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Abstract: This study was carried out to develop molecular techniques to allow the selection of zygotic seedlings in the early stage
of the plant development. We identified 37 pollen-specific molecular markers from RAPD analysis and successfully used them
for identification of the zygotic seedlings from various hybrid crosses. Three Satsuma mandarin cultivars (‘Morita unshiu’, ‘Nangan
20’ and ‘Miyagawawase’) were used as mother parents and seven cultivars (‘Ponkan’, ‘Lee’, ‘Kinokuni’, ‘Shiranuhi’, ‘Tamnaneunbong,
‘Shinyegam’, and ‘Sunburst’ mandarins) served as pollen parents. PCR analysis showed that 2 primers could identify zygotic hybrid
seedlings. Among them, an UBC-27 primer was used to identify the zygotic seedlings from hybrid crosses of “Nangan 20" x
‘Kinokuni” mandarin, “Nangan 20 x Ponkan” mandarin and “Miyagawawase x Sunburst” tangerine. In total 29 out of 40 seedlings
(73%), 9 out of 47 seedlings (19%), and 13 out of 45 (29%) were identified as zygotic seedlings, respectively. These results
can show that the pollen-specific markers selected in this study can be used effectively for early identification of zygotic seedlings
from Citrus hybrid crosses.
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Table 1. Pollen-specific RAPD primers.
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Primer Sequence (5'- 3")| Primer Sequence (5- 3')
UBC9 CCTGCGCTTA UBC539 CTTACGTCAC
UBC27 TTTGGGGGGA UBC550 GTCGCCTGAG
UBC37 CGGGGGTTTT UBC564 CGGCGTTACG
UBC41 TTAACCGGGG UBC568 ACCTGTTCTC
UBC236 ATCGTACGTG UBC576 CACCTAATGG
UBC254 CGCCCCCATT UBC596 CCCCTCGAAT
UBC262 CGCCCCCAGT UBC605 CCGATCATTC
UBC386 TGTAAGCTCG UBC617 CGGACTATGT
UBC405 CTCTCGTGCG UBC621 GTCTGCGCTA
UBC425 CGTCGGGCCT UBC625 CCGCTGGAGC
UBC451 CTAATCTCGC UBC645 TACAGCGTTG
UBC473 ATCCCCAAGA UBC659 CGGTTTCGTA
UBC478 CGAGCTGGTC UBC661 CCTGCTTACG
UBC485 AGAATAGGGC UBC676 GCTAACGTCC
UBC511 GAATGGTGAG UBC677 TCTCAGGACA
UBC513 TATAVGACCC UBC684 CCACACGTAG
UBC523 ACAGGCAGAC UBC688 GCAGGAGCGT
UBC528 GGATCTATGC UBC695 GCTAATCAGC
UBC530 AATAACCGCC
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Table 2. Pollen-specific UBC primers used for selecting Citrus hybrids.

Cultivars used as
pollen parent

UBC primers able to distinguish maternal parent

No. of markers to
select zygotic seedlings

‘Ponkan’

)

‘Lee

‘Sunburst’

‘Kinokuni’

‘Shiranuhi’

‘Tamnaneunbong’

‘Shinyegam’

UBC27, UBC9, UBC37, UBC41, UBC254, UBC262, UBC386, UBC405, UBC425,
UBC451, UBC473, UBC485, UBC511, UBC523, UBC528, UBC530, UBC568, UBC576, 27
UBC596, UBC605, UBC617, UBC625, UBC676, UBC677, UBC684, UBC688, UBC695

UBC27, UBC9, UBC41, UBC254, UBC262, UBC386, UBC405, UBC425, UBC451,

UBC473, UBC458, UBC511, UBC523, UBC528, UBC539, UBC550, UBC564, UBC596, 26
UBC605, UBC617, UBC625, UBC659, UBC676, UBC677, UBC68S, UBC695

UBC27, UBC9, UBC37, UBC41, UBC262, UBC386, UBC405, UBC451, UBC485,
UBC511, UBC513, UBC523, UBC528, UBC530, UBC564, UBC568, UBC596, UBC605, 27
UBC617, UBC621, UBC625, UBC645, UBC659, UBC676, UBC677, UBC684, UBC695

UBC27, UBC41, UBC262, UBC386, UBC485, UBC530, UBC550, UBC568, UBC576,

UBC605, UBC645, UBC659, UBC688

UBC27, UBC37, UBC41, UBC254, UBC262, UBC425, UBC473, UBC478, UBC523,
UBC528, UBC530, UBC539, UBC568, UBC576, UBC596, UBC645, UBC676, UBC677, 20
UBC688, UBC695

UBC27, UBC37, UBC41, UBC254, UBC262, UBC425, UBC473, UBC478, UBC523,

UBC676, UBC677, UBC688, UBC695

UBC27, UBCY, UBC37, UBC41, UBC236, UBC405, UBC425, UBC511, UBC528,

13

UBC528, UBC530, UBC539, UBC568, UBC576, UBC596, UBC621, UBC645, 21

18

UBC539, UBC568, UBC576, UBC596, UBC605, UBC625, UBC661, UBC677, UBC695

*Matenal parent is Citrus unshiu mandarin. Primers amplifying successfully in all 7 pollen parents are underlined and those

in 6 pollen parents in bold.
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Fig. 1. Pollen-specific amplification obtained from UBC primers. (A) UBC-27 primer, M : molecular weight markers (100 bp
DNA Ladder); lane 1: mother plant (‘Miyagawa wase’); lane 2-8: pollen parents ‘Ponkan’, ‘Lee’, ‘Sunburst’, ‘Kinokuni’, ‘Shiranuht’,
‘Tamnaneunbong’, and ‘Shinyegam’ mandarin. (B) UBC-41 primer, M : molecular weight markers (1.0 kb DNA Ladder); lane
1: mother plant (‘Miyagawa wase’); lane 2-8: pollen parents ‘Ponkan’, ‘Lee’, ‘Sunburst’, ‘Kinokuni’, ‘Shiranuhi’, “Tamnaneunbong’,
and ‘Shinyegam’ mandarin. Arrows: pollen specific amplification.
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Fig. 2. Identification of zygotic seedlings from citrus cultivars using the UBC-27 primer. (A) Hybrid populations of ‘Nangan
20’ unshiu mandarin and ‘Kinokuni’ mandarin screened for early identification of zygotic seedlings. M: molecular weight markers
(100 bp DNA Ladder); U: ‘Nangan 20’ unshiu mandarin; K: ‘Kinokuni’ mandarin. Lanes 1-40: hybrid population from a cross
of ‘Nangan 20’ unshiu mandarin and ‘Kinokuni’ mandarin. (B) Hybrid populations of ‘Nangan 20" unshiu mandarin and ‘Ponkan’
mandarin screened for early identification of zygotic seedlings. M: molecular weight markers (100 bp DNA Ladder); U: ‘Nangan
20’ unshiu mandarin; P: ‘Ponkan’ mandarin. Lanes 1- 47 hybrid population from cross of ‘Nangan 20’ unshiu mandarin and
‘Ponkan’ mandarin. (C) Hybrid population of ‘Miyagawa wase’ unshiu mandarin and ‘Sunburst’ mandarin screened for early
identification of zygotic seedlings. M: molecular weight markers (100 bp DNA Ladder); U: ‘Miyagawa wase’ unshiu mandarin;
S: ‘Sunburst’ mandarin. Llanes 1-45 hybrid population from a cross of ‘Miyagawa wase’ unshiu mandarin and ‘Sunburst’ mandarin.
Horizontal arrows indicate the pollen specific amplification. Vertical arrows indicate zygotic amplification.



A5 Aol ARg-e] 7hsskaithFig. 2). WHH, UBC 412 &
AR SRERl Adele 38R s a5
Eo] el AT et AR 2RE = skl 354
o7 FEE|o YELbE MErE ERRIER] grol B 9119
gl A wAhg AR Adols ARshA] edrhal A
ZHE QEH(El o8] IAIA]). whEhA FARQ 2FUdels
ZoE) gronl shEalel 750 wickel 7ol T
o F3Elo] Uehtbs Zefolu] 2] % UBC 27 xefoln]
TS ARG G203 x Z|FEA, “97R208 x B
12]a “gHAZAY x Sunburst”o]] ter wAE AH ofEH
E XA “H7R035 x 7|F7 el A8 AXH 40
WA 5 2970 A|(Fig. 2A), “F7205 x 72l 9= 477
Al % 97N A|(Fig. 2B) 18] “FA x Sunburst”’?] 73--+=
471 3 137AFie, 209 2 A0S s
Fig. 204 B= AXY ngfo] ot AXREL i 231
A7 SAAR FAT FAoIc). e} 4205 x
Z)Fur w1, 6, 10, 36 T2 39 AAEE
FadeldA E420] gl so} §
HH O w7t whaleh FAlAY ol et ol A ATk Fig.
2A). YEEF o2 A= X g Ao R U5t
tH(Kepiro and Roose, 2007). L1} 728 2% —Zrﬂ‘:mﬂ A
AHol7l skt o= Sl BAehES aHlis)
1=

G WETL ZEE Ao

o] Aoz FHAYO] FA AXHC| O]E/\]U]— o]
9Ic}. Khan} Roose(1988)%= 7HELITE o 120] 9]x]of u}
FAE wlo] §FT 7} el garEe), ol M 44

A1}, SHESR 1E]ar 2 e weba] 24d 4
AL sk o, @A7EA] vl AR He 7L sk A
et Xﬂiu Ure] A QA otk wheba] 9] Al o]
FAEE MAEE =5 gzt A4 $ 74 5ol
*a‘ T = HAsY et v AZEeE ®=3h UBC 27
Zefo|HE ARESEe] “GH2035 x 7|, “HH20% x
W7k gela “FHZAY x Sunburst” ﬁ%— A HREQ] A
AL ¥z} 73, 19 18] 29% = “d |

wHjeolN w2 BE uiE e’%‘HE 2= 5 A

19

il

oEs 603

Sug ol 244 oA HUHOR Bo o
RS W7 4 BHS 7 AFUR e sRdos
A0S 1 o] TefololE ALgHA %

ol

o
AREE 7)o wetd 4~ qlo] 9 2593 w
5ol 283k 5 S Floz y|Eeh EgF B oIt A
ofe] E FHEY AL Astel FEY
g = A= AAZA AEelA d#Rl Harrt
onf & ApolA A o Zejololel 3
HE SCAR vAR 7 & 117
AN At 587 og A}Q_UL EN 1% AHoa 7|

o\

ol

e
o
A

—l)ﬂi

=]

= o oo o
=

i o\

41

dfr’, U0, FAEAI
WO 750 Gkl RO, Lee’, 71T, Ale]
A, HAEF, =, Suburst) EFS AH§510] RAPD

T
0:1-‘1@"6‘ AA

S-S ol g3t RS A a4 gl 5
£ Eold mefoln] 37705 AUStsh PCR H4 243}

ol% 27he) Tefolplt WE WefzFolH WRE AYHE
A 4= Q)9itk ERE “H08 x 7|FU, G0
x 7P g3 “FHZAY x Sunburst”9] nAE ANHLE

UBC 27:z2to|H 5 ARgato] 22t 40704 5 297HA(73%),
4770A = 97NAI(19%) 1232 45704 = 137)A](29%) 2]
W% AREE A 5 lglth §) Ak ahEA Solx
ol vpAS ALgato] PR B OR WF YR
54 o 5 e molzch

OF

mlm

7} F80] : FEug, thi4d, RAPD

Table 3. Effectiveness of UBC-27 primer in selecting zygotic seedlings from Citrus hybrid cultivars.

Primer Size of PCR Hybrid Cross Totgl No. of Z-ygotic Rate (?f zygotic
name fragment seedlings seedlings seedlings (%)
“Nangan 20 x Kinokuni” 40 29 73
UBC27 200-300 “Nangan 20 x Ponkan” 47 9 19
“Miyagawa wase x Sunburst” 45 13 29
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