.2.2.2
http://flowerjournal.ir/article-1-195-fa.html

[ Downloaded from flowerjournal.ir on 2025-10-19 ]

[ DOR: 20.1001.1.26765993.1400.6.2.2.2 ]

[ DOI: 10.52547/flowerjournal.6.2.95 ]

Ve5-a0 (V)P (VFer) s OlS 5 S

b oS 5 53 Pl Oadakze 4 (el o iS5 aoe o 3T pelcodbge 5 1S casdllas ol 55 A 4l Tag Y0444
Al esls QLA U;j s, Mspl

s dly S 0 (S5 bl e 3505, el 2 b s by ISSR 6By OB ek e )
03,554 TWGT 51 e 58 Camar Sltle a5 S35 SSUSS sy SNP sla Silis slulis (sl (MIG-seq?)
a Glaze 513l Ole 53 L w5 S ladad sl oy bLSl &S & sk onl e (Tamakietal., 2017) .z
2,55 asis |, Kyomaruense s Hondonse o3 5 51 JSize sbacanas

bl 5 Camer bl bl T uls SWIT 851 0515 VOA (3, MIG-Seq 3 5l eslial U (6,03 oy 0 3
ke 30e TV B A Camex 05,0 T IS0 gla SNP sl L(Yoichi et al, 2018) <5 5 & 50 SNP (sla LS
Lsg 05,8 Iy oS R. kaempferi Planch. 458 51 Jaes j5b 4 55 8 o5 S55 Sslise Sl o5 8 55 5 35
i sdalie e Ols > (K55 S80S 51 GVl e 5 ol

S ay (K55 ol e iy Sl eslinad L Y014 Jle s (slasdles WT olS () oty saRass lnly 3
g5 a8 perme JSUS 5 S kel (Yadav et al., 2019) i plol PUIT oS 51 655 €5 gy LIy
GBS- 5 STACKS 3 <y 3 s Structure isble 5 dhos 4 bt pod o 3 plete Comeor 4 LT 6,8l s
o s osls Gaets 1T 45505 4% 5l SNP SSLES TAAD slutad o 2a sy ol 03 e A5 oLulis SNP-CROP
3 53 M SSUS 035Uy o Ao 0L (eudlie )5 a8 sazme pl 53 0l sdalie (K55 SSUS VL
T L 02 LGS (ol Dddsy S S 3 LeilS s G Ulse 4 LS e ol (g olens 0 ST 1S
(Yadav etal., 2019) s,

(oS 55 S s 5 S 416

Gl Snsblas o7 oS Gla Sy ekiS xS 35 GOl sl 554U 3 Vb raos b (S laadd ag
3G sl e s U ooism cal os (S5 Glaon s ol Al b Ll e g SllS s sl
Al b Il S 4 (S5 skt s ol (K5 SLALE o 5 S e Sla b

Sos i 93 e S DMl L sl 6l o b I8 SaS a (Smd bl s B, Sl ealinal b (glaadlae s
awslie 350 (WSL 0 of g als e S Prunus 5 ol 3 > S oS Physocarpus) Rosaceae s Lol e
YYY sluws .(Buti et al., 2016) i SNP gls SLis alew sa0 Physocarpus (3580 ass b 2uS Corge 5 b5 13
055 33 slalas 5 o alis dlows cpl 4 5 L3S GLubis | Prunus ¢33 55 slezsl LG LS J 5,5 SNP Sl
Prunus o s55e5,S Coia 5 Physocarpus e s55e5,5 < Jsb 5o (55 SO cpl s d Ol (gl sla i

Prunus , Physocarpus 053 30 O YIS ssd gbalis 3l oYL Cl:.ﬂ s QLS sy ol il As gy ol 555

R. indicum L. -v Rhododendron japonoheptamerum Kitam. -y Multiplexed ISSR GBS -1
Macro-synteny -v Quantitative Trait Loci -# Rhododendron canascens Michx. -0 Polymorphic -¥

= LS 9 5


http://dx.doi.org/10.52547/flowerjournal.6.2.95
https://dor.isc.ac/dor/20.1001.1.26765993.1400.6.2.2.2
http://flowerjournal.ir/article-1-195-fa.html

[ Downloaded from flowerjournal.ir on 2025-10-19 ]

[ DOR: 20.1001.1.26765993.1400.6.2.2.2 ]

[ DOI: 10.52547/flowerjournal.6.2.95 ]

Ve5-a0 (V)P (VFer) s OlS 5 S

Condy Cotlid 4 Cllae cpl OU 3, 5 ol Rosaceae o3l gl 53 S5 oSS eslr Jde sasOlis a5 3505 5425
S SLLE SGSPrunus e (S5

Tunable ob oL Jls SGS @ (S5 skl pond SOl i s Sl eslinad b S0s (sladllas 53 ioas
Guo et al., ) 48 5 dbl RIL G gma 55 51y Y (5,005 o515 b (3500 laais dinl 5 Olaails GBS
& SNP Lz ¥YaV 5 (P. axillaris x P. exserta) Jl curex sl 2 SNP_SSLES £YAY sliws ¢ iassh opl 53 (2017
Slp S s SNV 5V L Co s o Ko sbads 5 as gLl (P integrifolia x P. axillaris) £33 Carexr
S5 e S Ol candllan opl 5l edelonds S5 glaaid 5 baams olal . atle 053 3 Jsl Coner
A aal bl s ged Ol 5 AS O

Sl oslizal LV (o KL o515 b e« ol JI55 oS a (S5 bl el ST Sl eslinad b dydr (laslllas s
2l eslital U S5 aid coomen (Yan et al,, 2018) ii sl A3 5hos slas, o3 5L sl ol 2 SNP KL Yovy
@l il e 3T 05,5V Jali s esls (i 1) 08 se Bla AQY 228 ol &S 45 48 SNPLSSR sla Sl 55
38505 ol oS bl 3l sl plulis (S5 RE 5 55 ke lap s Obe 53 1) plies 51 VL e (SRags ol
35 085l lass sl by Shias ol Olsm des oo S0 4 el o 4 SIS0 O 53 slasy sl (Sl o IS0 &
Wl Al 3 gy 5 el S he Sl ML b gl Jlenml o nl s i a5 S eslind

son s Shde 5 s o0 (S5 kB cole gl gl s SeS a S Jtle ed 2s LB
5 55 W 5l Job- Fi Cumex 53 SNP SOLES AYPPPY slaws canlas ol 53 .(Zhang et al., 2019) ol a S 5l 3
S GBS KLi YAPA 5l eslinal b ax LK aid o dle 4 .S o3ls ,2sxi5 Paeonia ostti x Paeonia suffruticosa
sLiSU S G5 O A 5 ekl el G5 GO obsy Al wsle oy OB ) go 8l \TIVOO oias iy
e glalid |y adlS s o 5 SIS Jub oS8 slaws (S sl ol iy sla S5

5 JS

63k 3 3l eslinal b OLLS 53 sy sla S35 el gl omlin LIl (GWAS) o555 IS s sla s
Sl 28 SNPSGLES Ollse cnlply A3l o s (558 USS L koo 535 sl 3 0 558 IS0 0L
LB OLSslse e sl S b b S bLoyl bl e sb s SaS w Smd slle e i) b
gm0 4 e oS (65 Shas G W Llulis ¢l GWAS wxsiS sldle s (Myles et al., 2009) il o osliza
DI eslinad 5550 635503 5 5 akexr I a5 eSS Sl ol 53 ipd e o3l slaasl L3 wygs 5 Ol s
(Rafalski, 2010) ol a3 §

gl oz 5 oS sl Sy ple b os 3108 8 alexr 5l aus e Shs b bl 5 ege SNP la S

2Lt |6 55 dd RAD-Seq (RAD-seq SLAF-seq aber 5l U iy ciloies sla ool 3ok 5l dacs slis

Genome wide association study -v Paeonia L. -v Recombinant Inbred Line- 1

= LS 9 5


http://dx.doi.org/10.52547/flowerjournal.6.2.95
https://dor.isc.ac/dor/20.1001.1.26765993.1400.6.2.2.2
http://flowerjournal.ir/article-1-195-fa.html

[ Downloaded from flowerjournal.ir on 2025-10-19 ]

[ DOR: 20.1001.1.26765993.1400.6.2.2.2 ]

[ DOI: 10.52547/flowerjournal.6.2.95 ]

Ve5-a0 (V)P (VFer) s OlS 5 S

LS b Sl sl e Seslasl 5 gesle b5, GBS L oL JIg S 0 S5 Jltle s 55y bl dlizes
o3l JB S50 5e sl SOl Sl 015 e ) e s 0 ol 15 S 0 (S5 Sl sy s
.(Wu and Alexander, 2020) > s ;45 'CAPSs 5 KASP a5l

s Jead 53 LSS Sl e A 5 3T S s b las e SNP (sla SOl plabis G b (slardllas dlely ol 5o
SNP LS OAY sluws 5l ke -pl 4 .(Wu and Alexander, 2020) . el 3l 53 35 S g alews
o3lizal o 53l S 12 S AY 53 GWAS LT pl=il sl » (Wu and Alexander, 2019) oty Shass 53 sk plulid
RS 05 S5 by &8 03 31 IS £ L a0 SNP Lol G5 ollr O plulid 4 e aalllas ol il
Py

SN sl KL b o

S S S sl S sl L S b s SeS a (Sn5 ol i s slas 8 51 S (S
il glaell Sl My A3l ol e pes 53 T S S el Dbl S ek S o pan 4
sla S sl Sl C‘f" S 4 5L Olgmen ,ls 515 O‘Ji“:“h)_;i Sl 53 e Do 4 DNA glaesls
b S sla KL 0 a8 s Jod b Il 53 03 208 o iy 4 a5 b ooyls 3 gy Jibe e 5 Je 25
et el 03 IOl W B 5 w558 Olie 5 Sz p5 b gbai S 55 o (558 gl 5o
23S sl Gla S5 50 fae slS LLOKe Gl Shads Slalles olis 1 Ol e L JsST 5 sla SiLS
. (Bagheri and Saki, 2017) s S oslal

Rosa o3, V4 sl SNP L YWWA sliws (oL Jls S w0 (Soh bl s By Sl eslitad L Jle Ol e o
b e e il sl il Lol Siags Jilesl l 5o dix s (Heo et al., 2017) 5 S 1, 5 2.8 dybrida
Loz 50y 5 e kdeS glaesls sl sluas 5 b JI5 (g3lesl mb CakS el

S8 F1 Caner 55 J58050 o Sl 5 28 6l ol Il S8 a0 (S5 sl e 2 Sl easlie ialasT
L .(Chen, 2020) . esliwal S. pubescens ‘Penda’ 5 Syringa meyeri “Palibin® - 35 5l Jol= s b )
ol i glalis oS pl s sSh Cumex 53 AUS Lty Cdo b Las o SNP SGLE 55 hasy opl ml & ax s
o pss BB S 68 ol gl Sl B8 s oL Jls S8 a4 S5 skl e hs) Ghse 28 caalllas
g el e 658l ednl (gl laasl o e 53 Ll sl slo als LES T 5y

Ficomer 53 b s S8 w0 (Sd slorle 30T G b 51 318 g0 o L o e sl SOLS S0 oialesl s
L4V Ol 4 andllas ool 55 sdalowds SNP sl a5 (Trénkner, 2019) il 5 28 w3l IS Jie b 458
5 @l Glaasly o3 eslid @l Shass onl 5l eteliasy sl L pl 0553l Ly Jas e 318 g

A sl sl sl S Ol

Cleaved Amplified Polymorphic Sequences -

= LS 9 5


http://dx.doi.org/10.52547/flowerjournal.6.2.95
https://dor.isc.ac/dor/20.1001.1.26765993.1400.6.2.2.2
http://flowerjournal.ir/article-1-195-fa.html

[ Downloaded from flowerjournal.ir on 2025-10-19 ]

[ DOR: 20.1001.1.26765993.1400.6.2.2.2 ]

[ DOI: 10.52547/flowerjournal.6.2.95 ]

Ve5-a0 (V)P (VFer) s OlS 5 S

TR -

S50 lasl ol Lol bl s dteen o 28 s 3 Sy 0 0015 s 5 L IS slagsTop ol Jls o
S 5 Jeted 4 e R e el aS 8 pLlE SGS w (SES sl e s Al
SAl b (K3 Sl 5 VW G 5 e sSis e mhaw b oy gl S s o OllS (ool Ol
dals 5 358 plonil (VL e b o3 OALS Sle 55 s OLLS (ool sdnl 53 48 s e 0 a4 5 35
Sl S s e S s SV s SSUS L s 0blS

e sbeesls ol 5w glalil e 5 sl eslinad S50 Lt lajlnl LS8 st sladle Ml
Gl g 8505 ey by el mus OllS (ool 4 Oddsn Co e gz oL )l 5l Jol
b e G o e sl SOLES 51 S s a5 s (LT 4 SO slawr S L s e sS o5 5 st
iglad My g e 3500 Sla05 3 @i SSUSS & (o8 Sla Shus e SIS S5 et

cl.'.a

Ahrens, C.W., Supple, M.A., Aitken, N.C., Cantrill, D.J., Borevitz, J.O., James, E.A. (2017). Genomic
diversity guides conservation strategies among rare terrestrial orchid species when taxonomy remains
uncertain. Annals of Botany, 119(8), 1267-1277.

Bagheri, H., Saki, S. (2017). Requirements and guidelines for the preservation of genetic resources of
ornamental plants in Iran. Journal of Flower and Ornamental Plants, 1(2), 24-33 (In Persian).

Beissinger, T.M., Hirsch, C.N., Sekhon, R.S., Foerster, J.M., Johnson, J.M., Muttoni, G., de Leon, N. (2013).
Marker density and read depth for genotyping populations using genotyping-by-sequencing. Genetics,
193(4), 1073-1081.

Buti, M., Sargent, D.J., Mhelembe, K.G., Delfino, P., Tobutt, K.R., Velasco, R. (2016). Genotyping-by-
sequencing in an orphan plant species Physocarpus opulifolius helps identify the evolutionary origins
of the genus Prunus. BMC Research Notes, 9(1), 268-276.

Chen, H., Lattier, J.D., Vining, K., Contreras, R.N. (2020). Two SNP markers identified using genotyping-by-
sequencing are associated with remontancy in a segregating F1 population of Syringa meyeri ‘Palibin’x
S. pubescens ‘Penda’Bloomerang®. Journal of the American Society for Horticultural Science, 145(2),
104-109.

Chen, W., Hou, L., Zhang, Z., Pang, X., Li, Y. (2017). Genetic diversity, population structure, and linkage
disequilibrium of a core collection of Ziziphus jujuba assessed with genome-wide SNPs developed by
genotyping-by-sequencing and SSR markers. Frontiers in Plant Science, 8, 575.

Davey, J.W, Hohenlohe, P.A, Etter, P.D, Boone, J.Q, Catchen, J.M. (2011). Genome-wide genetic marker
discovery and genotyping using next-generation sequencing. Nature Reviews Genetics. 12 (7): 499-
510.

Deschamps, S., Llaca, V., May, G.D. Genotyping-by-sequencing in plants. (2012). Biology. 1(3), 460—483.

Elshire, R.J. Glaubits, J.C., Sun, Q., Poland, J.A., Kawamoto, K., Buckler, E.S., Mitchell, S.E. (2011). A
robust, simple genotyping by sequencing approach for high diversity species. PLOSONE, 6(5), €19379.

Fu, Y.B., Cheng, B., Peterson, G.W. (2014). Genetic diversity analysis of yellow mustard (Sinapis alba L.)
germplasm based on genotyping by sequencing. Genetic Resources and Crop Evolution, 61(3), 579-
594

Gladfelter, H.J., Yadav, L.K., Merkle, S.A., Wilde, H.D. (2020). Genetic diversity and population structure
analysis of Franklinia alatamaha, a tree species existing only in cultivation. Tree Genetics &
Genomes, 16(4), 1-9.

Guo, Y., Lin, W.K., Chen, Q., Vallejo, V.A., Warner, R.M. (2017). Genetic determinants of crop timing and
quality traits in two interspecific Petunia recombinant inbred line populations. Scientific Reports, 7(1),
1-12

=) gL g S5


http://dx.doi.org/10.52547/flowerjournal.6.2.95
https://dor.isc.ac/dor/20.1001.1.26765993.1400.6.2.2.2
http://flowerjournal.ir/article-1-195-fa.html

[ Downloaded from flowerjournal.ir on 2025-10-19 ]

[ DOR: 20.1001.1.26765993.1400.6.2.2.2 ]

[ DOI: 10.52547/flowerjournal.6.2.95 ]

Ve5-a0 (V)P (VFer) s OlS 5 S

Hadizadeh, H., Bahri, B.A., Qi, P., Wilde, H.D., Devos, K.M. (2020). Intra-and interspecific diversity analyses
in the genus Eremurus in Iran using genotyping-by-sequencing reveal geographic population
structure. Horticulture Research, 7(1), 1-13.

Hasing, T., Rinaldi, E., Manrique, S., Colombo, L., Haak, D., Zaitlin, D., Bobarely, A. (2019). Extensive
phenotypic diversity in the cultivated Florist's Gloxinia, Sinningia speciosa (Lodd.) Hiern, is derived
from the domestication of a single founder population. Plants, People, Planet Journal, 1 (4), 363-374.

He, J., Zhao, X., Laroche, A., Lu, Zh., Liu, H., Li., Z. (2014). Genotyping-by-sequencing (GBS), an ultimate
marker-assisted selection (MAS) tool to accelerate plant breeding. Frontiers in Plant Science, 5, 484

Heo, M.S., Han, K., Kwon, J.K., Kang, B.C. (2017). Development of SNP markers using genotyping-by
sequencing for cultivar identification in rose (Rosa hybrida). Horticulture, Environment, and
Biotechnology, 58(3), 292-302.

Myles, S., Peiffer, J., Brown, P.J., Ersoz, E.S., Zhang, Z., Costich, D.E., Buckler, E.S. (2009). Association
mapping: critical considerations shift from genotyping to experimental design. The Plant Cell, 21(8),
2194-2202.

Novembre, J. (2014). Variations on a common STRUCTURE: new algorithms for a valuable model. Genetics,
197(3), 809-811.

Pais, A.L., Whetten, R.W., Xiang, Q.J. (2016). Ecological genomics of local adaptation in Cornus florida L. by
genotyping by sequencing. Ecology and Evolution, 7(1): 441-465.

Peterson, G.W., Dong, Y., Horbach, C., Fu, Y.B. (2014). Genotyping-by-sequencing for plant genetic diversity
analysis: a lab guide for SNP genotyping. Diversity, 6(4), 665-680.

Poland, J.A., Rife, T.W. (2012). Genotyping-by-sequencing for plant breeding and genetics. Plant Genome. 5:
92-102.

Qi, P., Gimode, D., Saha, D., Schréder, S., Chakraborty, D., Wang, X., Devos, K.M. (2018). UGhS-Flex, a
novel bioinformatics pipeline for imputation-free SNP discovery in polyploids without a reference
genome: finger millet as a case study. BMC Plant Biology, 18(1), 1-19.

Rabinowicz, P.D., Citek, R., Budiman, M.A., Nunberg, A., Bedell, J.A., Lakey, N., O'Shaughnessy, A.L.,
Nascimento, L.U., McCombie, W.R., Martienssen, R.A. (2005). Differential methylation of genes and
repeats in land plants. Genome Research, 15, 1431-1440.

Rafalski, J.A. (2010). Association genetics in crop improvement. Current Opinion in Plant Biology, 13(2), 174-
180.

Ryu, J., Kim, W. J., Im, J., Kang, KW., Kim, S.H., Jo, Y.D., Ha, B.K. (2019). Single nucleotide polymorphism
(SNP) discovery through genotyping-by-sequencing (GBS) and genetic characterization of
Dendrobium mutants and cultivars. Scientia Horticulturae, 244, 225-233.

Smulders, M. J., Arens, P. (2018). New Developments in Molecular Techniques for Breeding in Ornamentals.
In Ornamental Crops. Johan Van Huylenbroeck. (pp. 213-230). Springer, Cham.

Tamaki, 1., Yoichi, W., Matsuki, Y., Suyama, Y., Mizuno, M. (2017). Inconsistency between morphological
traits and ancestry of individuals in the hybrid zone between two Rhododendron japonoheptamerum
varieties revealed by a genotyping-by-sequencing approach. Tree Genetics & Genomes, 13(1), 1-10.

Trénkner, C., Krlger, J., Wanke, S., Naumann, J., Wenke, T., Engel, F. (2019). Rapid identification of
inflorescence type markers by genotyping-by-sequencing of diploid and triploid F 1 plants of
Hydrangea macrophylla. BMC Genetics, 20(1), 1-12.

Wu, X., Alexander, L. (2019). Genetic diversity and population structure analysis of Bigleaf Hydrangea using
genotyping by sequencing. Journal of the American Society for Horticultural Science, 144 (4), 257-263

Wu, X., Alexander, L.W. (2020). Genome-wide association studies for inflorescence type and remontancy in
Hydrangea macrophylla. Horticulture Research, 7(1), 1-9.

Yadav, L.K., McAssey, E.V., Wilde, H.D. (2019). Genetic diversity and population structure of Rhododendron
canescens, a native Azalea for urban landscaping. HortScience, 54(4), 647-651.

Yagi, M. (2015). Recent progress in genomic analysis of ornamental plants, with a focus on carnation. The
Horticulture Journal, 84(1), 3-13.

Yan, M. Byrne, David, H. Klein, P., Yang, J., Dong, Q. (2018). Genotyping-by-sequencing application on
diploid rose and a resulting high-density SNP-based consensus map. Horticulture Research, 5(17), 1-
14.

=) gL g S5


http://dx.doi.org/10.52547/flowerjournal.6.2.95
https://dor.isc.ac/dor/20.1001.1.26765993.1400.6.2.2.2
http://flowerjournal.ir/article-1-195-fa.html

[ Downloaded from flowerjournal.ir on 2025-10-19 ]

[ DOR: 20.1001.1.26765993.1400.6.2.2.2 ]

[ DOI: 10.52547/flowerjournal.6.2.95 ]

Ve5-a0 (V)P (VFer) s OlS 5 S

Yoichi, W., Kawamata, I., Matsuki, Y., Suyama, Y., Uehara, K., Ito, M. (2018). Phylogeographic analysis
suggests two origins for the riparian azalea Rhododendron indicum (L.) Sweet. Heredity, 121(6), 594-
604.

Zhang, L., Guo, D., Guo, L., Guo, Q., Wang, H., Hou, X. (2019). Construction of a high-density genetic map
and QTLs mapping with GBS from the interspecific F1 population of P. ostii ‘Fengdan Bai’and P.
suffruticosa ‘Xin Riyuejin’. Scientia Horticulturae, 246, 190-200.

= LS 9 5


http://dx.doi.org/10.52547/flowerjournal.6.2.95
https://dor.isc.ac/dor/20.1001.1.26765993.1400.6.2.2.2
http://flowerjournal.ir/article-1-195-fa.html

[ Downloaded from flowerjournal.ir on 2025-10-19 ]

[ DOR: 20.1001.1.26765993.1400.6.2.2.2 ]

[ DOI: 10.52547/flowerjournal.6.2.95 ]

Flower and Ornamental Plants (2021), 6(2): 95-106
Review article

DOI: 10.52547/flowerjournal.6.2.95 e o

Application of GBS profiling in ornamental plants

Hanieh Hadizadeh, Leila Samiei”

Department of Ornamental Plants, Research Center for Plant Sciences, Ferdowsi University of Mashhad,
Mashhad

BJ samiei@um.ac.ir
Received: 2021/04/26, Revised: 2021/09/11, Accepted: 2021/09/13

Abstract

The lack of sufficient genomic information of ornamental plants besides their polyploidy and large
genome size are the main challenges ahead of their molecular breeding. Next-generation sequencing
(NGS) is a viable method capable of developing a large number of DNA markers in a short course of
time. Currently, single-nucleotide polymorphisms (SNPs) are recognized as one of the most studied
and popular DNA markers using for various purposes in plant breeding. GBS (genotyping-by-
sequencing) approach is one of the leading techniques that has emerged to evaluate the molecular
characteristics of plants possessing complex or non-sequenced genomes using SNP markers. This
method has so far been used for breeding and germplasm evaluation of some ornamental plant species
including Rosa, Petunia, Hydrangea, and Gloxinia. Among these studies, one study is done to
perform GWAS on Hydrangea macrophylla L., ten studies to investigate the genetic diversity of
various ornamental species including Gloxinia, Dendrobium orchid, as well as ornamental trees
Franklinia alatamaha Marshall and Cornus florida L., four studies to construct and elaborate the
genetic map of plants species including Rosa and Petunia, three studies to develop molecular markers
in rose, lilac and Hydrangea species and one study to investigate the genetic diversity within and
between Iranian Eremurus spp. This is a potential method for examination of genetic diversity of
plants, assembling high density genetic linkage maps, discovering the required molecular markers in
QTL and GWAS studies, and verifying candidate genes including genes controlling the flowering
process. Owing to the high efficiency and accuracy as well as the low cost per marker of this method
compared to other genotyping techniques, GBS can be widely used in genetic studies, sequencing and
breeding of ornamental plants.

Keywords: Next generation sequencing, Genotyping-by-sequencing, Ornamental plants, Molecular
markers.
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