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Abstract

Interspecific hybridization, referring to the transfer of various traits into another species, is an
important method to expand diversity in flowering plants. It is very difficult to form seeds and
obtain seedlings due to various factors. Post-fertilization barriers can be overcome by embryo
rescue strategies in general. The purpose of this study is to establish a protocol to improv the success
of the interspecific hybridization of hydrangeas by identifying seed abortion and optimal ovule
stages in the presence of post-fertilization barriers. Hydrangea arborescens and H. paniculata were
crossed, and ovaries and seeds were observed every week from three weeks after pollination
(WAP). Ovules were cultured in vitro from 5 WAP. As a result, it appeared that the ovaries had
matured normally. Embryos in the ovary started to form between 4 and 5 WAP and developed
between 5 and 7 WAP. Forty five out of 2,905 cultured ovules germinated, indicating a very low
germination rate of 1.6%. Early embryos from 5 to 7 WAP, the early stages of embryo formation
and development, had a low germination rate and a long germination period (average of 23.3 days).
The germination rate was relatively high and the period for germination (average 11.6 days) was
relatively short in cultured ovules from 8 WAP. A sharp increase in the germination period (33
days) and ovule collapse were observed at 14 WAP. In conclusion, post-fertilization barriers
appeared to occur between 13 and 14 WAP, and the optimal period for the culturing of ovules was
between 8 and 12 WAP for interspecific hybridization (H. arborescens x H. paniculata).

Additional key words: cross-breeding, embryo degeneration, embryo development, ovule culture,
postzygotic barrier
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M o

=N Hydrangea L.y HydrangeaceaeYH(family) HydrangeaZi(genus)ol| 551, Y @A $=.0 2 311 Sl AAo] 2
o2 Aslmut ollat AU ARRT 7 917]7} thesltBak et al., 2021b). BlEoAS dA7F TEuhl o] 13.5%<1 oF
1,000 = 0] A o] 91O H(Owen et al., 2016), =Hloll A= A2t Azl %}ﬁ 891= ATH45THE A E 1 Fot 2
& 278 A = Q1717F 2 52 S| 220 th(aT, 2021). =2 23F 0. & 7 HH -8 o]l £O &= Hydrangea
macrophylla, H. serrata, H. paniculata, H. arborescens, H. quercifolia, H. aspera, H. anomala=. 7%°] QTHBak et al.,
2021a). 15 7F Q171Q= 50 2= H. macrophylla®} H. servata”} QJA|TE AL 2 g o] Yol o] 5 AFA 7| 1AL Sh=
T4 o] 21& =1t A2 AA-E 7 8 F O 2= H. paniculata®t H. arborescens”} 1.2 FToll= A2 7\1
Aol ZFotal T 717to] Ao] Y A A{-2-2 H. paniculata®} H. arborescens, H. quercifolia's-2) 1717+ 578kl 0]
offate} &5 7ol ¥H4lo] S71stal et

Hydrangea arborescens 2] QA= Bold2]7to| 25 E= 1127 0 2 2 - 3mA T Agtet, 2149] 71 £7]9} of= 7
Chel g 27]0] ghaslol BeMIStE TE 99 SPAS 11 0 2 Arkel o] wlekel B9HAsHE AR5 A
o2 s e FisFIckDin, 1998). Te] Sl AP A] BolE 202 Qle) A0 R s P BN
L’rE’r‘)r 78971 EE ek AEARE 715k T o] A7 AR L S fjof] 2k Al x4 Zieo] FA4H 7] wize] of

& A8 mofl= B e Z2o] m#] Foke dol WASHA] b=t AdHiA o= A Aol Aloke A b= B0 R
% A Nt & AR Foll A5 DA 109714 7ehE R ieste] 3 717 Ve 4 Qlet. =1 F& Sollde &t

49

=R

5

A0 735t Hof| £5) 31 -2 A o] AF5) l;fj T 0 2 USDA Zone 4(-34.4 ~-28.9°C)°] &3HHReed et al., 2001). Al
S GASH A7 H oL, G2 D7) AR $3 5 50 A H 02 24 9l 2.64 pg/2C0| T BAA =20 =36
u:h

38702 2ARE]O1F v QItHKudo and Niimi, 1999; Cerbah et al., 2001; Jones and Reed, 2006). Hydrangea
arborescens®| |5t §AH] AL A A|ut o2 ZE310] 842 72|} SAIEE v O 2 A LS B35 71

W79 o] 8-S FEELT AZE 940 o] 4 7Kg 9l4do] Qi E7F WRE (bridge plants) S 7fEts7]ol] gl £o 2
B v Qe 7AA 7147} =2 Fo|thMendoza et al., 2013).
Hydrangea paniculata= 22, =1, o] YA dejA ol =Y O T 3-4.5m7HA] At (Lancaster and

Wesley, 2008). 2 229 $A0] ghisle} BePasp A7) 32lo] vlcfeh Bekdsist ojo] 4-g.02 Hojie)
ZHb] MO 51 0 2 w31 W EE.0 AJ7ho] Al o] whet g Hl © 2 W5]] I SHth(Reed and Rinehart, 2009). H-5 gHodE
6] 57h 71 Afelste grel AR Aol 2ol wo] Ajel 7175 WHOE TS 02 T4 4 Ik Hydmagea
paniculata="USDA Zones 3(-40 ~—34.4°C)°l| £& W2 Hydrangea & % A=A 3/d0] 7H At 7l 02 oA ¢lo
T2 7S A E8or AR E o] gLovt Ftolle Holg- 0 & &k o]-§5]1 QIth(Leeson et al., 2004). HlZ-F-oH A= 2
2| ZegE] o)A FA 2714 GAA| 4= s 7AF vk A S0l oo Fnk A 27)e AN £ F oM 2
7.00pg/2CE &2 A QJ1(Cerbah et al., 2001; Zonneveld, 2004), B4 =n = 187} n =36.22 2H}H|(2n = 2x = 36)FF
6H1A(2n = 6x = 108)71A] ThFsA] ZAFE HE QLo URFART QAoflE-2 4 A|(2n = 4x = 72)& H 1= o H{TH(Sax, 1931;
Funamoto and Tanaka, 1988; Funamoto and Ogawa, 2002; Zonneveld, 2004; Van Laere et al., 2008; Reed and Rinehart,
2009) Hydrangea paniculata=*-2A3/30] 7P =2 502 7P QI719= H. macrophylla®) @74 74 of @ol o]-8-x]
T8 Fo|A Rt FHforA o 2 tiefolr] Folo] theld it B agt Folrt
T Wil SRRA RO ol H2 FE B Tkt @SS of 9 Foll =sk=t] F.2.3 o[ th(Langton, 1987).
SEAITE o 2)71x] .1of] ofel] FAF /8 9 A D52 vl of ek o2 k] @Rlofle A= thE FAA| &, £ 37]
2 74 2 (pre-fertilization barrier) “12] 1L =% 5 2 (post-fertilization barrier or postzygotic barrier)s©] It} 1%
A AR EA A A A SR A0l 1 44 T AR SRR BRI S E EA7} 1 T ol el 9t
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74‘%‘%?%* Elgfsto] FAE G2 Zoll A4 G50 o Frk. 4 A e 7 o] Qb of 2o HIth7H Q1E 7] o=k
TS AT 7} I 7 73 o] ohd Ao & Erk(Cai et al., 2015).

—’F?_foﬂ/ﬂ% W 2p| F7F wgfo] AT E| QA F7F wH) & Zpro] Wit} el of| wheh g & A o] ARk e A
Ath(Bak and Han, 2022). 3} 0] 712 Q19124 Q1 Wi of] oJsf| S-5o0] 7Fsokm] 1 ¥R © == 2 vie, vl v, vl wio)
501 1 o| RS B9t 7 WA D5 AF|7F BalH HE Qlth(Reed et al., 2001; Jones et al., 2006; Yoon et al., 2006; Kudo
etal., 2008; Reed et al., 2008; Cai et al., 2015; Laojunta etal., 2019). £3], Reed(2000)= 57+ 347 7igto] o] &&= 2k
Wi 71eell AFoto] w9 2w 4 & At Fof] W HlE wioke Al3¥skrt. #iAl= Garmborg’s BS, 2%
sucrose Hi A 71 & HokaS o A Hix| = AslGith. 42 § = Foll WhE Erfl vl At 65 7=
A& B A QA F3AL 75 o3 E= HEH|2loF 2 F o] 910 /o9 - 105 Ato] o vl S-S vt o 5+ A
= O 7 AT Mo A= E1 At A A= F g of| mhE M) A% THAl] iRt AR RARE HE O &

SEAR7F ETE T Yoon et al., 2006). 115 F7F WM E 4 & S ERls)al Hjote] A4 TAof ke vjAAY
Ha]'%} HAE B IsHtKamvorn et al., 2014). oF7 [ tol| A= 44 & FA} digo] ytofol= At AU S-S 5] 4=
7 o] 2dA o7 HId 4 Sl AT AVE Hugto g Ft wHl Y & g S8 2 TS AlAskIt
(Milutinovic et al., 2019).

T 0| Ali=Reed(2000)9] HIT 0] O] thE 7 & gl
=T A Eote] 198 A A7 il A< DAl et A4 Q1 A7 RS, ofof & A4E Sl = F
W& A(H. arborescens x H. paniculata)©l| 5773 & 28-S 2Rl HAY A3 A v A4 TAIE 185

USG5 P B0 ) Sjele] 719 eletsl A sk

Algay= o mey

Hydrangea arborescens ‘Pink Annabelle’ T} H. paniculata ‘Polar Bear’& A8 Mz 2 AH8sIATHFig. 1). A& 4
ot U] el 2 Aol Afefst g om, it 717HE <t SERE 108714 65~75% A8 Sl EC 1.59pH 5.5 % 24 H
HAEsHATE 2O 2 H arborescens 'Pink Annabelle’S A8 F2.0 2= H. paniculata ‘Polar Bear’ 9] 27155
ARE3112019 -2020'd 6 97E 109 Afolof| wHlE BT Hydrangea arborescens ‘Pink Annabelle’ 2] 51417} ©F7em
& I Pe o E9PARkE AIASEL 50 - 1007112 SR 7|3 U A]E Al Aste] SEAE A AR eHdste] Fe

m ol UL

Fig. 1. Hyadrangea arborescens ‘Pink Annabelle’ used as the maternal plant and 4. paniculata ‘Polar bear used as the pollen
parent. Mophead type flower of H. arborescens‘Pink Annabelle’ (A), leaf of H. arborescens‘Pink Annabelle’ (B), con-head
type flower of A paniculata ‘Polar bear (C), and leaf of H. paniculata ‘Polar bear (D).
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7F = A opdloz Hstal HHisiAE A& st thE Rl L& WI9ls A SRS A9 sl

Hydrangea pamculata ‘Polar Bear’ 2] G 73kt 27125 4=45to] whljof| o] 85t 0™, - H E7FF=4°C A2 #%
1ol 247908 5712 TAGHACE A% 1 ~290] 75k 0] 57} A0 2 ol 1g o} B} 7
A s

2019 wHl 9FAP-S -2 S 358 1357kA] w5 107 5= 8ste] A @r]7(Stemi2000-C, Carl Zeiss, Germany )&
olgsto] oyl tixE 712K EOS 450D, Canon, Japan)= &% ¥ iSolution Lite(IMT iSolution Lite, ver. 9.1,
Canada) = A& HAGIGIT. TR AP A5512] 9hal AA|dR| 7 stoflA] m|Aet fAls o] &5 Adtetal v +& A=
oto] 21 o AEH FAF9) =5 7| 55131 MS B A|(Murashge and Skoog’s medium) ol 2]/goto] F2 Hid 2hlof| Al8-5}9]

LT S 3R 1557 v AEsto] 214 | FAk= HA[E Z1HI2HEOS 450D, Canon, Japan) & o84l &4t
iSolution Lite(IMT iSolution Lite, ver. 9.1, Canada)2 B35}t

{o

B o

2020 1 H] 5 Ho AP 7 & SFHE 147712] vl Seghste] s vkl ARSSRnt. AR HilE= 70%
Ethyl alcohol®]] 14 A% $.1% Sodium hypoclorideoﬂ Tween 202 ¢+ 2 H7Foto] Bt 2Hdoh Wil =1L 2ol uv
5(G30T8, SANKYO DENKI, Japan)& ©-8-5}%] 104 224 soflA] AEgt thd Hit<o] 28] SAsHAL) AF0] S

Ao At 2FA] 5 A A 0] E(Stemi-DV4, Carl Zeiss, Germany) Slof|A] H|A9} TALS: o] 85}o] HiFE A &5}
3% Sucrose”} H7Fe 1/2MSHI 2|2} 3% Sucrose”t F71He 1/2Garmborg’s BSHiZ] o]l 21515 Tt.

Go]E] 24

Microsoft 365 Excel-2 ©]-8-5}9] H|o|E & F{glolal 24515t o|u|#] go]Ef=iSolution Lite(IMT iSolution Lite, ver.
9.1, Canada)E ©]-8-5f| 14} HI5}a1 Imagej software(Image] 1.52a, National Institutes of Health, USA)E ©]-8-51o] ZjH
stk

APIRE 4 7 05RE teol S| H]ealA 41 5 440] 43 A0 2 ol oli S SISt 44 T A0 452 A
52 915}2 ol 7] 918 355E AP AFsle] HHSIA.OU 37T 0571 2ZAAR vlehsld RS 2 Wl
THIHA) QIITHFig. 2). 105 AATS] 1eat il mje 11 55 e A slo] Al Apgo] TEEGIEKFig. 21). 2L o) 12

~ 135 A4 A% WA 2 WIS glo] o] F 7ol Rojlstint

74 A2 81913} A7) OZEHM 7 747} o] 02 Fpe] AT I BoAE SRISI AT S8 53 - 4570
FAH e} heIE 1 R T 9918 w7 9lgl ot izt SRlE]R] elolrhFig. 3A and 3B), S8 F 550] SR
o] whato] v} Sel o] wig.zo o O P wm e el n 4R F 85 o)
e 55 5 75:0] v} 2717} )55} gl of2igh o] Wk Kol 48 5 6 HE e o) AL THEA o
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Hydrangea arborescens ‘Pink Annabelle’2t 4. paniculata ‘Polar Bear'2| Z7+ wHH0|M

7\ A el W B 941 go] Elo) 4t £770] o] o] S A0 2 Belc ol vje] 34 2 W]

1 O O =~

A A710] o F N2 B Al71E F A H ol w7 YRR o A0 ' Bl AvpA oz viE vie] HilE 7
3

-{O\t At

[e] =

4520 A 55AL0of] A= 1 v o] A o] R E] 7F A= vl o 7| 2 BRIt Capsicum annum} C. baccatum®] &
7t WOl A B T A h Popof| w2 vl o] M-S H2Fs1o] Globular stage?-E] Heart stage, Torpedo stage, Cotyledonary
stage= W{TH(Yoon et al., 2006). = EAH= 1mm7 =] 2] 947] wiize]] vl o] o] whe Wi7-2] s FelshA gelst

7] o2 9] ©A w27} ol 2] o i § 455 E] 75 Aol o ] /3 g BA| 2 K Qo] whet o] Globular stage F-E]

Fig. 2. Maturation of capsules in the hybrid (4. arborescens‘Pink Annabelle’ x H. paniculata ‘Polar bear’). Three weeks after
pollination (A), four weeks after pollination (B), five weeks after pollination (C), six weeks after pollination (D), seven
weeks after pollination (E), eight weeks after pollination (F), nine weeks after pollination (G), ten weeks after pollination
(H), 11 weeks after pollination (1), 12 weeks after pollination (J), and 13 weeks after pollination (K).

Fig. 3. Maturation of seeds in the hybrid (H. arborescens ‘Pink Annabelle’ x H. paniculata ‘Polar bear); three weeks after
pollination (A), four weeks after pollination (B), five weeks after pollination (C), six weeks after pollination (D), seven
weeks after pollination (E), eight weeks after pollination (F), nine weeks after pollination (G), ten weeks after pollination
(H), 11 weeks after pollination (I), 12 weeks after pollination (J), 13 weeks after pollination (K), 14 weeks after pollination

(L), and 15 weeks after pollination (M).
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Cotyledonary stage 2 213 %+= 71 © 2 H oIt Fig. 2). & Globular stage 7] Torpedo stage="-g23 FEe} Z7|HS}E K

ol =] £ Ao vl iidhof| v F B 4B 5 4 — 55%0f Globular stage” A2H=| 1L 4~E 5 5 - 65°9] Torpedo stage & A A=

ﬂWEE“QG%2)&wkwmwﬁ%éﬂ*ﬂJWmﬂﬁﬂﬂﬂiﬂﬂ%ﬂﬂﬁﬂéﬁ?ﬂﬁL*Hvﬁfﬂﬁ7 At
olof| Hj ] H] 7} THEE]o] SB & 655 Cotyledonary stage= ZHelEith,

Reed(2000)= == F ﬂﬁﬂ%% TR AT HFACEY A= TR E5-67 H A= EFE SA= T
olgirt. 2 AR FXt wHlE ol S5t vl 45 7H = BEEE SAN 5TRE = BE o] UIR-9] Hi7E SR E
©] Reed(2000)2} 22 A3HE AT, Capsicum annuum™} C. baccatum®) F3+ Wil o] At} off 713t o] =74 & A& vt
FTAHEE 712 Aol Esolu FXt wHl o] FARO 2 ANE FA T 5 T 7o) A AT B
O1}(Kamvorn et al., 2014; Milutinovic et al., 2019), F=rolA= 2| Ax= S I 4= $ it o] 15Y ©$19
=& e 1 -6 Ao A o] WS AY wHljol AR T Fo] AlAE fA8H Al 7k 32 Fof| of 2o

o

| e Brde AR Aledr:

Ul et
28 5 52 EE )7} ol gof weh 4R B 52 HE 120 tholm 2 A2s kst Table | and Fig. 3). Hjokol=

5ol SIRF H7F Sl v B /\}9“3}935}. & 336711°] A2 Aol ARgsRal APl A 2,905719] vl S 4]
Zolo] 21gsteiet. AA|717E 457] Hotst Hal it Hoke-2 1.56%2 -9 HZS I TH Table 1), F2 G4 IR 7|2 37
EE R F 565 4897115 57117 Eotste] thg A § A3 ol Bl wsf Hoka(Fat 1.1%)°] Witk Hoks ZpA|7}
- 27] whzof] of = Al7jof obgo] Frtal AEW7= 2L SRR HI] 9 e 7] o] 391 - & 7F5H 12
ST 1,652709] vi=E Zdote] 357)7Fofst ol Wt 2.12% Wokg-S Kot Eo|, 52 % 970=3.14%, 105o=
2.92%, 117N 2.01%2 2%7 A+ Hokg-& AT} H macrophyllax H. paniculata®] $3+ WHlo A= 5 $3 -4
57025 - 678 TS WohSL 57b7] o) 295 4709 oI 5 - 6% 854 ol gol & 517, 171e) 23
A o= 2 2KSE) M1 o] THReed, 2000). Cai et al.(2015)y-2 H. macrophyllax H. arborescens &+ 1H 5=
. 60-650(F 8 -9) S0l 19570 12 Wialol 36709] AR P50 4% 1470 RS Salr] 4201
t}. H macrophyllax H. paniculata®] %7t WOl A -8 33 — 105 Ao o] 85 HljeFote] 14071 o)de] A1EA| & 5o

Table 1. Number of capsules, seed, germinated seed, and the germination rate used for ovule culturing. According to the
number of weeks after pollination (WAP)

Week after pollination

Traits Total
5 6 7 8 9 10 11 12 13 14 15

No. capsules 36 31 29 27 23 64 22 31 21 36 16 336

No. seeds” 171 318 320 313 191 411 149 268 283 345 136 2,905

No. germinated seeds 2 3 6 4 6 12 3 4 0 3 2 45

Germination rate (%) .17 094 188 128 314 292 201 149 0 0.87 147 1.56

Day to germination’ 31 23 16 10 9 11 14 14 13 33 30

“No. Seed counts for the number of ovules including embryo among the seeds inside the ovary. Ovules at 3-4 weeks are not recorded as they
do not show embryos.

YDays from embryo culture date to seed germination date according to the number of weeks after pollination. The days were counted based
onthe ovule culture created through interspecific cross breeding (H. arborescens ‘Pink Annabelle x H. paniculata’Polar Bear”) in 2020. The
count included the date of the first germinating plant among ovule cultures for each week (5-14 weeks). Table 1 presents the number of
embryo cultures per week.
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’_.": / "\
Collapsed

Fig. 4. Ovule degeneration in the seeds of H. arborescens ‘Pink Annabelle’ x H. paniculata ‘Polar Bear': a normal seed (A),
and the collapsed seed (B).

T Q) ALet AR 0] Felo] 9tk Reed, 2000). E AT B 53 - 65 H ZRJoll A A1EH
91A]at A A= BslslEz] EoFo & £7]7] A Z Ao HiR Aol A] TAFsIT) WA o A4st 22 o2
el E 50| teo}x|= 710 2 HOITK Table 1). 514 9HReed(2000)= Z7F WH| 425 57 -85 ¥
g ot @ Fg At joho] Asto] ARelA Al oL, 2 Aol s 4 & 14571 uﬁowﬁi oQe 35|
Tk, AP A Aol Aol FA HEfolo] QAES WE S UNS A o= AR H ST A% 5 21d6kA] ¢iar 3
oA} Rytstim A5l Lito] © o] EAE] T A= EFME AT 4= Q7] W) Ro] APHRS AEGH T | -2 o] A
Zoto] 2sh= Zlo] Hasit
o] EjShA7] 9 A vl A71E ERl6k7] Qlol 42§ ATt Tl whet & Wolobr|74] 48 A4E 7155kt
(Table 1). Fe|H O & 45 & SFEE 757712)= vl 2] I A7) 2, o] A|7]of vfig ufeke]] ARE- v S ) d< vl

i
ne
o

il

e,
3

—-

Y
afu
=

=
>

Fe & o] % Al71ef Hlste] o7k oF 12 =30tk Wi ¢ e o] 301 2 & 75 o S v E w2, tiAl= 9 - 14
A Afolof] 2|z FoprF &RI= it 0}11 P & 145 P ulFe dot A8 Yol 34z 28l o Hop oA 2 Bl
SHATE. Ol & it 5 145 Hioll A gz EAYo] o= o] whet k] Bjof A3 o & HRlthFig. 4). o2t o2 4

B T 1452 i ekl A 2= H}O} AQ YT ZIel=Aog EO]E} Alstroemeria 37t W0l A B0 g2 22]
o}2] 0 &2 YR Il 1 At uieh i of W Aok otES ] O & 50 E|o}E A5 AT Buitendijk et al., 1995).
S A= 22 5HA 0 7 Aelst 8Fol.L 51| BRI B T 1455 E2}0] o} 4 @ Q14 27}l £2po] §HE-S Qoko.
= SISt A3VA 0 & H. arborescens x H. paniculata 7t W A] 27 5 4 0 =2 Q19 A1) Bloh= 42 & 13 -
147 Afolo] Bt A0 2 elsiglc

S Wl S F 5 - 7F B FARE vl g A} iR O] SARE HolelA] gkl HotE shejete e ATt E= A9t
A, v HolelgithFig. 5). T4 02 Gzt ek ARt ol A= S5t Ot (Table 1), 2
2 elohe -7 dot U ERIE Ik Fig. SA). 22 EAYEL 0] % w Yl 7|7} H ] b= Bl Hotsh= 7

T T HolE slejete E¢o s S5 1 YAISH O 5 5 XA 7|3t 5 AAA] E

o &zksto] 1ol st AE2 JIATHAE PIAA). = 2 w4 vl vl & o FE9] A= A= Cotyledonary
Stageol|l A TAFSIFCE BT (Reed et al., 2001), 2 A79] Fig. 5C 99| A& B Y712 70 Cotyledonary
Stage©l| TAFE A0 = o] B 1ot F U ATHE SRloqltt. g 27N o $71A] st AlE A7 RIS = 2N
o] & 7o) mie- Le|oh7} ASHA U Fig. 5D), B2 0] HW"W 1 FHI= ARSI E 22wl ol Al 1‘}0}9&51
(Fig. 5E) /421 WAt 25 280 A B85 st o 5612 Jootal A145] ATk Fig. 5F). o] 5 1 Hl
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——

Fig. 5. Three types of seed germination and various types of plant death during interspecies hybridization. Callus (A), a type
that died after the radicle was formed before the development of the cotyledon (B), plants that died in the cotyledon
stage (), plant with true leaf development from normal germination (D), plant with abnormal true leaf and epicotyl
development from normal germination (E), and a plant that died during growth after normal germination (F).
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