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Abstract. Matroclinal inheritance of morphological characters in interspecific crosses of Rosa spp. can be
influenced by cytoplasmic inheritance, apomixis, and asynaptic heterogamy. In asynaptic heterogamy, which
is often observed from interspecific crosses of Rosa sect. Caninae, the polyploidy of the seed parent (especially
for 5x=35) is recovered in the progeny through the pollens that include only a set of bivalents (x=7) and
egg cells that contain a set of bivalents (x=7) and other univalents (3x=21). In this study, we investigated
the causes of matroclinal offsprings observed from reciprocal crosses of tetraploid cut rose cultivars (Rosa
hybrida L.) by analyzing EST-SSR marker distribution in the progeny populations. From EST-SSR marker
analysis of eight offsprings per six reciprocal crosses among six cultivars, cases of cytoplasmic inheritance
were not observed. Apomixis was also very rare as compared to the reports on interspecific crosses of sect.
Caninae; only one apomitic plant was identified from the cross ‘Redtem’ x ‘Red Sandra’. Although a clear-cut
pattern of asynaptic heterogamy was not found, cultivar-specific marker transmission skewed to seed parent
in four cultivars implied that genetic inheritance can be highly influenced by the seed parent depending on
crosses among cut rose cultivars; especially, 10 out of 11 alleles specific to ‘Yellow King’ distributed in

progenies at higher ratios when the cultivars were crossed as the seed parent.
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Zu|(Rosa hybrida L.)+= 713 (Rosaceae)o]| &351= (Phillips @} Rix, 1988), A& <A (Kriissmann, 1982), 7}A]|
Ay AEZ AMF o7 o £Q3F A5 XAt Qth WFAl(de Vries, 1993; Kriissmann, 1982), 4~3)(Hwang¥} Paek,

FEHA A= Arle] SFolM e whsFHol 27ho] 1997), 2%, &A1, A1(Oh, 1998), I ERuH(Oh, 1998)
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(matroclinal inheritance) AR Am]4: A Fo|A &3] T2HE
L, B SR ofujzh S8) vj4Al(polyploidy)e] tf
£ oA FEHA A UebdthGraham¥t Primavesi,
1993; Krooni} Zeilinga, 1974; Melville, 1975). 74 257 9]
ey oo Rty or A4 % (cytoplasmic
inheritance) 1} T9] 2 T (apomixis)of| A&} o] HA 9] AE
A Ee ¥ GA 9] u]AYA A o7l o](asexual inheritance)
7 4 A =T, AulelAs olF 713} HEol, AAls
o W 4 dAA Y mA o] A A Stk o] gt
FAFS Caninae ©F8(Rosa L. sect. Caninae DC.)2] dogrose
2t S wiaeA Bm o) Sl A S55HA i 3l

| &t wufzlof 2]-A S7fAo] HLE =,
= u| QA JA A Edfj(aberrant chromosomal distribution)
AFo & AT Graham} Primavesi, 1993; Kroon} Zeilinga,
1974; Melville, 1975).

DogroseZ 2] Hj<=A(ployploid taxa, x=7)2 2 5H[A]|
(canine, 5x=35)0] 5, 4u A} WA ZE ZAfRIT). o) wj:
A FE52 AsFUAE 7HAIA Fohs Al A Bt
olFullrA A v 2155 $13) canina meiosistal &
5% AR 9E ke A o2 B gltk(Blackburni}
Heslop-Harrison, 1921; Wissemann, 2003). H|tgH4] o]& L
A|2] 427 (asynaptic heterogamy, T+ balanced heterogamy)
o] Yojuh= canina F5-EHoN =, 24 FHIHE FHA
AT EAA 7F S o]F= 27 EAA|(bivalent chromosome)
o] 7t As(x=T)tke AYaL, A gL o|FA] Hohe 17}
HAA O AlmS(SHiAl A= 3x=21) v Al E Sk (pollen)
| A== vh, =2 S FoiAE 27 AAA19
o At YA 17F A AsEE SAl0l Ad= dA
3 (egg cell)7t A= o Sool A S HleAdo] Sl5H
SAlol 2A GAAIE o wel Ag WA FrkBlackburni}
Heslop-Harrison, 1921; Kriissmann, 1982; Richards, 1997;
Wissemann, 2003).
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Table 1. Plant materials used in the reciprocal crosses and description of abbreviations.

Cultivar Abbreviation Flower type Origin Polyploidy*
Pascha PC Standard Germany 4x
Red Calypso RC Standard Netherlands 4x
Redtem RT Standard Korea 4x
Red Sandra RS Standard Germany 4x
Amethyst AT Spray Netherlands 4x
Yellow King YK Spray Korea 3x

“Polyploidy was determined by a flow cytometric analysis by Kim (2010).
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% ul@d FoAA7t gol grs
o}, wHfjo] AFLE 67 EZ(Table 1)
Mol FUAAERIE o2 e

% genomic DNAE Gene-All spin-
column kit(General Biotechnology, Korea)& AR&3lo] B
2]}, Nano-drop 1000(Thermo Scientific, USA) £33
TAE o]8e] & U L5 E HATH I EST-SSR primer
O] PCR 77 SSR thfAAte] &5 7+ thgd A 249
A3l ARE-E EST-SSR primer®] ¢7]4 &1} SSR motif,
gene homology©] t3t A E = Kim(2010)Z} Park 5(2010)
of ofsf aoF= il

HE PCR {32 genomic DNA 20ng, forward®} reverse
primer Z} 0.3uM, 1X PCR buffer, 0.2mM dNTPs, 121!
0.6U Taq polymerase(Solgent, Daejeon, Korea)E &H4-t
20mL E3Holg 95C oA 5E7E Ae] &, 95CofA 1527,
60C o A} 3027H2-10 cycle %<t 7} cycle 7+ 0.5C 7+ )
72°C ol A 3027t 10 cycle, 95C o)A 1527k, 55Co)A 3
27F, 72°C oA 187F 35 cycle]touch-down PCR %74]%
AA HESA AT A7 952 2.5% agarose gelS AR50
TAE buffer Yol A 80 V2 2A17F A5+ a1, E2]% PCR
A EL ethidium bromideE ©]-85}0] FM3sE & UV light

stoll A ek

-

EST-SSR O}7{9] §H 2A
Z} EST-SSR primere] 93] £Z% PCR W&, =

primer7} AZHel B4 S QgD B,

2 ojmle) RE 7 gAS Mol wAE

=] 7)o whet a, b, o, S| Auhl 02 Fr|sHc)

(Table 3). 22 7} Thg AL Ho|= W=

wAz P, 5 Sl At 2t

ARG olmgt HMIER Uelhi=x] ZAIITH £5 S0
A AdAF v (PCR WiE)7F B4 5525 SHEX(pollen
parent) ©. 2 & o FoiofA o @ol] e shEzlof A
22 8- H(skewed to pollen parent)=|1l, A} 7Z(seed parent)
o= A ), FoiollA o gol theH FA A4
Z(skewed to seed parent)E|1l, 3}EZ, Ex}zlof A o]
TY3 v R §AEH HAF §-A(unskewed transmission)

S

HEREX S2Ea F7(ME 24

Agarose gel 25 € PCR WHH=E 242 ZEhd oh2, Gene-All
gel cleanup SV kit(General Biotechnology, Korea)& ©]-8-3
o] DNA TS A=Re 2efsieirk #2]H DNA 9 ES
T&A cloning vector kit(RBC, Taiwan)S ©|-835}0] Za}An]
E g9 ligationdt t}2, Hit-DH5a competent cell(RBC,
Taiwan)o] AL A zich FAAL  A|229] colony+=
ampiciline #|3}4d 3} blue/white colony selection H'H-S Z3
A9F5199 31, Gene-All mini-columns Plasmid SV kit(General
Biotechnology, Korea)S ©]-8-3] Z2}Au|= DNAE cell2
HE A AE Eetan= Y ARl DNA ©HHE
9] ¥7)14E-2 ABI 3730 DNA sequencer®} Dye termination
H7INEEAME 3l AT ClustalW 2235
o|-gste] &53 thl-f-3Ake] |74 S EST-SSR primer
7} G- SHEST sequence?} alignment §F tF2, F7] A F 9
F % A(sequence homology), SSRE] $J%] W HHZ4=9] z}o]
spelahsc

mlm o

2

03 Ced X 25 S0l oty 24
EST-SSR u}# 2] Zojzo] £4of AM4-E primers A5
7] 13 67 A muj =gl Hmi 7} E% %d(polymorphism)

2 EX5}¢ cH(Table 2). & 407]] EST-SSR primer®] t}& A

Table 2. Polymorpic EST-SSR primers between the rose cultivars used for reciprocal crosses and the number of alleles revealed

by PCR amplification.

Reciprocal cross? Polymorphic primers Total alleles Polymorphic alleles Monomorphic alleles
AT-PC 14 37 24 13
AT-YK 7 17 9 8
PC-RT 12 30 17 13
PC-RC 5 11 6 5
RT-RS 15 40 25 15
RT-YK 12 29 18 11

“For symbols, refer to abbreviations in Table 1.
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H|AE|A ‘Redtem’} ‘Red Sandra’® 7hof 15712 71 =2
gEAS BHoH, ‘Amethyst’?} ‘Pascha’ 7F 147}, ‘Pascha’
2} ‘Redtem’ 7k, 183l ‘Redtem’¥} ‘Yellow King® 7Fof 2t
Z} 127Y, ‘Amethyst’?} ‘Yellow King’ 7}, 18|31
9} ‘Red Calypso” 7tol| Z¥zF 774}k 570 & 71 W2 ot
S WYt} EST-SSR primer2 e ZE tjg 447} v}
(PCR HHE) S=of QlojA %= o]} H|S=3t H]&=, ‘Redtem’ 7}
‘Red Sandra’of| A 407] 2 7} L2 WleEE Ho
‘Pascha’@} ‘Red Calypso’ oA 117]9] 714 A2 Wic+E
HAitHTable 2). o5 P FAA viA &, 4 FEZE &5
7F HEAS Bel ub# 4~ E3F ‘Redtem’ ™} ‘Red Sandra’ oj 4]
25702 714 wWekow, ‘Pascha’?} ‘Red Calypso’ o4 67]=
7P A 5 Btk ol & AdolA AREE EST-SSR
A E F3l ‘Redtem’?} ‘Red Sandra” 7hof| 71 W& /-4
A o] ' HhHo|, ‘Pascha’@} ‘Red Calypso’=
dHo R WHT G0 o] 9LeS HolEsrh Pascha’
‘Redtem’, ‘Red Calypso’, Z12]1l ‘Red Sandra® 57} ¢
= 3Hg& 7HA= Zi(Table NO.2 n|Rof & uf, 5150
BE 2 A4 S AT 4 9ee ¢ 4 9
o] Park 5(2010)0] H 113 A7 Aufe} GA}et 73‘?‘%}013}
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o, primero] oJ3 FEE v, & RHFHAAY] FAlo
o wufo]] whet oo Al ojw gt == 0‘01‘%%
A= ith Table 32 ‘Redtem’} ‘Red Sandra’ 7+ A&l
Al AR 74 A A0 ol E UER ‘Ki%tﬂ, ‘Redtem’
oA SolH oz yettbe G484 1071 &, T7H( = &
719 Y SAA) 71 ‘Redtem’™S EA21 02 wH|5t9S 4

o Trjo] T =l vl E(EST ID, BQ1055620] 4] A2}l

primer o] 2|5l SHH HH-FHA} a2} ¢ A, T
o A Vel Bzl Zh7E 0.86, 0.572A4] Y wjo)

%2l 0.50, 0.38HC} =2)& SHERIh E3 ‘Red Sandra’

= E‘N ox

EojAel HGAA}F 107 ZFo| A= 7717} ‘Red Sandra’S
FARI R wHjstgle A Tl oS w2 e f4
=9 oF 2= 9Jglth 0|9} Edt v o7 nE Ao wajo
&l £435 237} Table 40 A2]=]o] gt ‘Amethyst’ S
SO FAOR Holauld £FIE(AT-PC, AT-YK)

o Al ‘Amethyst’o| AT FZ %= ‘Amethyst’ E0]4 g
TR vbA 1571 5, S7HeE 6717t 242k SRR, AR Y
o ool A & Rle® Yestow, UmA] 47]= o

Table 3. Analysis of EST-SSR allele frequencies observed from the reciprocal crosses between ‘Red Sandra’ and ‘Redtem’. Eight
F1 progenies produced from reciprocal crosses are indicated by their arabic ID numbers. The alleles inherited skewed to the
seed parent were indicated by asterisk (*). The alleles distributed skewed to the pollen parent were unmarked. ‘m’ stands for
missing data due to failed PCR. The alleles at the second and third rows of the table were amplified specifically from the cultivar
written on the left side of each row. For symbols of each cultivar, refer to abbreviations shown in Table 1.

Rose EST ID*
Cross BQ105562 BQ106356  BQ106662 CF349337 EC586023 EC586325 EC586377 EC586469 EC587071 EC587159 EC587571 EC587865
RT a* c* b c a* a* a* a* c b*
RS b* a d b a* a* c* a a* c*
RT x RS 1 a c a b b a a a a a a c
2 a c a a a a c b
4 a c a d b a a a a a a c
7 a b c a d b a a a a a c c
9 a c a c a a c a a a c c
13 m m m a d c a a c a a a a c c
26 a a b a a a a a c
27 b a d b a a a a a c c
Frequency 0.86 0.43 0.57 0.88 0.13 0.50 0.63 0.38 0.38 0.63 1.00 0.13 0.25 0.88 0.38 1.00 0.88 0.88 0.13 0.63
RS x RT 2 a b c a c a a c a a a a c c
3 b a d b a a a a a a c c
4 a b [¢ b c a a ¢ a a a c c
6 b a d b a c a a c c
10 b a d b a a a ¢ a a a c c
14 a b d c a a a a c c
18 a c a d c a c a a a a c c
31 b a d b a a a a c c
Frequency 0.50 0.75 0.38 0.75 0.25 0.75 0.50 0.50 0.25 1.00 0.50 0.25 0.63 0.50 0.88 0.88 0.63 1.00 0.00 1.00

“For EST-SSR primer set corresponding to each EST ID, refer to Kim (2010) and Park et al. (2010).
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Table 4. Summary of inheritance pattern of alleles specific to each rose cultivar in reciprocal crosses revealed by EST-SSR markers.

Alleles Investigated No. of alleles
specific to® reciprocal cross skewed to seed parent’ skewed to pollen parent* unskewed transmission®
RT RT - RS 7 3 0
RT - PC 2 1 1
RT- YK 6 1 1
Total 15 4 2
PC PC - RT 7 2 1
PC - RC 1 1
PC- AT 4 3
Total 17 7 5
RS RS - RT 3 0
Total 3 0
RC RC - PC 0 1 0
Total 1 0
AT AT - PC 3
AT - YK 2 1
Total 4
YK YK - AT 0 0
YK - RT 1 0
Total 10 1 0

“For symbols, refer to abbreviations in Table 1.

YThe number of alleles inherited to the progenies skewed to the seed parent.
*The number of alleles inherited to the progenies skewed to the pollen parent.
“The number of alleles inherited to the progenies of the reciprocal crosses at the same ratio.
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EST ID: BQ105562
RS x RT

C EST ID: EC586469

b

EST ID: BQ106356

EST ID: EC586377
RT x RS RS x RT

Sessl eal ol 0.

Fig. 1. Agarose gel images showing allele inheritance patterns of reciprocal crosses. Images A, B, and D show the genotypes
of eight progenies derived from each reciprocal cross between ‘Redtem (RT) and ‘Red Sandra (RS) that were revealed by
EST-SSR primer sets, RSSP6.63, RSSP10.1046356, and RSSP16.181, respectively. Lanes of DNA samples from the left side
correspond to the progeny plants from the top shown in Table 3. Lower-case alphabets marked with * indicate the polymorphic
alleles (cultivar-specific PCR bands) that were scored for allele inheritance as shown in Table 3. Other lower-case alphabets
indicate the monomorphic alleles between the parental cultivars, which were excluded from further analysis. Image C shows
the result on the primer set, RSSP17.185 for the reciprocal crosses between ‘Pascha (PC) and ‘Redtem (RT). A PCR band
that was absent in the parent cultivars but present in a progeny was marked with an arrow. The PCR fragments b and c in
the gel image A, and a and b in C were isolated and sequenced for SSR allele confirmation (for results, refer to Fig. 2). The

lane ‘M’ indicates DNA size ladder.
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H714 H-E B aE A (sequence alignment)3t A3}, Z} primer
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Aol HAGAAY Be BRG] delors A2l
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Rl &, WY R £ 5L 5 4 Ao
(Graham} Primavesi, 1993; Kroon} Zeilinga, 1974; Melville,
1975; Richards, 1997). A2 §49 A&, n|EZ=g|o}
U QS Aeh e MEA o Ak 4] 54§34, B
BAHEAZE s S R0 A Hofof Sh=d], & Rl A]
£ olgt AR ntA = EAE A Fokth B3 HA G
ol chejdto] ofgt A9, T Y-S FRE YAAE

o] AR T Eat gotoll 23t Z(sexual inheritance)
o ofye}, L 22| Ko AL W fAARto] Fofjol
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wWtTH, 4ufA] dopgn] FE7 wefol A= el A=
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Hom fs ko v Foo] $45, of
ohe AR alA ol A AR Qe Aol %
o mie 574 g AAE A SR Hsht 9w 4
H35219] Aolo] oJs) Liehd % §lou}, dogrose okel%l
Caninae o18 9] 5ujAo] 4 A% = ‘asynaptic heterogamy’
2hal k= SESH TR H(canina meiosis)©l 23t ¥] ti gt
A HARAS 3 FoollA Y w2l 73t o=
A #Ho| glogeh= 25 753lt(Blackburn} Heslop-
Harrison, 1921; Kriissmann, 1982; Oh, 1998; Richards,
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A

BQ105562 GCACGAGCTCTCACCAACCCCCGTTTGCCTCCCCCTTCTTTTCACTCTGTGTCGACTTTG 60
b GCACCAGCTCTCACCAACCECCGTTTGCCTCCCCCTTCTTTTCACTCTGTGTCGACTTTG 60
c GCACGAGCTCTCACCAACCC—————-—=--—=-—=-~— TTCTTTTCACTCTGTGTCGACTTTG 45
khkkkhkkkkhkhkkrkkhkkhkkkkhkkkkkk khkkkhkkhkhkhkkhkhkrkkkhkhkhrkkhkkhkhkxkhkkkkxx
BQ105562 TTGATCTCATAATAATAATAATTATGGGTTCCATTTCCAAGCTCTCCA-TCCTGCCCCTG 119
b TTGATCTCATAATAATAATAATTATGGGTTCCATTTCCAAGCTCTCCA-TCCTGCCCCTG 119
c TTGATCTCAT-——-——-——-—~ TATGGGTTCCATTTCCAAGCTCTCCAATCCCTGCCCTG 93
KXk KkK KKK KKK KAXAKNKAANA A hkA A hkA Ak AXAA A XAA XA k) *x |*Kx%k )k ok ok ok
BQ105562 CTTCTTCTCTCTCCTCCACCTTCAACCCAAAAGCTTCCAACCCCAAGTGCTTGATCGGCT 179
b CTTCTTCTCTCTCCTCCACCTTCAACCCAAAAGCTTCCAACCCCAAGTGCTTGATCGGCT 179
c CTTCTTCTCTCTCCTCCACCTTCAACCCAAAAGCTTCCAACCCCAAGTGCTTGATCGGCT 153
khkhkhkkhkhkrkhkhkhkhkhkhkkhkhkhkkhkhrhkkhkhrhkdhrhkhkhrkhhbhrkhhbhkdhkhrhkdhkhrhkdhrkhdhkhhrhkhkhrhkdhhrhkkhkhrhkdkxk*k
BQ105562 TCCTCACCACCTCCCCCAACAGCTTCACCTCCAAGGTCTCGTCCTCCAAGCTCT 233
b CCCTCACCACCTCCCCCAACAGCTTCACCTCCAAGEGTCTCGTCCTCCAAGCTCT 233
c TCCTCACCACCTCCCCCAACAGCTTCACCTCCAAGGICTCGTCCTCCAAGCTCT 207
KK A A AR A A A A A A A A A A A A A A AR A AR A AR A AN A KN KA A KNI A KN AA AR A AR AR AR AR R,k
B
EC58669 TTCGTGTTTGAGAGTGGAGGAGAGTCTCTGAGAGAGGTGGAGCTCTCGCTCTAGGTCTAG 60
a TTCCTCTTTGAGAGTGCAGCAGAGTCTCTGAGAGAGGTGGAGCTCTCGCTCTAGGTCTAG 60
b TTCGTGTTTGAGAGTGGAGGAGAGTCTCTGAGAGAGGTAGAGCTCTCGCTCTAGGTCTAG 60
Ah Ak drh kA rhhkdrhkhkhhkhdhkhkrhkhkrkhhkdrhkddrhkddrhkhddhhhhkdhdx ddhkhhddkhrdhrhkhkrhkhkhhkxk*
EC546869 GTCTAGGTCTAATCGTCTCAGGAAGGTTAAGCAGAGAGAGAGAGAGAGAGAGAGAGAGAG 120
a GTCTAGGTCTAATCGTCTCAGGAAGGAGAAGGAGAGAGAGAGAGAGAGAGAGAGAGAGAG 120
b GTCTAGGTCTAATCGTCTCAGGAAGG—--AGAAGAAGGAGAGAGATAGAAA-———————— 108
R I b i b I e b i I b b i b S * Kk kkk kkkkkkk Kk kkk Kk
EC546869 AGGGAGAGA—-TGTCTTCTGACCTAGACAGGCAAATAGAGCAGCTCAAGAAATGCGAGCC 178
a AGAGAGAGAGATGTCTTCTGACCTAGACAGGCAAATAGAGCAGCTCAAGARATGCGAGCC 180
b mmmmmmme— TGTCTTCTGACCTAGACAGGCAAATAGAGCAGCTCAAGAAGTGCGAGCC 157
*hkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhhkrhkhkhkrhkhkhrkhkhkhkrhhhkhdk *hkkkkxkk
EC546869 TCTCAAAGAGTCCGAAGTCAAGGCTCTCTGCCTCAAAGCCATGGAAATCCTCGTCGAAGA 238
a TCTCAAAGAGTCCGAAGTCAAGGCTCTCTGCCTCAAAGCCATGGAAATCCTCGTCGAAGA 240
b TCTCAAAGAGTCCGAAGTCAAGGCTCTCTGCCTCAAAGCCATGGAAATTCTCGTCGAAGA 217
R R I e S b b 2 i b 2b I b b 2 2h S 2 Sh b 2 Ib b b Sb b 2h S b I 2 S b b 2h b b 2h I 2h 2b  2h Ib b S dh dh 2 2h 2h 0 2h  2b 0 2h 4
EC546869 GAGCAACGTCCAGAGAGTCGATGCTCCTGTCACTATTTGCG 279
a GAGCAACGTCCAGAGAGTCEGATGCTCCTCTCACTATTTCCE 281
b GGGCAACGTCCAGAGAGTCGATGCTCCTGTCACTATTTGCG 258

* ok ok ok ok ok ke ke ke ke ke ke ke ke ke ke ke sk ke ke ke ke k ke ke ok k ke ke ok ok ok ok ok ok ok ke ok ok

Fig. 2. A, DNA sequence alignment of alleles b and ¢ shown in Fig. 1A with the original EST sequence, BQ105562 [glutathione
S-transferase GST 12, (ATA)4 ]; B, DNA sequence alignment of alleles a and b shown in Fig. 1C with the original EST sequence,
EC586469 [phosphatase PP-X isozyme 2, (AG)14]. In both alignments, strong homology among DNA sequences was observed,
demonstrating that these EST-SSR primer sets specifically amplified different alleles of an identical gene targeted by each primer
set. Several insertion/deletion regions (In/Dels) and single nucleotide polymorphisms (SNPs) including major SSR polyporphisms
(italic characters) were detected. The EST-SSR primer sequences are indicated by gray boxes.
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