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Abstract

Cotton (Gossypium hirsutum. L) is an important economic crop worldwide, valued for its rich fibres and
its role as a major source of edible oil. However, the resistance of cotton to conventional regeneration
protocols is a challenge. Therefore, the development of efficient plant regeneration protocols for
recalcitrant species such as cotton, especially from meristem apex explants, is crucial for the advancement
of functional genomics and selective breeding using transformation technologies. In this study, we used
seeds of Sahil, Varamin, Khurshid, Golestan, Latif, Kashmer and Armaghan varieties. The meristems
isolated from these cultivars were cultured on a medium containing MS salts, B5 vitamins and hormones
to induce organogenesis. The shoots were then transferred to a branching medium. Optimal branching
was observed with a medium enriched with 2 mg/l BAP and 2 mg/l Kin, with no significant differences
between varieties and a maximum branching level of 92. In addition, the shoots were transferred to five
different rooting media. Statistical analysis showed that a medium containing MS salts, B5 vitamins and 1
mg/l IBA gave the highest rooting rate of 95%. Our study optimised a fast, productive and genotype-
independent method for organogenesis and branching from the shoot tip in cotton. The improved rooting
rate and the provision of a genotype-independent rooting method are further results of this research that
promise significant advances in cotton regeneration protocols.

Keywords: Cotton, Direct regeneration, Shoot apex, Rooting

Olge & S5 podige LSS il ol SV b o) 50
(Hamid et ps bacys gde oyl & L ol ol
5 M S8 a5 asy sl gslelay Ole 5lal., 2020b)
Dlio 3ol 3550 53 SIS cpr VAV JL 53 VY S S
(Noman et al., 2016) <ol ol iz Olgz ol o > il
23 Shr s § g eyl laslies (pl s L
Sl edes S sls semy sl an 0] e
AN gy cele (LSS sz pde el sl
ST 5l aalizal b olS ) 5ol ol ol S (sletdis )
ey 0 Opmmlo il 5 5 55 S o3 51 05 Jasl o5
S L) S e 21350 s 4 Sk e SLs S
) S Slinlis ajls JUgSle s ¢35 bl 05 5 YL
Iy sl A e ¢l B Ll Sl ¢l5)\
Cl 2133l g LS gl S 5 s pde ol b s
ol (sl Rel,lS IS5 45 o0l 2l (Tohidfar et al., 1387)
el oo 53 Il Do Gleiy ol S iies 5
Lriea Solbogw ol3oer el ol sy 515506 sl
a3 Sl sliner e (Michel et al., 2008)

b L;.::LAF &bw;- L;l\)ls L;)Lg...u J‘“‘j’c 45\“.,...-" o3l QL.:.;

doddo
4 oS Cl Ol oolaBl OV pame o tege 31 S A
Cyeien gl Caio Lol b 5 b e A Ol
gl Gl asy &ls ey (Hamid et al., 2018) 555
Sy oslial Slls adss 53 dlbagy dbeS 50 5 8,
ol 4 Gl ely3 asy, (Hamid et al., 2020a)
Ao ks el gl S 5 35 Gossypium .- s Malvaceae
5 e Gl 5l e el OlalS s wile sy ol
JS‘ DL 4.‘.% “ b))‘} ML;.‘L.AJ Q)Lw? O‘ﬂ w\ M)ﬁp
5 oy e 2l OlS s 4 ad ey ot
slacaiise Lo s (Oerke., 2006) ol VA=A 554~
03 e bl Cj“" sl Sy 3l el b & rNadir
v.;.ﬂ.; S o c)Jﬁa& w‘f\ c‘_;';\.\.q")ﬂ& 6LGJ:MS L' OJ'JL:.G
slas, ks Ll (Hamid et al., 2019) ol s ool (s>
5 UL ablis s aegs sla 2 b alaly 53 (6350
J.A‘ L)'l\ (Dutt et al, 2004) w‘ ol JLJ\; Lﬁd)l.a.;a

VP linoy g 3l Y o losds [ o203190 0590 [ wn § (oo g S omwdigeo



ety (b Bl 2y S gleane

O‘)K-"-”JJ:‘*—"

4By B e 4 ke S S Aoy Ve Jsloe 55 up
ST L LLY=0 Jsl b Ssteds 5l LdS Jsieds
b Kb Lo 53 5 MS o35 S Lo (55l ulesT 4y 5o
Al esls 3 .sljfdﬂb a3 YA gles

:&Uf""s‘ sl ag o s S5l

5 UL sy Gallas o35, Yot baazealS 5l ot o (g5lulr
oo orl 3 8 S o se (Zapata et al., 1999) of,\Sas
33 Sl 0w K8 @ Gl S S 5 Gl Sl e
C)L"ﬁf‘ff)"u-i‘uf‘\sv:““{fﬁ“bﬁ‘"\"@ﬁ“ff
6}5— u’lbf\'b‘ .]a.:?u! 93 ok LS)L"" (B éL@Mﬁ WY
MS+ ) o}vJ 6Lad_}ﬂ)}b 9 B5 Lth J;.ALQ} 9 MS MML% .}a.;;w

B5 vit+ 0.1 mg/l NAA+ 0.1 mg/l BAP+ 30 g/l glucose +
o baelis s esls Ll 3 3/l charcoal + 2.5 g/l phytagel

9 L;u‘)) cele ¥ Lg)}’ o)jJJY/\iY LgLaJLCM:.S&.eU‘
w LSS as g e badged Lad el 13 S0 cela A

Z&UA}'U‘:
c(mjb) L;elS.,\.;)muJ:.ﬂ))we,\.L .,\.;Jj; 6LAeJLW;'-L§
S B5 slacmeln s LMS lass w0 oylustls )50, Wl g
slackle 5 s Jlj doys /Y S8 do s an el
(+/+=Y/+) BAP 5 55 (:J,féfa (+/+=Y/+) KIN & slaze
cele A 5 Gl cel MV (gH s o) 5 YORY glas L

r2lieds
95 4 pliade, Gl e le Y/0-Y Jsb 4 slae sl
DL IBAQ)A))A O‘J»JB 4 l/ZMSJ Msv_}‘bu‘) .la.ou C)J
Y—v)le.b.u‘}.&wY olacd d)k))ﬁﬁjss L;L“Cﬁk}&
L .8 o3l Shadsy doys s ads,y Jsb Clis ais

7 0 Ol Gl i S plaazalS Jlals; 5l ey
Sk K sl S S OIS @ sy Bl are

U s S LS s 5 s il S Sldlas s
& gos 52, odas Ml (Ishii et al., 1998) 555 Las o 3
slasus (,.JM C\y‘l (Liu et al., 2011; Zhang et al., 2010)
(Kumar et al., 2015; —.iS la>s (Jinet al., 20116) i,
05 34 g0 AL gl sldxd (iSTy Oley Juturo et al., 2015)
Jele = 5 (Michel et al., 2008) Ls 5 ;5 (3 %
ale> 3l (Zimmerman & Robacher., 1998) ls otiSJ5
Shdas o )3 86 cos |y o33k o o« s Lilse
2o s S8 sk Sl ploer Gk O LB e
S Olmas SIS s el a5l 3 e el
Sl A5 4 e Al e (5 $asde sl LS Ll
gl b sl Wisd sk ollS s Sl
(Quturu et al, Ly, g CiS 5 s a5 LSS cbacpY
Gl S IS 51 dls Qs guiies 15101 2015)
2SS S e Sl 0500 S5 Glp s LB
ils Bl 4 0lalS (Vb elde a5 aeen 5 05 JW
Ol s SNBSS (Sl Ol s G 40 05y 2l

(Muchke et al., 2012) ol 5 5Sk gy Ole 55 055

350 53 SHlSblas 0 SE ol plnil mbio s ol
2> Wl ol plonil 4y Glal pB VL LS L el
o5y gliade) 5 bl (el ety axlles (!
slachle 53 oletl ot o aged s, Sl eslinal b oazy ol
Sl Gda b S8 s ase Ay laediS ks il
G55 3 e e DS gy SO me aalllae

L Sy, ol

W saises ol Al 5 Gsaedd 5 ALE sl

sla,d DB ol o3 S rl_?u.\ Ve Jle s o5 ol
Dlinsl 5 oilS il OldS ey g5 (el ¢ ol o)
Lol 23S S s ag 08 5 oy Slidss auwse )
BT B Yy Sl doys A S s s el 3l el
il s B Sde 4 sk 43S S S ey A pl]

- oY liano 5 Sy ¥ oslecd /o033l 0399 g grmt] 5 S sides



O 5 A

ety 5ol )l gl 3L (g5luang

s5els Ol s KIN 5 BAP 5 5l Jols mils
Ol 0 (0T e 53) 5y s pme o35 S a Glagie e
alsee fl_fa)\ 5 S50 L3 gme pliarls Olse o2 A axdlaa
wlie ol arli Olpe B 51 ke Ssayse LS S0
b g pBl Sk 3 JS sb 4 (0 Joas) Loy
s Gl e 3550 Slio B il glaciS
55 bl Jb o boylsle (S8 Sl Al aalis
OLE ) sl 3 il w3 515 a8 & b0 se 50 52
2mg/l Ssegn Chle s Sl5a5ls Ol o iy Kileds osls
25 0 BAP (Y 5 Jsd>) L sdalis BAP, 2 mg/l KIN
ot Sl 5 Sl s WS S e Ol w
KIN 3 BAP .S slackle (Hagio., 2002) ool ol atlis
Sad o azalS 3l el sbel Glaasls slus jalS 4 s
Lo & (AMY/D) b sls chle 53 Ll o BAP S b
S I S R U T
slaas o mis @2mglh) VG sl clale s oS b s 553 s
3,0 wlie b (Y Jsds) 355 e sloul (1Y) il sl
s sl el 4 e (Mgl oS sl clle s KIN
L elarls Ol piy glackle o Jb= 3 o4 e b
slable 53 BAP 5 KIN Jyeyem sl Cod sls il
Cgadpy o bl 4 als (0-8) Sl Amg/l) b
oS 5 5 (V) b e ld slaws o 2l (Y Jadr) o] 5
gl o3 ks Jel= 2 mg/l KING 2 mg/l BAP se ) 58
3ol F eSOl 3 el pu s S S
o505 4 LS s g b 5 dle sl slul Glaasls
35 3 s e sbearls sbwl s Lol i BAP
slea=Lls (Cucumis sativus) L= 5 (Vigna unguiculata)
St o 0 S S W s sl 4l ) saae
Laggladss 5o 53 sludy ol s o OLAS &S WS sbel wline
(Barar et al., 1999; Muhiudin et al., <.l Jsens glotsy
OLes 5 Kl 5 (Yot oLKea 5 il .1997)
5 555 sed Sdisais; (Coker B10FR (3)) azy 53 (Y++A)
(RaUf s IS a0 aliesls Gl 5 abplil sl 1y 03 S
OLKea 5 calblle et al, 2004; Ozygit et al., 2008)

31 esliad § aOIulS 51 pliS ja s Jite S S ey 5 oo
LS o Lo LS gl K VL Cogh, 8 Saadl 4SS
LSS 555 0 baamalS 05 5 )85l ke 4 ul sl
wings 5l i sbal Sl aeS s gladi
S5l s an g o 0 Ol Glat s ot oS plaasealS
3o ol Sy gsles Glacad sl OIS @ 5y wil
K Jame S S e

tssbel 5IGT

(l3atlE g s Jals alle cpl s (S5l 350 i
glarls ol baazalS Job Jb baazalS do)
shls boled ss pliads, dons 5 axaly; Job (Sl
Holai als b B s Sralesl s ilesT LSS ler
23S g FLSD Oge3l olul (o Kks alie 5 ol
el SPSS 5 EXCEL sla 31 ¢ 5 51 sslitl L s3] sl

A

;".."9‘9@\:5

S Jaes aasls 5 Il Gl LD S S ag
Shadaze Sl 5 bl (o520 213 OS5
(o 5 QNS S (J5 55 58) il ladisalsny lsplnl
(Khan et al., « Sobosw sl G b 5l ey S8 o
Syrs ol pByl alsels 51 6sb Sl Sla5S 2010)
VU b b5 L s, aslllas ol 55 (Obembe., 2011) 5 s
Laagls cul A ilaang 5525 Gl pBJ1 liels Gl
CetS 5 A5 Ol i8S gar Bl Ll Bl o
oo aallla ol 53 15 VL Sl (5 ond Cmnl U
Gl o3, Y=t GlaamalS 51 L xal SIS Ll 2 s
Coge h S YT lagias o (A-B Y JK8) L
Sl wgr J addllas 53 45) olplll e (555 2 S5 5ee
Vo) athn 53 3l e Dot (C) JS2) G o3l3 J1 5 (o el
Sl SbamalS L St s S, s axale uv:...ﬁf Gy
5 lsle glolle sbul L0 fime oherls b &
g 550Vt Sl ey azealS LSl wilr LS 1 IS S5

(D) K203 8 5568 4

Vel lwno) 9 3l 1Y 0 losls /0003190 0590 [ G j (Soos 9 Sl ) (oo




ety (b Bl 2y S gleane

Q‘)KA.A}J:‘«:-

OLas (8-Y) Jodr 53 aliads) Ol 5 ST S0 (}2.:,.»
MS L 53 plials) 3l s JU CEM RGSOM RS TP 1
5 e Lo 53 cpl 53 plsads, Olpe A3 odalie %2 MS,
534S 3y e Bl MY als ;) dob o i bl g Aoy A
1410 Vgans oliades L talie (MS+ 1mg/l IBA) lams
iy ol 5 pliads s le 4 laazealS JUl 51 a5,
SlaamalS 5l olS ol Cil cis eSlis 3 S as
D R e R R O I L
(e A5 Omman ilise gla s cnlple ol Gl Sl
Sl 055 sl iS5 el ity clls ) eslic
2l 3 e Gl gl s U5 038 B3I 5 sl oS
SazalS o (Juturu et al., 2015) ol a, SIS 4 oS

(V ﬁ)&m@ué)gjbbfjjba&)b&iﬂ)

53 BAP 5 KIN I g5l slaclile 5,58 L (YorA)
=0 slel Wged 5y o gl a ly SAs S o8 5l ohals
(Abdollatef & Khalafalla., 2008) L5 S 5,158 1, o lusls
KIN 03 58 4 51 elie 2015 (V44Y) 0D 5 J5l S
L5 S &l JASS o 8 sbaaiged 5y sliasls 5 BAP
03,8 4 L (Yer)) O, 51554 (Agrawal et al., 1997)
Cyod 3y o bl 4 esleli o) BY/0 W oles 4 BAP
OLSen 5 aSise (Hazra et al, 2001) Lsls 3,058 1,
oslial l3asls Wl gl BAP -l slachle 51 (Y4)Y)
35 Sde a0l sl slaasls (Mushke et al., 2012) Ls S
(1- 2.5Mg/L GA3 +MS) Jsb iy bms 4 5 (s 5luldr axin
clle Jib as;y ol chle g (B (IKS) Lus e

.24 (2mg/l)

Lo g5 1 4 iy Bl an g gt 4 S GleanalS

ay el it e 53 (KIN 5 BAP) s eeS olas 5 035 U s 53 al3asls Slio uills 4o s =) Jpis
Table 1. ANOVA Results of branching traits in assesment of cultivar and phytohormone (BAP
and kin) in terminal meristems of cotton

Sources of variation df branching
Block 3 0.13
Cultivar 6 v\ yns
BAP 2 0.41"
kin 2 0.25"
kin %BAP 4 0.58*
BAP s Cultivar 12 0.56%
kins Cultivar 12 0.31"
kin s BAP: Cultivar 24 0.59"
Experimental error 21 0.21m
CV (%) 0.38

Loy |50 Jlexl Cla"’ﬁ)bu"""’ Ol prs e O S 5 NS a5
Note: ns, * and **: Not significant, significant at 0.05 and 0.01 probability levels, respectively
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Table 2. The effect of phytohormones BAP and KIN on the branching of terminal meristems of cotton

Treatment BAP (mg/l) kin (mg/l) N.m of branch seedling Seedling response
Length (cm) branching (%)

1 0 0 0.00f 0.00 +0.0f 00

2 0 1 2+0.7ef 2.1 +0.8e 60.1
3 0 2 3.7+0.7cd 2.6 £0.5e 59.8
4 1 0 2.5+0.5e 3.5+0.7d 67.5
5 1 1 3.2+1.7d 4.5+0.9¢c 66.5
6 1 2 2.0£0.7ef 2.1+0.6b 60.1
7 15 0 4.5+1.1c 3.7+0.7d 65.5
8 15 1 3.1+0.9d 2.1+0.8e 58.4
9 15 2 8.0+1.3b 5.5+1.1ab 62.7
10 2 0 3.7+0.8cd 5.5+0.7ab 75.4
11 2 1 2.6xl1.4e 3.7£0.7d 67.2
12 2 2 9.2+1.7a 6.2+1.0a 92.5

e e Ol O.<3|_s Slawlsde Q}»ﬂ ool Aoy Jlez>| éa.»); Iy lasles Sls e coslis pls wlie Loy > Ot a3 a3
=Note: In each column, similar letters indicate the lack of significant difference between treatments at the 1% probability level of Duncan's

multiple range test.
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Table 3. ANOVA results of rooting traits in assesment of cultivar, media and phytohormone (IBA) in cotton seedlings

Sources of variation df Rooting
Block 3 0.18™
Cultivar 6 0.21"
IBA 5 0.65™
IBA#Cultivar 29 0.23%
Media 1 0.44"
IBA=Media 5 0.58™
Cultivars IBA #Media 30 0.30"
Experimental error 21 0.32n
CV (%) 0.56
gy slaamalS liais; s oSt 3-8 Jgds
Table 4. Effect of auxin in rooting of cotton seedlings
Treatment Culture IBA (mg/l) Rooting% Root length
(cm)
1 1/2MS 0.0 90 5.1+0.4b
2 1/2MS 1.0 90 7.3+1.5ab
MS 0.5 90 5.5+1.2b
4 MS 1 95 8.3+0.7a
MS 15 40 3.5+1.3c
6 MS 2 5 1.0+0.5d

Ay e OLa STl (gl aels e a3l bl 1Y Jlaz| Ck.d)) Lol T pse sl pe wlie Gy, gt 8 3 4 g
«Note: In each column, similar letters indicate the lack of significant difference between treatments at the 1% probability level of Duncan's

multiple range test.
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Figure 1. Different stages of cotton terminal meristem culture (A-B): Isolation of meristems (C): Cultivation of meristems in
organogenesis medium (D) Branching (E) Seedlings cultured in elongation medium

OIS w4l 4ty (ls amalS JEs (A-B) L L (850 -Y K5

Figure 2. Adaptation to the environment (A-B): transferring the rooted seedlings to the pot
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