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ABSTRACT

Jojoba (Simmondsia chinensis Link Schneider), often referred to as the "miracle plant,” is a
dioecious, cross-pollinated, evergreen, and diploid (2n = 52) perennial shrub. Renowned for
its significant economic value, jojoba is widely utilized in the pharmaceutical, health, and
even in military industries. Moreover, jojoba remarkable resistance to both biotic and abiotic
stresses enhances its environmental adaptations. Determining the sex of jojoba plants at the
seedling stage (1-3 years old) is crucial for optimizing the male-to-female plant ratio for
establishment and for commercial cultivation. This optimization facilitates increased
productivity and yield per unit area, ensuring efficient garden establishment and management.
This study assessed the genetic diversity of 17 jojoba (Simmondsia chinensis) trees, derived
from the Arizona cultivar, consisting of 9 female and 8 male genotypes. These genotypes
were selected based on prior research conducted at the only jojoba germplasm garden in Iran,
located in Fars Province. The study employed RAPD and ISSR molecular markers to
determine the sex of the jojoba genotypes and to evaluate their genetic diversity. The primary
objective was to validate four specific sex determination markers: two ISSR markers (UBC-
807 and CAPS) and two RAPD markers (F1 and F10). The results of this study revealed that
although the molecular markers used were unable to definitively distinguish male and female
jojoba genotype by amplify sex specific band, significant genetic diversity was observed
between the sexes. Among the markers, the F1 primer exhibited the highest polymorphism
(82.5%), while the CAPS primer showed the lowest polymorphism (78.77%). Furthermore,
the F10 primer demonstrated the highest, and the CAPS primer the lowest, values for the
number of effective alleles, Shannon diversity index, band index, and expected
heterozygosity, making F10 the most effective and CAPS the least effective marker for
assessing genetic diversity between male and female genotypes. The genetic diversity
dendrogram, constructed using the Jaccard similarity coefficient, effectively differentiated
male and female genotypes. Although the markers used in this study were unable to replicate
the sex-specific bands reported in previous studies, the F1 primer demonstrated strong
potential for distinguishing male and female genotypes based on genetic diversity.
Additionally, ISSR markers were found to be more efficient than RAPD markers in
evaluating genetic diversity both within and between genotypes. These findings provide a
valuable framework for sex differentiation in other agriculturally, horticulturally, and
medicinally important species, potentially reducing the costs associated with maintaining and
establishing relevant orchards.
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Miracle plant (jojoba), molecular detection, polymerase chain reaction, polymorphism, sex
markers.

@ ® © 2025, by the author(s). Published by Payame Noor University, Tehran, Iran.
This is an open access article under the CC BY 4.0 license (http://creativecommons.org/licenses/by/4.0/).

https://cropbiotech.journals.pnu.ac.ir/


http://creativecommons.org/licenses/by/4.0/
https://cropbiotech.journals.pnu.ac.ir/
file:///C:/Users/HP%20Pavilion/Downloads/‎10.30473/cb.2025.73765.2004‎
mailto:shahsavand@shirazu.ac.ir
file:///C:/Users/HP%20Pavilion/Downloads/‎10.30473/cb.2025.73765.2004‎
https://orcid.org/0000-0002-6345-‎‎6182‎

=y obls ogldcws )

DOI: 10.30473/ch.2025.73765.2004

«gg:“SS?, Jlo»

Simmondsia chinensis Link ) bg>g> 33 £455 (ow 39 9 J9990 S 3> -y
RAPD 9 ISSR ( Jgg0 sk 5L b (Schneider

PELSCIPR PSRN RIS

S

& polie g Al _wiin> aL3 wimee oLS 4 8,20 (Simmondsia chinensis Link Schneider) L o> 5>
Mye5 oYL (oolail cuenl jl cuaSh gmio gy Mg o 4 aS Gl G g s gl S
godlo g 5 Gl Cums (il Al sl b ) gl oo 3 bz g (SloaoalS Con iz pargui s Caw |
V) ok Slsrer o555 W (Suf £95 clgh cnl 30 e T )98 (5l lagl ) sy50 e I
o la il Silis 3 o sliel (B L5 w52 ISSR g RAPD (cla Sl jl sl 1L (5 A 5 o0Le
sl il ol ol ls g (F10  F1) RAPD [Kilis 5 o (CAPS s UBC-807) ISSR Julis i
S g9 ol it 15 i b o baisl 8l piS5 5 )b i ) Camis 2dad S o Ulg5 eolaio | 590
ool 5 (FAV0) 02Vl 5 4 CAPS 5 FL Sl i osnlito o3lo 5 i slocisil o (g B
9 &b jaslls ()5 Jﬂ Sl cyeilds £455 (o i 0 F10 )f)'Léi coimads 53> L5 1y IS s (YY)
hosle s 5 slacuis) Cunily 3)lle alis cops I Jo b plS 9,05 09 Ll 1) sl 3)90 (st 5059yt
g o | el S S35 £95 w yp 3 RAPD b duaslio [5 ISSR sl L5 b g 5y 18 SS9
U155 p o el o w3 o s nly (] 8 KSI5 2B by 5 sloi oy ssbat F1 S5
Wilgi e g 0351 Fhe (S5 £ (alulid 3 oalitul 3)90 (gla L pin polaidl gladily (alab iS5
5 £l i=h) SbasS plw 3 Cowir SSB Gl 25N b laglh Sl laau e (ials L
ML ‘539)13

Sl sojly
e lo s (aSTy ez a0l g g (St ((JSge pareits

7 s Bgunl (s 8 5 |25

S5 g Mg wlige 09,5 (638D 0)90 (goordild.)
‘C)‘)ﬂl (.)lj‘n)& ‘OLL.;)J oKl (dj)stS 0aSisly xL;mLS
0.l (2L SiBi g Mg wdize 09)5 bl Y
Ol Gy 3l oSl (g5 ygluiS”

0uSild ((BLS S g Mg wdize 09,5 bl LY
ol ‘-’UPP el oSy ¢ g5y5lS

olRuisly ¢(g5y9liS” 0aSiily ( SlLel pole 09,5 yluiily ¥
ol e e

: ] g oL g
shahsavand@shirazu.ac.ir :asbb|,

AN VARVA A SRR AT
VX[ I 1oy o,

o ! 4y dliw!
siguald ola i s3ligyd s 15 (itd (o
Gz s (1Y) Sase (g s (o
by olS (S5 g er 9 I
L (Simmondsia chinensis Link Schneider)
(oole dolilas RAPD 4 ISSR JsSge (sla, Sl
AW V)V oolj GbLS (gl

(DOI: 10.30473/cb.2025.73765.2004)

ol yg5 plo ol cllia opl y36.© V¥ ¥ Ll ] Bhin g 4 slxte itne oyl L] G

() @

sl Jlre e gla gl b ] 3l ookl g o pisie Creative Commons Attribution (CC BY 4.0) oo cos dllie (yl

(http://creativecommons.org/licenses/by/4.0/)
https://cropbiotech.journals.pnu.ac.ir/


http://creativecommons.org/licenses/by/4.0/
https://cropbiotech.journals.pnu.ac.ir/
file:///C:/Users/HP%20Pavilion/Downloads/‎10.30473/cb.2025.73765.2004‎
mailto:shahsavand@shirazu.ac.ir
file:///C:/Users/HP%20Pavilion/Downloads/‎10.30473/cb.2025.73765.2004‎
https://orcid.org/0000-0002-6345-‎‎6182‎

Y V¥ Glie; Y (glo F oylad ud3il Jlo «sl); (LS (gyslidcun; als 4 pis

53,8 5 o8 4 4555 L ISSR s RAPD o wis
G395 W (S5 (IS5 2z ol paeds )3 o
50 mej bl g0 oola_wl Loz g> oS odle 5 5

DI F S hu
Jro dlwsiz g b Glals (S5 g95 I b
Vb o ySlae (ily 5 b CdS 4B (o 0 Lz
bl dlex 5l (JgSge sla g, ol ol Pl

Lilen bror sl 3 g9 cnl (2lolid > g
Lo Jle QL"’L.S )‘ d)‘.. s Ca Y 5 A ;]9_, &

&5 o (Carica papaya) LuL (Pistacia vera)
Antonova et ) a_il 3340 (Mercurialis annua)
(YO ohlen 5 Mo calllas 5 5 .(al., 2006
G WO i end sl (JoNge iS5 2,
L 5y o) (Bome ke bigzgn olS 5 g 0 g ool
o S 5 Soedghige sla Sl osli
aS ol s adllas ol gols W0 )S ool wl (JoSdge
O oAl 95 sl (JoSge (sla il jleslins |
Nahlaetal., ) cul sae (ool54) sladely o aasg
L lgros g W Cain (6,500 ddlllas 1> .(2018
Ui 93 5 gy RAPD ,Silis S5T Yo 5l osliul
iz a5 gl S i PAC 5 Y5+ Jobo
azllas ,> (Hosseini et al., 2011) a5 Byxe
PY L bgrgn olS woes VWWe dlied Cuin> (6,500
4 JMS900 ,S5Lis g (w5 RAPD J48Uge ,55e1
LD (e S (g ;LS falie plgis
Camiz (Vo +A) oK 5 boylis .(Ince et al., 2010)
ISSR S5l ¥Y 5l oslaiwl b 1y Lgzg> ol A dluss
Slply @il can Wee dalad S5 5 0508 ()
(Sharma et al., 2008) k5,5 Syxe 5 (yuis> yusd
pslzo Lgz gz ol > RAPD S3el 0 slass (s L
by sladiy Coiz ms > C5 S5lel & o8
&9, » adllas (Al-Obaidi et al., 2012) 51> I8
—wyy cax> ISSR 55kl 00 g RAPD S5lel o-

400

Ll g e obS Sl sl p)Y by (S5 s
@ b ool 5 plS g a S
Al-) clgdl (S35 o) 5 cblisglae
Simmondsia ) Lg> s> oS .(Dossary et al., 2021
g dlwsis> glasas > (chinensis Link Schneider
o529 LS 5y il 5 &5 cawl ()98 9 (b3 4y pglde
il yo 5 Sis S > S oy
4 olS ! (6)bv cueal (Sturtevant et al., 2020)
2ol Gals 339250 (cage B9y clil 5 )y
Sloyes; @lo pge sloyiwl 5l Ly &8 25 oo
My 3 ¥l Jo35 5 sl SIS, Jobo b it s
Sy 53 olS ) ey )l ksl ST bl s 5 s
Pty o (S gy el pilg) g g ls daosis
2 09y ol pEomen )l (loly 308 s wlio
oz sosliS gy 5 Kol e (il
»lw sSles (Liu et al., 2022) cowl sdlawl L8
s (25 Al o U 5 Lgzga Copin il plalS
O red Can s ol Ld LB ol S Y0 oy
5 5 OLLS TAY W & joxie Yaane (6,3 s ledls
&b gl o aS Jb > b e 00l LS TV
Sl (7)+) 3 bS5l (5508l dlasi &y Loy
ly (Liu et al., 2022) cwl b collas 3 Slos
g sk ol b bpg )0 4 (g)ie e ilS
ol wa Mol odle claayly S zals8l
Sl oo o cl (5)95—5 Sl dlyo 3 0l Conir
bl A po U (655 sladizjo )5 29> Ay g

[(Solliman et al., 2023) >3 ¢l cuslio lod> 4
1 DNA 5 gie sl )S5Lis 5l osliial g (2o
CdlS (gl clio (g acalS Coix
ISSR 4 RAPD (cla il ] a3ligd alS aig
@5k pie e 38 4y anie (Shy cpix b
L o o Jelos 5 4 35 opsis Iy 5l ol i
Rlod 6l Yo o (IS8 xix adyi 9 YU g5
Verma et al., ) L ws od 4 S5 sbcuiss
O sl S Sl eiaggy cul 53 cnlplie (2017



.. (Simmondsia chinensis Link Schneider) Lg> s> (S35 g5 (wyp 5 JoNg0 Conmin opean 1] )10 g (& 4808 o £

390 by 4z Sglite Gleis) Comiz 5 55.) Joi

ook ol 50 el
Table 1. Identification code and sex of different Jojoba
genotypes used in present study

o5 ) o5 .
S Ll Cumis L ol
Sy Sy

N B14 V. ole 09 \
K c1 N ol NG v
» J14 VY oolo Al6 Y
» N3 W osle D1 ¥
5 112 X ool N9 s
» cs ' o3l F15 5
» B7 \Yd oolo K15 \4
5 F17 \ oo K1 A
odlo D20 a

sbowis) Co—wiz ms 2UlF 2Ll Sl

o593 W o > DNA JS8 s (o) g Ly
odlizw | ISSR g RAPD 55T ¥ jl bgs g calisce
3 PCR) Jlyo  cslopezsss S8y (Y Jpan) 4
San i 3l oalarwl L 20l slas o
Amplicon, Denmark, Cat. No.: ) Amplicon
ol TaKaRa T JISGL _wge s 5> (A180303
UiiSly oles 4eliyy .o plosl (Takara Bio, Inc)
AF slod ;3 adgl (gjlw dti yuwlg dls oz Jols PCR
Ao YO G w dd8d O Gdo 4 31,8 Slw as
a0 AF lod o gjlwdi by wly als o)z Lol
3 55l Jlasl als o aidy ) cse 4 51,5 sl

T

@iBd ) e ar (Y Jgaa) )51 e o wlio glod
e a8 il s 0 VY glod jo iy als e
VY Glod o oles byt dlsyo Lol 4o g (agl A
Joass b ploul 48y Ve ae 40,5 il as o
GelStain <5, b g 5,999,251 7V 5,57 J5 ,5 PCR
Gel oKiwd b UV j5 pj o g jel S5,
&)l el 5,5 saa L Documentation
g pie b 392y (b [ JJ 59y 2 0ad osaldis

b (pojliel ho g Sy ©jge & gle

godle S &g (19, S &g (19,0 (SB5 g5
6@0&_&9)%@1)5;903&6&43%&
SOLS & Caas (g i SIS 2 ISSR (S5l
s, (Bhardwaj et al., 2010) 5,5 ., Jss RAPD
Sloolaiwl b gz ga cgliso yslS 90 (ym ulad b))
lp oglize 56T askad ¥ slss RAPD 35le ¥
502 0 sl S0 SeT aalad ¥ g o S 51 S,
(Amarger & Mercier, 1995) x.,5,5 oLl
i oslazi .l RAPD 4 ISSR (sl S5l 55 ogdle
Sl 558 Comiz s sl 35 AFLP (sl Sils
2 oeR o (Jlia sl g sl 3990 b g2gx
SSolis V& 5l ealawl b osle oLS O 9 5ol Y (g9
el gl (gil Cads YYD 5 OV asad g5 AFLP
wl olo L (ly il cde YV adhd G g 5l

(Agarwal et al., 2011) uus olwlis ol

PBIF (ol 9

Jolod gy ol yd ooliiul )90 (LS S5 Slge
Agodle @b aigd Jolis) dlw Y& Cuigi VY olaws
Bosol s o8, 5k 5 ol glite (1 ally
2 &ly b gl (£bgord ol 4gs 4 slae
85398 Ghjgel «liios S je Slidos slgrgr EL
lseste iy, 3 )b il b xlis
9 WFeeolo (03 )3 () Jgiz) 29 o Qb o5
S plS b5l g 28 dlsye LS oKin
WA gyglaen Gli GBSy bgzgr (sladsus
Polal _dlaxomb Sl p S p oSy
odlaznl yloj b 3,8 Sl s pd =As 5,8 5 oKiule)]
Lo iy 9 SlS'g5 slasel g5l gl o] 1
Sl oslatw b Sy I DNA zlysc |bas (5)leS
0,S') GeneAll® GenEx PlantTM (Plus) c_s
9 CueS )5 &ye o (Cat No: 228-100 g
J5 55999, 5l ool | b o zlysuiw | DNA cuas
NanoDrop s5i—ws e 4 g 4oy S 3,51
2000c Spectrophotometer (Thermo Scientific

W3,5 s g ), NanoDrop 2000, USA)



° We¥ Glisej Y (ol F 0)led (o233 Jlo < olyj lalS (gygldcans; ole 4 pis

)5 UBC-807 5 CAPS (sla,5;c1 RAPD (¢l F10 5 FL (sl 55T onlizsl 5,90 (ol S5l Jlail slos 5 JIgi ol Y Joad
Az ISSR
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Figure 1. RAPD analysis on a 1% agarose gel
electrophoresis. Numbers 1-9 represent female Jojoba
genotypes: 09, N6, A16, D1, N9, K15, F15, K1, and

D2. Nembers 1-8 (male plants) correspond to male
Jojoba genotypes: B14, C1, J14, N3, 112, L8, F17, and
B7. M: molecular weight marker (gel ladder).
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Figure 2. 1% agarose gel electrophoresis of ISSR
primers. numbers 1-9 (female plants) correspond to the
following female Jojoba genotypes: 09, N6, A16, D1,
N9, K15, F15, K1, and D20. numbers 1- 8 (male
plants) correspond to the following male Jojoba

genotypes: B14, C1, J14, N3, 112, L8, F17, and B7. M:
molecular weight marker (gel ladder).
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Table 3. Information on primers used to evaluate genetic diversity among different Jojoba genotypes
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Table 4. Similarity matrix of different genotypes of Jojoba, including male and female parents, based on Jaccard
similarity coefficient
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Figure 3. Clustering of studied Jojoba genotypes based on Jaccard similarity coefficient using the UPGMA method
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Figure 4. Two-dimensional plot of studied Jojoba (Simmondsia chinensis Link Schneider) genotypes based on principal
coordinate analysis (PCoA) using Jaccard similarity coefficient
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