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Evaluation of the expression of some genes affecting flowers
pollination and fertilization in the date palm cv. Barhee,
propagated by tissue culture and offshoot
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Abstract

Offshoot planting is the most common way of propagating date palms. Due to the limitation of the
number of offshoots produced by each palm tree and the problems with their transferring and planting, the
tissue culture technique is recommended for palm propagation. Tissue culture plantlets are completely
similar to the mother stock. But in some cases (like as date palm cv. Barhee) this method shows
somaclonal variation, such as abnormalities in pollination and fertility. Gene expression analysis can
determine the molecular mechanism of somaclonal variation. Therefore, in this research, we investigated
the expression of some genes affecting date palm pollination and fertilization, including Ubiquitin (UBQ),
Metallothionein (MT), Phosphofructokinase (PFK), and Polyadenylate binding (PABP), in the Barhee
cultivar at three stages of the inflorescence spathe growth (15, 25, and 35 cm long) with three replicates.
The transcription amplification results showed that there was a significant difference in the mutual effects
of spathe growth stages and propagation methods on gene expression. The expression levels of PFK and
PABP were 1.6 and 1.3 times respectively, in tissue culture propagated palms comparing to offshoot
propagated palms only at the initial stage of spot growth. However, the expression level of UBQ and MT
genes was lower in tissue culture palms than in offshoot palms in all stages of spathe growth. We also
investigated the protein network interacting with MT and found a relationship and interaction of this
protein with proteins effective in male sterility and seed development.

Keywords: Date palm spathe, Gene expression, Offshoot, Somaclonal variation, Tissue culture
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Fig 1. (a) Sampled spathes of Barhee cultivar in three growth stages, (b) Agarose gel for RNA (M-size marker, 1, 2 and 3
belong to the extracted RNA) and (c) RNA quantification with nanodrop for offshoot propagated palm cv. Barhee sample.
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Table 1. Primer pairs sequences used for expression of genes involve in pollination and fertilization of date palm cv. Barhee

A . Pri Amplicon length Annealing
Gene name ccession no. rimer sequences (bp) (°C)Temperature
F: ATCCAGGACAAGGAAGGGATTC
UBQ XM_008790722 95 60
R: ATGTTATAGTCCGCGAGGGTTC
F: TGCAAATGTGGGTCCAACTG
(MT)2a  XM_008812383 93 60
R: TGTTCATTCCCTTCCTCTCTCTC
F: GAGGCCCTGCAGATGTTAAATG
PABP XM_008797875 95 60
R: TCCTGCTGTGGCTGTTTATTTG
F: GTGATGCGTTATAGCTGAGTGC
PFK XM_039131668 93 60
R: GTGGCCCTACGAAGAACAATTC
F: CATTGGAGGGCAAGTCTGGT
18SrRNA  XR_005510386 397 59
R: TCGCAGTGGTTCGTCTTTCA

Real-Time PCR _zsly les glaast 5 =Y Jpds
Table 2. Thermal cycles of Real-Time PCR reaction

Number of cycle  Step Temperature (°C) Time
1 Initial denaturing 95 10 min
Denaturing 95 15 sec
40 Annealing and
Extension 60 60 sec

ACE sln 05 0l sl o3l bl 35 ¥ Jgor

Table 3. Variance analysis of gene expression data based on ACt
(MT)2a PABP PFK UBQ

Source of variation Df

Propagation method 1 61.50"  37.57" 4973 80.96"
First error 1 64.02 2.84 1.25  76.75
Stage of spathe growth 2 34.81"  32.47™  42.92"  35.24"
Second error 2 66.11 9.44 8.68  30.72
Prop. M. Grow. S 2 8.08™ 6.15™  17.71™ 10.03"
Third error 9 0.83 0.70 0.85 0.95

(CV%) 14.78 8.01 6.93 12.3

Aoy ) 50 Jlaxsl C)h.w 0> Gl sme Gl pae b LS w5 % NS
ns, * and **: Non-significant and significant at 5% and 1% levels of probability.
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Fig 1. Comparison of the expression of genes encoding (a) ubiquitin (UBQ), (b) metallothionein (MT), (c)
phosphofructokinase (PFK) and (d) polyadenylate binding (PABP) during the spathe growth stages: early (15 cm), middle (25
cm) and, last (35 cm) in date palm cv. Barhee propagated by tissue culture compared to the palm propagated by offshoot.
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Fig 4. The heat map of the expression of genes studied in
different stages of the spathe growth, early (15 cm), middle

(25 cm) and, last (35 cm) in date palm cv. Barhee
propagated by tissue culture and offshoot.
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Fig 5-The network of proteins having interaction with (a) ubiquitin and (b) metallutionin in date palm based on String database
(https://string-db.org/). Kainin's family proteins (red circles) and glycerol-3-phosphate dehydrogenase, which having
interaction with metallotionine, are effective on seed development and male sterility.

\FeY Qb'u.».gli' 9 )LQQ A e)Lo.S’a /,@o,’l,o 0599 /w) L.f"""‘ 9 ‘S.Maj (W0


https://string-db.org/
https://dor.isc.ac/dor/20.1001.1.25885073.1402.12.1.12.6
http://gebsj.ir/article-1-458-en.html

[ Downloaded from gebs.ir on 2025-08-16 ]

[ DOR: 20.1001.1.25885073.1402.12.1.12.6 ]

O 5 (6 g 38 simm

gl 5 Glades S 0 J5e GO A Ol

Oly Ol e 53 ‘agﬁxdeﬁjgtmap| Sy gal= 1
Oolen 5 01y 2 M6 s Il 5 o S S0
ISR PR R TS FINS P (Tavan et al., 2014)
S st 3 (S o 05 (B0 Ol 53 2SS
Ssmn 55 oy 03 o3, Ml SIS wnils bl Lt
Jlie e mass il 5l dol mls 4 e L Bl ol ey
Oy Ol I8 pll oo bl iy gl o 53 5 s,
FESen 2p S 10 sl mhe s S on 05
(Sla= o L e b 53 S ol (o5 J5ST50 O35 b S0
il SheS s 1 Gl Gl s w5 bl
o S en 05 0k 3 SRl s e elil e 55550
Joe OF dely oS 51> JUis w1y ol 5 @il slacnSsn
5 38k (D3 a8 dex Sl Jske el B S 042

Hershko ) s 5 dal o a5 5 51 (ol oo 003 a5l
and Ciechanover, 1998; Pickart and Eddins, 2004; von
LOSsL 4 Cad OLLS &b Wl .(Mikecz, 2006

SleSt caslis g3l Jé 5 b Sl dl Sl ey
sdoes Spoaalp Cob &S 5,8 o e (SAR) St
O S C\é: 4 0sls gl gl Ol 2 sl 4 pamms
Sdme S 34l 3 SAR il el Joke slas Shae s
NPRL4 aisly SA L s W glads ;ST oSy shay 550 o
cL:S M\ U.Lo‘ LSJ‘*S m.laﬁ NPR1«S MJ& olis U'l\ 5 Ll
53 5 &S o dlasl aan 3 15 55 Sl NPRL 558 s OlalS
..})‘J )“}5 VMW):.;M B NPR1 w\f.wl dl} B 6Lhd}l...~
ol auxs S e (CRL3) Cullin-RING Ligase 3els O S g
Sl Lpd s s S26 p55 85, bueys Sole s
L ocolmul b= 55 gladshe atea 31 NPRL s3le (g3LaSL
G3ledl 51 ¢S s (sl 5555 5 CRLS Salens s Shae

et al., 2012; Saleh et al., 2015; Skelly et al., 2016; Withers
o 55 (e s kal51 53 .(and Dong, 2016; Skelly et al. 2019

el Sl Ol b Gl G sSasn dbebia s

Oer 5 ShssS slls 4 Ul e opas pl Lo
Al-Khalifah et ) ol,Ken 5 aadsdl (Gurevich et al., 2005)
Ll 5 (Mirani et al., 2022) o Kes 5 Sl (@l 2007
WL 55 edd S3 5,050 4 4> 55 L3 S o,Lal (Al-Mayahi, 2022)
Lz Byl 51 (5o oS JUlSbe g 55 a5 5 S Oledl 0155 o
e 5 G50 g il Kuf gl slie Caledd edys Sl
AL e 0] 3 o Ol o

s Sl 5ok 3l asdS s Koj ol Ol s Jlezs!
x5 s gy KB baelsnl G alecdis
s sl (Zivdar et al., 2008) ol,Sen 5 S35
(Sl 5 ol 5 Sl S5, 55 L) cib oS 5l fol>
o abow s 1 o8 Olen 51 Rl Lol 55 le s 5 L1
SO P TV PER W CH DNC O KW S W g
535 aglie S5 5 S S0 1 ST ) enlizad § 5BLend
Sl 5 3ST laplisnl o ols Ol (Rl opl b
FS5on b @il cis Gk sledd 5T 5 s L5
Lol oS 5 el Lol 20 slo s o 4 o S
b e S5l Ol indls OMatl SWl ol S,
Clisisy) OS5 Ok Ol e aher 51 5 G35 lals,
B 0 eedlitn 68 st 5 (s, 5 JS L 3 o005
S @ Ol e oyt ol o il e glalid 5 jasiis
OLKea 5 L xul (Yuval et al, 2010) o, Kan 5 Jlg
5 35 < (Wang et al. 2013) KI5 «(Stroud et al., 2013)
OLKes 5 sl ele (Wibowo et al, 2018) o,
Rajaee ) 01, 5 Jleg 2>, 5 (Saeiahagh et al., 2019)
Oly Ol o) p e 3 S o,Lil (Behbahani et al., 2020
Lo S OLLS Lol o 536 1) iz e slao)
Morcillo etal., ) Ll o (el shyls QLS 5 s sk sab
.(2006

23 gessPke 5 S S o o) Ol Ol Ol as 2L
ol CiS g, Sl edel s > 2 s sl S samlie
slaawl 53 1) 05 55 8 Ol O35 2SS (sl sdal s

LLAJP- J§ BEl erT &L‘.w.l.a @L’b quw\ » 2l QL.:..» d’lﬁb IAY

VoY lawsli g jles /Y o loss /0003190 0590 [ (S j (o 9 Sl ) (oo -


https://dor.isc.ac/dor/20.1001.1.25885073.1402.12.1.12.6
http://gebsj.ir/article-1-458-en.html

[ Downloaded from gebs.ir on 2025-08-16 ]

[ DOR: 20.1001.1.25885073.1402.12.1.12.6 ]

gl 5 GLades S 0 Jhe ) A Ol

Q‘)&*‘” IS e

RN RN P Rv X G WY ) R - I (S PPN WANSCHP IS
O eyl b odle 5 5l i SIS s )
clos Shas 51 Sty 55 6505 e ol glas Shes
el 5de el Ay B 5By Slans Y- S ﬁ;j
)J&ww@edf&d&b&:ﬂ}ﬁiﬂ‘awﬁdjjbu@%
Piattoni et al., ) ws S S S 85, <ls 3 25, 5 f,uf s
53 01 A5 s Jlin 05 J s (18 8 8 5 5 L (2017
05 dpame 18 (roman 5 Joho 05,5 53 DI38 Dol Lo
ol 5 ot Glaitis g Sl dske 3lesSh 53 G S o
Lodd 25 glo sz Joub Dbl 53 05 53 cnl 568 Ol nl s
=l 55 ool el ST slo 2 5w s L S
¢35 5o LY 5l S Olpea Ol o 1) clnl Ay Caliss
sl J55 53 el sdaline K55 ol Ol s Bl s s
oz 5103 o e o bl codls il iS5l fols
P 0 GAB (go D 35S (Lpls B AUS L LS e gla0)
OGS 5SsR s she e b LIS B S Aol
Lebon ) ol iy b= 53 o031 S (gouiS wiss ol slad
£ Ol s 5 ATP U L 5lS 555 5 5and o 5T (et al., 2008
Slied oo =V 5 ) S5 4 |y Clild - a8, 5 ADP
Fersm > eyl onl (Mustroph et al., 2013) &S s
&l (Guetal, 2021) Wl o Wl bl J2E olS s aals
B 5 sn e Al e 51 Gosle (glapltl 5 5 (slapl) JS LSS
Wil osrs wlil sy IS slaplll LSS als
Jsb 55 0 ol O &l uas o, e (Hedhly et al., 2016)
Oy ORI ol s e bl gddy e
3ol Ol Slowl Ay ad sl (el o )3 L | 5LS 555 )5 500
Goas Mz ol U cos 0T Ol Ol Sl 5 Jb s
iS5 Jols gl s s Sl i, i e 5 LSS
ol s FeS Gk O Jele sl o Sl 3L
Ao ¥ 51 (S sl (SsSB4 i U
(B S gy el WS gl S s 5 S
Sl Jo 4 S LS 585 85408 05 Ol Oljee O350 5pS
5o (Tavan etal,, 2014) O,Kaa 5 Ol Al Gl 51 Jol

J= eB)l Sy 53 JLSsSy 55aud 05 Ol Dl oLl 5

s (Song et al, 2015) coul age aAS (glaeus
Sadie A 5ay lld Cow a8 il el OSELF3
o b (Ko Do (A Jole s 05,5 OSELF3
268 ) Y\ o535, s Gisb Ol 5 o35 U5 bl HAFL
o S 3K SO HAFL s5s e and S s (proteasome
HAF1 Sl o3 ol C3HC4 RING domain-containing E3
L= OSELF3 (I |, (Circadian Rhythm) ¢354l 5y
S LS sla 55 addles (Zhuetal,, 2018) S s
L Bdes s ol a8 sl OLES Wl sy bloyl 5 LS
il e iSan 5 bLs,l 3 60S 5 40S a3sm, slainSis

Q=)
SN 035 b Gt Sl 2 2O P s ke
035 &5 5 S Dl 4y Gl sl 3 a8 Liea ol
Carpene et al., 2007; ) S o ol ii Lol e ol S
Sya 5 ol geauSus 03 Ol 5 (Hassinen et al., 2011
Gib 316 ol s sla s 3550 b (K I8
Sl opl oo Jolis 55 1 s ol (K I35 03 S NS
G0s by Shals s pe a8 alal iyl Clablow
(NS ORI P RCFEP G N W Cp
e 3 Il 5 b 05eST SIS e S0
e ol s el OF gamt oS 35 0 g |y e
ol (S5 sl 5 Jshe slaslirle 36 (e slag 5
4l adlzs (Ghorbanli et al., 2000; Hassinen et al., 2011)
Ll 5 e psssle L oaS Slanmy gl String
Sy St n amed 53 b S n opl 45 31 0L Al s
Il s ls iiSlen 5 it bLSSI il 5 LS 55 3
JK2) Wl e (Kinesing) sy 508 el il gla 85 ol
Chromosomal ) 5505 oL o S G b 3l g mls (0
sbwl Cel (Sl Ol asls J 28 5 5 355w (dynamics
wals ;3 igx (Zhou et al, 2011) Wsd o epie 5
4 by, ALECTIN DOMAIN KINESIN 2 (MDKIN2)
w038 &l 0ule a3l ey sl T olS 53 Laip lS

ps> 4> (Galindo-Trigo et al., 2020) NI o3l

~Jo S 5 P s Pl b e gty sl

\FY L‘,Lz.w.gl.'i 9 )L@ A o)la.é"a /Moj‘,a 0599 /w) 6‘“‘ 9 a_i.ua) (W0


https://dor.isc.ac/dor/20.1001.1.25885073.1402.12.1.12.6
http://gebsj.ir/article-1-458-en.html

[ Downloaded from gebs.ir on 2025-08-16 ]

[ DOR: 20.1001.1.25885073.1402.12.1.12.6 ]

QbL{@ IS e

gl 5 Glades S0 Jse GO A Ol

w\g;&ﬁébﬁd&dﬁbdjd@@ﬁyﬁ&@

S S am

S 3l 0L alllas 3550 $103 Slp ek nl 3l Jol
Sl Ly al e s a5 S 0w 5 s e a0
4 S (8 S Oly 3L S ) ol 0By sle
ool b s S S peas glad) bl il Eel o3
CiS Sl Jeole 0B, Dbl A3, sl b e 5y Sl
J=le 53 S1anils il (5 & S (§ i Ol 3L
Sty b allas i xS 0T Ol Sl L35 sia
S sl Ol S o s Oss e G s b bed e
3ol e s Ly o et s b e e S
Ol o ool ol il o Jislan 5 bLS S 6 OLLS ads
anlllas 550 05 ple 4 Cnd s dle O 45 58 Oledl
s 8 il 5 Sl o3 S e assle Sy p 5o Sledas A

.:)l:&hm;\ybfﬁvjjduﬁﬁ

6)‘}<~"L;""
Sleal Ol e dgd oKl hash Sosles Sl dlie Q8 s
c)l.q,.:”:) J“"‘sgf" LS)‘Ji""'L:"'” J...ol} U’”Aj}ﬁ rbu‘ BEl g,q“\.v g,ql.n

(VY Y/YIYEY caila s

&lw

Al Kaabi, H., Zaid, A., Shephard, H. & Ainsworth, C. (2006).
AFLP variation in tissue culture-derived date palm (Phoenix
dactylifera L.) plants. Paper presented at the Il International
Date Palm Conference 736. doi:
10.17660/ActaHortic.2007.736.12

Al-Khalifah, N.S., Askari, E., Hadi, S., Al-Wasel, AS., &
Metawei, M. (2007). Genetic analysis of abnormal fruiting
in tissue culture-drivedtrees of date palm 'Barhy' grown in
Saudi Arabia. Acta Hortic, 763: 155-165.
doi.org/10.17660/ActaHortic.2007.763.20

Al-Mayahi, A.M.W. (2022) .In vitro propagation and assessment
of genetic stability in date palm as affected by chitosan and
thidiazuron combinations. J Genet Eng Biotechnol, 20: 165.
doi.org/10.1186/s43141-022-00447-9

S bl 53 el Sledd Mg B oS sl >
LaS Lo S Ol mvese b ki e Dlio 5 05 opl Oy Ol
ol Bl GeSsp Ad LSS s LS 555 8 shed OF AR 4 ax g

el 0 i G 5w e Sl 3 0T 0L
Ol 4 ol s 53 65 ol (6,503 05 Sl odlsl
odge p Ly a5 Al 2 Ol J 28 05 opl Jsames S astls
5odd Juate MRNA LT o5 4 Sl T el
Ivanov et al., ) s,ls i& psism) Ol Jlasl 35 5 cbla> s
5 0l5 by Kodol sl L 05 0l Ol ow ) » (2019
sl S gbased > (Tavan et al, 2014) of)Sea
Rl a5 s pBl sl Bl oS ) fols
Sl ol el sl ede] s sl 2 sla o 4 el | 0L
205l P s bl g Sl el S bl
05 31 o W e 5 AT 3 Ol e RS 5 esism 4 L]
S s plml Glp S ol L Syl s
S Slely s Col (S oS Sl sl OS2l
O 5 s I Ol cpl by A3k il s 51 20
S A s ils el S MRNA W 5w e pee 5l S L5
ol Ol il e das (5l 1, IS MRNA W5 Olsee oS
B b s Sl i8S )y ate 5 355 e 55 O
5Bl Kuanl sl L 05 dsame S a5 ol 255

Olg o 215 odge 1y a3 ijw s MRNA ;;)M:Tdb =

Carpene, E., Andreani, G. & lIsani, G. (2007). Metallothionein
functions and structural characteristics. Journal of trace
elements in medicine and biology, 21: 35-39. doi:
10.1016/j.jtemb.2007.09.011

Cui, X., Lu, F.,, Li, Y., Xue, Y., Kang, Y., Zhang, S., et al.
(2013). Ubiquitin-specific proteases UBP12 and UBP13 act
in circadian clock and photoperiodic flowering regulation in
Arabidopsis.  Plant  Physiol. 162: 897-906. doi:
10.1104/pp.112.213009

Fehér, A. (2019). Callus, dedifferentiation, totipotency, somatic
embryogenesis: what these terms mean in the era of
molecular plant biology? Frontiers in plant science, 10: 536.

\FY olz.wgl.’i 9 ke /) o los /,,bo,'l,a 099 /w) 6‘“‘ 9 S (W0

doi.org/10.3389/fpls.2019.00536



https://dor.isc.ac/dor/20.1001.1.25885073.1402.12.1.12.6
http://gebsj.ir/article-1-458-en.html

[ Downloaded from gebs.ir on 2025-08-16 ]

[ DOR: 20.1001.1.25885073.1402.12.1.12.6 ]

gl 5 GLades S 0 Jhe ) A Ol

Q‘)&*‘” IS e

Galindo-Trigo, S., Grand, T.M., Voigt, C.A.,, & Smith, L.M.
2020. A malectin domain kinesin functions in pollen and
seed development in Arabidopsis. Journal of Experimental
Botany, 71(6): 1828-1841. doi: 10.1093/jxb/eraa023

Ghorbanli, M., Kaveh, S.H. & Sepehr, M.F. (2000). Effects of
cadmium and gibberellin on growth and photosynthesis of
Glycine max. Photosynthetica, 37: 627-631.
doi.org/10.1023/A:1007135928024

Gu, AY., Han, S., Chen, L., Mu, J., Duan, L., Li, Y., Yan,Y., &
Li, X. (2021). Expression and regulation of genes involved
in the reserve starch biosynthesis pathway in hexaploid
wheat (Triticum aestivum L.). The Crop Journal, 9(2): 440-
455, doi.org/10.1016/j.¢j.2020.08.002

Gurevich, V., Lavi, U. & Cohen, Y. (2005). Genetic variation in
date palms propagated from offshoots and tissue culture.
Journal of the American Society for Horticultural Science,
130: 46-53. d0i:10.21273/JASHS.130.1.46

Hassinen, V., Tervahauta, A., Schat, H. & Ké&renlampi, S. (2011).
Plant  metallothioneins—metal  chelators with ROS
scavenging activity? Plant Biology, 13: 225-232. doi:
10.1111/j.1438-8677.2010.00398.x

Hedhly, A., Vogler, H., Schmid, M.W., Pazmino, D.,
Gagliardini, V., Santelia, D., Grossniklaus, U. (2016). Starch
turnover and metabolism during flower and early embryo
development. Plant Physiology. 172(4): 2388-2402.
doi.org/10.1104/pp.16.00916

Hershko, A. & Ciechanover, A. (1998). The ubiquitin system.
Annual  review of  biochemistry, 67: 425-479.
doi.org/10.1146/annurev.biochem.67.1.425

Hussain Mallhi, T., Qadir, MI, Ali, M., Ahmad, B. & Khan, Y.H.
(2014). Ajwa date (Phoenix dactylifera): an emerging plant
in  pharmacological research. Pakistan journal of
pharmaceutical sciences, 27(3): 607-616.

Ivanov, A., Shuvalova, E., Egorova, T., Shuvalov, A., Sokolova,
E., Bizyaev, N., Shatsky, I., Terenin, I. & Alkalaeva, E.
(2019). Polyadenylate-binding protein—interacting proteins
PAIP1 and PAIP2 affect translation termination. Journal of
Biological Chemistry, 294: 8630-8639. doi:
10.1074/jbc.RA118.006856

Kaeppler, S.M., Kaeppler, H.F. & Rhee, Y. (2000). Epigenetic
aspects of somaclonal variation in plants. Plant gene
silencing: 59-68. doi: 10.1023/a:1006423110134

Kordrostami, M., Mafakheri, M. & Al-Khayri, J.M. (2022). Date
palm (Phoenix dactylifera L.) genetic improvement via
biotechnological approaches. Tree Genetics & Genomes, 18:
26. doi.org/10.1007/s11295-022-01559-6

Lebon, G., Rondeau, M., Sanchez, L., Barka, E.A., Vaillant-
Gaveau, N., Clément, C. & Jacquard, C. (2016). Modulation
of the activity of enzymes involved in carbohydrate
metabolism during flower development of grapevine (Vitis

Vinifera L.). Plant Sci, 1: 010-017.
https://www.peertechzpublications.org/articles/OJPS-1-
103.pdf

Lebon, G., Wojnarowiez, G., Holzapfel, B., Fontaine, F.,
Vaillant-Gaveau, N. & Clément, C. (2008). Sugars and
flowering in the grapevine (Vitis vinifera L.). Journal of
experimental botany, 59: 2565-2578. doi:
10.1093/jxb/ern135

Livak, K.J. & Schmittgen, T.D. (2001). Analysis of relative gene
expression data using real-time quantitative PCR and the 2~
AACT method. methods, 25: 402-408. doi:
10.1006/meth.2001.1262.

Manzari-Fallah, M., Pazhouhandeh, P., & Bordbar, M. (2020).
Delayed flowering in lettuce using MSI4 gene silencing by
RNAI. Genetic Engineering and Biosafety Journal, 9(2):
136-148. DOR:20.1001.1.25885073.1399.9.2.5.0 (In Farsi
with English abstract)

McCubbin, M., Zaid, A. and Van Stade, J. (2004). A southern
African survey conducted for off-types on date palms
produced using somatic embryogenesis. Emirates Journal of
Food and Agriculture, 16(1): 8-14. doi:
https://doi.org/10.9755/ejfa.v12i1.5213

Mirani, A.A., Teo, C.H., Markhand, G.S. et al. (2020). Detection
of somaclonal variations in tissue cultured date palm
(Phoenix dactylifera L.) using transposable element-based
markers. Plant Cell Tiss Organ Cult 141, 119-130.
doi.org/10.1007/s11240-020-01772-y

Mirani, A.A., Jatoi, M.A., Bux, L., Teo, C.H., Kabiita, A.l.,
Harikrishna, J.A., Markhand, G.S., Jatt, T., Solangi, N.,
Abro, S., & Channa, G.S. (2022). Genetic stability analysis
of tissue culture derived date palm cv. Dedhi plants using
IRAP markers. Acta Ecologica Sinica, 42(1):76-81.
doi.org/10.1016/j.chnaes.2021.02.011

Moradi, B., Maivan, H.Z., Sorahinobar, M., & Hashtroudi, M.S.
(2018). Determination of suitable housekeeping genes for
normalization of quantitative real time PCR analysis of
Avicennia marina under crude oil treatment. The Journal of
Marine Sciences and Techniques,17(4): 58-69. (In Farsi with
English abstract). doi.org/10.22113/jmst.2017.50082

Morcillo, F., Gagneur, C., Adam, H., Richaud, F., Singh, R,
Cheah, S.-C., Rival, A, Duval, Y. & Tregear, J.W. (2006).
Somaclonal variation in micropropagated oil palm.
Characterization of two novel genes with enhanced
expression in epigenetically abnormal cell lines and in
response to auxin. Tree Physiology, 26: 585-594. doi:
10.1093/treephys/26.5.585

Mustroph, A., Stock, J., Hess, N., Aldous, S., Dreilich, A. &
Grimm, B. (2013).  Characterization of  the
phosphofructokinase gene family in rice and its expression
under oxygen deficiency stress. Frontiers in plant science, 4:
125. doi.org/10.3389/fpls.2013.00125

Pazhouhandeh, M., Dieterle, M., Marrocco, K., & Ziegler-Graff
V. (2006). F-box-like domain in the polerovirus protein PO
is required for silencing suppressor function. PNAS,
103(6):1994-1999. Doi.org/10.1073/pnas.0510784103

Pazhouhandeh, M., Karvan G. & Razavi AS. (2017). A review on
potato genetic engineering researches yet. Genetic
Engineering and Biosafety Journal, 6(1): 175-188. DOR:
20.1001.1.25885073.1396.6.1.1.3 (In Farsi with English
abstract)

Piattoni, C.V., Ferrero, D.M.L., Dellaferrera, I., Vegetti, A., &
Iglesias A.A. (2017). Cytosolic glyceraldehyde-3-phosphate
dehydrogenase is phosphorylated during seed development.
Front. Plant Sci. 8:522. doi.org/10.3389/fpls.2017.00522

Pickart, C.M. & Eddins, M.J. (2004). Ubiquitin: structures,
functions, mechanisms. Biochimica et Biophysica Acta
(BBA)-Molecular Cell Research, 1695: 55-72. DOI:
10.1016/j.bbamcr.2004.09.019

\FY L‘,Lz.w.gl.'i 9 )'.Qq A o)lmi’a /,,.bo)'l,a 0599 /w) W‘ 9 a_i.«.o) (WA


https://dor.isc.ac/dor/20.1001.1.25885073.1402.12.1.12.6
http://gebsj.ir/article-1-458-en.html

[ Downloaded from gebs.ir on 2025-08-16 ]

[ DOR: 20.1001.1.25885073.1402.12.1.12.6 ]

Q‘)L{‘*A IS e

gl 5 Glades S0 Jse GO A Ol

Qadir, A., Shakeel, F., Ali, A. & Faiyazuddin, M. (2020).
Phytotherapeutic potential and pharmaceutical impact of
Phoenix dactylifera (date palm): current research and future
prospects. Journal of food science and technology, 57: 1191-
1204. doi: 10.1007/s13197-019-04096-8

Rajaee Behbahani, S., Iranbakhsh, A., Ebadi, M., Majd, A., &
Ardebili, Z.0. (2020) Red elemental selenium nanoparticles
mediated substantial ~ variations in  growth, tissue
differentiation, metabolism, gene transcription, epigenetic
cytosine DNA methylation, and callogenesis in bittermelon
(Momordica charantia); an in vitro

experiment. PLoS ONE 15(7):
10.1371/journal.pone.0235556

Saeiahagh H, Mousavi M, Wiedow C. et al. (2019). Effect of
cytokinins and sucrose concentration on the efficiency of
micropropagation of ‘Zes006” Actinidia chinensis var.
Chinensis, a red-fleshed kiwifruit cultivar. Plant Cell Tiss
Organ Cult, 138: 1-10. doi.org/10.1007/s11240-019-01597-
4

Saker, M., Adawy, S., Mohamed, A. & El-Itriby, H. (2006).
Monitoring of cultivar identity in tissue culture-derived date
palms using RAPD and AFLP analysis. Biologia Plantarum,
50: 198-204. doi.org/10.1007/s10535-006-0007-3

Skelly, M.J., Furniss, J.J., Grey, H., Wong, K.W., & Spoel. S.H.
(2019). Dynamic ubiquitination determines transcriptional
activity of the plant immune coactivator NPR1. eLife
8:e47005. doi: 10.7554/eLife.47005

Song, Y.H., Shim, J.S., Kinmonth-Schultz, H.A., & Imaizumi, T.
(2015). Photoperiodic  flowering: time measurement
mechanisms in leaves. Annu. Rev. Plant Biol. 66: 441-464.
doi: 10.1146/annurev-arplant-043014-115555

Stroud, H., Stacey, B.D., A Simon, S.A., Feng, D., Bellizzi, M.,
Pellegrini, M., Wang, G.L., Meyers, B.C., & Jacobsen, S.E.
(2013). Plants regenerated from tissue culture contain stable
epigenome  changes in  rice. elLife  2:00354.
doi.org/10.7554/eLife.00354

Tavan, Z., Alami-Saeid, K., Shafee Nia, A.R.V, & Pour-
Mohammadi, P. (2014). Comparison of the expression level
of important plant genes obtained from palm tissue culture
with the plant of offshoot by gRT-PCR method.
Biotechnology master's thesis, Khuzestan Agricultural
Sciences and Natural Resources University. (In Farsi with
English abstract).

€0235556. doi:

von Mikecz, A. (2006). The nuclear ubiquitin-proteasome
system. Journal of cell science, 119: 1977-1984. doi:
10.1242/jcs.03008

Wang, X., Wu, R., Lin, X. et al. (2013) Tissue culture-induced
genetic and epigenetic alterations in rice pure-lines, F1
hybrids and polyploids. BMC Plant Biol, 13:77.
doi.org/10.1186/1471-2229-13-77

Wibowo, A., Becker, C., Durr, J., & Gutierrez-Marcos, J. (2018).
Partial maintenance of organ-specific epigenetic marks
during plant asexual reproduction leads to heritable
phenotypic variation. PNAS, 115 (39): E9145-E9152
doi.org/10.1073/pnas.1805371115

Yu, Z., Lin, J., & Li, Q.Q. (2019). Transcriptome analyses of Fy
mutants reveal its role in mMRNA alternative polyadenylation.
Plant Cell, 31: 2332-2352. doi.org/10.1105/tpc.18.00545

Yuval, C., Christopher A.C., & Lavi Uri. (2010) Molecular
analyses of soma-clonal variation in date palm and banana
for early identification and control of off-types generation"
Date  Palm Biotechnology, 221-235. doi:
10.32747/2010.7592124.bard

Zahri, S., & Malaki, F. (2017). Increment of ascorbate peroxidase
and metalothionin gene expressions by the cold stress in
varieties of rape (Brassica napus). Iranian Journal of Plant
Biology, 6(20): 47-54. (In Farsi with English abstract). dor:
20.1001.1.20088264.1393.6.20.5.8

Zaid, A. & De Wet, P. (1999). Chapter V Date palm propagation.
FAO Plant Production and Protection Papers: 74-106.
https://www.fao.org/3/Y 4360E/y4360e09.htm

Zhou, S., Yang Wang, Y., Wanchang Li, W. et al. (2011). Pollen
semi-sterilityl encodes a Kinesin-1-Like Protein

important for male meiosis, anther dehiscence, and fertility in
rice. The Plant Cell, 23: 111-129. doi:
10.1105/tpc.109.073692

Zhu, C., Peng,Q., Fu,D., Zhuang, D., Yu, Y., Duan,M., Xie,W.,
Cai, Y., Ouyang, Y., Lian, X., & Wua, C. (2018). The E3
Ubiquitin Ligase HAF1 modulates circadian accumulation
of EARLY FLOWERING3 to control heading date in rice
under long-day conditions. The Plant Cell, 30: 2352-2367.
doi.org/10.1105/tpc.18.00653

Zivdar, S., Mousawi, M., & Ansari, N.A. (2008). Genetic
stability in date palm micropropagation. Asian Journal of
Plant Science, 7(8): 775-778.
doi:10.3923/ajps.2008.775.778

\FY olz.w.gl.’i 9 ke /) o los /,,bo,'l,o 099 /w) ‘suwl 9 S (W0



https://dor.isc.ac/dor/20.1001.1.25885073.1402.12.1.12.6
http://gebsj.ir/article-1-458-en.html
http://www.tcpdf.org

