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Abstract
Objective

Due to the low chilling requirement of almond, this plant encounters yearly with irreparable
damages by late spring frost. The introduction of tolerant cultivars using genetic engineering
methods, depends on the identification of molecular mechanisms involved in cold stress response.
In recent studies the important role of small RNAs especially miRNAs have been confirmed in
the response and adaptation of plants to biotic and abiotic stresses. Therefore, based on the SRNA
sequencing results of almond, among identified cold-responsive miRNAs, in this study, the
expression pattern of Pdu-miR319a and Pdu-miR398a-3p along with their targets were compared

between two cold tolerant and sensitive genotypes of almond.
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Materials and methods

The reproductive tissues of almond (anther and ovary) from H as tolerant genotype and Sh12 as
sensitive variety were treated under 0 and -2 °C. After RNA extraction and cDNA synthesis Real
Time PCR was performed and expression data were analyzed by 2-24<t method.

Results

MiR319a was identified with a positive regulatory effect in response to both cold stress levels in
two genotypes. The downregulation of GAMYB-like was observed in both tissues of H under 0°C
and also in the ovary of Sh12 under 0 and -2 °C. The expression of TCP4 was significantly
increased in H under both stress levels. MiR398a-3p was detected with a negative regulatory
effect in the H but the induction of CTR6 was observed in both tissues under -2°C. In Sh12 the
upregulation of miR398a-3p and the downregulation of CTR6 was observed.

Conclusions

Regarding to the differential expression of studied genes between two genotypes, in order to
complete the molecular information about their function, it is recommended to examine their
expression among other tolerant and sensitive varieties under different cold stress treatments, and
followed by their function should be assessed using methods such as over expression, amiRNA
technology and target mimicry.

Keywords: Almond, Cold stress, Reproductive tissue, Expression pattern, MiRNA.

Paper Type: Research Paper.

Citation: Karimi M, Shiran B, Rabiei M, Fallahi H (2021) Study the expression changes of Pdu-
miR319a, Pdu-miR398a-3p and their target genes in reproductive tissues of almond under cold
stress. Agricultural Biotechnology Journal 13(1), 93-114.

Agricultural Biotechnology Journal 13 (1), 93-114. DOI: 10.22103/jab.2021.15888.1236
Received: January 20, 2021. Accepted: February 24, 2021.
Publisher: Faculty of Agriculture and Technology Institute of Plant

@ @@ Production, Shahid Bahonar University of Kerman-Iranian
Biotechnology Society.

© the authors

q¢

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



:, & S29bS (5598 i gu Aloxo @. @
:/u/tv.’}',’,),:\./{l dl,/'/fwsih
i " TYYA—50e 1Sy 2SI UL TYYA-5Y+8 silo L i

eIl ,d byl Bur g yj ¢ Pdu-miR398a Pdu-miR319a (yly il sty axdlize

Lo oo 5 €5 Ioly (o

9255 4y
3,5 05 MIAYFNEY 1 iy 38 03,8 00 olSild (659l 0uSisld (659055 gm g LS Mol 09,3 ¢ 28> aidgal sl

mr.karimi83@gmail.com :abL, .

Ol 5942
AMIAPYFIYY e} KLY ‘3){){*’:‘ oKy cd)')QLZS 04y cd)9j9»5v9u 9 c_JL:Lu C)’Lol 09; ‘Pw ! J}f.m.ﬁ bwy*

beshiran45@gmail.com :asbLl, .l S s

‘:&ﬁ) RV )
rabiei@sku.ac.ir
W s

fallahi.raziuni@gmail.com

WAANY/ 5 5y Gy WA/ sdl s go b

LRV

df..\:l;ul)o u‘)LM>Jw4JL» dod g 0Jg u»l.m> °)L?(I aRd dLo).w ducp.{ ‘_s.:Lo).w )Ly J:J)Agrb])lg &5)) :t-éJ@

U3 Js80ge clbpunplSio Sl (K55 it slog) 1 odlisl b Lo plB] duws g5 doj¥ 595 oo i gl b gs

S5k 9 ol > BRNA Seo 09 4 Sas8 SLRNA oo (28 131 Slalllas 3 adloo o (5 & olSEwy

obe 5 pbl GSRNA b JIg zuls bl g)onl il ol o @ldl iwnipe g ) o i 4 olalS

ol ol g wbsesl PAu-miR398a-3p ¢ PAu-miR319a adllas oyl ;5 oy 5 4 odimd gl RNAG S

85 )8 dglin 350 Lo 5 €05 ool (sl 4 ol 5 Joosie i) 33 0 3 gl 0 olyen & lag]


https://orcid.org/0000-0003-2066-2354
https://orcid.org/0000-0001-9997-4718
https://orcid.org/0000-0002-9541-3646
https://orcid.org/0000-0002-8754-3491

BN,

(VEe o 5l e) yloud VY 0,93) (55,0l (5599555 g loro

s,

€6 SN12 (gloys @y obn> 08y 9 H ot gy olaoss 9 Sy (o) slocdly Salesl cal o s g 9 S0
5 pl>sI Real time PCR _zis1y €DNA i g RNA zlsen] 5l e 08,5 51,8 5,5 Sl 450 =Y ¢ yh0 clajles
b5 Sygo 27BN gy i enlil b 5 ol slrodly oo g 4o

ol ol ) (ol LS caisi 93 2 )3 loj T a9 0 a G b )3 St sedas 51 L MIR319A ) g U
Gl 1 S12 laass Bl 45 5 ¢ 31,5 Slo a5 > yho (25 & gl H cuigis oiolj cél ¢ 4o 3 GAMYB-like
S L |y gl dme ol il pde w93y 4 Gl D H 593 p TCPA 5 i saal e o5 o w93 o &
=Y 5 gl > cél g3 e 3 CTRG 5 olo Liali8l Lol oas slols H cusgl o are eibais I L MIR398a-3p
»Sh12 laess cél > CTRE L, ials g MIR398a-3p L Lil38 Sh12 15, 15 5,5 sanli o o5 le ax
A5 ol 3,5 il day =Y LD 4 by

B! oo jshaio 4 b 5 Jaeio cigis 59 0t 53 aallas 3590 (sla5 ol 31581 anlite &) 45 | 305 305 sl
O il elolos €08 g (el g oo pB)l s )3 ] Gl 39300 dog dag ] 5Shes b a5 JoSUge
AMIRNA (5l dagy5 3,5 ol Ghe sl (2lobyy Sl oalisol L ol 5 ,Slas (T Jls & 5 395 oo i oloyw
23)5 oy, target mimicry i, 4

RNAG S0 05 ol esiali 8l dopus (55 plol; o 3lganls’

sty e g3

Pdu- Pdu-miR319a L, wlywss adllas (VFev) faus (M oo (mmy oske Ol cdadpe (g0)S DLw]
MY (WY ¢ g0l iSO Ao Loy (a5 €05 pol ol slaplssl 53 bl Gam (sl o MIR398a
Publisher: Faculty of Agriculture and Technology Institute of Plant

@ @@ Production, Shahid Bahonar University of Kerman-Iranian
Biotechnology Society.

© the authors

Aodlo
e Joloe Slgis a1 93001 j1 g wimd cn )3 5l o 1) (LS (Slis g g5 Ay (i JSB 4y g b Sloi
UYMW9J~\)) L;‘)g 1) BYRVE] d’)““‘“’ Lo).w U‘WJ’J]&" ub@uLQ}ﬂ»‘f» 5 u\/ya.’xo J’.@K)b Lg.,\:.lf9o.3$.35

ool 2 lopur (5 398 (oo (BLS (slodisS STy (il cuw g0l g 3 (et GlaiS ple Gl 53 sjpelinS

bl o 3lasl 25 il dx 2 Vo U jho olod dield j0 Loy (S D9 oo o (53570 9 Loy S (S dtwd 90 4y L
a1

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



RN,

VEo o oo, Sad g 015

wamsml,

asdo wle (Sinha et al .2015) 5540 0 £989 4 3,5 Bl 45 Hao | jiaS laled ) (S3550 a5 & b
4575 0S5y i o Std (Sl palls b (slacl ) I azalS aile Sl s Siaile Jold Lo (13551 50
SOl )35 o Sl ol (phalj ad 5 p (ite JSB 4 (5 (08 e Bo)b Sl lop T ABbie o @y 9 <L
il (ol Called )3 i g o s (s (sl Sl Jolod 090 Sl boys (15 gy o o]
093 33,38 & L5 saimd IS sladilgy daw 95 jokaie 4 ogue 5 ) 5l (6 ylums > ,a (Dhanapal & Crisosto 2013)
5 S dadiler 4 3] o T s oo lsl 5 linj Slgl (glogus g8 Ll i) i) Juad )3 lopus I a5t
Ciliseo slo iz (2LS (5SS slaedlsl (e 3 33,5 0 ] 6yl Bliee SRR A )3 g 905 Jlo )5 sloogee
oo Slus o plBn 555 il o 4y gl1s5 9 o bl ol s jlaam (glooges 029 4l s JS 0313l
g Conl 00 13,65 (gl ofg oSl Sl Pl il pB)] drwgi g CudS (g3leste GULo (o )3 lnl ) 00,8 (0 (g 0yl
ol pdiders Jed 5l 8o ol cla Shg colid b g wload WST oo ol cudlyr g bl el L 4y 26 b oyl
Wloals axwgi 1y o] CdlS ( SUKiss slogie; 5 (0] 19,15) Sal GSE & Cuoglio S (oo slo i &y
555 635yl 5 Slylo @Yb Cabll (bf Slals i o Joo 5 (6,145 o YUl o)l cools (Sorkhe 2011)
e dagi sladely Jobo > o S 5 o tlEl Clis & b s 5 S ) Pk ciS g LB b b
Loy s 5 2] o8l b Jguasmo ol eVb (585l 3935 L .(IMaNi 2000) 5,8 )15 SLél ik s Bl 5 Lol
@ Jymazme (Al cumw g 03909 )lg |y (6 Gl )l L 3 (a5 ilise (Sfgleid Jolye 13 o)k (S35 5
el g Jol 4, &5 55 (oylis 5 Jlxe laa oluw! j> (Afshari & Parvane 2013) cosl osds do s Voo b5+ e
G o Y gasme do 2 Ve 458 o 5l caw daJlo 1 S 0 logw Ojlud wanlodly jolaidl s & lpl o)
el (ialo S Sl 9 SB (605 (ot (195 (2355 s GBS ¢ bl lai pgusyo g Jglite sl SiSS
Imani & Mahamadkhani ) 54 e o3l o,los ey slopw bl Sl dle dgame jglate 4 (o)l slagl )
OLS dnwgi 5 390 4 Wlgie Jslge S5 1 (sitee (IS Jl odlisl ipgus o 5 (i (sla b, Sl eoliatul LS )5 (2011
gl oy linl ol glisly > JoSUge g8 slosby (id @2)l8 dasY ST GLLS SaS Loy (5 & Jaxie
Ae and Blol o ogMedy . wloy w iS5 0y 4 calisee (sla 4iid b dalse 53 ol oudaid slap Ko dinej o CleMb]
Joidio) (S35 sl o inte 005 0 50 (SlopunsilSo 45 3503 (1 g) sl Jos 4y (slo gy g Slalllao (33
Mohammadabadi and Tohidinejad ) s wa (b y; wlas 056 > g ded 5 ¢ w59y DNA 5lwiilen 5

P ey S 53 5 Kb el ol slored ysbo ds B a5 W5 bie ) (ool s gl Jske Ky ¥ S5 o0le (2017

'Rosacea
2DNA

av

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



BN,

(VEe o 5l e) yloud VY 0,93) (55,0l (5599555 g loro

s,

& ;L (Tohidi nezhad et al. 2015) sule oo 355 1y Jgko L5 390 w3l b gy g 0ad o ol 51 oS sl Lasid
5 0ol g & 0F ol f o098 4 Sl pas Cygo 1 935 o S S e 1y ] 2 &S e b 5 0 ol
slags ol (Ahsani et al. 2019a) s cazs E.cOli (581 5 4L sl o5 ole ) 5 5l ke salgs 3L Jlad e
Ol Bl gyl 51 S m 53 psis plad g8 s agosnn S e il o (s 5 CBga S8 €8 ISy
g, 5 o5 ol «oplplo (Mohammadabadi et al. 2018) 5)ls S goi Al o 4 s by 3 9 39— o0
2l ) 559 bl led &S )5 OV g ame Hlide cpizen ((Ahsani et al. 2019b) cowl —olai] cél o <y
S (Mohammadabadi et al. 2017) 555 0 o5 o ole absd comw 0 a3 los ijlos oo |y Jguazo o)) &5 olacély
Sl sag3509)5 b gk oo )3 Ll alllas 5 (oalail Cliio b La po (slogig g 5 o5 dalllas ol leladl ||
o 50 N5 (0 919 Loyus i 03 4 e sla i3 b LS &5 Slej 4> (Jafari Darehdor et al. 2016)
& Jo5 5 53l rs o JUis 42 9 0 Wl o2 5 o 5 Aan 5 ety S ot s a3 43y JolS5 odas
5 Lol )b 5l lop (I ot gy Sl e SlapuslSe Sl (B plulid (9T Lk o0 o p LS cpl 2 (S
Gilio JsS)ge (slizl G 5 Casl 00 w0l YU o5 b b I (559955 51 o3lizl b TBRNAG oo ol 5550 ialos
Alisoltani et al. ) cosl sas asuie Lo (i 4 Gl ;3 5 oo walat 36 9 by JUiSws JES! cloyur (25 )5 )
osiS ool oy e olaie 4 LMIRNA (2015; Yang et al. 2017; Abla et al. 2019; Zhou et al. 2019
Cos Toad 83T olasly (1l b g Gali8l Gyl Sl ol 81 5,Skas 5 235 (oo gun xe (oue 2599, 3l ot s 5 0
g S o JpS 1y Laliste (St g 900 sl ol cuieilS e VA-YY cla JoSUse ol (Zhang et al. 2006)
55 (He & Hannon 2004) .o | 03,8 slol 55 s (codai claaSs > caon @]y ciiis 3,500, bao] i S
bl s SRNA b JIgs 4 by csls osls (Sslo yoiilon (sl e oo 5 4 joo (2016) Karimi et al. axllas
93 el vy ol 4 dn g b dges Lasuiie by (iS5 Cov dolj slaplil 3 1) lidan )5 g osimd gl clMIRNA
S By 5l us (Byme Logur (5 4 odimd gl sle MIRNA lgie 4 Pdu-miR398a-3p 4, Pdu-miR319a 3
Thiebaut et al. ) cos lons HIK5 Tlopo (iS5 4 6,55l g b > MIRNA g3 cpl odss 585 (oo Slalllas )
s 4ol jglate 4 adllae oul 55 9y j < (2012; Wang et al. 2014; Song et al. 2017; Abla et al., 2019
ol Jostio g wlwe cuigl 93 o, PdU-mMiR398a-3p 4 PAu-miR319a 5 95 sls 66X opsin anlllao

93 opl ole eouats I paiomen 28,5 ))\8 awslie 550 REAI tIME PCRT g, 5l ooliw 1L by i calises (sl )los

3> miRNAs
4RT-gPCR
A

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



RN,

VEo o oo, Sad g 015

wamsml,

Loy 435 4 0203 gously SWMIRNA sl 5 plolid Gun b a8 adllas (ol 35 (w0 o Sliban slasf s9) 2 0
Slsiliw | 8,8 4 Gyl 5l abl o Jood yiolisl s | Caua deue sliw 1y 53 (gldodde LS o | 48 )5 g0
el b g e Gua sl oS bubuwl)s]u_e.\mbuwaoMA@bdbmlRNAwW&w}\m»

LS9 9 dlge
33,5 03l 1SN12 5103 5 sloyus &y ol oy s H U503 5 Loy &y Jooio L5 e 1 Sinlo] ol o
(Silwolin 3l dm g )b paiges AluSsy slaasls « (Imani et al. 2012) oy a3ls SuSS Lolol 5 & 5yg0 douis dls yo
Mousavi et al. adlae wlo | p oy (25 Jlae! doly 505 03l J1)3 2o 130 8l (gols O 3 el VF Gse 4
Olaie 4 (celw ¥ o ) ol )5 8w do )3 =Y g (Celw ¥ e a)al,5 ol a3+ slod 93 g 13,5 o1,k (2014)
(2lod Hlo Jloe! 5 us 88 (g0 paiges oS Bl a0 Ve lod j0 50 Jald sladiges b 48 )S a5 o i (sl yless
325 el )3 g Jite @lo ()39t 4 Aol g (51> pdiged (Sfglgn S s Bl )3 laes g Shw ol
Rubio-Pifla & bl yuis bgy lw s JS RNA zl 5wl mus )4 RNA 215! oloj b 31,5 sl s )d —A-
DNasel 51 b wiis zlsewl RNA (cladiges DNA (Sogll Gl jelate 4 .cé s plol (2011) Zapata-Pérez
2 (oW Gpgan] 815 colo) jragibg xS | olKiwd 5 ool b oad zlysw] RNA clale .5 oy RNase Free
58T U5 52989750 Lo 5 55 00 el 5ol RNA Sl 6550310l g S 2 95 96 s 2 209 Y9+ g0 Jobo
adllas ;5 el RNA L Jlg 5l Jo b slacSsls jl esli! b 5 (Dai & Zhao 2011) psRNATarget cole baw ¢
Sl gl ol )y 38 S ke b edd e sl Jlg ol (V JSi) us i (2014) Mousavi et al.
2 slp Gan gl o dlas (NSPSize) (Sus cas sl gl 4t Jsb (Maximum expectation) lasl
Jsb (SRNA (UPE L Gan 5 o b Jomo 4y (o yiwo 3 jolato s o3 (6550] y5las cun ()5 (ow yiw > SRNA
doz i dloyo )3 (SWI03l 4 oo oS (55 0l i 2l el o g s 3T pokate 4y Bam an b L gl 40l
Gl onds S5 ol )y oles | ons Glwl Gaa (glays b e (MUILIPHICILY) Gan a5l )3 505 55 9 3545 0
L @lko Stem-loop RT PCR g, jl eslaiul b ] CDNA MIRNA j2 olo () yslaie 4 234 jliel o 5V

yolaie & Stem-loop RT olaxs! Skl s i (2007) Varkonyi-Gasic et al. 4 (2005) Chen et al. S5,

3> pop corn
19

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



BN,

(VEe o 5l e) yloud VY 0,93) (55,0l (5599555 g loro

s,

py bw o (Universal/ Reverse primer) cuis p ogee o (FOrward) cé, olassl o3kl 15 3 CONA
5 o3l b 43905 0 CDNA 55 Bum slays oylo (o yolate 40 505 o1, MIRNA Primer Designer 53l
3,5 b primer blast 15l 5l eslal b 55 Gan o5 o olaid] oo, S5kl )5 5w 0T oKl oges ,5lel
osd o3ly (Ui ) Jgda 55 odd iy s sbyg g BMIRNA (ly o 0 psbaie 4 ons b oo 55T con
LRT-gPCR 815 End point PCR iSly bw ¢ )55kl shb s CONA oo iS5 51 luebsl 1 o oans |
sle)S5el Ve uM 3 SYBR Green (g4l (Cat. #RR820A) Takara ,isly bglse 5 pl CDNA Y pL ;) ol
0) 20 °C (glals yo 95 olod s > i & (455 Y+) 20 °C olos 4l LAY UL olas a2 3 ) 2 sl (emolid]
Gao etal. ) 515 (Mallory et al. 2004) 18S rRNA 5 95 .cdply &g S Fo b (455 Y+) £+ °C 4 (4l
IS5 4 b 5905 3o (el STy iat kil Ban o5 5 MIRNA (el iy & G315 S35 05 olsie & 30 (2009
cw s 4 Rotor-Gene Q Series Software,l;sle 5 b 55 45905 ,o (¢l CycCling threshold ;5. i plosl ( SusS
auslio gy a5 ploul (Livak & Schmittgen 2001) Y24 g, 5l ool | b o 81y Jyi8 05 b ol dusslio g 2ol

3,5 ool </ I gine e JBlao (585 Jai )3 bt el 51 G5 g S8 gl ol ol

Pdu-miR319a 20 CCCUCGAGE SUCAGGUU 1

PduTCP4 30 GGGGGUACSH ZAGUCCAG 49

Pdu-miR319a 20 CCCUCGAGY KSUCAGGUU 1
PduGAMYB-like 92 UGGAGCUCSK ZACUCCAA 111

Pdu-miR398-3p 21 cuccccecug CUUGUGU 1

PduCTRG6 97 CAAGGGCGAC {GAACACA 118

Jow. psSRNATarget Colow bhwgi aalllas 3590 GWMIRNA GBu oW 5 dwrpis gl ) IS
Sl B 0315 (LS UK )0 VY B A sl o 03 (655 50 (S it

Figurel. The prediction results of studied miRNA’s target genes by psRNATarget. The
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Figure 2. The electrophoresis pattern of extracted RNAs from reproductive tissue cultures
on 1.2% agarose gel. The figure above is related to the extracted RNA samples in the H
genotype and the figure below is for the Sh12. Abbreviations: H: H Genotype, S: Sh12, C:
control, 0: 0°C, 2: -2°C, A: Anther tissue and O: ovary tissue.
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Figure 3. The figure above is related to the electrophoresis of some end point PCR products
of Pdu-miR319a, Pdu-miR398a-3p on 1.2% agarose gel. The amplified band is around 60-
70bp. The figure below is related to the electrophoresis of end point PCR products of
PduGAMYB-like (136bp), PAuTCP4 (157bp) and PduCTR6 (138bp) on 1.2% agarose gel.
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Figure 4. The comparison of Pdu-miR319a expression pattern and its target gene

PduGAMYB-like in anther and ovary tissues of two H and Sh12 genotypes under 0 and -2
oC.
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Figure 5. The comparison of Pdu-miR319a expression pattern and its target gene PduTCP4
in anther and ovary tissues of two H and Sh12 genotypes under 0 and -2 °C
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Figure 6. The comparison of Pdu-miR398a-3p expression pattern and its target gene
PduCTRG6 in anther and ovary tissues of two H and Sh12 genotypes under 0 and -2 °C
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