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Identification of Nucellar and Zygotic Seedlings in Some Citrus Species
Using SSR Technique
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Table 1. List of studied cultivars and situation of produced seedlings.
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* These seedlings grow as mono-embryo or poly-embryo (1 to 4) after sowing seeds of maternal cultivars. **
These seedlings grow as 2, 3 and 4 embryo after sowing seeds of maternal cultivars.
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Table 2. Name of forward and reverse primers used in this research and their nucleotide sequences
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Nucleotide Sequence Primer pairs
GGTACTGATAGTACTGCGGCG TAA 33F
GCTAATCGCTACGTCTTCGC TAA 33R
AGAGAAGAAACATTTGCGGAGC TAA 3F
GAGATGGGACTTGGTTCACACG TAA 3R
AGGTCTACATTGGCATTGTC TAA 41F
ACATGCAGTGCTATAATGAATG TAA 41R
ATCACAATTACTAGCAGCGCC CAC 23F
TTGCCATTGTAGCATGTTGG CAC 23R
TAAATCTCCACTCTGCAAAATG CAC 15F
GATAGGAGGCGTCGTAGACCC CAC 15R
GGATGAAAAATGCTCAAAATG TAA 27F
TAGTACCCACAGGGAAGAGAGC TAA 27R
GCACCTTTTATACCTGACTCGG TAA 45F
TTCAGCATTTGAGTTGGTTACG TAA 45R
GACAACATCAACAACAGCAAGAGC TAA 1F
AAGAAGAAGAGCCCCCATTAGC TAA IR

sbes PCR lles plosl 5l L3 1 ol 25Ty 090 golaid] jo ogo Jole Jlasl &)l a0 a5 Sl
S5 2 sl dlg o dszse lajl slawi 5 s g 65T S5 sk 4 e ah e ST e (TM) Mgl
ax,0 4% ,0 adgl (gilwai ply S5 L PCR Gldes 090 yuiio (wgumdas 4350 #O 5 0O 5| Jlasl & ly> a0 6,551
al> 1o G Lol il anlsl ugendos 43,0 YY )0 Lans aiBs ¥ 5 6,551 oS 5 sla JIg 0 diny Logiandos 4,0 50
A oés)’..‘!‘ PCR Ml.v).' L u,q}...u.lw 4.?)\) Yy e 6‘4&.&0 IN LS’LQJ Ja.».u
30989531 J3

J5 5l eolaal b ,500S5 5l o] S 5 (g5lulos Sl g ayls 5L b s o o sladglas ojlgaley, sla YT

Slo iy GiSTly Jamsgi Ban GDNA iS5 5l Gy onlpl 0,00 092y Jgare o9y 4 58T J5 5 (81 5,58 250!

Melting temperature -\

YA


https://journal-irshs.ir/article-1-665-en.html

[ Downloaded from journal-irshs.ir on 2026-06-11 ]

(VF1) FF L PO clodmio ) o)lass T s 51l Ll ;555 5 pole aloo

g.i.;) )‘ PCR UY&.W oudlive 9 le)J RUSAWW) 6)‘J§)L» o0 4 M)L;‘ J) SS9y 2 PCR QYM s)‘).o...l)
4 plowl Bio-Rad 8 15 GEL DOC olfts 51 aslitol b a3 51 (6,10 yueSic b o0lictol o, &l i (s jasl
L T slasi g 0310l dmwlxo g LSl 45 23 3leiel 092

Lo s T glgil g ojlasl cons Sl pglas 5l eolazwl b o JT Elgl ass o Lo JT o5lail oy0 9] oo a0 (s
bl Al s al> o 40 .0 08 e AL o3lal wiel Cowsdy jlise,d Solw bp 0+ Lo 5l slalgs 5l eolaul
(M) 5,0k olS aiod cdalin Wb go8 aw wlal ol 5 asald eojlasl (g ol Wiy L colis il b coals
5 1 taBl g by Sl Slaaisl S5ie e ol 4 (J555) Wit (5,0l wls b sl slaail o5 e Jlells
Skl chs cuie (Z ole g 5 Cwld BN Jols - 1esu) aiiils gyl Wiy b alie e slaasl a5 slaJlgls
Slp @ikl 4 0B ST Chr A iS5 ¥game Wb iS5y 9590 Saxez 50 Colbge b oad bl
g b Jlels 392 1555 b (o295 Sl

LS o cilizo LAIGS 10 (139 0B 9 )93 o 1y SSR (5,5 T ol 5 Mdiny ouw

3590 p)| 5 (ool Gla ASs wiz d3e50 5 (o0y55 Sl alulid sl ool 5,50 gla ST i b
ol s _oly 55 Sy slsT s wond @) Jsdr 4 azgi b sl 0y0,S Ll ¥ Jgiz 50 i oyl o dalllas
o) slips s, sladleds 5 hys Sy, Salels six + SUS e ol 05,5 53 s 45 amsin o5 55
Gk JB 5 o> JWy dewdly J 5 550l o810 s 0929 b ,S3lel Clzr 4y Grsly jo et Sgles - calie
sz A & i S 5 ISl S ol 5 ) o BalS S5 pgmanls JUE s oalals JUi
(TAAL ; TAA27 TAA45 .CAC23 .CACL5 TAA4L TAA3 TAA33) s,y 550 ,5 5] slacin oloi il o
Syl 1ol baisS pl Gl o (S (S LSS sasmo il Wilgs oo 4z ol lesls las Ty m muly swil 651
sy slolells ol Glis 1, slise gl slasSl i, 5 5 azly S, wbisS s, sl slaleds %
53 edlosls (LA )N gwly (omyp 8y50 Sl Slaciz (aled plp )3 (355 5o jom asdllas 9550 pB)) (sales )5 oligS
W5 o s ol esls L5 1, (5 ol oSl el o) il Sl 5 sy 5 sla el o
0l (R, aisS ol s 55yt oSuii £95 oo Lt

FsSge clmosls 5IUT s Golol 1 058 5 o855 slaledls aloliss gl oLS o calizee o8] IS0z —F Jgo

Gg% cpl ,0 eolituwl 8,90 sla, 5] Cax 5l ol
Table 3. Polymorphisms of different citrus cultivars for identification of zygotic and nucellar seedlings based on
results of molecular data analysis from primer pairs used in this research.
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Table 4. Size of alleles (bp) and number of allele of primer pairs used in this research.
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Fig. 1. Banding patterns of primer combination CAC23 in studied samples on 6% polyacrylamide gel. 1.

Valencia orange, 2. Short embryonic seedling of Valencia orange, 3. Tall embryonic seedling of
Valencia orange, 4. Blood orange, 5. Mono-embryo seedling of Blood orange, 6. Siavaraz orange, 7.
Short embryonic seedling of Siavaraz orange, 8. Tall embryonic seedling of Siavaraz orange, 9. Hamlin
orange, 10. Mono-embryo seedling of Hamlin orange, 11. Pomelo, 12. Mono-embryo seedling of
Pomelo, 13. Thomson orange, 14. Mono-embryo seedling of Thomson orange, 15. Clementine
tangerine, 16. Mono-embryo seedling of Clementine tangerine, 17. Lime, 18. Tall embryonic seedling
of Lime, 19. Short embryonic seedling of Lime, 20. Sour orange, 21. Short embryonic seedling of Sour
orange, 22. Tall embryonic seedling of Sour orange, 23. Washington orange, 24. Tall embryonic
seedling of Washington orange, 25. Short embryonic seedling of Washington orange, 26. Puncan
tangerine, 27. Short embryonic seedling of Puncan tangerine, 28. Tall embryonic seedling of Puncan
tangerine.
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Fig. 2. Banding patterns of primer combination TAA45 in studied samples on 6% polyacrylamide gel. 1.

Valencia orange, 2. Short embryonic seedling of Valencia orange, 3. Tall embryonic seedling of

Valencia orange, 4. Blood orange, 5. Mono-embryo seedling of Blood orange, 6. Siavaraz orange, 7.

Short embryonic seedling of Siavaraz orange, 8. Tall embryonic seedling of Siavaraz orange, 9. Hamlin

orange, 10. Mono-embryo seedling of Hamlin orange, 11. Pomelo, 12. Mono-embryo seedling of

Pomelo, 13. Thomson orange, 14. Mono-embryo seedling of Thomson orange, 15. Clementine

tangerine, 16. Mono-embryo seedling of Clementine tangerine, 17. Lime, 18. Tall embryonic seedling

of Lime, 19. Short embryonic seedling of Lime, 20. Sour orange, 21. Short embryonic seedling of Sour

orange, 22. Tall embryonic seedling of Sour orange, 23. Washington orange, 24. Tall embryonic

seedling of Washington orange, 25. Short embryonic seedling of Washington orange, 26. Puncan

tangerine, 27. Short embryonic seedling of Puncan tangerine, 28. Tall embryonic seedling of Puncan
tangerine.
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Fig. 3. Banding patterns of primer combination TAA33 in studied samples on 6% polyacrylamide gel. 1

Valencia orange, 2. Short embryonic seedling of Valencia orange, 3. Tall embryonic seedling of
Valencia orange, 4. Blood orange, 5. Mono-embryo seedling of Blood orange, 6. Siavaraz orange, 7.
Short embryonic seedling of Siavaraz orange, 8. Tall embryonic seedling of Siavaraz orange, 9. Hamlin
orange, 10. Mono-embryo seedling of Hamlin orange, 11. Pomelo, 12. Mono-embryo seedling of
Pomelo, 13. Thomson orange, 14. Mono-embryo seedling of Thomson orange, 15. Clementine
tangerine, 16. Mono-embryo seedling of Clementine tangerine, 17. Lime, 18. Tall embryonic seedling
of Lime, 19. Short embryonic seedling of Lime, 20. Sour orange, 21. Short embryonic seedling of Sour
orange, 22. Tall embryonic seedling of Sour orange, 23. Washington orange, 24. Tall embryonic
seedling of Washington orange, 25. Short embryonic seedling of Washington orange, 26. Puncan
tangerine, 27. Short embryonic seedling of Puncan tangerine, 28. Tall embryonic seedling of Puncan
tangerine.
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Fig. 4. Banding patterns of primer combination TAA41 in studied samples on 6% polyacrylamide gel. 1 .

Valencia orange, 2. Short embryonic seedling of Valencia orange, 3. Tall embryonic seedling of
Valencia orange, 4. Blood orange, 5. Mono-embryo seedling of Blood orange, 6. Siavaraz orange, 7.
Short embryonic seedling of Siavaraz orange, 8. Tall embryonic seedling of Siavaraz orange, 9. Hamlin
orange, 10. Mono-embryo seedling of Hamlin orange, 11. Pomelo, 12. Mono-embryo seedling of
Pomelo, 13. Thomson orange, 14. Mono-embryo seedling of Thomson orange, 15. Clementine
tangerine, 16. Mono-embryo seedling of Clementine tangerine, 17. Lime, 18. Tall embryonic seedling
of Lime, 19. Short embryonic seedling of Lime, 20. Sour orange, 21. Short embryonic seedling of Sour
orange, 22. Tall embryonic seedling of Sour orange, 23. Washington orange, 24. Tall embryonic
seedling of Washington orange, 25. Short embryonic seedling of Washington orange, 26. Puncan
tangerine, 27. Short embryonic seedling of Puncan tangerine, 28. Tall embryonic seedling of Puncan
tangerine.
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Fig. 5. Banding patterns of primer combination TAA27 in studied samples on 6% polyacrylamide gel. 1 .

Valencia orange, 2. Short embryonic seedling of Valencia orange, 3. Tall embryonic seedling of

Valencia orange, 4. Blood orange, 5. Mono-embryo seedling of Blood orange, 6. Siavaraz orange, 7.

Short embryonic seedling of Siavaraz orange, 8. Tall embryonic seedling of Siavaraz orange, 9. Hamlin

orange, 10. Mono-embryo seedling of Hamlin orange, 11. Pomelo, 12. Mono-embryo seedling of

Pomelo, 13. Thomson orange, 14. Mono-embryo seedling of Thomson orange, 15. Clementine

tangerine, 16. Mono-embryo seedling of Clementine tangerine, 17. Lime, 18. Tall embryonic seedling

of Lime, 19. Short embryonic seedling of Lime, 20. Sour orange, 21. Short embryonic seedling of Sour

orange, 22. Tall embryonic seedling of Sour orange, 23. Washington orange, 24. Tall embryonic

seedling of Washington orange, 25. Short embryonic seedling of Washington orange, 26. Puncan

tangerine, 27. Short embryonic seedling of Puncan tangerine, 28. Tall embryonic seedling of Puncan
tangerine.
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Fig. 6. Banding patterns of primer combination TAA3 in studied samples on 6% polyacrylamide gel. 1 Valencia

orange, 2. Short embryonic seedling of Valencia orange, 3. Tall embryonic seedling of Valencia orange,
4. Blood orange, 5. Mono-embryo seedling of Blood orange, 6. Siavaraz orange, 7. Short embryonic
seedling of Siavaraz orange, 8. Tall embryonic seedling of Siavaraz orange, 9. Hamlin orange, 10. Mono-
embryo seedling of Hamlin orange, 11. Pomelo, 12. Mono-embryo seedling of Pomelo, 13. Thomson
orange, 14. Mono-embryo seedling of Thomson orange, 15. Clementine tangerine, 16. Mono-embryo
seedling of Clementine tangerine, 17. Lime, 18. Tall embryonic seedling of Lime, 19. Short embryonic
seedling of Lime, 20. Sour orange, 21. Short embryonic seedling of Sour orange, 22. Tall embryonic
seedling of Sour orange, 23. Washington orange, 24. Tall embryonic seedling of Washington orange, 25.
Short embryonic seedling of Washington orange, 26. Puncan tangerine, 27. Short embryonic seedling of
Puncan tangerine, 28. Tall embryonic seedling of Puncan tangerine.
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Fig. 7. Banding patterns of primer combination CAC15 in studied samples on 6% polyacrylamide gel. 1.

Valencia orange, 2. Short embryogenic seedling of Valencia orange, 3. Tall embryogenic seedling of

Valencia orange, 4. Blood orange, 5. Mono-embryogenic seedling of Blood orange, 6. Siavaraz orange,

7. Short embryogenic seedling of Siavaraz orange, 8. Tall embryogenic seedling of Siavaraz orange, 9.

Hamlin orange, 10. Mono-embryogenic seedling of Hamlin orange, 11. Pomelo, 12. Mono-embryogenic

seedling of Pomelo, 13. Thomson orange, 14. Mono-embryogenic seedling of Thomson orange, 15.

Clementine tangerine, 16. Mono-embryogenic seedling of Clementine tangerine, 17. Lime, 18. Tall

embryogenic seedling of Lime, 19. Short embryogenic seedling of Lime, 20. Sour orange, 21. Short

embryogenic seedling of Sour orange, 22. Tall embryogenic seedling of Sour orange, 23. Washington

orange, 24. Tall embryogenic seedling of Washington orange, 25. Short embryogenic seedling of

Washington orange, 26. Puncan tangerine, 27. Short embryogenic seedling of Puncan tangerine, 28. Tall
embryogenic seedling of Puncan tangerine.
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Fig. 8. Banding patterns of primer combination TAA1 in studied samples on 6% polyacrylamide gel. 1 Valencia

orange, 2. Short embryonic seedling of Valencia orange, 3. Tall embryonic seedling of Valencia orange,
4. Blood orange, 5. Mono-embryo seedling of Blood orange, 6. Siavaraz orange, 7. Short embryonic
seedling of Siavaraz orange, 8. Tall embryonic seedling of Siavaraz orange, 9. Hamlin orange, 10. Mono-
embryo seedling of Hamlin orange, 11. Pomelo, 12. Mono-embryo seedling of Pomelo, 13. Thomson
orange, 14. Mono-embryo seedling of Thomson orange, 15. Clementine tangerine, 16. Mono-embryo
seedling of Clementine tangerine, 17. Lime, 18. Tall embryonic seedling of Lime, 19. Short embryonic
seedling of Lime, 20. Sour orange, 21. Short embryonic seedling of Sour orange, 22. Tall embryonic
seedling of Sour orange, 23. Washington orange, 24. Tall embryonic seedling of Washington orange, 25.
Short embryonic seedling of Washington orange, 26. Puncan tangerine, 27. Short embryonic seedling of
Puncan tangerine, 28. Tall embryonic seedling of Puncan tangerine.
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Fig. 9. Cluster analysis of studied genotypes.
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Fig. 10. Decomposition into principal vectors in studied genotypes.
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Lily JUs 2l gy, Jladls oF) Lly JU 5 o555 s s o0) Ll Ui sl 55055 ol ool
3 ) lome JUie s s, Jeds ) b i ) s i sy 5 Jlels oF) it Jlisy 1)
Al 4555 S K0 ] Caaled g e 5o S5 Aol (1705 IS A 5y JU iy i, el
SR cnl Vb (Ses ol Jalge (nl S a5 aud )5 513 50080 LS 50 s ey o8 ple 5o lapBoly (ol Sl az g5
s 5, olagy S5 Jlals (V) s sy 55 Jledls 1)) s (slaglS sl miad s n L5 g 2,
L alobs iy sl (Y0) 6 sl il Jlgils 5 (T 6 s i, Jleds «T) 6 «0Y) ipmd <)
i iy ) Ll s a2 g, Jlgds o(F) Ll U5 b3S sy, Jlails o)) il Jliy, slos5ols
sty gy s 5 O 5yaboms JUs oisS sy JHeils ) 5pgbem S 8 st S50 olag, <S5 Jleds ()
09,5 S > Geg,S slaty) ple ;o Hmie GLOBRIE e (ool Gl oS (6,500 4SS g (A) sk S
AL ol b ] alols o i g Wiog 435,85 ,Soue LS o aillas

s b (o893 o b la o JShizr sla T coad osliinl 6,55] oS 5 A caslllas 5,90 8,1 JoSdse 52JUT 5o
5oy Less b chye cho Glp 1, oYL JSsais TAALS 3 TAALL <l 55kl aioges ol 1) laJlls oyog
il (s 1, ISz ool cllle 50 SLS o 51 63,0 5V 3 i 5 & S o o555 & ia S sl s Jgdls

Y


https://journal-irshs.ir/article-1-665-en.html

[ Downloaded from journal-irshs.ir on 2026-06-11 ]

(VF1) FF L PO clodmio ) o)lass T s 51l Ll ;555 5 pole aloo

@0 e eSlelS (S50 cpbele JW 5 2o Gyglen JW 5 (Go> S 08, 3 (Gipgh (nl yo addllae 550 (8, VY
093 ieS b (055 Cdio woud osliiul lojlsalen ) slo Solas b wwidlys (ygmnals JUS5 5 9 (B gend (2l S5 5
ams s | s Jlgils

O3l P81 50 o 4 laldls (05 1550 b (55 o (sl JSbaiz Gl 5,55l oS 5 cn 5 cuta
Stz ol sl b ST i ) oS s iz (oS50 5 Lol o1 50 iS5 1, bigand 5 st
TAA3 TAA27 TAA33 TAAAL TAAL o S5l can auS adg b lpls pos ess b by cio ol
1545 0,5 slowl laJloils o8 yess b i yes o b atwgey S5 iz (sla,Silis CAC23 5 TAA4S CACI5
40,8 oanlive a1 51 6 Las

-

o, OlS o slaisl 51 Sy 0 15ed 5 )95 sl cw)p 4 SSRSSS l eolatul b ool asllas
iz gladisf LSE 5 5do msei G5l ol babilug,Ses b SSR (sla, |5 (glice 1 45 o SiS3 ol und
Goasly sl SLS e laaiss il ae) jo (Pl Gaiedy)l (Guind (nl I Jol> @l a5 oo ol 1) LS e
6L®JL€)‘Q - k_JLS).A ‘sLa‘ 05; 99 C.»ob m uSq )l ULAAAJ &Y J9&> 3o IR 45‘)‘ C.:L».: .»))lé C’_JQLD} 9 60‘,’
olod iy o M il sl sl b g pole ol oms o —cilizee p,) glieis g, b ldls 5 odys5 s,
ua‘ifd.mbw‘omdu W‘US.QA&) L}"‘ ma@éw)&)t.i) A L*u‘su)ﬁo)jn;)LCTdwa
sty JolS5 K05 by g S it pit gy Ky 5l LT aSiyl by clasily ol galie agme sl Lid s o baaiS
‘6)..4.5&‘;).,.:m}mbg;}}}&a&@)LJ}'@)OLDA.:;J‘ASML)J|OMOQ W‘LJXMJ‘W
o Jldls ool lis ,F3T slacin 4y slite goly cbosSIl 15050 clo Jladls ilie 45 losds gy Suss £55
o Jo s wilosls olis F5LT oy obod il 55 1, N il oSl iy sen) s il o)) olisS b,
sl Wlgi oo £555 ol ilosls (L |y (g pwie guily slasSIl wilizes sl o wily Sl 5 sy 5 sla s
hvb‘uamshanéuwflf)ayl&owou W‘U&AAS‘MLLQMJ;QJ‘ )éwéua)&w
aox 5l wnil ansls alide LYs adlg e bglas cpl casl bl (JelSS g b Job jo jiins (SBy a5 SO
u;‘ o.\.;.:wQL;;:J ..\.:‘yo.a Orod ‘Lams)f u;‘ a_:jl.c.m dLelS.: AM)L, L ‘Gb.m (_gLQ)L.'Z.é sé.«.u) )L»_‘>L~J B 6&&:9&?
(Scora, 1988) wilazsly Lol sli _xpels bl (gl ,Lid &y gl , baaisS ol a5 s,

G T S slawi ogas ko |, azgs Bl b o by 31 lsice s @) a5 Sledlbl 5 F Joam & azgi b
Obe o1y g BB Sty g9 wilg ce SSR iS5 sas oo plis (Silas L) 5511 ey bawgs ool g
S5 e e g S oS LS o alites alE ) s paled g S o Wlsh e @5 ol S lulis LS e o)
Cho by ISz T ED 51 ¥ oMbl ololyy oS Syo g |y boaiss ol S a5 anay |, oSl ol Lo 4y
et led 5 alolid ol SSR SiSS 51 auilsice 45 ams o Lt Loy gl losls Lis Laails (yge 15050 b (o5
alls 0,8 OlS o sblas g s0l5 slaasly jo Wiy oo bl (pl oS colaul 5w 5 (o0,95 Sbs, sl lsls
..\;‘94(540 l.QJ.n o)L.\J‘ o usL‘u U"‘ el uaLD.».A )f)Lc] u.o.‘> M Ja.my 0l ..\.«J}.’ ‘_;I.QJ” o)l\.\.s| aS b}.w‘sn csalive ..L...ula
iS5 sl T sy a8 0ys Olsise Jsor 5l omizma a5l laisT e s ST (500 K slalis snima Lt
‘G.AJUAS..\.Q:QGAU Q_v‘ J.H AN Sgd> U'&L"ABLJJ‘ Wiy wd‘u‘obew‘wﬁu)ﬁd‘f 0
s e Lai |, e wms Ty LTAA27 5CACI5 TAAL as ‘5n> VS

A0S Con mls pl g i ans wiz 3l e e ol slalo s 4y g lades A e gl 4 gl b
M ‘_“J,.a‘ MP )LP LY ‘LQJLQJ«) 0o )p.?u Ls (5“’)? Slas U»Lw‘ » ULSJA aliss Lng lbe.: as Sy R
bl ailgs oo 055 ol o)l GlS e el sl g laaigS o SGISS £ 092y 3 lis (gaiudlies pl Lasleals

Y


https://journal-irshs.ir/article-1-665-en.html

[ Downloaded from journal-irshs.ir on 2026-06-11 ]

Ohles 5 Gl

0 kel Slalop 4 45 109 h el W95 S (49,0 (05 Slaslss b alide sladisS Gl 3 (s slagls
bl adsl sauade: a5 WS oo dwl opl el 03,5 Slolid | Lol 65,5 aw g ool ol | splie gl
Jub ol ool lid VY S G o po a8 Bl (S alols Lcal oog ool (S slacgles
aols 5 ol slals 4 4528 (sladas 525 o il eaipo s () sl ol (satieg S 5 (sanabys oaniSunls
53,8 ol b Jlesls (o 15e50 b 25,95 Caio sl |, oYL LSiais TAALS s TAAGL o Silas canl (S5
SdisS o B0l5 slacgles sl lacis (ol b lag o (05 g5 olulid jo o, Slas ol &8 snmolis o)
Cewl ools las 1y o Jladls 409 [jes0 b (o y95 Cudo odids oolaiul sloylgalos , sla ,Solis 51 oolaiul b &LS o calizeo
O 095 GO (aogi 5 olulil o Wil o JeSge Sl SuST aS wes o lis (] (Golein et al., 2011)
£55 Olis o)lsalory o Sl aile o JsSpo (slocSuiS 3l oolitul b aibly jige LS ye Gilise pl5) 5 loassS
€95 pl (Golein et al.,, 2013 ; Golein et al., 2005) o,5 ) |, OLS 1o alies plB )| 5 aisS o ;0 S92 90 (S
Sl sloasl 1 Wlgi so Cizmod 5 cdday alises a5l sloalis 5 e Lo 5l 6 e o b 4y wils e
S Bals a4 aaegd olg oo ool ooy a4 i g ganalg> bl @ axei b oS 1,8 colatul 5,50 (0I5
ool lond aends olite slaog,S 5 baadsd 4 daliils om hess b 25,5 Slio alal 5 OlS e Gilise
(S yeb 4 .(Golein et al., 2011) cul OLS o @l a8yl LaassS o (S0 £65 052 5l L (Gipands
OLS o it pl)) g laaisT o (St ladgls 9 (S5 £95 5l e Sho b 4 Wl oo LSS ol ) eslin
.(Golein et al., 2005) il syl giwn y Sliams § gl bl laasl sl 9 daay
Wiz coale b GusSojorie 35 slaglle glolis & 0B (Lids jlen (Shs 4 axg b SSR la Silss
N ISsais o yaizes il e (Zucchi et al., 2003) JT wiz ylejer awseis 5 (Silva Junior et al., 2020)
ol oy pasie sla S 5l (Souza, 2015) ey wlw jo 19SS auje8 9 (Silva Junior et al., 2020) s a5
s> Jals 18+ 5w Jlesls YV axtuilss ISSR sla,55KT 51 oolictal b (Y- 1)) )] 1Ken 5 Golein .couln Silis
oolatl b 5 wagy Ik b, Kilis ol (Jg oS glolid OlS e 500 o8, 0 b Lk o8, B 5 Jol> Jledls YYV 511,
5,5 3535 SLS e slaEols seles ;5 ISSR (sl Jlgs 5 1 cogdlas Sg05 bl | lon slo T ols sas s 5
slaJlg 5l iy ([ASbaiz (o cdy asgilSe 7 B (JIg) (la Conle 4 4255 L SSR la Jlys aS> 0
eolaisl SSR sla F5kT ulai 1 5 aiS oo 355 oo |, g3y olas slo Jlss ISSR (sla 55T cogdlay . ls ISSR
oy iz bood) SO B s (Y ))) ) g Golein clagss o (Ve - o) Ken o Kianoush) oS o Jos
Galizes ) e Sligios jo wiad bl 555 5 25,55 sl olules 6l ISSR sla, 55T 51 oolital L S0
5 B9 Sy lolis sl SSR sla, 3T cn 5l oolital b LT iy bl 51 Jols (slaJledls 5 LS e

WA oy S (ol Sz 51 OLS e a1 51 (6 tawg cile &Blg 10 g AE S 18 ) 090 55

S 5 Ao
el Glp &5 g93 LSz 4 4255 L TAASS s TAALS ohs s (o855 SSR sla ,Solas 2l yo lss oo
g S )lS LS o Cilisis a3, 5 b 45g8 Mol slaaalip 4o willg oo wisls lis 993 | OLS e calisue b Jlegls
57 Jhe sba) (S Al a4 plitws Sz iz pp il 4Bl 13 5l ()9 il plulid ln )
I 50 Camex sl cuz (W ST 5 i polaisl gla S5l 51 canb o LS e 0 laJlls oyog 15059 b
Sy oy B g 58
References &bo

.

Cheng, Y.J., Guo, W.W., Deng, X.X. (2003). Molecular characterization of cytoplasmic and nucellar genomes
in phenotypically abnormal Valencia Orang (Citrus sinensis) + Meiwa Kumquat (Fortunella crassifolia)
intergeneric somatic hybrids. Plant Cell Report, 21, 445- 451.

i


https://journal-irshs.ir/article-1-665-en.html

[ Downloaded from journal-irshs.ir on 2026-06-11 ]

(VF1) FF L PO clodmio ) o)lass T s 51l Ll ;555 5 pole aloo

Frost, H.B. (1943). Genetics and breeding. In: Webber HJ, Batchelor LD (eds.), The Citrus Industry. University
of California, USA, 1, 817-913.

Gmitter, F.G., Grosser, J.W., Moore, A.G. (1992). Citrus. In: Hammerschlag, F. and R. Litz (eds.),
Biotechnology of Perennial Fruit Crops. pp. 335-69. CAB Int. Wallingford, UK.

Golein, B, Talaie, A., Zamani Z., Ebadi, A, Behjatnia, A. (2005). Assessment of Genetic Variability in Some
Iranian Sweet Oranges (Citrus sinensis [L] Osbbeck) and Mandarins (Citrus reticulate Blanco) using
SSR Markers. International Journal of Agriculture and Biology, 7(2), 167-170.

Golein, B., Fifaei, R., Ghasemi, M. (2011). Identification of zygotic and nucellar seedlings in citrus interspecific
crosses by inter simple sequence repeats (ISSR) markers. African Journal of Biotechnology, 10(82),
8965-18970. DOI: 10.5897/AJB11.2810

Golein, B., Ghasemi. M., Fattahi Moghadam, J., Gholamian E. (2013). Genetic analysis between unknown
Citrus accessions and commercially important cultivars using ISSR marker. Agricultural Biotechnology
Journal 5(4), 111-124. DOI: 10.22103/jab.2014.1225. (In Persian).

Guimaraes, C.T., Magalhaes, J.V., Lanza, M.A., Schuster, 1. (2009). Marcadores moleculares e suas aplicagdes
no melhoramento genético. Informe Agropecuario, 30(253), 24-33.

Kianoush, S., Babaeian Jelodar, N., Asadi Abkenar, N. (2009). Evaluation of genetic diversity in citrus germless
using microsatellite (SSR) markers. Journal of Agricultural Sciences and Natural Resources, 15(6), 109-
117. (In Persian).

Martinez-Ochoa, E.C., Villegas-Veldzquez, I., Alarcon-Zlfiga, B., Gonzalez-Hernandez, V.A., Villegas-
Monter, A. (2022). Polyembryony in citrus: does the largest embryo in the seed develop a nucellar
seedling? Scientia Agricola, 79(6), 1-7. DOI: http://doi.org/10.1590/1678-992X-2020-006

Navarro-Garcia, N., Garcia-Almodévar, R.C., Cordoba, F., L6pez-Pérez, A.J., Jiménez-Alfaro, Y., Pérez-
Tornero, O. (2019). Identification of zygotic and nucellar seedlings in Citrus limon: the search for
molecular markers. Acta Horticulture, 1230, 35-42. DOI: 10.17660/ActaHortic.2019.1230.5

Novelli, V.M., Cristofani, M., Machado, M.A. (2000). Evaluation of microsatellite markers in cultivars of sweet
orange (Citrus sinensis [L.] Osbeck). Acta Horticulture, 535, 47-9.

Pang, X., Hu, C., Deng, X. (2003). Phylogenetic relationships among citrus and its relatives as revealed by SSR
markers. Acta Genetica Sinica, 30, 81-7.

Ruiz, C., Breto, M.P., Asins, M.J. (2000). A quick methodology to identify sexual seedlings in citrus breeding
programs using SSR markers. Euphytica, 112, 89-94. doi:10.1023/A:1003992719598

Scarano, M.T., Tusa, N., Abbate, L., Lucretti, S., Nardi, L., Ferrante, S. (2003). Flow cytometry, SSR and
modified AFLP for the identification of Zygotic plantlets in back crosses between Femminello lemon
cybrids (2n and 4n) and a diploid clone of Femminello lemon (Citrus limon L. Burn, F.) tolerant to
malsecoo disease. Plant Science, 164, 1009-1017.

Silva Junior, M.S.F.S., Sousa Borges, A.A., Santos, S.R.N., Moura, V.G., Silvana, G.R., Soares Dias, A.C.,
Araujo, A.M., Oliveira Filho, JW.G. (2020). SSR and ISSR markers in assessing genetic diversity in
Gallus gallus domesticus: a quantitative analysis of scientific production. Ciéncia Rural, 50(7), 1-9.
https://doi.org/10.1590/0103-8478cr20190401

Scora, R.W. (1988). Biochemistry, taxonomy and evolution of modern cultivated Citrus. In: Goren R. and K.
Mendel, (eds.). Proceedings of the Sixth International Society of Citriculture, 1, 277-89.

Souza, D.C.L. (2015). Técnicas moleculares para caracterizacdo e conservacdo de plantas medicinais e
aromaticas: uma revisdo. Revista Brasileira de Plantas Medicinais, 17(3), 495-503. doi: 10.1590/1983-
084X/13_071.

Tusa, N., Abbate, L., Ferrante, S., Lucretti, S., Scarano, M.T. (2002). Identification of zygotic and nucellar
seedlings in citrus interploid crosses by means of isozymes, flow cytometry and ISSR-PCR. Cellular and
Molecular Biology Letters, 7, 703-708.

Woo, J., Park, Y.Ch., Lee, JW.,, Yun, S.H., Kim, M., Park, S., Lee, Y., Song, K.J., Kim, H.B. (2019).
Evaluation of polyembryony for genetic resources and efficacy of simple sequence repeat markers for the

o


https://doi.org/10.22103/jab.2014.1225
https://oasisbr.ibict.br/vufind/Author/Home?author=MAGALHAES%2C+J.+V.+de
https://oasisbr.ibict.br/vufind/Author/Home?author=LANZA%2C+M.+A.
https://oasisbr.ibict.br/vufind/Author/Home?author=SCHUSTER%2C+I.
https://www.actahort.org/books/1230/index.htm
https://doi.org/10.17660/ActaHortic.2019.1230.5
https://doi.org/10.1590/0103-8478cr20190401
https://pubag.nal.usda.gov/?q=%22Jin-kyu+Woo%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Young+Chul+Park%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Ju+Won+Lee%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Su-Hyun+Yun%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Minju+Kim%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Sukman+Park%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Yi+Lee%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Kwan+Jeong+Song%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Ho+Bang+Kim%22&search_field=author
https://journal-irshs.ir/article-1-665-en.html

[ Downloaded from journal-irshs.ir on 2026-06-11 ]

Ohles 5 Gl

identification of nucellar and zygotic embryo-derived individuals in citrus. Applied Biological Chemistry,
62(1), 30. DOI: 101186/S13765-019-0437-1

Zucchi, M.1., Brondani, R.P.V., Pinheiro, J.B., Chaves, L.J., Coelho, A.S.G., Vencovsky, R. (2003). Genetic
structure and gene flow in Eugenia dysenterica DC in the Brazilian Cerrado utilizing SSR markers.
Genetics and Molecular Biology, 26(4), doi: 10.1590/ S1415-47572003000400008.

T2


https://pubag.nal.usda.gov/?f%5Bjournal_name%5D%5B%5D=Applied+biological+chemistry&f%5Bpublication_year_rev%5D%5B%5D=7981-2019&f%5Bsource%5D%5B%5D=2019+v.62+no.1
https://pubag.nal.usda.gov/?f%5Bjournal_name%5D%5B%5D=Applied+biological+chemistry&f%5Bpublication_year_rev%5D%5B%5D=7981-2019&f%5Bsource%5D%5B%5D=2019+v.62+no.1
https://journal-irshs.ir/article-1-665-en.html

[ Downloaded from journal-irshs.ir on 2026-06-11 ]

Iranian Journal of Horticultural Science and Technology 25 (1): 25-46 (2024)
Research article

Identification of Nucellar and Zygotic Seedlings in Some Citrus Species
Using SSR Technique

Mohammad Taher Hallajian'*, Katayoun Dabbagh?, Mojtaba Kordrostami!, Ali Akbar
Ghasemi-Solokluit

1. Nuclear Agriculture Research School, Nuclear Science and Technology Research Institute (NSTRI), Atomic
Energy Organization of Iran.
2. Department of Agricultural Biotechnology, Payam Noor University, Karaj, Iran
* Corresponding Author, Email: mthallajian@aeoi.org.ir

The majority of Citrus species and some related genera in this family produce nucellar
embryos. Nucellar seedlings are similar to maternal parents. The existence of such embryos
next to the embryo from fertilization leads to the polyembryony phenomenon which during
that, two or few embryos are developed in one seed simultaneously. The nucellar embryo is a
big obstacle in citrus breeding, however, the aim of producing genetic uniformity in stock
production is valuable. In this study, for distinguishing between seedlings resulting from
fertility and nucellar seedlings, aleaf sample was prepared from maternal plants and
seedlings resulted from seeds of 11 citrus cultivars. After DNA extraction from samples, PCR
was performed using 8 microsatellite primer pairs. The results indicated that 8 primer pairs
were polymorphic for nucellar or zygotic traits of seedlings in 9 cultivars. The number of all
alleles in the population was 45, and the range of alleles amplified by the primers was 3-11
with an average of 5.75. 35 alleles were polymorphic for nucellar or zygotic traits. Among
polymorphic primers, TAA41 primer and TAA1 and TAA27 primers produced the highest
number of alleles (11) and the lowest number of alleles (3) in studied cultivars, respectively.
Polymorphic primers of this research especially TAA45 and TAA33 can be used to
identify nucellar and zygotic seedlings of all citrus genotypes, cultivars, and hybrids in
different breeding programs.

Keywords: Citrus, Zygotic and nucellar seedlings, PCR, Microsatellite markers, Primer.
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