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Abstract

Objective

The date palm, known scientifically as Phoenix dactylifera L, grows well in tropical and
subtropical regions. The process of flower development initiates sexual reproduction in plants.
Specific genes regulate this process in the floral meristem, cycle, organ identity, and certain
IncRNAs. Studies on animals have shown that IncRNAs are notably active in reproductive organs.
Materials and methods

We aimed to explore the pathways and IncRNAs involved in date palm flowering. Minab date
palm flower bud samples were collected from the Tropical Fruit Research Station in Hormozgan
Province, Iran. The samples were then transferred to the Tabaristan Agricultural Biotechnology
Research Institute for analysis. RNA was extracted from various cultivars' male and female flower
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buds and combined equally. Two replicates were produced for each mixed sample. Subsequently,
it was sent for sequencing.

Results

We scrutinized the sequencing outcomes to delve into the mechanisms of plant flowering which
is dependent on seasonal cues and is influenced by environmental factors and specific genes. Our
research focused on four key pathways: photoperiod, vernalization, self-stimulation, and
gibberellin. Our investigation uncovered long non-coding RNAs (IncRNAS) associated with date
palm flowering. We identified 13 IncRNAs in the photoperiod pathway, one in the self-
stimulation, and four in the gibberellin pathway. Interestingly, no INCRNAs were detected in the
vernalization pathway. We proceeded to compare these INcRNAs with those found in other plant
species. The IncRNAs in the photoperiod pathway resembled those in oil palm, red clover, olive,
and wheat. Their increased expression leads to accelerated flowering, irrespective of photoperiod.
Moreover, we pinpointed a INcRNA in the gibberellin pathway that is similar to the one found in
cotton which is linked to the LFY gene. Furthermore, our study revealed four INCRNAs in the
self-stimulation pathway, resembling INncRNAs in apple, millet, and pea, all of which are
associated with the FCA gene.

Conclusions

The flowering process in plants occurs only in certain seasons of the year, through regulatory
networks resulting from environmental signals and involving the genes associated with the four
regulatory pathways of flowering: photoperiod, vernalization, self-stimulation, and gibberellin.
The identification and comparison of IncRNAs involved in different flowering pathways and
related genes provide the basis for future applied research in this valuable plant.
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iS5 CueS A260/A230 4 A260/A280 (clazge Job canns jl olitnl b g bolsee oll & jlows b 0955 RNA

.(Javdan Asl et al. 2016; Rouholamin et al. 2015) 15 s o0 2!yl RNA
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o3lo sla JS g 5 s J5 Wl 5l ol y5tiol RNA wiges 4l j3 1 b Jgi 51 RNA glrdiges (53w o3l
el Cawts (POOIE) onis ples] diges ya 51 )LST 65 ol )3 g 1ad bglste ,SaSo b (gglus Cans 4 Ciliseo o))
5 el Hlumina Hiseq 2000 o5 b oldlgs 9 bl dSSINOVOgENE 8 i 4 b JIg5 ool
Jle s 3l odlizl b ol (clo il 5 S ool g gl <3 5l g 3t g 51 Jeols glaoals 5IUT
w2 (Alignment) ¢l zen el 51 LS Fastge (http://www.bioinformatics.babraham.ac.uk/projects)
9l 4 bgsso ola Jlgs (cols pls (sla iled b g b cutsS b sla il Bls (¢l Trimmomatic 8l » 5 51 s

(al. 2018
955> ivon s pll sl STHINIY (oM 51 WINCRNA (o) 52 9 (oalurliod 999563 (53 o
odolCuwddy poin Sl ;I (Grabherr et al. 2011) ws oslil L), poin ySusl s o dlol g osd yinlpo (sla isles
3l 5 ooliel b s o3l axllas 3,50 (sladigas 13 0bd 5k SWINCRNA alas slolid (glyy 55565 (ghivod yoo Al yo
215 yikd LORF i 5 bl LORF (p paih s § 305 4o i 5 (olwlid 35590 Jloisl 2 cbORF 4o getorf
Sy a5 Bl g 5ld gy oS3 CLORF ol da als o )3 g lolid g 02535 (LORF ples aslsl >
45 odlazwl INCRNA_pipeline.sh st abash ¢ Sl s HMMER BLASTP BLASTX (cla)lp! 5l jobaio oyl
SINCRNA 5 Slos Slolis jolate 4505 glyseul 5 jild  SaussS Jles! bl posd slolis slINCRNA
318 ) 3,90 https://rnacentral.org/sequence-search/ ales 5l ks slaosls oL, ag)] JIg s ololis
Sslaes dbgyye SleMbl wuils caoliio bosls oL ! 53 39390 INCRNA 51 S5 L ksl 51 plas o Jlgs 314 8,8

.(Gonzalez-Mendoza et al. 2008) 5,5

walizeo alS (5 oad 5155 sla INCRNAY Gabss ol )3 os ololis GINCRNA (s oai plsl oy b
OlS (S35 & wind ololid Lep J56 50 sl Sz 5 63500098 ()5 gl o 4w b Lo po SlINCRNA
A3l oo e 9 (53902 oS (lyr (AAS W18 (o cpl 13 & Cunl (ol g (odugy (S90S 93 Jolis il g, 5l IS

Nl sled 4 (A5 & JESl ) See dazme lulpd (ygedes | S (608 @old e 3598 P9l e

1 Denovo assembly
2 Open reading frame
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L5 INCRNA 0350 dluss « 3uis ) 5l ool s wll p(Kircher et al. 2019; Abou-Elwafa et al. 2011).
5 ok el wlie SINCRNA L oas Slolis sINCRNA (Y Jguo) i ololis oy 55 10 (6595 ols yuamo b
S oSy abgy J5Y emed SalS cla INCRNAL 45 s sanlive g 1505 duslio g (o) dbogs po (slaodls o151
Ll g allsINCRNA oS sl s eyl 5 aidly caplie 4y 5 e ¢ obUT g () oS ols kS
(Lu et al. 2020) > « (Kim et al. 2017) jussginl)] alos 5l cxilais )3 11,3 anlllas 3,90 205 20115 (o9, (63, Shas
BLS 4555 wn > hid YoOY Jlo b LINCRNA udib 5 Solatus ololis(Zhu et al. 2015). S5, 4565
RNAcentral oL 5 ks o) GIpINCRNA - Jlg $¥A 3905 ¢ 34 0sd 3950 )3 g g0 ¢ pummrgdnl)] Al
iS5 5 aLS 83, 5 5 (@3S T8 w5l (K3l 3 Slos 3 F ol s o ) &S el oad Lol
e 4 a5 COLDAIR 3 COOLAIR (¢lapl 4 Arabidopsis ;I INCRNA 4(Kim et al. 2012). scws g0
& 5 (Li et al. 2020) wlosss Laseis FLOWERING LOCUS C 45 b Lasye o A8 o oo 5 008 S pus
Gl 0ad ol pgij JS 3 o aslis slMIRNA GINCRNA - Jlgs VY sl LINCRNA Lo 5 43505 55 )b 5l
o515 (Lietal. 2015) cusl 03,8 L3yme (235 walsts (slys «63,50esINCRNA (lgic & 1) 5as INCRNA can o
oyl b dblie > Caliseo slalaxe )3 olS a8 g Ay jd ol wds oS cbilis (iE )3 g gy 40 INCRNA oS o
ok INCRNAS by ol (5,84565 a5 0y93 Job INCRNAS (o3 ,Shes i85 g Sl bBgy wyp 35
(Wang et al. 2018) auS o pulats (S y3d> 55 25 0)93 Jsbo ,> 0isS s, cl559,0 RNAS slol L1, MRNAS
INCRNA 4 05 s o) gy Jolpe dDRNA-SEY (cloosly I eslizul b 46551 DINCRNA (ooliws ;50 (sadlllas 4
Comin s 5 oo w13 5 INCRNAL33 ANcRNASB0INCRNALLS (clapl 4 55551 531 JS )5 39350 <o
(Gorshkiva et al. 2019) 15,5 3,20 ;655! odle pl5)|

xS b ooads oot SLINCRNA wcwl sad odb ol VY Jado o & b Gibss mls olel
Ltali3l o3le plBy) &y s i pl5,) 45 48 TRINITY_DN91701_c2_g7_i1 , TRINITY_DN94210 _c4 g2 i3
p6,1 4y Capnd 03l o) > a8 TRINITY_DN91182_c1_g1_i20 & | oss bl INCRNA jpizman o Azl ol
PDAC_LNCO018433. 1 lss) seqy Joo p» oxs )5 LNCRNA L cub ol wl@l 5
FT 4CO (log; L LNCRNA ) a5 ssls cqolie EGUI_LNC025766. 1) s PDAC_LNC008864. 1
Sls (i (g J5U edle sl JS g8 w9 3 S S A8 13 (imen g 03 L je 315 GiE (6)9 ol e 53 &S

o3l o) 4 Cns 5 pB) > & TRINITY_DN91082_c1 gl i20 55 | osds slols sINCRNA (1 Jsis)
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osli5 e > &5 CB23 55 b & (OEUR_LNCO08344. 1 18) 1505 3 015 LolsS INCRNA L casls sl i3
il Sl )l GRE g5 J5 Pl Gz (pmaad g (i Cullad S8 g @alal 3 9 0390 Lai e )15 LB (6)95

o) & and ole pl5) ;5 o5 TRINITY_DNO8502_€5_g2_ il a5 L ysls uios 5o o _olulis INCRNA
o) 29 alie (TPRA_LNCO008362. 1 ) 50,8 jaus olS ;5 o 5,55 INCRNA L oy olis olo iol38l 5
iy 512 )3 rizpo g 0392 Lasdye )5 S8 (655 gl s )3 &S FT ()51 50,8 5005 olS )3 005 (3))55 INCRNA
b adgl Jolpe 5l )d ddg wald 3 550 18 lagy] (alulid 5 YL dgle i jl oalanul (gl 435kl pB)l )y JuSits
« TRINITY_DN99420_c3_gl_i4 35, o ool ICRNA g (\ Jgis) oo s oalS 5 JS 35, 5l
25 (LUSI_LNCO03301. 115) ot ol 5 o a5 INCRNA L cails sl ialidl oole plB) & o 55 o651 3
Cald g by )b (18 (wA5 w18 5 u5) dlopeo wlal )3 5 (68 gl s > SCB23 4§ CB22 (lagj L
555 sl ponn 33 6SCO 5 FT sl b 25 (CSAT_LNCO00685. 9 15) L oLS 3 005 s l;5 INCRNA casls
S Lol gdss d ead plelis INCRNA L o)y jla adl5 auls 5 ege i g odg badye Xyl il
g e ol i il eole plB ) & o 5 661 )3 2 TRINITY_DN96322_c2_gl_i9

s 5 4 CBAA 55 s, b b STAES_LNC012499. 1 55 L o )5 INCRNA puis ol 5o
b s onl il ke (2305 olpe )3 p5 (b w355 3 ool 5 59y o bl b g )0 A8 (98 gl
il osle pyl & a5 plE) )3 45 ,ils adlas TRINITY _DN63276_c0_gl il s L e _LolisLncRNA
1> 2 INCRNA LTRINITY_DN93727_c4 g1 i5 5 L oxs LoisNCRNA () i) 591 dund ccuils oo
L« (SVIR_LNC009025. 1 58) 15,] ;5 oa o) SINCRNA 1 ol oLt ol Ltalsil 5 ploy) 4y csus o3lo pl))
03 A5 al® S8 g 3l S adgl 0 50 (sizmen g 039 ladye ) (B (655 gl o 3 SCO BFT (a3
pByl & cuns 5 pByl 5> a8 TRINITY_DNO94210_c4_02_i3 55 L oris olwlis INCRNA L35 alin o)y ey
9l e > &S FT 5L a5 (OSAT_LNCO01137. 1 55) g5, 45 oas (5, SINCRNA L ey oyly i3580 ool
AU e Cutly Gl )y B @y (A5 A0l5 10 gty g eSS M) 3 5 0y badye ) B ()9
039 Laiye (6,95 Lol pume 3 PHY 5 L &SACOM_LNC029444. 1) 15) wbbl olS j3 oas )35 INCRNA
o5 TRINITY_DNO1701 €2 g7 il 55 b s obolis INCRNA L asyls obll LaslS e j5 oot i 5
oS 3 oad 5,155 INCRNA (! 1 0sMe () Jsds) 390 asliio casly oyl (o158l o3le pB)) &y s 3 plB)) 13 &S 5>
555 sl ailSin )3 & (6)55 gl yuana 3 PHY 5 CO 5 FTiglasj L Lasi o (MDOM_LNC001130. 4 35) o
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5l adlls ;> TRINITY_DN98502_C5_g2_ 1.5 L onis _lolis INCRNA 1 )y (58 (oo 2l5 5 oo
L oeas ool INCRNA cul calie ob ol glo oalil ole pB)l & cuws 5 pB)l oS
s )5 INCRNA L oy olis by (il 5 pB)l & s o3l a6l ;> a8 TRINITY_DN99420_c3_g1_i4
elolis 13 g o3 badpe )l JiE 6y gl peme > &S FT 5L a5 ( GRAI_LNCO07716. 1.5 L) 4y olS
() Jg2) o9 ldia )> (A5 asty (2S5 (Solo JSt5 oS58

el col o cul (6555 gl yrme 3 ol (slags 5 (52 CO f lalS b jload (3155 Claios )3 :CO (3
sebusl (Jame Lol g Juad )5 IS St pas s CO (5 g0 3)Shas 98 (o jg) Jsbo Ll & Gusly 5 (o5
SlaShy 3l S5 ey Job 3 CO wdas )3 (59, 4ld el 5 ()99 slaosi S cooal (WU et al. 2017) 535 o
slygS L & sl DNA o5 4y 0335 Juate (003 591> CO (355550 ol LS )3 (5595 gl (2 prne (525
Taw 13 9 amgigy il Jud ailje, CO 5,Slee (Koornneef et al. 1991) 5,5 S yuio odlgls GATAL g4 wgig,
Zhuetal. ) 5,5 o @90 CO (g, gaw ooyt 509 58 el > il o) GaLS 53 9 395 o waldld (mugig)
3 g 2gbise (25 AT 50 4 e &S Cusl olyan CO (g g b sigl <l o FT 5 ungiy, 561 (2018
CO 5 ol welsts sk jl o 135 GINCRNA 395 00 plSin 395 (2alS b @ e CO oo s )b
(Inigo et al. 2012) 65450 ;LS )3 035 39j Cusgid jgp 4 yio

Fye gl 3 & adlbie PHY 05 )59 ol poe 3 0ud (ool (Lol slaj 51 050 (6 2898 (s pS
by S g S joyd (93l 10,8 yg5 oIS Ol (Slapg S gid t0g)S dw (s> wlaBl oSS &5 SalS 5 6598 sla JUSw 4
Ol bawgs 00 plol 03,8 llllas (Sheerin et al. 2017) scsb o NUV-ACS (clayg 5gb g ol j95 OOl
Sy o plool ldllas wlwl gy cpl 51l 0399 ob dliie (92950 LS 10 (5)9 (soss WS id &S o L
5 PhYA (slaph & Gilisie 55 s s p3,5 558 slaeSigps] o Cool 5433, asiiie sldsd 5 45 il lals
INIgO ) sl o (sl ST (alS > 39290 slops,S52d s PYC o PhyB PRYA (slayj o5 55550 5513558 PhYE
OBLS 4 3900 1] oo s 4, PHYB 5 a5 5l a5 PHYE 3 phyD (glayj im0 U3 93 o5 Jl> 2 ¢fet @l 2012
phyB 4 phyA o clates 5 laslad S 3 55 edlgls opl e slacl Jg (IMmaizumi et al. 2010) wwn gladgs
ol o2 PIYA 5505 o (0I5 ST s 30,8 (y9lo g 50,8 (slaygi il o g dimd oo L 055 5] glite (aligy &5 Attt
03 s sdlawly & 5 s o yobo 4 45 S )3 3950 (A5 S o8 el o g 456 cow CrY2 o Crylclag b
el cel 50,8 Py (6,9 05,5 .(Srikanth & Schmid 2011) w4i 0 PhYB cullé wlo ¢ ol y95 b cos Cry2
Ot J5iS b oad ()5S GLINCRNA 355 0 (25 S 06 csly (] PHY 09300 30,8 gdle 153 1l o (il
(Song et al. 2016) xigs o HalS 5 (2 el ol lite (1S woyr b g (B o walal3 )3 (5)99 (Lo S
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Moo b s ey (2l o il (5)95 ol e 3 0ad IS (ol slags i s U FT 05 3FT
alie oo Hdlo b 1Sgy odlgls I saac FT 559, (Corbesier et al. 2007 ) 558 0 ()5 gl yoamo
Ogls FT 5 oo 20, sl lmen (gjg50l Slallas ) o] slo JoSUge olondon 385 5Slas 48 Cowl 039y PEBP
o 5088 JUb oSy 3 CO (5l cou il g, Jsb Lulpd 53 5 5 0 IR 395 (A5 crge g 4Bl I3l ()90
S5 1) (A5 ()9 gl e B (5 g 4 9 1S (o0 5L S5 Al g 53 (oulS SR (el s o 4 Ui ]
» L0 45 ovi o b oS cwl FT 5 CO (5 cdld cund ol adgl Glial 51 S5 (Melzer et al. 2014) us' »
S5 s FD a4y Jleasl b sl )3 5 3935 o Jitio (2ol i o) JS iS5 o0 4y (38T gl ol 5 e Sy o35l
5 el APL dles §1 oIS (clokind dxugs o g SOCT 05 ey 4 JlsiT b 553 eSiaS g 35500 FT-FD ubiaS
05 om0 et i oas b5 clINCRNA (Turck et al. 2008)us545 0 (215 5ET 5 o0y dxwgi aoliyy
Jung etal. ) 555 lS )3 )58 sl 5l Jite 5 gy (25 @ 2 FT ol (531 457 ()5 & caiiS oo ] FT
(2009
S 556 5 e Jolgs alo 5l epg S50 5 p5)S 58 x99 slooiyS ploa L PHY () (pizmen s CO 5 FT 5 0
(Ao 9y 4 )3 59 Gloj ©de b (698 9l 0)93 ik ()98 9l e B2k Sl LS )3 (BAS Al ye & Sl ol
oSS g (S 4y ey ady (9,8 Sialon g (b Ml g0 (23 sl O 51 AE GlalS &l (page wLs
A (905 (6939 05 (£l 9 5,Skos egsly (sl WINCRNA S o o3lisal ()5 Lamo b (Sinlon )3 395 Jtad)ss
palals Sl 9 A oo Jae (g S B (6595 slookiyS 1 Sge slagy) ) Cblis L (0058 clappuilSo 2,0 5l o]
AbOU-E|Wafaet al ) Mg;o PK}‘MAJI u‘ii)ﬁjﬁ“" L;[mui)s 49 AA.;SL;Q pml)e I) ‘_5)9: dl}bo.)u)..f la»)p ‘_glm)..u.m
8l Ll o0 CO ysis, 1556 Laws FLOWERING (LOCUS T) FT (gjl b b pulSlo ol (2011
IS e Jsb 33 CO mlats )3 (o) aled csles 5 (5)98 GloodipS Cuml 39 00 paseidio (LS 13 55y (o9 (SYsb

G o\.aslﬁf 30 (59 0)9d ‘_s.m_\lf o L;.\ﬁlf L;Lmuf}'ﬁ
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‘_5)93 ng B roa U hﬁ).o 9 Lo)& S5 X W ‘:’*’wa.w d\b'ﬂCRNA R Jgéq-

Table 1. Identified date palm IncRNAs related to photoperiodic pathway

o9
. e #2UP - cIncRNA i
LS plo ) alie sad 1)l GWINCRNA S p | gg2 ol s <= s s
e 55,Ske 355 Value Fold 5 o (s Nu"m)b
Code of similarly reported INcRNAs in other  And — Changp o Tnlilg?iljggf er
plants, function reported and reference FDR g8 ;i Male o
and identified
Female
sl b 89, Js) PDAC_LNC018433. 1 5 aup
039 ]au)n J.S)‘.) t)“m Lg)ﬁj usL..: JYVIS SFT 9CO Male
55 3le o JS S 5 5 SlnS 33,5 (23 5 25 P
(Torres etal. 2018) 5> i& séq, 75%10° TRINITY_DN94
PDAC_LNC018433. 1 (oil palm), is related 3.47 210 c4 9213 1
to CO and FT genes that play a role in 000528
photoperiodic pathway and is involved in
flowering and growth of male flowers and
suppression of female flowers of oil palm
(Torres et al. 2018).
25y ly (¢4, J)PDAC_LNC008864. 1 S up
Dy i gy 56 o3le (S5 CigS p 13 g 5 sla IS Male
(Torres et al. 2018) ggx10- _up
PDAC_LNCO008864. 1 (oil palm), plays a 2  8.66 TRINITY_DROL 5
role in the development of male flowers and 4. 810 e 9l1
suppressing female flowers of oil palm. 17
(Torres et al. 2018).
e > ((4gq, ) EGUI_LNC025766. 1 ,»up
&9 ;';91.13 prons LSL”“Oj U:L.:LM) P9 odlo u;JT Jf odS 1 odlo
(Ooi etal. 2019) 5> a5 4, J55 99 10" Female TRINITY DNo1
EGUI_LNC025766. 1 (oil palm), isinvolved 2*  -3.66 -YP 182 c¢1 g1 i20 3
in the regulation of female inflorescence and 4. 810
in the identification of photoperiodic 17
pathway genes of oil palm (Ooi et al. 2019).
oS FT 05 L (30,3 ,43)TPRA_LNC008362. 1 sup
iy d9u0 50 0399 L yo 3yl i (6595 gl yrauno pd odle
N ddgle coiS jl okl (gl a3shls pB)) )4 JSits
gl Jolye Sl od elaid )3 5550 28 by plolis Femal
: o e e e ittt emale
KOVI ) 55 (i o8 0l 2> 55 S5 a5, B3l b “up
(etal. 2017 _ 3.
TPRA_LNC008362. 1 (red clover), has been °%<10" 3. 75 TRIVIY-DN8 4
associated with the FT gene, which is 000155 00 9-_
involved in the photoperiodic pathway, in
improving the seed formation potential of
tetraploid cultivars for using high fodder
quality, identifying candidate genes involved
in seed regulation from early to late stages of
flower development and flowering of clover.
Red plays a role (Kovi et al. 2017).
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&SCB23 5 L (ys05) OEUR_LNC008344. 1 5 aup
9 weali )3 9 03 hasye 3)> LiE 6y gl ee 5
B gy J5 Il G sl g (i el ]S
(Ramirez-Tejero et al. 2020) >,ls 3.
OEUR_LNCO008344. 1 (olive), is related to 66x10°
the CB23 gene, which is involved in the 0.
photoperiodic pathway, and is involved in 00559
regulating and controlling sexual activity and

determining the sex of olive flower organs
(Ramirez-Tejero et al. 2020).

Male

_up
TRINITY_DN91
3.03 182 ¢l g1.i20

5

,CB22 a3 L o5) LUSI_LNCO0330L. 1 5 up
Jel 9 0.39.: Ja.u).o JJ)‘.) w.m d)y uﬁLJ)MM).) 4§C823

S i oS e J5 a5 a3, Jobe ki Mer

(Gorshkova et al. 2018) 33%10° - TRINITY_DN99
LUSI_LNC003301. 1 (flax), is related to the 3.24 420_c3_g1_i4
CB22 and CB23 genes that play a role in the 455645
photoperiod pathway and plays a role in
regulating the growth stages and flowering
process of flax (Gorshkova et al. 2018).

6

s FT &l b {,b5) CSAT_LNC000685. 9 5 s up
Ol g 0392 Lo jo 1,15 (BB (6,9 Coglis yeame > 45 CO
31 bt s 4igS (20 S5 018 0 e 9
(Han et al. 2018) 47x10~7
CSAT_LNC000685. 9 (cucumber), is related 0.
to the FT and CO genes that play a role in the 000115
photoperiod pathway and plays an important

role in the flowering process of a new
cucumber variety (Han et al. 2018).

Male
_up
TRINITY_DN96

3.83 322 c2 gl i9

7

:S CBAA 15 » {»55) TAES_LNC012499. 1 5 up
p:.la}fb'so.)y Iaﬂ)n n})l.)d}.ﬁ.}d)sj ;,»91:\3),,“); )J
S5 Jolre 3 28 G0 (395 5 ol 5 9y sl 2

(Pearce et al. 2014) coul jgo 3 a1 10 A Mfﬂg TRINITY DN6
TAES LNCO012499. 1 (wheat), is related to 2 57 - 3276_c0 gl il

the CB4A gene, which plays a role in the  gq10-
photoperiodic pathway, and is also 6
effective by regulating zinc and iron ions in

early ripening of wheat in the flowering

stages (Pearce et al. 2014).

9 FT sl b ‘(u))l)SV|R_LNC009025 1 up
2 5039 badye ) LiE (6)55 9l yeme ) 45 CO o3l
s i)l (2> J5 nlp S8 g cdl U5 4yl 43 2.

(Zhuetal. 2018) 5 33%1 Fema

o ) 0¢ -3. le_up  TRINITY DN9

SVIR_LNCO009025. 1 (mIIIet), is related to 0 44 3727 c4 gl i5
the FT and CO genes that play arole inthe 06 - =
photoperiodic pathway and is involved in 72

the initial growth of the inflorescence and
the control of the flowering process of
millet (Zhu et al. 2018).
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S FT 555 {y) OSAT_LNCO001137. 1 » up
S35 A8 )3 9 0392 basiyo 31> i ()98 Ll yane #
2> S50l )3 ppizmen g gy odle Cudgials iz 7.
(Liuetal. 2018) 5,5 i wy  4x10 Male
OSAT_LNCO001137. 1 (rice), is related to " 3 - TRINITYDNY o
the FT gene, which is involved in the 0. 74 4210_c4_g2_i3

photoperiodic pathway, and is involved in 0002
the development of the egg and embryo of 73
the female gametophyte of rice, as well as
in the flowering process of rice (Liu et al.

2018)
25 PHY o3 b o ,-bU)ACOM_LNC029444. 1 > up
e 2 g 022 Loy )0 LB (6)58 gl e > g6 #

(Wang et al. 2017) 5,5 , 3& , Wbl 248
(Wang ) 3 A5 T (o 4.3 3 TRINITY_DN9

ACOM_LNC029444. 1 (Pineapple), is 0. Y11
related to the PHY gene, which is involved 0019 19 Male 1701 c2 g7_11
in the photoperiodic pathway, and is 26 _up
involved in the flowering pathway of
pineapple (Wang et al. 2017).
FT o b {ws) MDOM_LNC001130. 4 5 up
O s (DA 09 s (S5 oS 3 g 03 7501
(Zhangetal. 2019) 5)s  0° 3. 'V'%'e TRINITY_DNO
MDOM_LNC001130. 4 (apple), is related 0. 47 P 8502 ¢5702.i1
to FT, CO and PHY genes that play a role 0005
in photoperiodic pathway and is involved 28
in the genetic mechanisms of apple
flowering suppression (Zhang et al. 2019).
5« FT 55 | {az) GRAI_LNC007716. 1 5 up
a_?)‘.[f LS’LM)LMJ D 9 9 0y Ja.u).o d)}; L.J?LJ pronv 3 oo
)b il 4y (> S 5 (Sobe S gy
(Zhangetal. 2019) o7 -3, IFema TRINITY_DN9 o
GRAI_LNC007716. 1 (cotton), with the FT 0. 75 €U 9420 c3 g1 i4

gene, which is related to the photoperiod 0001
pathway and plays a role in petal 55
identification,  pistil  formation  and
flowering in cotton (Zhang et al. 2019).

09 SLlS pead )55 CLINCRNA L JIg5 awslie oluly o5 pols yimgs 50 oad ololis INCRNA 3500
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Cheng) x5 g0 (25 455 13 s FLC 5 cullad o8 pr o (iilog S Clpsi b g (g0 oShoS St 5 (g
Song et al. 2016; ) 1zl LD s FLK FPA FVE FLD FY FCA (clayy; Jobs Wyl oy yege (et al. 2017
gy SO FPA g FCA (slays 598 0 Mg 035 103 (slacasod dal 3 ias ©yee 4o &5 (Srikanth et al. 2011
Sey (Cheng et al. 2017) siwa (RRMS) s8LaRNA (o5 slacasse b alS RNA & 058 Jaio 039
Song et) sl yuSenyy el RNA Y bl (5iby 1651 G &S FY 559 LFLC ol LielS 1, FCA
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Table 2. Identified date palm IncRNAs related to the autonomic pathway

Canoyg
Lo » up
S olalS e 5 alie o 35S saINCRNA s P. g2 obsy SINCRNA &,
Value Fo UP ok olwlis
o cesNesAnd  Id status The Coa': of N
Code of similarly reported IncRNAs in other  FDR Ch in INCRNAS mbe
plants, function reported and reference an Male : s r
identified
ge and
Femal
e
FCA (5 » 55,5 5455) PSAT_LNC005767. 1 Male
PS5 by e slapille g (6555 395 e b b 3. 72 -up TRINITY D
(Jiao et al. 2017) »)l> uis 55,8 3450 ><102 4. N97746_c6_g )
PSAT_LNCO005767. 1 (pea), affects the FCA 47E- 20 112
gene related to the self-stimulation pathway 05
and the effective mechanisms of flower growth
in peas (Jiao et al. 2017).
Ly FLC 5 » {<ww) MDOM_LNCO007288. 1 3 Male
B 3OS (S5 lapansSo 9 (5550095 o b 59X10 _up TRINITY_D
(Zhang et al. 2019) x5 65 cao 67 335- N96617_Cll__91
MDOM_LNCO007288. 1 (apple), the FLC gene 00139 - 2
related to the self-stimulation pathway and the 7
genetic mechanisms of repression are involved
in apple flowering (Zhang et al. 2019).
. 1 Male
cow 2 5 ;> {cww) MDOM_LNCO017364. 2 99x10 5 _up TRINITY D
21 - = _
(Kumar et al. 2016) sl i o 97 N98372_c0_g 3
MDOM_LNC017364. 2 (apple), plays arole in 04E. 11
apple flowering (Kumar et al. 2016). 16
L ksye FLC 5 » {o;)) SVIR_LNC004409. 1 Male
ol U5 gl 1y )3 e slaprailSe g (55501 363 e 55><f(j _up
(Zhu et al. 2018) 5, & o)) 5 Ng%ggéTYl_D
SVIR_LNCO004409. 1 (millet), is involved in 0. 430 —1C ﬁg 4
the FLC gene related to the self-stimulation 00096 -
pathway and effective mechanisms in the early 4

growth of millet inflorescence (Zhu et al.
2018).

aoiY g0, colia |5 g By bay uiygy by jl 1) lgy oS cunily BBy Joiiie gt |y olalbes plls

s dmlgs unlito 01 Jlosl A5 0)93 Jobo g Sid b plilags isd o sl oy sl iy 23y )0 (B oy

el g bl Laxe Loyl §) Jiuws Baas 4 a8 o sl ) 28 4 JUs) (555055 s sl y5 (Cheng et al. 2017)
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Table 3. Identified INCRNA of date palm and associated with gibberellin pathway
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Comd Gt 9 SplS oLl )3 5 039 0.
(Rambani et al. 2014) 5> ,:& 4x 0003
GRAI_LNCO007716. 1 (cotton), is 9
related to the LFY gene, which is

involved in the gibberellin
pathway, and is involved in petal

3 ¢8 g2 i10

identification and sex
determination in cotton (Rambani
et al. 2014).
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