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Extended Abstract

Background: Honeybees play a crucial role in nature, primarily through their involvement in
pollination, which significantly enhances agricultural productivity and contributes to
environmental restoration. It is estimated that nearly one-third of global food production is
directly or indirectly reliant on insect pollination, with honeybees being the most prominent
among them. Studies indicate that the contribution of honeybees to agricultural output in various
countries is 69-143 times greater than their direct production. Over a decade has passed since the
initiation of research on the interspecies transfer of dietary microRNAs (miRNAs) and their
regulatory roles in host organisms, yet this topic remains vibrant and current. Limited studies have
been conducted on the role of dietary miRNAs in honeybees, which are critical pollinators in
agricultural industries and natural ecosystems. The potential for gene expression regulation
among different species via dietary miRNAs could provide significant benefits in the interactions
between plants and their pollinators, allowing plants to modulate the gene expression of
pollinating insects through small RNA transfer. In other words, miRNAs can be transferred not
only between cells and tissues within an organism but also across different species while
maintaining their regulatory functions. Given the vital role of honeybees in plant pollination, this
insect may serve as a more suitable model for studying these interactions. Therefore, the present
study aims to investigate the molecular relationship between this beneficial social insect and its
host plants through the dietary transfer of exogenous miRNAs, potentially illuminating new and
extensive dimensions of the beneficial effects of this interaction.

Methods: Pollens were collected using pollen traps from honeybee hives located on a sunflower
farm in the Shal region of Qazvin, Iran, during thepeak flowering days of the plant. The collected
pollens were immediately examined morphologically and transferred to liquid nitrogen tanks to
preserve freshness and prevent RNA degradation. For nutritional experiments, four hives were
utilized to gather nurse bees under controlled conditions. Approximately 100 young bees from
each hive were transferred into specially designed cages. Two cages served as controls (fed with
sugar syrup) while the two others were treated with sunflower pollens. To maintain natural hive
conditions (queen pheromone, temperature, and humidity) during the experiment, the cages
containing nurse bees were placed on the upper level of the hive. To cleanse the digestive system
of the bees, all treatments were fed with sugar syrup for 48 h. Subsequently, to encourage further
feeding, the bees were kept hungry for about 3 h. In the following 24 h, the control group
continued receiving sugar syrup while the treatment group was fed a solution consisting of 30%
sugar and 70% sunflower pollen. After completing the nutritional experiments, the bees were
anesthetized using cold temperatures, and their midgut tissues were collected, homogenized in
Trizol, and stored at -80 °C until extraction. RNA from both pollen and honeybee midgut tissues
was extracted using a miRNeasy mini Kit from Qiagen, and samples were sent to Novogene in
Beijing, China, for sequencing. Following successful Small RNA-Seq sequencing, bioinformatics
analyses were conducted to identify sunflower-derived miRNAs and track their presence in bees
from different feeding groups. Subsequently, RT-gPCR was employed to validate results obtained
from bioinformatics analyses.

Results: The results of bioinformatics analysis indicated the identification of 11 plant miRNAs
(miR-148a, miR-26a, miR-21-5p, miR-143, miR-27a, miR-203, let-7g, miR-126, miR-30d, miR-
101, and miR-103) in honeybees fed with sunflower pollen while no plant miRNAs were found
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in the control group of bees. To validate the results obtained from the bioinformatics analysis, the
expression patterns of four randomly selected transferred miRNAs (let-7g, miR-21-5p, miR-126,
and miR-148) were confirmed using RT-qPCR, indicating a potential regulatory role for the
identified plant miRNAs in honeybee gene expression.

Conclusion: These findings provide compelling evidence for the successful transfer of miRNAs
from the host plant to the body of honeybees through dietary means. This phenomenon highlights
the intricate connections between honeybees and the plants they pollinate, emphasizing the vital
role that honeybees play in maintaining ecosystem health and agricultural productivity. The
ongoing discussion regarding the dietary transfer of plant miRNAs across various species
underscores their potential regulatory roles in influencing gene expression within the host
organism. The discovery of a molecular relationship between honeybees and their host plants via
miRNAs opens new avenues for understanding the complex interactions that occur in ecosystems,
particularly between pollinating insects and flowering plants. As we delve deeper into the
extensive dimensions of this molecular relationship, it becomes increasingly clear that these
interactions could serve as a roadmap for future breeding studies. Such research could focus on
enhancing hive production through selective breeding of plants that optimize the nutritional and
genetic benefits for honeybees. Additionally, understanding how these transferred miRNAs
influence the immune systems of honeybees may lead to improved strategies for disease
resistance, ultimately benefiting both bee populations and agricultural practices reliant on their
pollination services.

Keywords: Diet-derived transmission of MicroRNAs, Honey bees, RT-qPCR, Sunflower pollen

How to Cite This Article: Gharehdaghi, L., Tahmasbi, Gh, & Harkinezhad, T. (2024). A Study on the Possibility of
Molecular Communication between Honey Bees and Sunflower through the Interspecies Transfer of Small RNAs. Res
Anim Prod, 15(4), 117-128. DOI: 10.61186/rap.15.4.117



http://dx.doi.org/10.61186/rap.15.4.117
https://rap.sanru.ac.ir/article-1-1445-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-04-23 |

[ DOI: 10.61186/rap.15.4.117 ]

AR VEV/F ojlouis /o3l Jlo (oold Slides sla yimgs

e e ey S ol St

gy dllie

G 5 Sl ol g s 55555 o SoSIg0 blisyl el adllas
S5 SBRNA (ltigS oy i

5o kb "l e O 208 U

525 85298 a5 bigel «linios lajle By ml3l L lie 5 (39S SBigal g Slasiod S pe eld polle i sk, olbaliel -
(I.gharedagi@aree0.ac.ir : Jggue odiuws53) ¢yl 5!
Oyl @S «850liS gy g Uhjeel «lidos lojlu ¢)aulS gold pole Cliuod Ao (s yo0) Cliuss iy ol =Y
Ol s eyl ol ¢ g 5gliS 0aSLisly ¢ ol pole 09,8 ¢ Lutily =Y

VYN 18 o)l VEY/VVF sy ol
VYA B VY caomio

b guuso 01,5
N yaee 155 Gl 5 SLtdlenS oo )3 o b b 51, 355 G (o yinte 55UsS S game 155 93] S5 schn 5 dothe
2 Jue y955) i SLidlod S &) s i b alitans iy (IS @olie W5 pgw S Loy 45 g pobots 1S oo Wl Cnj larme sls) g (55y9liS
Syl VY U5 (5)5liS @ladgs Gl )3 s y9665 (285 ccilieo (sl yguiS )3 o a3 g0 Lt g 2 izran D)l (S (W] 4
S350y byl aual il g calisee Gldgnge po LMIRNA Jlie Jlisl 4y bgyje Slalllas g5 5 and S 5l iy cabdS b aibb o o) padians
S lgisdy Jws ya55 0 BMIRNA (S1)63 By ns (id5 3)90 )0 (g0gaze lalllas oS’ gyobody Al oo joyds 9 ED (lizmen caxy (pl ¢bjee
«Shy SLMIRNA )b 5l cilize (sladisS (o (5 Ol wedalS (Sl ol 005 pbl (s winngST 5 6yl Caxio 13 oo (Lidlod,S
JGsl oy 311 olidles S s o5 ol Wlsie alS &5 ysboay asl nsls b slaylidlos S 5 lS Llize dlal) )5 (clogs 9w Slgi o
s JUis) clls 35 cilises s o AL comalS ) Sy sl 5 b Jslas ( e LMIRNA S ol 4 .8 58 Sas8 cRNA
ol 850 e Sl S5 o 0 ) oS LBl > e 505 S 1 4 gy A8 o i |y 355 g 3,8as ol 5
B JUl sk 5l Gl olS g (elein] ddo 0pia cpl G (J9SUge L) 3929 (pp Bin L oS pSls ddlllas pslate s 2255 7 5kae dine
S sy 1y b gl dshe @l 51 glod S g s slad Wlsi e 38 35 Lo L (cMIRNA

oS (S sl slaiy > lniongs® JLb atlaie 53 (o ST a0 )3 @y S y51i5 sloguiS Sl 03,5 A lasgs 3.5 (5 5lcex Ayt 9 3lge
Jitio golo ©5) S5 & RNA (5 6,55l 5 (56 b plaions 5 ooy (Se3slshrsm blod J dlolidly 15 (s gl 03,8 28,8 plsgso
S0 398 Py b oMl oad J S Laylpd ot 435 9 by 955 Sglaen sl 98 23 el e clilefl el jolaied
9% 9 (358 Cupd b 885) aald lpteds ba i jloae 930 Jie 0ud (b (ogatie slagpuid J31 4 bogaiS Sl plaSm I plgr 5905 2ae
0 3 (Cashy 9 13 Lo 90,8) 9555 b Bl 5 (5550 Sl oo A 458 a5 5 ol Sl 05 L o5 35 o ol e
b el FA oty bojlos dad ¢y505 i)lgS olSiwd (goubiudd jokaiods aub 03ld )8 guiS" (VU adbs )5 ki y (gloyou; (s9l> (slayuid ¢ yiuloj]
b plizren 3ol jlaw (gim ol Y )0 g Wud 4l a5 diw)§ b jauj caslun ¥ 29 (gidmy 4385 3295 (gl dl S dw coad e S5 o b
st Loy 31 000zl b 9155 ecslydis Slialol plost S dm s 4435 (3, S8l 03,5 o3 Vo g 1S5 0 )3 Yo Jglomo L gy slo 9 1S5 s
RNA zlyscl 50,5 0,585 gl zewl oyloj b ol )5 sl as o sliin aie (slod )0 9 00 0355900 Joily5 50 9 d)ﬁTW Lﬁu] o 039y Bl g 00
Sy 4y 5 S e 5 S5 plasl G 5,5 51 MiRNeasy mini Kit oS odii ol b 955 (Slae 035, 8l 03,5
63,5 SLMIRNA ¢ Silojsilaes (slozlld 51 ol il L Small RNA-Seq suolcudge (ols g i1 day s o3l ) o> <Siomes Novogene
50 ) ol ol anl ol RT-PCR (S5 5l cay pI5 53 8,5 plowl o 435 ciliso (glog,S (sl s 55 gl b, 5 alolis s, Skl
oozl ¢ Sole, il

let- MiR-203 miR-27a MiR-143 miR-21-5p MiR-26a miR-148a)_aL3S (MIRNA o3jl o, il (Sl Sloygailen U gl lnazbly
LS MIRNA g S35 09,5 olye) 53 &SI )3 397 o1, ST 03,5 b sas 4,3i5 o)955 ,(MIR-103 4 MR-101 miR-30d miR-126 7g
MiR-21- det-7g) oaus Jazio (cMIRNA I 590 Jlan by (6o 3oliai jgbas  Siloygiilgn 3JUT 5l Juols gl oloil (uly (lp auts cdly
955 00F Ol pabats 3 00 b3, (BLS SLMIRNA sl ids S5l & 45 4l RT-gPCR _3s, L (MIR- 148, MiR-126 5p
blse

G ) G Je sloy555 0 & ol oS ] (WMIRNA) WRNA Sen 3350 Jisl (sl 1y losS s solss il ool 055 aons
Lais ) e slaygss Sl G g 335 o 18T S o JLidled ) o8 SlalS 5 Juus (slnygus o o lblo)) & oty ) imd o &)
ot iy il caisS 55 alS CLMIRNA Loy JE5l o)l (o)l coms 3jlo e a1y (£35S Sladsi g piupussS] Cendles
Gk 3 obie GRS 5 Jue (sloygs o (JSge ey S S e (b5 |y Gliee Shgzge 3 05 ol 2 )L 5 e edat
LS oo b S HlalS g lidled S s (o 052940 B o &y BptiunwsST 10 &S (gloduzmy Moles Sp> (gl 1) gdds (sbeoly LamiRNA
o o] il sl ol 485 S lyisar 35l e ST ol 85 393 0 by Sotil 35 o e J5Sge Al () 03,508 el 3 i iy
e Jue sljgsy sl ) (S5 9 lds Gble & SllS bl Goygn @b Jl 915 Mg (IRl 9y 2 Slgie Slidos oz S
& i Casl yS0e )35 oo i s (oo y355 (siog) s 1 005 e (SLMIRNA oyl 6158 i) 53 ol 1 09Ms 2398 35 yoto S oo
SLidlod S Slass 4y atnly (6555l (glooged 5 5505 Cume 93 b 1 4 Colod )3 45 39 g lon il )d Cuoglie (gl (£300e (sla gl il dnsgs

D¢ ,\NP \Jzol

RT-GPCR 5,531 03,5 (s y555 MIRNA sl Jlisl 1 54sl8” (slaogly


https://doaj.org/toc/2676-461X
https://orcid.org/0009-0009-7953-6177
http://dx.doi.org/10.61186/rap.15.4.117
https://rap.sanru.ac.ir/article-1-1445-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-04-23 |

[ DOI: 10.61186/rap.15.4.117 ]

A 2 b g (cowlorls ppmoned ¢ (£130)5 S

W G165 e J] o 1 oo, ST oS 5 e 15 ot J3Sgn 15 ) ISl el

o 08 4Ly il o |y Jgazeo o] &S ool b
Mohammadabadi et al., ) o350 o} o) ol puats
5 oy anllas (s ge 53 bl cleludl 5l S, (2021
e )3 gl allas 5 oo Slio b b yo clogtis
.(Shahsavari et al., 2021) cusl s055909,5 b (Joku
GloaiiSuS i S8 (LaRNA LaRNA, S,
olee iyl Jsb sigilSss V¥ L VA Lyyds a8 st ws
05,5 oyt BRNAG oo onid 43l 55 (LRNA
38des 5 lo b9 g9t e bladas o b (gunail
ol pela 0asS0S 1 S sS GLRNA oyl it
anlil Tl (ol Cgmly 4 b Jate L) b
L g auj0 b pog—asto SLoMRNA T (o155 do 3
Bartel, ) si»y o plosl i MRNA dos 5 5l (5,55l
by gy 0S8 gla 5 Aoy £ dg0s (2004
e b oo Jodai g 418,518 Gaa 3y LamiRNA
sl LMIRNA & ¢laiS 4 (Friedman et al., 2009)
Jold (Sl sloanl® )l o)l o 50 i
T RE R NIV T IPRWES
Olsise LaMIiRNA 5l yizens (Rusek et al. 2015)
9 SNt et Slual (g slay L olgies,
Seyeddokht ) 53" eola_wlla 6 lews Co pie sl Sloyd
Ykl g b dgp5 oS 4L 535 and ) (et al., 2023
S LMIRNA e Juis! )b 5 cilisee sladisS
Sladllas o 5l &S bl oy (sladyoliwd oy sieges ]I
adllas 4 bgsyo oyl oy page Ll digo) L',,{I 3D 04 Pl.'gu'l
Kol L &S dg (Zhang et al., 2012) -, Ken § Sl
andes ol cdlig s 50 Ay o MIRNA 168a
b ISy (5SS pooss 5595 il g b o
gttt U baye cla§ ola oalas 5o 5 eailo i
Zhang ) o),Kes ¢ KI5 wladss .S byl (il Jg S

Plws —p slp ) @b olaixe et al,, 2012
Cilises (elbpsdlS | BMIRNA lie i) 4o
Jito _ligis (gloog,S Lauwgs sl gl a5 ol Ggw
i) liS o alize gl b clillas 1 aich s 05 )5S
SLMIRNA (laiss oo Jisl auli e > odimie
Zhang et al., 2012; Petrick et al., ) 5)l 3929 &LS
ulaslas > (2013; Hirschi, 2012; Witwer, 2012)
1 abe e alie Gyme by alS MIR159 s,
Syl g jgn b (wgSae psbods &5 AD oamliia sl pyu
Shed 5925 ol pogde Al oo basipo e oy
Sy loygagi 45 (5 I3 sie gl oAb s MIR1SY
oizzen (Chin et al., 2016) 135 o oo Lo bse 53 |,
JUSl ey 02d ()15 @l o pSledss 5l (So
U555 4 bogye bl a5t 3 bMIRNA lié
LS MIRNA swlcaiise Jisl j Sl o sl
sS4y oo Llaie g 039 Jaue y955 )Y 4 1 3oL ]
Kegan et al., ) 553 oo 1355 g i 5 0l 0 Ol

(2017

oo
O (S35 Hg Dl y—do g GlolS i3l bl I
o9 olul g Lanl (Joadgs sl GlS Sod &)l
olddles,§ s (K (gaw 3l Sldiily Slibles S o
gl S 03,5 g deed 5l s (gl 3 Joue 55 il
Jwe 555 (Ebadi & Ahmadi, 2004) aib e aiuly
S5y QLtblod)S oy oo (ol Sl Shg il ey
SRS pow S Ly a5 psbas 3980 wguine (305 05
Stblon)S &y dinly maliwno il 5 walliwme jobody jily
ol, s (Wallberg et al., 2014) c_wl | e )ss;
5 clis S355] by, (St ooty oLtiles S
(2L lacumes > (S5 95 dapiwn—wgST g)luk
Bahador et al., ) sl_w o ko ]y JalSS o n S g
P et Qi Geizeed Jus laygud; (2016
Sl o (RS iy S ol G (SB bS]
SdsS | (il B9 o I e slayg55 48 (590
ol ol 5 Aales anlee (Sl s b Sles o LS
b5 liaeds oges 9 s il aJgr a8 ol s ol
aly s oo 0 g el oly ds SLidled )5 a4 & wly
Sl u.l.ol Lg[mOLﬁélob)f )| J_..._c ‘_ng)%j)' ‘Ou;élc.))f
2l edla_wl S5y gs—w 3l (Bahador et al., 2016)
Lo lox (o> 5> Jbgy J5 0sSom 9 Jbisy J5 e 9555
Taheri et ) cawl 038 lag 03508 5,8 ¢yl yus alos ]
@ Js o5 SLosdles S is b ol b al., 2022
3ol Sl wlo  Jlgy 5 0358 e Jud | Jos
a8 oo 4wl 5ol )baw o Slidles )3 58 b auslis
oy Gl o e g0 Lids calise clallles 4o
e Sladgs (53]l VY B 1) Wiy (g5psliS
(Klein et al., 2007) x163,5 5l ¢ funs y4055 (slagass
4S 03505 y—idigy odwl Jos dy sla o Bk
55 szl (ke 005 )3 JoVge Sl
> 9 42y (mgin) DNA (glwaslon o ic)
Arabpour et al., 2021; ) s (Lo )5 paals 0950
Jslw Y (S esle .(Mohamadipoor et al., 2021
Olojed ssbas olfs o 1 tlie 5 o35 3w (o
e 5] o oy a0l loj Sy g NS0 ol
Salodoo Mg 1) Jobo b3 3590 m 3T b (0S99 00 (o
b_wy o5 ol 4 5L (Masoudzadeh et al., 2020)
Gygmo )3 g d9—d e JyHS WS (o0 1) o)) 3 & Jarme
JUd s 9 (9ol Cygots (45 ol «)5 035918 41 Lo pae
S s (Mohammadabadi, 2019) wile sales 3L
bodly glsil 5 Sy 3 o35 plod 51 K58 T s goo
)1 (S god aleyo 4 55 Lo ol 9 39— Ol
oyl »ls (Mohammadabadi & Asadollahpour, 2021)
2 50 gl ylan o aS o OY s e jlide pisren

1- DNA 2- Open reading frame (ORF)

3- Untranslated region (UTR) 4- Apoptosis


http://dx.doi.org/10.61186/rap.15.4.117
https://rap.sanru.ac.ir/article-1-1445-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-04-23 |

[ DOI: 10.61186/rap.15.4.117 ]

AAA

S ol 5 (olagh (emomadle < Blao i M

aibaie y3 10, Sol3l ac y30 5l awg ddlaie 4 948 oolaws
@ sl slajgy > b e lpking P JLd
Uaody 03)5 5 cuas gliS (63555 50 03,5 Al (yl>, Kbl
A5 Jdie @l S ey g Lg)ﬂé‘g 03,5 dli > okl 8
0ad Sy by o Jus y95 54355 9 690

Ao (liwyss) 3 s j985 (sl oliglejl
slp S plal 25 3 @ly y9—iS (o> pole Clidos
WA 2l slal gyl Lo i ) jslate o
ol locad g gl Cand 2y &S o Bl
5! o judd ool Cuomnd A odlawl gy 0dd ad b g
(s skio V0 aei (sl Jg 252 (o St i
21b (6 yglae (slaygeis S yolaiads g 39 0 o>
g el pouiS b o] byl 5l (S quiB 3
2 s colpl gy JB ol jl slaskad pionen
51 sl yasy duiss jalaieds dgs 0 duued i J3 1
9 GRS (gl o puid (oY Ceond )3 g 93 (i
(\ ng;) dgp 64 s ul 9 ch:u

VY /¥ ojlos [ 3l Jlo ooy Cladgs slojimgsy

clyis 5 olalS piloll alal; 4 axg L
(OLaslos S 0puien oy yioges) Juss y93) Loguase (Lidlos S
sl azge; 5 0a s plagl S0 lisylS g b Sy ]
O LBlaze g Giliseo (gbya—uilS)l oy LMIRNA lic
Ol (y 2 %03 Bl 1 liges 29290y o] (gosdais
1955 o 4 oKLl 03,5 clMiRNA lie sl
Olol® Caenl Pla a5l o y b ddlles Bun &S | we
9 Jab jl (g S an i Jgl a3 a8 4Bl oo
ol g sloin! Lt oyiin (! o 485 O 9o Y il
3390 3 yiiey Sligiod (g ainej Lblate g 0ad bjue
1y olijee S939e 5 assly JEsl cMIRNA adass i
S (0 ol )3

) ) Lo sdg) 9 dlge
o, ikd] 0,8 d)sl_é‘? «slas)yie clinlej)

e 5 plinebol 1 ey (19,081 03,5 (sans sl
2B (b ySh ol 455y 5l Jue y95 (slog S (35
YAV olo )92 308 53 olS el (AT L lojo ¢ cag g

A VU ‘

omdd J3> & OT JEsl g Gle> o,Y OB g9y 5l (e Hliwy slayes; d)aié*? -V S

Figure 1. Collecting young nurse bees from the frame of the young larva and transferring it into the cage

b el YA Gondy b lagd o 48,5 Jai o o, Sl
S 4385 oty o 5w ead i Kb oy
Gl VY 0 00 ash 655 diw)S s celw ¥ odgus
Yo oo b (gan jla g Sl oy b ald Jlosd (g
5 e s 435 I, 50k8] 03,5 sy Ve g ,Ss ds )
35 (gl g0 Loyuw 51 oolil b ¢ mda3i5 livlojl ples]
039y Cromud sl.b)y:jj w.i_w caéb 9 VIS ook 04
Jo3l 5 Jolome J515 5 ladigas olod 5 s aitlyy Sl
o> A e (glod )3 (san So3IUT sl g b 0355500
AW cﬁ_’;b
039y c8ly g Ob)igLI.éi 03,5 ;1 JS RNA zlz5c il
miRNeasy mini Kit ¢S 5l sslawl b Jawe j55j o

$9) 45 2loygsj iy Lo Saslee>
9 Saglae 239 gy (gl Jla 3 ol 9)¥ e
olilejl plosl caa )5 Jate (—doloj] (sloudd 4
Yhaib )5 b wy gloyes) gol> Glouid (glandss
5 o> eSle (150)8) 98 (x> Ll b o0l )8 508
Sl 535 208 oz 51l palp (ialesl o 5 (b
it S el o 45y g 95 sl
plaS o 5l lan jau; dde dus Dgds i epdy Wb oolaiul
Lo juod 5l ode g0 0 b Jote Lo puad J3b 4y lagass
03)5 b o 4335 Jlod gy i 93 9 ald lgicas
small RNA b Jlsis RNA g5l

1- midgut


http://dx.doi.org/10.61186/rap.15.4.117
https://rap.sanru.ac.ir/article-1-1445-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-04-23 |

[ DOI: 10.61186/rap.15.4.117 ]

IS o ol 5 (rolagh (oSl o Bloo i M

Wy G165 e J] o 1 oo, ST oS 5 e 15 ot J3Sgn 15 ) ISl el

u].))i;hsi ab)f dlmmiRNA dl;.b) d‘ﬁ .C,é) )Lfd.g d;Ua)
L Bowtie a3y )5l 5l e e Sl odgy il
Fd SU sl Jlg s i opdy ab oolaiwl illay pas
9 (Ob)igtéi 03,5 b ods AJJ.:.;) Jlowi 09,5 (gl yguij 0
&l SMIRNA | (S5 Co i b 01 4,35) S8 05,5
cLMIRNA Gl ¢l miRBase oals oL 5l ol i
Cdyeb gl g Wa b o yen Ol s ol cblas
auls LMIRNA Glis jslateds U8 cals o 5l oais
p— L— £ )9}
ftp://ftp.ensemblgenomes.org/pub/metazoa/release-)
20 .05 Caydyeb a0 oyl (45/fasta/apis_mellifera/dna
039y ;0 o, XLl LaMiRNA Lo, (¢l y31 adsye
b oadi Cudyen sloJIs (ol b oad 435 s 555 oo
03,5 o ol wl & LMIRNA L | e jos; poj
LS Cdyen pols adlae )3 o, Kol
} RT-qPCR

9y JINGS jl J—ol> mli olojl auly caa
5l RT-gPCR plssl (glp .5 eslarwl RT-gPCR
MIDETECT A TRACKTM miRNA gRT-c ¢

RiboBio Co., Ltd., Guangzhou, ) PCR Starter
ST HRT) ogSae (camgigy (sly aub odlazwl (China
MIiDETECT A TRACK _sgee g sl e iS5y
Guangzhou RiboBio Co., Ltd.,) TM Uni-RT
«h> cd, 55l 1 gPCR ly 9 (Guangzhou, China
e Iy glb Sy Skl olanl JIg
miDETECT A (TCGTATCCAGTGCGTCGAGT)
TRACK TM Forward Primer and Uni-Reverse
oS polw Byee LRT-gPCR 1Sy .05 o5lael Primer
S a9 (Sigdon LSS 90 b (Saly W el Ko o
128y yole) 081 (315 558 0 5 eslisal b (S5
1 iS y yeuly g TGCCAACACTGTCCTTTCTG
asliy a5 plosl (AGAATTGACCCACCAATCC
a0 glod pagdn Ve as s SO ol PCR Sl
A0 (slod > aslh gz folis a5 > ¥e ipgd dls yo )5 5L
Ve 9ol il an d Fe lod ;0 4l Ve w5 ol 45 pd
B S pgw Al yo S Sl ax Ve glod 0 b
(— ul-” d?i'” 9 il 0 %;95 (ST ool ol
Schmittgen ) . awloee ACT g CT g, L lMIRNA
Jetal., 2008

cou g gl
olb)igl:é] o.))f L;LhmiRNA uﬁl...l;.:,

Novoene c.§, i b wg 4,5l 63,5 diged 43
[llumina Hiseq 2500/2000 3l eola ol b s Souzms
single-end 5o 4 b juiled b b Jlg cuddge b
YAVEOYY ggomme ,d 390 5L i 0+ Loyl Jgb g 03
03,5 pg3> aiges) YEFVAFY g (oo, Kolsl 03,5 gl asged)
sla jsilgs Bla jlam a5 wb sl pls silgs (o, Skl
557 537 oyl wxgll (slaiils (omly cods Ly
2 Sk uiled YOO A 5 ¥VYFAD « Poly-A slo Jlgs

9 055 b bl Joallygiws 3l 5 T3S <83 ]
W8 ey 3y90 30> 4 5,61 5 g9, 2 RNA (554
Fegideils leslaz wl Ly RNA osls 4 c8,s
NanoPhotometer® spectrophotometer )
LRNA cdale . obj)l (IMPLEN, CA, USA)
Qubit® RNA Assay Kit in Qubit® cuS ;I eslar !
Life Technologies, CA, ) ¢4 5 sl 2.0 Flurometer
RNA Nano ¢S jl eslawl L RNA Y 5 LSS 4 (USA
600 Assay of the Agilent Bioanalyzer 2100 system
b_wy oL Jls (Agilent Technologies) si plesl
https:/fen. ) ;> S > Novogene ¢S, i
lllumina Hiseq jl sosla x| L, (novogene.com/
3PS 9ySae ¥ dgan i s i8S plas] 2500/2000
salolis’ o b edlatwl Slulis” s sl JS RNA
NEBNext® Multiplex Small ;! ssla ! L cCDNA
(NEB, USA) RNA Library Prep Set for lllumina®
2 a3l 0ad (G)lISUS sladiges (anades 5 4 b
TruSeq SR eslaul L cBot cluster sl piwsw (5,
alygrws b Cluster Kit v3-cBot-HS (lllumia)
$lolS ¢ wMS syl aw A Dbl silw eS8
9 Hiseq 2500 Luegh! p,dcds (gg; p oais (gjlwodlel
S ob Jlgs single-end L cas 8- sla iiles
LMIRNA ok

s Jg  ob Jg oKiws lawss ol 0biles (sla Jlgs
3 (Sl Gilss ggi 9> ashl )3 iy e oasali ‘pls
O slygnbl i b is MiRNAseq s glaosly
Martin & Wang, ) " uls (Saom b sl il g Jlss
Sl —ols gaalllas o Laodly coas JuS 4l (2011
Schmiedder & ) o5 oolaz .l FASTQC 58l 5
!y Trimmomatic )l3sle 5 51 s (Edwars, 2011
Bolger et ) as sdlaul (s yg0bl) oacis 415510 sla JIgs
Bis jlae SL gloodls oM ok, (al., 2014
ol <t b o Jlg Poly-N JIg o gzl cla JIss
Vo5l e 9 V7 J) 35S salS 95 Jsb b ala il
0,5 Sk sla Jlg day als o 10 sl cwday wigtlS'ys
L (v1.1.2) Bowtie _as,en 5l 5l esliwl b ol Sokal
Repbase 5 Rfam GtRNAdb Silva slasdls ol L
SRNA (IRNA) agjse; sLRNA 135 23 ol
Sl Sog8 (LaRNA (tRNA) suins JLis!
sl Jlg (SNORNA) 548" S RNA (SNRNA)
WIS G yen 0SS GLRNA L b g ,)1,SS
L;meiRNA SR dl)‘. JL\. Lo )J.._e d‘-%;”af
<MIRNA s Jlg b ub)i:hei 03,5 1> odub cdadlos
YY a5 MiRBase ooy oL )3 29390 &L aLS
J=l 5l eslax Wl L, (http://www.mirbase.org)
SO S s iy pae S L Bowtie 4,0
odld oK:L 651.5 ‘_;meIRNA b oosis [EIRPAN Y dLﬁg”y
S8l 5 was lMIRNA s i sl MiRBase
pae 5 L (V1.1.3) miRDeep-P2 158l 5l oslawl b

1-(Qiagen, Valencia, CA, USA)

2- RNA integrity


http://www.mirbase.org/
http://dx.doi.org/10.61186/rap.15.4.117
https://rap.sanru.ac.ir/article-1-1445-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-04-23 |

[ DOI: 10.61186/rap.15.4.117 ]

WY

TSl 5 rolagh (oSl o Boo i M

sla il b hadye a8 asl e sy (isles VASYIVD
SLMIRNA & by e la jiilgs ogMeas oanis oLl
() Jois) 39 00 cldablos alS

VFY /Y oyl [pnd 3l Jlo oold s sla yimgy

$ihd 5] e i dls yo 53 el Codady pgd g Jol (sladiges
SNRNASs tRNAs IRNAS 4, by o (sla yilss 0,8

dleuw‘? 5 ol L;-\-DW s b u-’l-‘bu‘“‘? SNORNAs
o VOYNFF Loles aggilsn Yo 5l i iy 9 V8 1 S

Ob)igb:é—l 03,5 sladiges )0 S5s8 RNA (cleodly d)ln] s Sie—) Jods
Table 1. Statistics of small RNA sequences in Sunflower pollen samples

Oh)i,t;iﬂ 03,5 pgd diges Qb)igt‘_éi 03,5 Jgl 4903 glgil
The second sample of sunflower pollen The first sample of sunflower Types
2641841 3816531 e
Raw reads

2559080 3710485 St ol
Clean reads

IRNA L Lo (slatils

365507 679142 The reads related to rRNAs
tRNAS b L e sla 25

106852 106238 The reads related to tRNAs
SIRNA | Ly sl il

1439 1001 The reads related to SnRNA
SNORNAL Ly (clasiils

591 965 The reads related to snoRNA
- L6577 ol S b 2ol
Law Complexity reads

MIRNASL Ly e slaiiles

741237 1124634 The reads related to miRNAs
039l (sl iy

67 133 Contaminated reads
1061938 1405511 1 s el St
No annotation reads

(LS o sl <MIRNA L ori Gekaio (sla il

29186 106904 Aligned reads against known mature plant miRNAs
. a6 ous a3lis cWMIRNA

Known miRNAs

S5 GYY a5 o g 5058595 VY o JIgs
VI

03,5 & bgye 0ad jld Sa8 GLRNA Jsb 555
ssnliie o jshailan At o ¥ S Gllas ol S

a bgiye (Slglh8 oluad o iy diged 93 & 53 395

Length Distributions

Y msm
g o lasm
T
3 @
Q
3 o+
o
o I:II:Ih
k]
SO

o J

% 17 18 19 20 29 22

23

2425 26 27 28 29 30

Filtered clean read length (nt)

(SFL, SF2) 3,555l 03,5 digas 93 ;> lasmall RNA & bgsye sla yiiled Jobo g5 =Y JSib
Figure 2. Length distribution of small RNA reads in two samples of sunflower pollen

e o) Jeas) sl e 39390 MiRBase
miRBase _alS (cLaRNASw L 45 la ils
2 i GlaRNAG Sw i lp sia i sdais
L eonpignns 5l oslate ol sl aizdy LSy ol Sl
2 RNAGSee i IRl cnpg— 9 cricdd
o iilss a5 15 ooliz_l MIRDeep-P2 ol |, o als
LRNA o 5 23,5 civayen oSl o35 L Iy 25250
e R
Al e Veienna aiw jl eslawl L RNA g sl
35 sl )8l ) s 11 RNA S o35

Lgl.mu:&ﬂ}& ‘Ob)igh’éi <sLMIRNA u.»l_,...sl.,_w dl).g

S5 Gy yen kS A CLMIRNA L S gons i3
13 oas cladloes MIRNA Y20 g ASF lolis &y yoxie o5
asllhae 5 it €8> glp 33,5 p9d 5 Jol (sloaiges
B39y S yie diged 93 o 0 &S S RNAG S sl
Jgl @350 o 605 a8 S 5l 50 gam (gl o LT (4
Ol il 3 53 1) pgd diges SLRNAG S plos
2 oKkl 63,3 (gl oa b assli 5 RNAG S Y0
15 BRNA Ko gl 45 0 ol s 5 ol adllas
oS3l 5 g 00 olwlind M kS L b ol Kbl


http://dx.doi.org/10.61186/rap.15.4.117
https://rap.sanru.ac.ir/article-1-1445-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-04-23 |

[ DOI: 10.61186/rap.15.4.117 ]

IS o ol 5 rolagh (oSl < Bloo i M

e G165 e J] o 1 oo, ST oS 5 e 15 ot J3Sgn 15 ) ISl el

ojlal iz Bby oy w slonw jlsl_w LamiRNA
AsdS e YY LY o0 b i L clbMiRNA
Y Jgi) 2292

Wged 93 o S yiidio <LMIRNA . L Obl&gt'.éi
Olgie L g ooy odlgils Ve au leie a8 b, Kolus] 03,3
ol dad oS s 5 (¢ )li8pliHan-novel-miR100-110

Qb)igtﬂ 03,5 ;0 ol (glwlid L LMIRNA oo S5 -V Joi>
Table 2. Characteristics of novel miRNAs in sunflower pollen

e

Al . Jﬁ_ i

bRNA g S0 odlgils lmiRNA  JIg5 . o) SR> Sy

miRl\fAs i fanﬁl miRNAS se TJAen?;e PaigesS strand Ie;btli S5

y q chromosome direction g o)
id minimum
free energy
Han-novel-miR-100-5P Han-novel-miR-100 CGGGCTCAGACACCTGTGCTG 17 - 21 -54.8
Han-novel-miR-101-3P Han-novel-miR-101 CCCGCCTTGCATCAAGTGAAT 6 . 21 -40.4
Han-novel-miR-102-5P Han-novel-miR-102 GGAATGTTGTCTGGCTCGAGG 3 . 21 -58.3
Han-novel-miR-102-5P GGAATGTTGTCTGGCTCGAGA 6 - 21 -48.5
Han-novel-miR-103-3P Han-novel-miR-103 CCCGCCTTGCATCAAGTGAAT 17 21 -42.3
Han-novel-miR-104-3P Han-novel-miR-104 AAGGTGTAGTTTTTTTGAAA 8 - 21 -36.3
Han-novel-miR-105-3P-a Han-novel-miR-105 TTGGACTGAAGGGAGCTCCCT 1 . 21 -69.4
Han-novel-miR-105-3P-b TTGGACTGAAGGGAGCTCCCT 7 - 21 -64.4
Han-novel-miR-105-3P-c TTGGACTGAAGGGAGCTCCCT 14 . 21 -68.9
Han-novel-miR-106 Han-novel-miR-106 CGGGCTCAGACACCTGTGCTG 17 ' 21 -54.8
Han-novel-miR-107 Han-novel-miR-107 TCGGACCAGGCTTCATTCCTC 10 21 -41.1
Han-novel-miR-108 Han-novel-miR-108 TGAAGCTGCCAGCATGATCTGA 14 ' 22 -56.7
Han-miR-novel-109 Han-miR-novel-109 TCGGACCAGGCTTCATTCCCCC 2 ' 22 -75.1
Han-miR-novel-110-a Han-miR-novel-110 TTCAATAAAGCTGTGGGAAGA 3 ' 21 -34.9
Han-miR-novel-110-b TTCAATAAAGCTGTGGGAAGA 12 + 21 -32
Han-miR-novel-110-c TTCAATAAAGCTGTGGGAAGA 9 21 -38

Leaghl pydcdy by Vb ol b (ol Jlg5 )3 pld ilos
Joss g o0, Kkdl 03,5 L oa s 4485 Hlews ,> Hiseq 2500
S5 9o L plaSya S8 lgiea jSb Copd b oad 435
Gla dx Lodld (531 iy 5l e a5 dles) (SS5glsn
Jpoly-A d?l—> duu—lb—? 5 9 3 dl_asﬁ_;‘_sjﬂ
et ogll gla s 5 ol codS L slauilss
YOOARNS ((pos yLow) YFFROAA (ol ;Lass) VFA5FAY

Erts Sl Gl (g3 J555) ¥RVYEE (g J,55)
Y Jsis) Lol

R omly i 51 4 s gl s
Bonnet et al., ) » sl o LbMIRNA 20 slo S
slogy—in Sl g550 Bl , sls asdllas ,>.(2004
YOIV G =YY o 0 i i LRNAG S
2> a3 S JS S — 04132 Lauwgio yoboty 45 il on
CuwlatRNA 5 IRNA 3l51 65500 51 5ol & 00,5 o0
Jue 955 sljles (b g 5 Juol> @l
b oa—d 4yl jle Jgl adged) VoV IFY ggaome
L odb a0ds Hlad pgd ddges) YAVAYSY ()b, SoLusl
(Y JysS) BYDND-0 o (V Jyu8) YEF-YE (ol Sl

bos—d apdas dl.m)%})' 9 ()la.u) db)igt‘éi 03,5 Los FYRF J—s L;Lm)%.})’ ,» small RNA gbaosly LS)Lo] dlmufjﬁ -y Jﬁ_\?

A5 SBMIRNA s, (sl (U558 29,5) 55 oyl

Table 3. Statistics of small RNA sequences in sunflower pollen-treated and sugar syrup-treated (control) honey bees

for detection of plant miRNAs

o > )55 s Jl S5 IS o 15 I8 J 05 el
*Treatment 2 *Treatment 1 Control 2 Control 1 Types

3975267 2030142 4251505 2660260 (Raw reads) pls jilgs-

3449599 1696697 4093244 2558916 (Clean reads) s, ulss

1079158 642603 1336965 1096486 FRNA L by cla iilgs

Reads related to rRNA

319453 144150 108148 68118 RNA L Lbsye sl iilss

Reads related to tRNA

39478 16751 27042 40226 SNRNA L by sla jislgs

Reads related to SNRNA

6974 2920 4814 5071 SNORNA | Lsje (sla isls

Reads related to sSnoRNA

3269 1414 10068 4176 ol S b slaisles

Law complexity reads

850 505 4851 938 o3gl] slajiiles

Contaminated reads

140928 65904 573125 111446 s y55 SLMIRNA L g ye gla jiilss

Reads related to Apis mellifera miRNAs

2899 1483 21525 6097 Clypts 505 sla MIRNAL Lase o jiilss

Reads related to other insect miRNAs

1421167 623295 1202178 801690 osis glolis sla il

No annotation reads

543661 226332 735370 410890 e y555 £33 b oid ot sl ytilss

Reads mapped against Apis mellifera genome

10632 4520 73 56 Okl 03,5 lMiRNA L oas siate (sla yiiles

) Aligned reads to sunflower pollen_miRNAs

31 11 0 0 O3] 03,8 b ot i Juue 955 3 0dd b3,y sMIRNA jlas

Count of detected miRNAs in sunflower pollen-treated honey bees

*Honey bees fed with Sunflower Pollen (first and second replication)

;Lmuf)ﬁ) 9 .)lya u.uDU 3D 04 )5.) wl)/a alwdw u»l_wl))
i s SosS GLRNA L Gis g ol Wl 3
@l yialy g e 0ad cldaile MIRNA LamiRNA

(P92 5 ol S5) cloySelisl 03,5 | 00 4335 Juwe (gl 9553
J—s 9555 <l > (2LS GLMIRNA oo,
om0 ladly ple adoje a4 ads o 0L
sokaiepl (sl ad Bls Waosly ) 5l alS slmiRNA


http://dx.doi.org/10.61186/rap.15.4.117
https://rap.sanru.ac.ir/article-1-1445-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-04-23 |

[ DOI: 10.61186/rap.15.4.117 ]

VYo

MBSy ol g (cwlorls (ppmonedE ¢ (£130)8 S

4 bgiye )10 90 j0 00 b obdy Syt e clamiRNA
af win s bl WU oam als po (gl o, Kol jLas
IS5 o, Kokl 03,3 e Jgl )5 (MIRNA o3;L
2 odd glwlus S ie SLMIRNA g 35250 55 pod
MiR-148a : Jolis 15,5081 b oad 4355 jla 4905 93
miR- miR-27a miR-143 miR-21-5p miR-26a
miR- 4 MiR-101 miR-30d miR-126 det-7g 203
L3g 103
b9y 5 eola—wl 4 NGS jl J—ols mls olojl o,
RT-qPCR

MiR-21-5p det-79) 5550 o> oyl oSN —wyp
Jaze o, Solsl clmiRNA ;I (MiR-148a 4 miR-126
= RT-0PCR g, 5l oolawl b Jue a5 oy 4 005
o) 5503 Sl 2,5 31y (Soleygilyr 500 Lol
JyiS 09,5 53 g il ke 09,5 45 leas LMIRNA
7 JS8) 285 23 gl sl o o

let-7g
8
6
5 4
<
2
0
— o
|1 [T
(@] 5]
miR-126
12
10
5 6
T g
2
0
~— o~
[ (I
w (5]

ACT

ACT

VFY /Y oyl [pnd 3l Jlo oold s sla yimgy

Osmed 5 0l 5 <5 MiRbase ooy oL, jo 4
Y5y Loles Jws o) b Lo po duis cLbMiRNA
G903) AVVD -5l 08 Los b dss Jlas Jgl dige)
3 (Jg) ) TR-A (s S8 o a0l py
SMIRNA L ivsyon sy Gl (pg> J525) F57A-A
abgyyo slayiled a0 pen S50 el cowday alS
s 955 S8 o 9 ()Rl 03,5 b oad 4035 Jlos
1 o, Sl 03,5 (el oads oLl cMIiRNA |
VS g oai clslis RNAg S ¥20) , sls aallbas
o pan iles VY AF N FYY OV (1as RNA, S
J5S Sles g oSl 0,5 Jlass pgd o Jgl )85 5
PRNAGSLYY 5 VY ooy d o dS B0 Cayd o
03,5 Ly odd 4yl Jlass 4y bogwje (Sjglen IS 9
&S yiie MIRNA g 458 09,5 1 g a4l S0k
Ul e o il el (Y i) s oL,

miR-21-5p
8
6
4
2
0
5 5
miR-148a-3p
8
6
4
2
0
5 5

5205 ol oo 09,5 53 4 85 s y955 (oo 039 <l 11 G o oa Jizie ofo, S8l SeMIRNA ol (55801 - S5
Figure 3. The expression pattern of sunflower miRNAs transferred through food to the body of honey bees, which
were expressed only in the treatment group. (SF1 and SF2 are the first and second samples of sunflower)
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