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Extended Abstract

Background and objectives:

The thinning of the ozone layer due to nitrogen oxides and halogenated hydrocarbons has caused an
increase in ultraviolet radiation on the planet. This radiation can affect many physiological and
anatomical characteristics of plants. This study aimed to investigate the effect of UV-B radiation on
the morphological, physiological, and molecular parameters of the peppermint plant (Mentha piperita
L.) and the effect of salicylic acid (SA) on reducing the harmful effects of this radiation.

Methodology:

The eight treatments, including 0.0SA, 0.5mM SA, ImM SA, 2mM SA, UV-B, SA0. 5+UV-B,
SA1+UV-B, and SA2+UV-B were evaluated using a completely randomized design with three
replications. Treatments were applied four weeks after planting. Different concentrations of SA were
applied as a foliar spray three times at an interval of 10 days. UV-B rays were applied for eight days
(40 min each day). Different morpho-physiological parameters were measured. For the gene
expression assay, leaf samplings were done one day after the UV treatment stop (hamed first stage; 18
days after SA spraying) and after recovery time (named second stage; 30 days after SA spraying).

Results:

Compared to the control plants, UV-B radiation caused a significant decrease in the roots' fresh and
dry weight. The highest root fresh and dry weights were observed in the SA1mM and the lowest in the
UV-B treatments. Under the influence of UV-B rays, the number of leaves significantly decreased in
peppermint compared to the control. The highest number of leaves was observed in the SA0.5mM, and
the lowest in the UV-B treatment. The amount of anthocyanin under UV-B rays increased
significantly compared to control plants. The highest amount of anthocyanin was observed in SAl+
UV-B and the lowest in control plants. The amount of soluble protein in shoots and roots significantly
decreased under UV-B rays compared to the amount in the control plants. The highest amount of
soluble protein was observed in the shoots in the SA2mM and the roots in the SA2+ UV-B, and the
lowest amount was observed in the shoots and roots under UV-B treatment. The amount of proline
increased significantly in the shoots and roots under UV-B radiation compared to control plants. The
highest amount of proline was observed in shoots and roots in the SA0.5+ UV-B and the lowest
amount was observed in the control plants. LS gene expression increased in recovery time compared
to the first stage.
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Conclusion:

The results showed that the application of UV-B rays to the peppermint plant caused a decrease in the
fresh and dry weight of the root, the number of leaves, soluble protein, and LS gene expression and a
significant increase in the amount of anthocyanin and proline. Treatment using salicylic acid reduced
the damage caused by applying the UV-B rays to the plants.

Keywords: LS gene, Peppermint plant, Salicylic acid, UV-B.



AV

Vsl IVl ol K 5 e S ol 5 S5 Dlais ale

Mentha ) Jals £Uxi 58 OF by § (039792 - 93580 S il (A ¢y el Sl 5T

UV-B 4xi! e (piperita L.

T rale sty 5 MMaslgi s Lo, T b e sk Mlae S IS
a5l cgo ) olRetils sl 0aStils (pulitinny3 55 (i s (5 S5 di el il =
an)) sl S8l (o she Sl (it s 05 S lislial =Y
r.darvishzadeh@urmia.ac.ir: K s Slcas Al el olails (53,5LaS saSasls (ol K5 5 a5 05 5 alead (DS J ptas i 55 — Y

doms ) vt ) o83 o e 50l s ity 5 8 eolal ¥

AARAVEZA KRN SRy CP1: AARAVARVATNENCIVER gL

ol oS oranl b g Gl Bl e 50l laiy Sooa 5 05s 8 bS] s 5o o3l AY pas SHU e 5 aile
o o o 3l o e 3 sl o 1 bl Sasbl 5 So5 85 S as 5l Sols Nl g cnl ol s
5 (Mentha piperita L.) Jals ¢la olS 5 (LS) kit cisnd 03 0l 5 (S3sdmsd (S3slsbose sl bl » UV-B ansl i
2 e B 5 422l 13 Jsme g e hinl 5 LS 05 ol oSy 5 cal e bl LaalS s (SA) Skl s s
2l Jgte W5 gl esle i a5

Sl f_\ix’ oS o5, SIS s olas U,f ca by ol 3’“\5 a4l CJ‘L B, FHENLY Lf.‘ﬂ 3 sy ol i"’&u 535
(V SA05+UV-B (7 UV-B (0 SA2 (F SAL (¥ SADS (Y (oSG bl shoole g a8 U8 05 8 (1 1ol baslay s ol
o Jlesl Lol o o cpl 53 5 Koy (S5 8 Ao e 4ol K3 aw ea csS LS s, SA2+UV-B (A 5 SAL+UV-B
23 S Jlel b 5 655 1 s2bd ke ©hom 3o V0 Aol 4y do e an (b s il G lile s (SA) sl Shedle s
—sh5e ke b ull e o Jlasl wids Fe 55, a s ot 5o A Sae 4 UV-B [l s abdshow Slam 5, S
SV w5 VA el sl als 0) UV Sl plast 51w 555 S8 bS5l (ol ptisns 03 ol Uil 6l dd s (S5 50
- rL’.U" (SA (g el 31 am 55, Ve icitls £9° Al e) (05\0) (2bsk ol 5l am 5 (SA (g el

K 5 5 0ds oaide M J S w,s boanglie 5o az) Kas 5 5 0)s Llgine a8 el UVAB anzl oS sls plas cb baly
GialS U8 05§ 4 o UVAB [l cow S, sliaw i sanlis UV-B Sl 53 o] o a8 5 SAIMM (55l 05 8 )3 4,
ol 5wty Jslos s Jlaie UV-B s saslie UV-B s ol oS 5 SADEMM [lag 55 S olaws o ety il s sime
nreS 5 SA2HUV-B [las 5o 4y 53 SA2MM [les Lo alsn 2l Jglome s e Shas als 2als Jls gme JS2 45 )5
e 3 lssime Ll 3 U8 05 8 L aglia 53 UV-B 5las s sanline UV-B [l 5o alon o) 5 iy Jslons s 5 1ot
Shagne el s S el J 8 05 8 5o of S s SALHUV-B (g5les 05 8 53 el sl ohime ity a8 sl il 5
J5S 05,8 53 o) cuiaS 5 SAOBHUV-B s (s e o iy 25 UV-B 2l sl i) Ses 5l olso il s azey o p ol oo
il Gl ) Jsl o e 4 s (L5L s ) pgo dla o 55 LS 05 ol ol see ot saali

Shaigine il 3l s Jsbme s 1 5 S slaws cazyy Sad 5 5 03 slssiae G2alS cel UVB antl o 5l olas gl 15 S ame
8l Ll B sl Al e s s (5L Al 0) o0 alo o 53 LS 5 ole ol oot S8 05 8 4 Cand s 5 b8l ol
i Jals gl LS 53 UV-B anitl Jlasl 51 i el (20lS o o Sl i L Lo 8 0l s ol

Pl g s ol Sl sad 05 UV-B anal (Sl sl 1 0lS sl 31


mailto:r.darvishzadeh@urmia.ac.ir

et ) Sl b

1 UV anil abosty 1550 b3 cin i 5 DNA
3l @ols UV ol J5S05e o s ] 1552
st o 48 DNA s 654 slaes 8 oz o3 pmls
(ol s ede VU aral 55a o (55l pases 5o
- ol S e s S5l o DNA (g3lucislas |
Kafi and Damghani, ) >s2 Ligsr sbx! cww Llg
.(1997

sbaanl 3 Wb 5o osme 28 Sheddle ol
Cdr ol sai 5 az goalsm asle Gl S5 50 500
WS bl Sams 5 2y bpul s bps
Joms 5o KAl ol (Miura and Tada, 2014)
5 el s Ol alas sl s slajiw 4 ols
ORCTCH 1EN V S PSIPE S-S VPN S P e
5 (Gunes et al., 2007) sz (Saidi et al., 2013)
5 .ols i (Pourakbar and Abedzadeh, 2014) UV
wkt @bl Sl al (s e Gla s
Sl cely bl Llarise 5 Ssdns sbayl b
& e g ead o) Sl 2)lee s otk sl
Hashempour et al., ) 55 8 o 25l 53 olS cuylis
S s 1 s bl s Sl a8l s (2014
St a4 gl 5o Sas W& ol 5 oo S Ul
45U Sbednlie pazd o 5 03 S Jas 035 8 5 05
A s oS el Ll 51 pis i a5 358 e
.(Samadi et al., 2015) 33 5 o & gus 25

ol il gl oS 6 530 slpe on e 51 st
oo e sas K1Y S s Jame el ol e
6l e o0 s Slaws o o) sl aasds
53 Sl olas oo b3 p—.’.}ﬂ gy laus
ole ool 5 oead Jods Olad o0 Jsls 4 baaudl
bds Gised 4 5 0ad il Sl Gised wyl bes
b pisly acpeme K b Gaed e
Ly g 5 o5tie 4 ol man) 5 Ll 5 famd i)

'Dimerization

AA

Ao Jdio

S azen oo Mg e 235 S aals bLS
S ol 5 ssie 0353l Gl comal 505 4 5as
Slassls s S oslizal oS mlie 51 w8 slaple)
03 s e S o)l s samie olss gils LS
wlas 5|3 am g 0,50 3 oleys W olsea o)l
(s 290l olS a5l (Shamsi-Fard et al., 2014)
o fege ) axea (Lamiaceae) plelns o5 LS
Mentha piperita ) Jals ¢l 45 sl s opl slaa S
Jofew =A 5\ 5 Gisad (090 (pate Jgte .l (L
Gl oles hls 45 stes ol ol edes S5
dasld g B B A2 bl 2o el ool
Vesna and Bilijana, ) s o5 Swds 5 oledlas
.(2015; Figurera et al., 2014

&S sl G b 5 S S as UV-B asc
550 olS 3 2 ks AU 5 s e 4
5 elbarton o J 550 (liiciy; Gl Wl o
Ballare et al., 2001; ) ssé 0 oblS L5 gas,
Morales et al., 2013; Paul and Gwynn-Jones,
axtl 2o A A spam &S Lzanalysle 4xsl (2003
o b moadsb Bl Sl e JSas | g
UV- el YA B YY) UV-C i3 5i o s 42l
) posl Feoo b PY) UV-A 5 (zesl YY- b YA-B
Sl sdsb & s Sl (WU et al., 2019)
s sl Ol om des oles gL YYL B YA 0
55 Sl Jola UV wnil ey LS oliscsy, 5o
5 5 0 oM (Sl sbasle slasl (S, S
S8, S oslaw s e Sole alS (Ses
Horii ) aies (lpn o) Job 5 azs Job) olS ¢l
s e N0 UV-B 55, ol Ll (et al., 2007
T & ot e U RS LSSV A S FRPC I3
b Cos S e alS g e ol S (slae Sile
oS 5o S Sas 5 o5 p2 e UV-B 5,
S ol 56 DNA g5, 5 UV anil ss0



A4

UV-B ¢ sl 5l 5, e Cueal r olisl 4zl
wle s soaiS Ll 5 bl Spe > ul 3l
Ciaddd o 350 U atlgae (AL slagse, e
UV-B anzl sl 3l Gdos ol 5o . Xsa UV aral O 26
Glize b bl sy 2 el Sl
e g la LS 55 LS 05 ol 5 Sisls b se
b &S og LS o5 ol cle ol a5
s oaals L8 Jate Mg e gl D3 05 ) ) e
2o Jste Wl obin My s e 8
0S5 ol ol ol e s Ll
e oL s ) S, UVB b

%A

MEP pathway (plastid)

/ IPPI \ |
)\/\OPP Pp X DMAPP S gpp

GPPS

CHy
” ss

Plastid

-—

Voles Y il o) JSin 5 e LS Pl 5 Sy Ok ke 42

Croteau and ) » 5 g Joks Jsiie & 5150, o 5te w51
.(Gershenzon,1994
Sond) LS 05 W ste st sm 5o Jodo slaps ol
9 USJJJ ks 6thtau )\ XY P23 ()L.u..w
2 bes sl Glasseme b 05 S ol Slg e pless
503 0k o s el S ams e S e S
5o bz Tl g s 05 ol 5l Jolo s anlis
55 4t OS5 s ol b BUl s 1 Sl
Mohammadi and ) wls €Ll w) 3,5 oS
o=l B s ol oae =i L (Khorsandnia, 2021
cwd phbolasl UV-B s (s slaeanYl
GQLS/ UY)M bJ).\J‘ M\S} Q\.QLS/ B 03)\) g_))\...«.ﬁ-

MR MDEH
4 0
"OH

(+)-isomenthone
(+)-Neoisomenthol

(#)-isomenthol

X LSOH MFS
| _—
Chy 0 Cy‘tosol
Sabinene Plastid

Genmyl dxphosphate . (+)-Menthofuran
iperitenol (-)-Isopiperit-enone  (+)-cis-Isopulegone Pulegone
GHy ‘cs/ pip 2
LIS‘ PR ' Cytosol
G CHy HiC OH
1.8- Cineol Ly ! 4
\ Q o (] = " "OH
HiC” CHy AV Yo — i
Linalool A Cytosol =
(+)-Neomenthol
(-)-Menthol (-)-Meathone

Sl pla oS 53 Uit (g R s s =\ S
Figure 1- Menthol biosynthesis pathway in peppermint plant

ale (S bl b ons Ol S gl , Y-om s
slaw plal8 a5 a1 ¥ cbewws b e
a0 YARY spu caS Gl gl s S ey 55 Ll
g caS bl by e, olele slaw 5 ol S sl

2 s S V00 L5 oas b csl A 5 VP (s

o9y 9 olge
dﬁwlaﬁ}JLﬁgJL‘;\,alﬁw

Mentha L) g;\.ﬂ.; thx &})‘3 b\.;.f 6\.br3})
o Sady Lol as 4 (amss) 2ol



et ) Sl b

5ot il oS /Y anl ke o ol sslind
Jime onlsl sbdld a4 s 05 s el 5 a4z,
e U A WIS VRSV PSR P
5 5L o SAV/Y U /Y ) PH=A L o
NV P AP I WWH I WSO B A
o dm s asekle, gl Jee Voo a hie OF L Joloe
Nl am ¥ sl U Jlu 5o cele YF oo
Foor oo aidn Ve Sne a Lo e A A&
Johome sy n ol &S s, 5B ) wus 550 xl
Joboe S e Dlem 5 o aals i e S0
.MAA\.&\QYQ,\;‘J;@,@“}QCJ&QASC
¢S /F NaCOs ¢ 5 55 A Johoe 4 sl o
Voo so ol P.w\.u R pf «/+Y s NaOH
i Jo ol s
55 CUSO4, HoO »8 /0 B Jskms agp sl o
e Ol e
Sep A Jsloe 5l il e 20 C Jslone g 6l @
w2l Gae 5l g8 Aol B Juoe 5 ) L
YRR SN EN
s oxd 55 sl 31 A e V/O s Ve )
(590 00 35, e ol b A5) s 4 NG 49) 28 5
o ocele /0 Goe a4 e s S 6lol bases 4
sl Q;J)@.\‘ oSS oLl s S L1 SOb
2ol i e A G55 K s 4 &S 4 S
Fagdy fSenl SKaws Alwsa sl FFe s Job
sove Sl eslazad b oy Jhie o) sals) as e
s O comnsdl pslae slachile 4 by e ssliled
oblS (il sbcwas 5o s ol oS e
(VAVY) o,\San 5 Bates s, b oo s 5 sl

A g S el

¢DNA ¢l 5 RNA 7l sl
RNAase 3| ole ous bl osls 5o 2l g e

Jos nl Kt 5oe o4 b Al eansS @.LA 0595 So\l>

aiy o) amia 53 Lo bpllS as s a4l rr
W05 kel dm 5wz LT ol 3 5as K Spon
b b o s Q8 S Sosba by, 4k o s
gls baalyn win 31 my s 8 bl sl 25
o R T K SN WV ORI S tE VY| S HE
il Glosle s &S sl 55,5 V) bsley o S one
#UV-B 60 SA2 ¥ SAL ¥ SA0S5 ¥ s S
Jlel (SA2+UV-B A SA1+UV-B v SA0.5+UV-B
5 ) /0 clackle 5 (SA) wel Sl s s
a5 d> ean b s (Marely et al., 2014) ;Y50 Lo ¥
Jsl S 655 2bdsle ys0a 55, Ve akols
Sae 4 UV-B s 99 2hd sl 5l am 55, K5 as
(Sarikhani, 2014) 4> ¥+ 55, » 5 Jse 55, St
oY 55 a5 UV-B [lg sl 5l 5 5m dntl it Jlas!
o6 (1BWLF- 215M, A=312nm, 40 min) _sls \0
Jsl 4>« .(Hosseini Sarghein et al., 2008 ) s S
el 5w S5 AN el 6l uls p gl
Pl 6l s ks pss Ale e 5 UV-B Jlel
3w (Sdssse 5 (Seidass (JoSle sbonlsl
oS ol gl 1 pldl SA il phone ey 5L
s A Lpp o bass (SOsdand s SN
b b B s bl s el Jasl o) S sl

i L 5SS e b sl Sls

Olio 8510
e 2 ket olalS S el wcaals 5l e
Sl L ol Gl o4 b e (bW an,
Wl 5 0os basel 05 SKis 5l a5 A2 o3ls giznecs
W g o o3 8 (68031 3> 69305 5 ealizad |
o2l 13 ol F e s Ve sl o cele VY e iy
bt ges S 35 0d S5 0oy S 5l 5 Kad
oo 3 S u»-'\-w;wT S8l s o S5l
ol omen sl s esliad (Y--9) o), sWang
(V40V) oLlSws 5 Lowry 2y, 51 Jsloe (03555



N

won Sl 1y S £/Y0) Master mix oy S
SV S 2 5l s S /0 5 ol ds See Ll
Jsa=) sz oLl CDNA 1)y See V/Y0 5 (S50
ol aauly Jola oolazal 5,50 Hles Ll o ()
¥ooaids o Q»@a\ﬁ&uu a5 30 les o adsl
J\qu.ﬁ\.w a0 0 ol as s gl Jolo as
~ e am s e S5kl Jlasl glos sl VO Sose 4
q;\va.ﬁLﬂa_g-).:VY DS 5 Al Ye Sse sl S

Dy ast Feo o

Vsl IVl ol K 5 e S ol 5 S5 Dlais ale

Lases pladh lae 5 Jobo o)lps 0oy o 5l Gln
a2l ol LB gl S RNA gl b s e ol
¢l TRIZOL .S\, S » s 5l RNA ) A
Lo oslS b S, Joally i b CDNA call oz
¢\l SinaClon First Strand cDNA Synthesis .S

s

Real time ) a8ls ol 5o 5ledy oy (2515
(RT-PCR

Real time PCR > osliia) 3 50 L;LA,?)L&T Slasin =\ Joas

Table 1: Characteristics of primers used in Real time PCR.

Gene Sequence Product size Annealing Reference
(5'-3) (bp) temperature ("C)
LS F: TGGCTGATAGCAGAGGTGTG 178 60 Rahimi et al. (2017)
R: TTGCGGTCATTTGTTGATGT
Actin F:CTACGAAGGCTACGCACTCC 165 60 Rahimi et al., 2017

R:GCAATGTAGGCCAGCTTCTC

OeSHACHN Gl 5 ged ILS

;3 SAL+ UV-B , SA05+ UV-B sla )les oo 4,
e 3l 3 Sl e 55k 4 UV-B s b alis
omzad 8 b gae SA2HUV-B s cou Ll 3l
ol SAL 5 SA0E MM (sla b cos a5 055
53 SA2MM [l cos il cnl Ll acdl ls ee
e 258 by gme aals LS 5o ol lais b aeas
s s gl oS 5 SAIMM Jls 5o asu, 5 oo
S M s Ak, St 535 0k saslis UV-B
ssb o aals Gbaise L ol e b anylie 55 UV-B
SA0S+  sbjles o (hlis Lo sl j2als s e
4 Comd s giae ysb 4 ol Jluis SAL+ UV-B, UV-B
il s g 83 S 3l UVAB &S SlS s o] e
Sis o5s il SA2+ UV-B Ly 5o b olas
sl 5o any ) Kas 05y owized 355 Dby gae 4y

bl sbay 520

ol S b LT Jae 6 s il 45
il Slaglia 5 4/ 4505 SAS i3k 5 51 eslizad |y
ol PLO.0T (g5l] ] mlaw s SNK 5051
A eolaal YN8 ass EXcel

SSPse Olio
(Y Jsaz) Sessdsiose claesls Lully 4 s
5 5 o Slie H UVB 5, (a3l as ol pla
(P<0.01) w0 K CL'M 5 S olaw pazy, Sas
2le GblS L asslie ;5 UV-B 5, 0l s s e

5 0os slie 5ol At 5 05 Db gae 2l C e



et ) Sl b ¥

35 ol oS 5 SAIMM [l 5o asy, S o5 ol s ol Llads b oawslis ,s SAL 5, SA0.5 mM
(Y U Y Jsas) s sanlew UV-B L ol Llade Ll 2l Ll s gee Lsb 4 aals 6, 8

SA ; UV-B o5 cov Mentha piperita )\8 ;5 559550 5 Su59558 el b suills a5 =¥ Joas
Table 2: Analysis of variance for physiological and anatomical parameters in peppermint under UVB and SA.

Sources df Mean Squares (MS)
Shoot Root Shoot Root Anthocyanin ~ Number  Root Fresh  Root Dry
prolin prolin protein  protein content of leaf weight weight
Treatment 7 26.46%* 548.08**  2.69**  2.44** 2969.83** 48.80** 14.99** 2.55**
Error 16 2.31 21.16 0.0840 0.1392 31.57 1.87 0.12 0.01
CV (%) - 18.73 15.32 11.66 12.31 8.38 9.36 6.90 11.25

Significant at P <0.01  swo 0\ Sl CE.W 53 Jla e

3.0 a 12

] b a

T 25 2 10

= =

20 < 3

2 20 &

= C g b b b b b

>

5 1.5 < 6

5 cd ]

8 10 g d o,

[ d d s C C
0.5 2 2

Treatment

Treatment
25
20 b
15 + bc

10 c

Number of leaf

Treatment
s plas s S slasr 5wty ) K3 055 5 5 058 2 Sl sl 5 UV-B b -y S
S Jlas! CL‘")" SNK o}aﬂ ol rasl e S G S BBlas Gl &S s 5o (PSR VU L CO D S K A P TV PO

5l o Lo e Ol as s

Figure 2: Effect of UV-B and SA on root dry and, fresh weight and number of leaf in peppermint. Vertical bars

represent standard errors. Means of column with the same letters are not significantly different based on SNK test;
(P<0.01).



v

53 SA2 5 SAIMM s )Ly s &S I s ol plas
ARV A LG)\%;;M e Ady J gl S 9 ol e
53 als oy 8 o aly Joloe T Cizen
S gl b gme Ll 5o SA0EMM L
il ol Do Jslome (sl o siiey ASssmsa
3SA2+ UV‘B )L«.@ 2 A\.w.o) PLIE] SAZmM )Le.; 2
Sl Do Az, o s 2l Pl o ol Slade oy S
AV UK Y Joas) as ssalis UV-B
e gl Sl a5 ales Pl > s ol
e b el s b giae 5ob 4 UV-B 5, sl e

53 oo ol 8l a8l (bels) J S sles 5o o)
SA2+ UV-B , SAL+ UV-B SA05+ UV-B s ,les
53 ol sl b awglis 53 4y o N PRI ST
Slade e oo gl Hb e i UV-B s
O S| WV I G Vi o ) PR NV R o g
el 5lalS oy € 4 cs SA2 , SAL SA0.5MM
elost 5 s Slade it ol plad Hls gae e
Slacie op 1S 5 SA0ST UV-B [ls s azo,; 5 alse
AF U Y Jaas) s saalie sala oy 55 )
05 ol o

Jste S gn s 53 Je33 05 ool SLS 05 ole
0wl Jals gl LS 5 6 55e wale on e olsien
Sham o Sl e sl s s it A e 5o
5 (W)les Sl #5251 a5 55,) UV-B axil Jlesl
el os bl Jlel #5508 5l plaw 505 oo Al e
(o580) sl s o &8 P92 A e 5o &S ol plas
5 SAL SAD5 (s las ey S 53 LS o5 ol e
Jsl > o 4 coed SALHUV-B (5lag 5 5 5 SA2
Slas oo Sl b el asl Gl s ol
SA2HUV-B L5 55 .58 i SAO5+UV-B
sanlice Jol > o 4 s poo > 0 53 05 ple alS
(F U Joas) ae

Vsl IVl ol K 5 e S ol 5 S5 Dlais ale

sl UV-B 55 5 L5 e 4 o ol gl e
osb a wle pblE L Al s PHE f}lﬂi 2 U‘jj
Jia sl Sl sl 518 sl als Sl i
SA0.5+ UV- b,k cov WS ) sluw oz a5 5
G I3 sne 5b 4 UV-B 5 SA2+ SAL+ UV-B B
X35 055 3l UV-B [las o8 SblS 5o of slaws 4
s SAL MM b sls cow S, olaw cdl Bl
Sagime G5l ol Wl a3l sals oy § ay s SA2
e S 5 SADBMM Sls s S slowi iy 2355
XJsam) 4t sanlie 5, 4 slaa LUV-B lus s o]
(F U

S5 Olio
Sbgme osb 4 UV-B anil 50 cow il sl ol
Ol w2l mll LS 5 5 wle JblS 4 cos
SA0.5+ UV-B, SAL+UV-B, sl \lag o oppilim 53]
UV-B [l 5 ol Llais b awslis 55 SA2+ UV-B
SADSH s cos Lilpl ol I ols plas )5l
Sl ol by 8 a5 s Ll s UV-B
058 Bl L aglis 5o sl sl Gl 3 (6l e
ol 5 ol st olm Gl saalin aals
2als oy £ 53 ol Llade 4 ces SAO0.5, SAL, SA2MM

rif’ s 53 oslessl ol it ss Jle
wle oy S ol s A Ol e cp S sSAL+ UV-B
Y IS Y Joas) s sanlin

A o a5 o ol sk uy ol
5o QT Olpee b aslis o )\;&'.’.4 )}L 4 UV-B axzl
Il s 5 ol il LalS sals oy S (LS
‘SA05+ UV'B L;Lb)t.«.o 0 Al 9 ‘}a\jﬁ r\.,\.;‘ P
33 o) Llads 4 cews SA2+ UV-B, SAL+ UV-B
Ol e oz 0l olas (oo gme il 3 UV-B [Ls
53 el oy 8 a cwd alen Al 5o S s
Sl s (il 53l SA2 5 SAL SA0.5 MM sl )l



et ) Sl b

Protein Content (mg/g FW)

m Shoot m Root

5.0
45 a
4.0 b
35 b Bp b b
3.0 b

25 | ¢

2.0 d

15
1.0 e
0.5

[o2]
o

a1
o

N
o

30

20

10

Proline Content (nmol/g FW)

af

m Shoot = Root

Treatment

o
=
[=)]
S
=
=
c
[}
3
c
o
o
=
c
IS
>
(8]
<
o
c
<

100
90
80
70
60
50
40 b
30
20
10

RO

Treatment

‘)é \Q'A "\,Q'
F °

Treatment

P13l s e 5 ks 5 s Al Uk s O e cmilome 55T Olme Slio Ly Sibomad b sl 5 UV-B 3T —¥ IS

g\ﬂétl.::dalﬁfﬁu.w)@\ﬁ
S g /0N i 53 e sl lls @slize G 1l slaeSils st 8 U3 5 035 3l Glsl KL 53508 sl 5 LIS A 58l san i Loy s
izt SNK ¢y 5057 5l salizad § ale 5 ady

Figure 3: Physiological effect of UV-B and SA on leaf number, anthocyanin, prolein and protein content in
peppermint. Vertical bars represent standard errors. Means of the column with the same letters are not significantly
different for root and shoot based on SNK test; (P < 0.01).
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Table 3: Analysis of variance for expression rate of LS gene in peppermint under UVB and SA.

Source of variation df MS
Conditions (C ) 16.40™
Treatment (T) 2.16™
CxT 3.40™
Error 28 0.01
CV (%) 10.27

Significant at P <0.01

P<0.01 Jlus! ckuja Sla e ¥



10

4.0 a
35
3.0
25 b
2.0

15

1.0

d
05 q
0.0

Expression level of Ls in leaf

Vsl IVl ol K 5 e S ol 5 S5 Dlais ale

m The first stage of sampling

m The second stage of sampling (recovery)

i

SA0.5 SAl SA2

SA05UV  SA1UV SA2UV
Treatment

Sl gl oS 3 LS 05 0l 0lime Sl sl 5 UV-B 56 ¥ s
Sleslamal b+ /40 Clzu): Solsgime ol gline Gy > lls 6uu§)Lﬁ st B 3 5 o3 o lulal g_é\fd\ﬁ\..iﬁ- $d9as éb)\.:))\ﬁmugéy\#a.x;'u gy gt

.5,0 SNK ¢ 551

Figure 4: Expression profiling of LS gene in peppermint. The columns represent the average of three repetitions.
The vertical bars indicate the standard deviation, and in each column, the averages with different letters have a significant
difference at the 0.01 level using the SNK test.
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