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Abstract

Periwinkle [Catharanthus roseus (G.). Don] is an important summer bedding and
potted plant species. Cultivar with both trailing and double-flower habits 1s presently
limited. The study employs double-flowered and upright ‘Taoyuan’ series, and single-
flowered and trailing ‘Cora Cascade’ series and ‘Mediterranean’ series to elucidate 1)
mechanism of trailing habit, 2) inheritance of trailing and double-flower habits, and
flower color, and 3) to breed new cultivars with both trailing and doulbe-flower habits.

Free hand cross sections were made for upright and trailing cultivars at the first to
the third internode above cotyledons. Results showed that all 5 upright cultivars had
phloem fiber, but respective cells in trailing ‘Cora Cascade’ series, ‘Mediterranean’ series,
and ‘Boa’ series did not have secondary wall. Internode below the second leaf pairs from
top of upright ‘Vitesse Pink’ were also sectioned, and stained by phloroglucinol-HCI and
iodine chloride to reveal lignin and cellulose. Results showed that secondary wall of
phloem fiber had low lignin, and high cellulose content, and categorized as gelatinous
fiber. Plants of ‘Vitesse Pink’ with 2-3 leaf pairs were tilted-cultivated for 28 days and
cross sectioned at bending stems. Phloem fiber at tension side showed increased diameter
and thickened secondary wall, indicating the phloem fiber is a reaction fiber and functions
as upright growth support.

Self-pollination, Fi, F2, and backcross generation of upright and double-flowered
‘Taoyuan’ series, and trailing and single-flowered ‘Cora Cascade’ series and
‘Mediterranean’ series were made. Results showed that F1 population between upright
and trailing cultivars were all upright, and the F» population showed 3 : 1 segregation
ratio among upright and trailing progenies (%~ = 0 — 2.84). Trailing habit in periwinkle is
recessive to upright habit, and is controlled by a single major gene. In addition, the F»
population showed 9 : 3 : 3 : 1 ratio among upright+single-flowered, trailing+single-

flowered, upright+double-flowered, and trailing+double-flowered progenies (x° = 0.5 —
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7.4). Loci responsible for upright/ trailing and single-/ double-flower habits in periwinkle
are inherited independently.

Modulus of elasticity (MOE) of upright ‘Little Pinkie’, ‘Vitesse Pink’, and trailing
‘Cora Cascade Polka Dot’, ‘Cora Cascade Strawberry’, and ‘Cora Cascade Magenta’ were
measured by microtester. Results of correlation coefficient analysis between MOE and
tissue structure showed that trailing phenotype is governed by presence of phloem fiber.
Plants that lack phloem fiber tend to have lower MOE and more likely to bend during
growth and showed trailing phenotype of 25 days after potting. Moreover, xylem
proportion of also contributed to MOE and trailing level, especially for basal stem and
more mature position. Periwinkle cultivars without phloem fiber and lower xylem
proportion had lower MOE, which had higher bending angle and more trailing level

Four ‘Cora Cascade’ series cultivars, two ‘Mediterranean’ series cultivars, and three
‘Taoyuan’ series cultivars were used to study inheritance of flower color and pollen-less
male steriling. Flower color of progenies from self-pollination, F; and F> population
segregated and followed one gene model of dominant rules as: violet > cherry > pink >
apricot > white. Progenies from self-pollination of cultivars with red receptacle
segregated for 3 : 1 ratio among red and yellow receptacle (3> = 0.11 — 3.25). Red
receptacle in periwinkle is dominant to yellow receptacle, and is controlled by single gene.
Progenies of self-pollinated red medium-eyed ‘Cora Cascade Strawberry’ segregated for
small- and medium-sized eye in 3 : 1 ratio (y* = 0.35). Red medium-sized eye in
periwinkle is dominant to red small-sized eye, and is also controlled by single gene. Male
steriling in periwinkle is recessive to fertile male, and is controlled by single gene.

Lobules margined ‘Angel Tutu’ was pollinated with double-flowerd ‘Taoyuan No.4-
Summer Snow’, and F» population was made to study petal margin and style-less. Results
showed that F; population all had entire petal margin and style. Progenies of F» population
segregated for entire petal margin and lobules margin in 3 : 1 ratio (y~ = 0.33-3.02). And
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style-less trait is linked with lobules margin. Double-flowered plants showed lobules
margin even at heterozygous state.

NAC secondary wall promoting factor 1 of Arabidopsis thaliana (AtNSTI) was
blsated with gene sequence of transciptome in periwinkle, and similar sequence was
observed. However, coding DNA sequence of CrNST! in upright ‘Vitesse Pink’ and
trailing ‘Cora Cascade Polka Dot’ did not showed difference. CrNST'1 expression level is
more in ‘Vitesse Pink’than in Cora Cascade Polka Dot’stem.

Three vigourous and well-branching double-flowered and trailing plants from F»
population were selected and cutting-propagated. DUS test following announced methods

was made to breed first double-flowered and trailing periwinkle in the world.
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Chapter 1. Introduction

P P % [Catharanthus roseus (L). G. Don] % % # #*f1(Apocynaceae)£ % 1=/ %
EABRE A RA S E 4 8rde BT Ep R YL ETTHE
Pt R EE LRI 2GR EERLE AL ARER Y TS
(Ball, 1998; Curry, 2012;van Bergen and Snoeijer, 1996)  i7 & % > zkag it » @lf o4
fasge i S fAE 7 ¢ & 5 48% (Anderson, 2006) - P P HF 5 S AL FEE & Y
C2o- > Z2ARE 2305 2 > 2B FF KBB4 (E 5 2011) -

RAFP P FYE LB YHK T2 T #ic(van Bergen and Snoeijer, 1996) - £ ¥
I t{%wﬁ (National Garden Bureau Inc., 2002) » i *+ 2010 # 7 & 23R 7= %%
=221 Rf BoOPBEE S EFREF S EL EMESARF A (M 2013) 0 B ot
s R 0 BTG AT T .

T fEE ¥ #-R (trailing) & §i R (prostrate) 2 £ ik Y 0 15 (T T E S
ABBRIE TR 252 I £ % g 2(Mirzaie-Nodoushan et al.,
1999) e B mff ¢ s b 2858 TERBIYP R FET > FIRY T4

% 2 (Petunia Xhybrida Hort. ex E. Vilm. ) ~ £ 4 ¥ (Antirrhinum majus L)% 5% ¥
[Solenostemon scutellarioides (L.) Codd] ~ # % t=(Calibrachoa Cerv.)% - iT# k&
fehFEi i mih i aoRLASA 7 pp FRLFMT Cora Cascade
Series (PanAmerican Seed Co., 1997) ~ Mediterranean Series (GoldSmith Seeds Co., 2010)
% Boa Series (Floranova Co., 2009) % &-fa(f > 2013) -

EHRA 0 - A A d F B A Fded] #1455 0 i International Union for the
Protection of New Varieties of Plants (UPOV) #1145 it & 4 % ~ # % 7= ~ 323U (Rosa spp.)
BPPHELRBLTAPAEBRVEARZAERY SLE > B ER -
[Glycine max (L.) Merr. ]1?3 AR A~ s T 8k E 4Kk (Zhu, 1884) > g22R p

2 R R AL AR E R e BAPMA Y TR P AL HEA TP P
%r i e L TR

ERVES eSS Gl FReS Y 22 2o 0288 54k

2 ¥ EG 48 L FEFar it (BEvert, 2006) o R AE P o ARROYEE LS T
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e LR mﬁi%l kg B RO Bl F e R e T Lt B
(Crivellaro et al., 2012) - 3 & 4% 4% 3£ Clematis maritima L.¥? C.vitalbaL. > & 7 4% &
W g F B IEAR S R A M s H 34 2 R ] g s % de(modulus of
elasticity) ™ "% > 2 3 L ¥ > 352 A 2 Mk (Roweetal, 2004) o Fpt 257 7 %«ﬁﬁiﬁ
do R RBREYP P G2 B R R F i kR R L M T

P 19 % (Arabidopsis thaliana L.)® - i & d Secondary wall - associated NAC
domain protein (SND1)£ NAC Secondary wall thickening promoting factor 1 (NST1) >
B AR FE I 6 N A e BT PFAL T Fad R =t 4 wde B & 2 (Gorshkova
et al., 2012) » SNDI1 &2 NSTI & £ Fl| 2 A aimie X 3 mie f2A, 2. 2 R B >
A AT L L B PR E TR e e & 2 e B T € A2 P
F iRz {2k (Zhong et al., 2007) e @ P P & A F M ¥R awie x4 mig BB L S K
Fl2_ Y e

SEEEERCHY 2 TS (Ball, 1998) @ it it s 0 A d

BoppEHicd %Vi HAFZ B BHG  E AFFF 5 22 R % (Kulkarni et
al., 2005a; Milo et al., 1985; Simmonds, 1960; Sreevalli et al., 2002) > BZfZ P P %5 % &
TR Rt E R L T

Z%H#éia—wﬁ%&ﬁﬁﬁxﬁ# RS IEXT S E
A AR A T WLAL B RGHROKRA - AR ORI ETAE
BEF(R 220060) PP F&EAS EF L > TR 0 - R E R FrjEp
PGz fal il BN M BN R - SRR S

APFTHRTAERLD P FATHA DA IRLFER E R B
RO AR I TS AT BIR R TR BRI WA KB PR TR
PR R o ik p P EAT S
L el 1 £

L ¥ 2 ERREAP P F 5

2. FfEPp P ERLAVRE T LI 23 @i

3. BRI A FINA B R R D P F R AR 2P
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- % wAAY

Chapter 2. Literature Review

—‘E'Eli‘/’v\&‘F" ey d
(- )t &~

pPRFr £ %5 5 & H e f(Apocynaceae) 5 & 4 ¥ A fEde o A b2

IS

&
B iAo > 1759 & & #55 R Linnaeus #-p p % & & 5 Vincarosea - 1838 & &
fo 4~ & 25 & £ George Don #-p p % #7= > & % i i (Catharanthus)¥2 Vinca » B
¢ ¢ % [Catharanthus roseus (L). G. Don](van Bergen and Snoeijer, 1996) - & #p < 1;%
el ? ¥ oan IR hE L o de Vinca rosea L. ~ Pervinca rosea L. ~ Vinca speciosa
L. ~ Lochnera rosea L. ~ Ammocallis rosea L.% > F|p p L &AL & # & * Vinca rosea
L FIR RIS FEPSY PP FS Y Vincaflz 0 ©F a0 F % fr Vinca
minor L.2 Vinca major L.? #8484 ;% % (Curry, 2012) -

d 3P pFEG ik PR pALHEEN S E F i 38 (siphoning
type) T B UASEE G 0 R PP F A S S EEE ® D KB4 (Levy, 1981) -

ERE S EERF R 0 AL 2 E B AR 2 74 4 (Ball, 1998) -

pop %%’lﬁﬁ'fﬁ B2 0t L RERSNEY EH o 2HRF G ACE 130 A 2
F= % (terpenoid indole alkaloids) > # # % 12 Vinblastine ¥ Vincristine # 3 # % » ¥
* 3SR e §U 4 6 4 8 2 % 4+ (Zhou et al., 2009) -

PREEHS REWMRVAFS KFAHFELF 45 SWF  F%d
i3 ¢ oo ook KB ALK o TURET foo R R rAS
Pz o4k ¢ B s 3R LG PR Bl(eye) ° =% (corolla tube) fm & {147} >
L30d Erp ARG R S A 2 B PR RS *Hf“ﬂﬁ +3% (orifice) » T X 2Rd
& it {7 ¢ @ (intercalary) 2 & & 2) & > 54 ¢ doap A it e

A TR L s A IR G redR (throat) v RESRT 2 A5 LA A RIF 4 2B F
Toobpd A Bagd A X EIPE 3 5 o EIA G L S

i EF(Boke, 1948) « F 5 % wk » HEW A > 524 > MET EH KLY §
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FVRBF TS PPEFRALDE FATNOHER TR B F 5
¥ & F LA (Pietsch et al., 1995) > £ 5 & & #h#4 £ (sympodial growth pattern)z.
A T A A - R ERPN 0 TR ST BT AT - (Boke, 1947) -

BLEBEIRERARGT 30 (8 2010) 0
P15 dm o - ATRE o

Bl
4
=
%
Ez\
T
<Y
1%
4o
¥
=
o
bt
T
Ty
Ez\
<t
M

PP EHFTHAPE
R P R A NAGAREEKE AT HEL RE AT cRAY IR
PRI R 2B F R L OB T 7 (Colletotrichum gloeosporioides) -

Joh

B #( Phytophthora parasitica )& = 4 I #(Rhizoctonia solani ) » # ¢ * ri g i 7] 7
HPPERpI e "R -ERFEX ERIRAL g ERs e (et
1998) > S Ay & 73 2002 £ 7 1194427 & 72 PanAmerican = # 2 ‘Cora’
Sl MRS AP R T AET haliRBrR A PR Fa Y RER
1P o
PHERLTESRAFERZ P 2PR > TELEIYF Jﬁ% € > 3 Cora

Cascade Series (PanAmerican Seed Co., 1997) ~ Mediterranean Series (GoldSmith Seeds
Co.,2010) % Boa Series (Floranova Co., 2009) % &-f&(F » 2013) > ** H &5 (¥4 hodeoidk
% 2 (Petunia *hybrid Hort. ex E. Vilm. ) ~ & & ¥ (Antirrhinum majus L)% ¥, ¥
[Solenostemon scutellarioides (L.) Codd] ~ “(Calibrachoa Cerv.) % i7# %+ i
NFIRERE AR PORLASH T Elf@i'i“]?%ﬁﬂ g & o

f=A,Fpp ir'r“ﬁ; TR RS HESR T 0 P AT He DR - BRI

fé_ s oy R AL R P ERRmEe R b B k5

?T

SEER A R AL B
‘Eam3 o k) B RS A AT R PGR 5952 4 e Angel Tutw’ > 12 E 3%
2010 & 973 £ 2 EREAEFYE L 5 AR SR B BRI AR
APRAE > B REAAIRAT R LE KA PR A A W 4l -

BN S e R

P it £ R BN AR ol B BF (Matthiolaincaca L)€ ¥4 H ¥ 5
"L 12(Saunders, 1917); % » #(Dianthus caryophyllus L)€ ## 5 7 % 2 B 42 (Scovel et
al.,, 1998); @ & & # (Tagetes erecta L.) 5 #c& i @ (Serrato, 1990) - Chen % * (2012)

4
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BEERD P EREKRTYVE AR FLEJFERE2Z P P FERER >
FPHREME RO FTE e RieL A2 Fi iy 2 B9 o2 fHA R LRt 4
A4 H G 3l VAR P F EFRE R - HEBA TG £ R 2
Biaga kg A L2 R PRIHER > § ERDBGEDIER T RE T Y
§iE PP 4 € ¥Rk idp 5(Chen et al., 2012) -

=~ R kR B

PRES BT 282221547 BEAURMY D > £ T 2 enB LA
EHE AT RREEREDH ARG 2 B PSRRI SRR B Y 4 T
* oo

(- )# £ i# ¥ (quantitative inheritance)

A AL — AR A Ed § B A Flird el § (45K 0 % International Union for
the Protection of New Varieties of Plants (UPOV)# 735 i £ & % ~ # % 7~ ~ 729 (Rosa
spp ) P P H2RELA P A HERVELARIAER LR B ELF L B
[Glycine max (L.) Merr. ]2 § 11573 fi » #3n 5 A8 1454k (Zhu, 1884) > @ /| &

(Triticum aestivum)tx % Pl d = A Flir 4] (Kato et al.,1999) -

(=) & = A& F1#- 4] (allelic mode)

1. %+ (dominance)

g1 & [Vigna unguiculata (L.) Walp.J#x 4] ¥ & % # ¥ 3] (decumbent) ~ ¥ % 4
(climbing)¥? ;# £ 2 (bushy) » H kA4 d 3 S A F & A4 ¥ B 4] 0 4 A4 F A

BAFIELFREE 2 § ARAFIRIREEECAFIARF > RAZHERI 4
AFVEAFA G aa B2 B AT R EREE AT B BRA ¥ E, 0§ A4 B
AT A F L EE T 2 & (homozygous)FF » & 4 j# £ 7)1 th(Uguru and Uzo, 1991) -
2 544405 B d Linaria cymbalaria (L) Mill.2_ & -7 &4 22 78 3 4 &4
el fi 4 R REA > Ao LAl RO E A 5 A1 (East, 1933) o
% ¥ (Torenia fournieri Lind.)ff ¥ &f&‘ClownRose’ = & = 4] » &7 4 4 ]2 £ ¥
1 43 (Torenia benthamiana Hance )32 > 11§ & 5346+ M £ Eighed 5 b M
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https://en.wikipedia.org/wiki/Carl_Linnaeus

Bugefrdiz oty F A% 2 d @ 31 Ftiapld @ A4t E 2 35 B0 2012) ¢

2. 'Z 4 (recessiveness)
¥ 2 = ¥ ¥ (Trifolium alexandrinum L.) &3] 3 & = 3] » 7 % (Trifolium apertum

Bobrov)th3l 5 # d 3] » B2 Z EFE RS EF R 0 F R SRR 2 dRdd

229 G R A E 2 A Fp —ﬁ"‘LiE‘Jﬁi 4 Al e = A 5 ' 4 (Malaviya et al.,

2004) <

ZEEAE S X A

# 4 & (Dendranthema X morifolium L)kt if2r b G &2 & B T K7 A 4
E2AY A g B2 Ald CTAFHERS f 8 39 of AFERd - =g
ol J R - AT CTet T4+ » CT ¥t ot 232 2B EHRZEFTRE

(heterozygous)p¥ % ¥ B A (AL % - 2008) -

4. AcpEiEH

2 2 485 % (Solenostemon scutellarioides (L.) Codd) 2 & &4} (trailing) 1% B
PREREAERAS GREA IR EA P A FE AV E AT AT
HBLTERE T UET R LR - BATFIAE Y oh U & 5191804 > U & 7]
B IER AT ol TR U S A FEE AR S PR & A& e B 2 3
F e b R AT A F1AAeT 0 T A 4 R A (uun) ~ 2R3 (Uuuw) ~ @ 4 3]

(UUuu) ~ £ & = A(UUUW) ~ & = A(UUUU)I #.¢ % 3] (Nguyen et al., 2008) e

TR B A DR f A rd R SR Sl - AT
FBHEGY wE AFIR Y F LR R % (Kulkarni et al., 2005a; Kulkarni et al., 2008b;
Milo et al., 1985; Simmonds, 1960; Sreevalli et al., 2002) -

PRERFEESY -HAFRE rizdl  RAFIRHTEF FEF2 AHS
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PEd AL R B R AT 4 EFAES  EAREG § 0

“F B & a7 % &+ 5 K (Flory, 1944) - & Simmonds (1960)¥* Milo %

—

L(1985)Rldg T A A D A HATFIE R & A AT ¥ A3 JHAFL 3 ML
ARAF AHATFIR? B2 - FEPREEF O R LAT T RAAF LIRS
FoFAHATIREFF A - BHERE AT LAY cRBEET €T TF

T 0 AR P E G IR

e TPHpink)d - FHAFIWE wibd] > WG ok d i F AT WAT
A A2 S5 R AD w AT Flet e o d TERRET G 4 UG R
¢ Ee(violet)d — AT B birdl EEd B id 5F 2 B0 B ATURD
Bpcd CFERMAY DAFRFD BAF# R vk d TF A E LK T
sl d RFIWHRE 2 d AFIBEG it FATFIAG ww TR I
FTERABREOBAFIRAZFESN > REAL K f‘—;"‘-F(SImmOIldS 1960) -

A T PHpale pink)d — $HAF I 2 jAT s R AR KFERAY TA
ﬂﬁﬂagm%3ﬁ%%%ﬁéi%ﬂ%?’%%Jﬁ%*é3ﬁﬁﬁ°?%ﬁ
d AT W AP WP d TIPS > MBI AT AR FEELREE
ww R FIE R [ T 7 LRk I R RA TS T A FE it
ERAF LR FREM PWAMTERH 0 TMH 9 ¢ Miloetal, 1985) -

it wrd - $AFIOZ o2 KR fud T2 M AT 0L
Flo B TFERAY odd o iz d G ¢RI R A
W ARE > i ATAFIOF LM Hied AFF 5 EBFEE wwp O
AFA T AR NG = =4 (Sreevalli et al., 2002) °

_«
28

iz ¢ (magenta) T=FFd - HAFIO" 2 o T 0 T8 Fid T3 A HA
AFO"HA > &Fcd T E R o Hicd ApEe F ML W
AFZZEERPREEWwwE > O"AFAFTARNFELI CO"AFIE OATFE
AT F AT G Q0" PFEFE L 4 i 4 (scarlet-red) (Kulkarni et al., 2005a) -

IR ) - HATFIJE AT IR AR E S S AT
EAFl 0" AFIA R FI AL Mt o a JAFIAL A AL TR
¢ (Kulkarni et al., 2005a) °
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ERAFZRAOBHY » P OFAFA T LRI pip . A i
AFe W 0" e JAFI e RAFIZRABMS > F R ARMd & & LpE
z_ 1= 4 (Kulkarni et al., 2005a) - & 2 % ¢ 2 B AFIR ¢ BEI| WAFE O K
Flehd k> I B AT > g cd Tyt Affd g ¥ d o i

FRO"AFE JAF AR 20/ E 2 BSRYW O feJ A FIHT 48
oz % i 4 (Kulkarni et al., 2008b) » 12 F 1o d if 8% % B2 4o 2.1 &2 4 2.1 -

PeBleye)pid d - HAFIEL e P E AR Tl d B e BT
J P2 B > iz PR Bl4p gt o P B 5 &g 14 (Sreevalli et al., 2002) o

N Y R

R R A B - AP LSRN R R S R Y R RIEHRT Fei L h I
EEEBY A RA AR AT AR PRAGHRORS - BRI EBBT HAR
BRAFFEAZERFT > 7ol A RIENAE - AR RRAPE & E(F
2006) - Kulkarni ¥¢ Baskaran(2008a)# * ¥ s fi& ¢ fig (ethylmethanesulphonate, EMS)
AR ETRTR R R P F A BT RRBRTER] 2 G 96
N2 TTHER A T ARTEE PN TR o 2T RIER A B R T ms] &
S2ATH] A ARTLE R TR AR IR -

3

R L

WP fwre A & 2 4 G 5 F (cellulose) ~ 2+ % %% (hemicellulose) & % %4 &
(pectins) o % FF g ﬁ%l ke o wre BEY 73 A& (lignin) > AT A D S R
& 4 phenylpropane with p-coumarylic §= synapylic acids . = (Cosgrove, 2000;
Cosgrove et al., 2002; Romberger et al., 1993) o ¥ 5z it ‘wm?z FE{ o & > @ P2 & 5
ﬁi%] KB B L 4F et 5 (Sederoff and Chang, 1991) -

b e RET A LA A e REEI S 4 fmrg BE o A0 4 lwte BEZ A A S N iR
Al e REREAS o = 2 e BER i Sk (microfibrils)# 2 N F A = K o d A oA
G % sublayer 1 ~2~3(S1~S2~S3) 0 — m Z kS A B A W R AP B -
RSB S e A R 0 B BBETIRS e b R 0 2 S ER B Ko
¥ = K & % - K #ap 12 (Frey-Wyssling, 1976) ©

EBRRES A dpd B A wie Brmie e A chle oo B A2 A R
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Frd o pfif WY A2 80 F 2 g SR e § kR vz (sclereids)
B 4k s (fibers) 75 fi 73 &(Evert, 2000) o 4 iwe G £ Hokwre o P B g & 4 e
BE o R Imre A =B T O~ Gk IR (xylary fibers) o £2 ¢h A R gk g
(extraxylary fibers)» *F ARG A x ¥ &5 A =¥ & 5 57 £ $04 2 (phloem fibers)¥2 &

7 77 M i (septate) » ALz 5 IRt AR
77 & it EaE ) 9 & (gelatinous layer, G-layer) » %]

PR

R e A5 L

pa

& 4 (cortical fibers) o F &

(septate fibers) » & &_3
B 5 R 4 fa(gelatinous fibers) o

N~ F s+ (reaction wood) ¥ & & s (reaction fiber)

Fet 2 &g 2 W ERMMANRE NRRATFRA M F 2 54 AR F il F B
S A RA Rl 2 L5 R4 H(compression wood) 0 AL F fEde KO 5 A 0
£k 4 X FG 5k 4 H(tensionwood) F M & - Bk AR S L B
w3 #77 e (Wilsonand Archer, 1977) > /& 4 4442 F]30 2% @] 27 = B B 13 4 > @ X R
TRAIREDER - B TR ML EEES AT L R 2 T RS A
B & &b gk (Bvert, 2000) o @ § AR F fE 47 ) 8 K X FI5R 4 DI gepE o AoiE AR
et v oo ¥ B lmre BER ORI R S pEREAS S W F & (gelatinous layer, G layer)£ ¥
B 1o et R ¥R 4 o vy &4~ 48 4 4 Lagunaria patersonii (Scurfield,
1964) ~ /|- & # (Tilia cordata) ¥z # ¥ 48 ¥ # Liriodendron tulipifera (Scurfield, 1965) -
FAARTRE > 2 LA 5 AT o L IR A

BRHAN G F R o #a Bk Hapi o B2 B R%A R A
Se gt M IR e iE R 3% 44 (Fisher and Stevenson, 1981) » @ 3 & B3Rz ¢t chpp L
Bl e ¥4 ks § F IR % (reaction phenomenon) o -+ Fir 4 G
dnfeenimre BEEEA| A 03 FAREAl > ¥ - A5 &5 % - & (sublayerl, S1)¥& % - &
(sublayer2, S2)/m*s £2(S1+S2) » % = Al 2 % — K& % = K e ke P R F Rk (S1+S2
+G) FZAEF - KB - Rl kA p R IR TR S AT e B R
2 45 IR[S1+S2+ n(G + L)] (Nanko, 1979) » A & 4e 4~ ¢ & & #k(Acer rufinerve Sieb.
et Zucc.) ~ = # H(Melia azedarach L.) ~ :& § #H(Cercidiphyllum japonicum Sieb. et
Zucce.) ~ #rE A jF (Magnolia salicifolia Maxim.)£2 £ ¥ (Corylus sieboldiana Blume)zr
R ame BEE % - A1(S1+ S2) o X5k 4 {Eie > N A RS T W (Mallotus
Jjaponicus)ir & B mre BEN B € 252 B E K B E 2 A(S1+ S2+ G) 0 @il A BHSE

9
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P plgaimre A R € R A L F ehsyringyl unit 0 1#PE A B L e BRR 2
€7 P AR b et o B E #H(Aphananthe aspera Thunb.) £ 1+ #H Celtis sinensis Pers.)
L R Al(S1+S2+G) R 4 Rllmie BEL R € G P . XA
T gy L B e B B 2 A[S14Se4n(GHL)] 0 R Hleis § AL {5 Aen
WE R & 7 A F % eh=k 2 v E2(Nakagawa et al,, 2012) -

\.

1~ el
’}’E‘ *Jﬂ'iﬂ%‘@l‘%‘fﬁ_g :Ei 4’ ‘E fgs 'J’}fg *PA"T 'H\‘)t\ %i IR 0 3T %7}‘\7}?5 ;}'ﬂ v #E}ﬁ{'f"‘/é %\1}:5 ;}'ﬂ T
SEEEE R ERIES P ORI o R L

T
iy

gA >~ 4 A

G

[

\.

|

Wb i) g 14 (Crivellaro et al., 2012) o % 4 4 4 & Clematis maritima L.& C. vitalba L. »

TR RA G g EFREARI R A E M H T Flad EAA HEe 2 3 b L

& o % 584 (2 Bc(modulus of elasticity) ™ "% » 2 3 L $F 4 > A58 FE A2 Mk (Roweet

al.,2004) o & 7 ¢ 7fi 7 e, 3 A e 4 Secamone sparsiflora Klack. » 7 F ¢h

RFEL LA A BHALRE FREOPMBRDA Y REEDRELE 2 A

HERMBR AP IR BB GRET O REAIET EPEBELS P §
% (Lahaye et al., 2005) -

v

Lo g v s

B T RA D e A N i o~ S A dm e AR A W fmoe k=
(Gorshkovaetal.,2012) - gk imPe 2t £ > Vi H g % Flime cnfp¥t 2 B AV A 5
LA LSRN NA L R BRI T A LR A L ERAGN A &
A KNG Nl B B A S RN BT g AR e
il 2 6o A BAp A miefEinde Bo St 4 R Rk A S LT A 5 AR E
BEA o AR R B R RAF - ARPEE AT Z 21l 2> Had
AR AN HEA N F A RS A A A B AR A R B R
F o BT R E80-90% 0 P L S A EARBEATE Bz 2 i
=& = 4 & d NSTI(secondary wall thickening promoting factor 1)¥ SNDI(secondary

wall - associated NAC domain protein) = &4 ]+ A #5207 P57 =0 2 fooe A &

10
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e XERFFARM AT LAk 2 e B2 o B (Gorshkova etal., 2012) -

Lo g A M REAL A A B AT

4 16 % (Arabidopsis thaliana L)¥; 4% &=t 2 wre B2 & dha & L F) 3
secondary wall - associated NAC domain protein (SNDI > #£ & NST3 ¥2 ANACO012)¢r
NAC Secondary wall thickening promoting factor 1 (NST7) > @ f ¥l W] $87 11 3f
WhEmre ARt e R R g P B F A e B4 2 9 NAC domain & 45 F]+
4o VND6 22 VND7 # it 4p 1 (Gorshkova et al., 2012) o

SND1 ¥ NSTI ® #: 2 secondary-wall NAC binding elements (SNBEs).% & » »
EFEAL B U D e B M ST AR E £ 2 G M KNATT:
Al ARPEL X2 MYB46 ; #2458 a % £ 2 e MYB83 » A Bird|mie & 2 & 2 2
MYBI0 &3 % w2 %= 4p i 2 F](Zhong et al., 2007) -

SNDI & NSTI ¢ 3 3 # B3I AT ZERFRS BAFIL I H 1 7R
BRI Fame BEEESR L LRk R HY 2 - 23 AN E RBRET P
4 £ 3. (Mitsuda et al. 2007; Zhong et al., 2007) - fe >* 35 %7 4~ % (Medicago truncatula
Gaertn.))H2 NSTI L Fl g =3 Tntl 3& ~ B3kis » v BRI R lwe ikt 4 o
"z fE2_ 3R % (Zhao et al., 2010) -

SNDI ¥1 NSTI & # Ffx#s + (promoter) 5 7| 4 W] 3 + 48 # A 5] GUS(B-
glucuronidase) 7% % A F|% € e HR ¢ 2R DA FHE L 2L RE
Pt > g iRk 2 £ 230 & I B % (Mitsuda et al., 2007; Zhong et al., 2006) > @
SNDI # RE"TF# vAIRARLTEANRELRE X €757 '# (Zhong et al,,
2006) -

SNDI # 71> & ¢ £ 3.(Zhongetal., 2006) » @ NSTI A Fl& B iz % &R » 4
TES RS ET T NSTI A% R 288 dmie=t4 m

\\\?{r

g i EY Lo
e REZ AR o 4 EardIH B Y e 2 4 wie BEA £ & (Mitsuda et al., 2005) -

11
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o RLAP P F2EE LEIRR
Chapter 3. Plant Morphology and Stem Anatomy of Trailing

Periwinkles

AR AET P RAE T TR AIREf 1 FREEE
Additional index words: fiber development, gelatinous fiber, phloem fiber, prostrate,

reaction fiber.

R
AELAE S BE Al 10 BREAP P FASBLERILES srgrsgz/m#
| SR R LA SBEF T RE - ENF e g E >
AEfEE L AR A B S L AN R SR E I
Fohar AN FRLRF L SR TR o S i AR B 2 A g g AT

o B Al R b 4 I0E A G F 4 (gelatinous fiber) ¥ & F F 4

B

s
R
N
&
=
Jeak
|4
bi

(reaction fiber) z_ 4> >t 5k 4 Pl 4k ‘2 hm P2 ? BB 2w B B L3

Abstract

Plant morphology and stem anatomy of five upright and 19 trailing periwinkle
[Catharanthus roseus (L). G. Don] cultivars were studied. Results show that upright
cultivars are higher and narrower than trailing cultivars. Stem anatomy revealed that
trailing cultivars do not have phloem fiber. Vertical sections showed fiber-like pa
renchyma cell present but lack secondary cell wall thickening. Phloem fiber of upright
periwinkle is characterized of gelatinous type and exhibits recation phenomenon. Under
mechanical stress, diameter of phloem fiber will become larger and cell wall become

thicker at tension site to enhance supporting function.

\ 2

7 % (Introduction)

p P % [Catharanthus roseus (L). G. Don] #& ¢ 3 &3Rf22| g2 7 - e @I
- i = %) Sfb(Kartmazova, 1972) 3 4 4 A B3 S8 FIRIBBFET o
13
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BAEE S GRS A2 A F S N S v F 24 4 F 1 4 e it (Bvert,
2006) A+ o4 5 3 9 L HF o H BRSO e e ot (Bailey,
1953) 0 @ Eatie i d § 3 REEHRAI AR o 4o AL AR RONE R 0 B2
BERFER 7 LR 6 rﬂ%] KRB R Bl e T R e
|4 14 (Crivellaro et al., 2012) - # * 4 2 i (Clematis maritima L. ¥ C. vitalba L.)z
EH R RGN G EEE R A B K 8T T e 4
B A4 T @ sE M % Bie(modulus of elasticity) T 0 4 2 L iFM A & EAZ A
i (Isnard et al., 2003) °

TR EE > B Rliwre § LIRS (EF e R R A S R H
(tension wood) » 14 3 4v §* &' 2% ¥ if| i< iF L 4% 14 (Fisher and Stevenson, 1981) » * "
FREE A 4o AR LR o A 82 b ek ik M (reaction fiber)Ap B AT 7
9% % (Nakagawaetal,2012) « AA55 5 At p p 52 = B BLA 5B AT

e R E LR 2P P F R REOVES DF b BT R G
ER A FEL 5T -

-\-x\y

#1322 = ;3 (Materials and Methods)

FEB AP P HFF - BB IE P BT R R F T Bk
fo ko3 2013 & 12 % P~p #*Flec 23> = 4] ‘Jams 'N Jellies Blackberry’ 22 “Vitesse
Pink’ £ f& Z-4| ‘Cora Cascade Mix’ ~ ‘Mediterranean Mix’ % ‘BoaMix’fa+ # pLp B %
P o R 2014 E 70 22016 F 5P B FREPEF ALY A

s R FI BT LT EAG AT R T SRS AR A 288
R E(2x2x2.5em) 0 4 B & iR & 5 (Fafard No.1, Conrad Fafard, Agawarm, MA) » H
PR R (3 BAEF 2 a AR ERFF AT Ar 0 2R E BRI
AAFA L F R p/RE3025Cehp REBETw o FFTE31 4% FHEKRE
FoOHAER BEIFHA20mML E A 9em R 2 M 0 F 2 - o AT S
R RENIET(3HIEE 35 aRERFRFF AT AN EB)ET R (54
ZHREIF > 2 AL WG A2 > 244 28 2R EMEAH ) Bt
BESE2A$ A EFRELSH > p FITo&+ LR 5 1382 pmol -m?-s!
photosynthetic photon flux (PPF) » T 35p £ % 11.1-13.2h > p %8 32/25°C » @&
B %% - =7 200 mg-L!' N 2 20N-8.6P-16.6K ¥ ;3 {41 > = 2 5% ;L (Peters
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20-20-20, The Scotts Co., Marysville, Ohio, USA) ° 4R /1 ¢ % A2 A 3 B i K #p 5 22
BokE o AR HALTIS

iz The International Union for the Protection of New Varieties of Plants (UPOV)
ZRFEEFRRT RS AT BRI RAL AR - LA F SERE
ZHh B AP L fEtRE B A A3 (plant height) ¥ AL E R4 15 B B ik 87 2. 4
B w2 B R TIS(EE o plant width) > T B i3 & =0 5 13 FaE e
ForRATMERES LS 0 B AL RTINTE REYG VYR LD -

4 32(1990)2. F E 27 PP fE R SR NN FREB I F 5
B r - S FEHRY S BORDE PR ET R Y BF L 05%
safranine O (Sigma, USA)%4 ¢ 30s ST 11 — =X FAg kit 3 544 % £ % 330 3%
it fis (acetic acid) 2 1% alcian blue (Sigma, USA) % & 30s » {814 — = z& 47K i 2 4 A
L eFsh 1 jF- T m&G R RMER T DHIRETRR ) EREwe 2 i B
Rlid o FRwme 2 we R R Ed -

% ¥% Yeung (1998)z phloroglucinol-HCI % ¢ ;2 gLz 2 = 4| Vitesse Pink’ & &
£-7] ‘Cora Cascade Polka Dot’ 4 s w2 £_F £ 3 A ;‘r—% v PR NBey - $HE
BRETGSFRFAEY P > ZFRY BN 200B/KE 16%e ¢ 2 2%
phloroglucinol (Sigma, USA)% ¢ 3min > 2 35 8 ST 8T LR » e 7 AF
FRAREE S o

FF 32(1990)2 & 14 &7 7% (60%F it 4% ~ 100%7: it 492 2% )4 ¢ > 2 LR
® = 4] “Vitesse Pink’£? & £-7] ‘Cora Cascade Polka Dot’ & sam?s £ F 5 A fi ~ £ 5%
AR EF T RE R P NN A RIS R AR EF
Ilmin: EREEWHEEETRSZ  FoeEi7 S EPREZIRESY? - akk
PRiks € RMERIT o

27 8 = A “Vitesse Pink’ ¥7 #& =£-7%| ‘Cora Cascade Polka Dot” & ¥R :g {7 2@ 3 *» 4 >
54 32(1992)2 = % > EINR &R~ B K FAA B R (50%2 ks il AR B Rl
Fv 90:5:5)2 FlEsLT X F IR “ﬁc? T 2 F e I ¥k 712 20%35%-
55% ~ 75% % = ‘&~ fig (tertiary-butly alchol, TBA) & #7|%i-k » & kR ZF 2h» £ #
100% TBA % 2% k@ =t » & =x 4h o B Ris4k S b H 25 % 100% TBA & »~ 65
CU-4a > & 2-3 ] FEINHELY 403 BE 56-57°C 2. 7 i (Tissue Prep®, FisherScientific
Co.,USA)> iE\Z 3 =0 i€ R SEBR M TR = & 7 A R TBAREA# S B8 >2h (2
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RAL T $TH & TBA L - R (6 7 B IR il 2 R S T o 13 B {5 g de S
7 2 % (Model MIC 505, Euromex Microscopen, Arnhem, Holland)*» = & & 12-15 pm
ZHA P E R PR R 1] B (A )ZAEF A BN 40T B
2 3%48 5 tho B B FNAR S 4k > REER c ARF IR TR R
RIS o R F RS il ¥R S 7 ¥ (Xylene)® 20 min i o £ 2 |
S PRl ok EE(RAE )23 E 100% ~ 95% ~ 80% ~ 70% ~ 50% (V/v dH20) 2
% B 74p -k o &R R A %] 3min v 3t 1% safranine O (50%¢ fepe @)% ¢ e > £
2 50% ~ 70% ~ 80%% 90%¢ fiE A 5 %-k o 3t 19% fast green (95%¢ fEfe @)% ¢ 10
s 11 95%: 5 % 100%2 FEs-k 0 B T 1 - P E:l o FR(HAE )% % 3 min o
A" 22 10min 83 1RY b iz L83 BERS -

5% 5(1990)2 fRdi2 i& - H Faioh FInoh Rl BB Gy L e o f
L#-3 * A|“Vitesse Pink’ 2. & FLi8 (724 » B-E 22385 1§ 5% (30%H20::
HoO:kfis e=1:4:5)¢ § 3% 60CH-4a 7 3 % » 15— = g ke » £ 2% 1%
safranine O (50%¢ FEfe )4 ¢ » £ @ % — = ZA-RKit 3 5 % H » 3 B8 2w
Bk ? vl s BB BB -

¥ ehig % 8 = 4| Vitesse Pink’ L F ik o 3t 2 7 X {842 F M4 50-60
TRAR AU RCFRIBRIES IS I3 &SI ML Ey S T
CURACELT BLER Y RIERS Rlae
BREATIGER > i - 24 FEHEPN L T B A lame s 5B
E 2 AFIMERPHE T, B A H =tk

OB %k F B cs(Nikon E600, Nikon Co, Tokyo, Japan)L %1t i &

f0% 2 3R B LB B F L S e B

& E_’.]%‘« & 1‘]{& Z 8 I LB Hc&L R AP % % (Optronics MicroFire True Color Firewire
Digital CCD Camera, Meyer Instrument Inc., Houston, TX, USA)Pe fpiz4% » & & *
ImageJ (Wayne Rasband National Institutes of Health, USA) & & gL pe & 2231 5 37 &
G e BT nve BER R A NN R o

*EBK B R > 83K 3 (Completely randomized design, CRD) - $¢ * CoStat 6.4
(CoHort Software, CA, USA) su3* fr %8 i& (7 & -] & ¥ £ B 4~ 17 (least significant
difference, LSD) » # 12 Excel $ix 48 (Windows Inc., USA)i& {7 f-test » 4 7 v“ $ix g2 ¥
TEFFRFLEPL<0.05 -
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% % (Results)

AT FEOSBPE A HFA R ESLREHEMAO60 X5 kB 5 11.7 3 16.6
cmo RE S 47 3 6.7cmo kB Etgt ) 5 251 3 282 ¥ 19 B R LA AR E
%4032 83cm- k%5 1153 188cm > kg Efgrt b5 02 3 058 &1 & =
AT BB PRF R R R RG iF g (£ 31)

M E *A]Vitesse Pink 8 {7 5 3827 P LR > Mo iy L3RR v B EEwe
#osafranin O %+ = d » ¥ iy L 382 ¢ 5 vy B R s % (B 3.1A~C) >
#-3 = 3] Vitesse Pink” & FR 427 BLZ > Bom gt A TN RlenB BEwre B R GOk
Bt AR dap st e sE Al R L B e (B] 31E) - K24 B 2SR
PREFENRIRZ SR NITIZASATF AR RLISAY A0 LR
(% 31)-

2 2 A “Vitesse Pink’ ¥7 £ £-7| ‘Cora Cascade Polka Dot” ‘* fie & 3% *» » & %
Br R Ay wme BERTREP 2 =8 2 2 AR et R A (W
30AB) > T %A RET LB LA S AL &2 N £ e % (B 3.1C D)o

\4

G h AN RLUSBE LR AR AS Y PR KRR
Gwie Lt Lo @ i BT S (R3UENF) o £ 2 3lpp 5 E
ITETEHTG T RART]Y 4 SR BIA TN RIS DL SR B B e
DERREEE- HRRE e ¢ SRR v AR e oA REAP P S
HESNIEEFE TR R L R ﬁ%h’ﬁ#—%ﬂﬂéij
3o A (R 3.2) -

E > 4] “Vitesse Pink’2_ 4 #'w* ¢ * phloroglucinol-HCl % ¢ # ¥ 7 ¢ & 4%

I sat

L4 (BI33A)F R & CEFLZRAHRT LY EH (B 3.3C) @ & 24 ‘Cora
Cascade Polka Dot’ J& 25 = 4 S m?2 2_ = % & * phloroglucinol-HCI %4 ¢ ;= &2 & i* 4%

V

®

AR AB Y £iEZ LI (R33B-D)-

I

B * A]“Vitesse Pink’ G M AL 50-60° 4432 28 % {8 > ¥ BRI L iz e N7

_w—

-n\y

EMF e RS Rl R Rmr RS Rl BF
B(R 3454 32) 2 7 F Rz S me% 0§ B3R d 87T L8 (R 34)
PR o AN R RN ST LRy T
(reaction fiber)2_ 4% fico @ & FIRE R 3 5E 4 RIERA RlAP AL R (B 344 3.2)0

X B S8 e R

)@4
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21 # (Discussion)

AT SR RLY AR 2 A SET REDHRE B RE DR G(E
3.1) > %% 2 2_ Jp [ Petunia axillaris (Lam.) B.S.P.] % & 2. & > A6tk § © B tFi
% o @ @ Al(prostrate)2. A § #4k > £ & gy E (Kokubun etal., 2002) < 4 & £ (2008)
DARIEB R G TR AR T B AT R AN I BHRIESEE G Tk & B
30" MAEKZAAAU AR FFE2ARLYUIRIAF FTLHTI P F7 LR

PHRBEMES B RAE A SR LA 2 A o
G )

ciﬂ

PRPHEALARBATFA &2 RETPEZEw P A Bl FK

<=

PN
e

p A

F_‘k
)
o+

&ﬁi%ﬁrm’ﬂﬁkabgﬁﬂw¢@%@$aﬁ’fﬂ

~i7 =

=0
-

7N e G R R 5 R S (] 3.1) 0 ¢t ¥ Kartmazova (1972)4 %t

FW

pan)

%3 %ﬁﬂﬁ%ﬁ@ﬂ%@ﬁ@W%%w%’%%%ﬂﬂB%%ﬁMﬁ@ﬂ$
i s H oo HBANE S E & DL IF N (Bvert, 2006) 0 F iR S, ¢
P2 10 bl4e 3 A e B A POt B R R 0 B3R F { %“Mmﬁkwﬁ
B Mol et 3 e L‘«(Crlvellaro et al., 2007) » 45 E e $ Clematis flammula L.
‘Maritima’$< 153 7 B42¢ ¢ Flx a4 £ > Rl miz > FlRrdad vl flakw
e WRIERSEFRI > 22 p AL FEFH i (Roweetal,,2004) - 3o B LAl p p %
TPl Ry AN A4 o iR Ak W B R
ARELAP PEERTe R A MR R s 2 =l > 7 BRDL ER
e (Bl 3.0 F) e S @im e 5 T B 5 e A (b~ fmie i £ » 25752 % 4 m o Rk

f¢ = % %tz k= (Gorshkovaetal., 2012) » 4R A L3 P P F 2 o7 L 30 vz 2

SivBr et B R TN A A R E R T o s R

F_&

4w BERFE D R FI R AL wmie iR A B Y BB e 2 A o
PP &2 42w it * phloroglucinol-HCI 2 ¢ 2 ¥ % ¢ R 3% = (F]3.3A)
BT P AT R 7 ERATR ARYFCERBRLIRNT UL FHS
(M33C) radamed weBEAT2EM i3 EipH -Faw
ekt A dmig BRI AT 0 L ARFAE BT ARBA S A L R d B
AR@BE AT 2 2 B4 me BER A B EE L F e 4 i RS
AAp e B R AR R B ) B A T 6T B i 8096-9096 0 2 4
52 B AR PES A H £ (Gorshkovaetal.,, 2012) - p p % S lm®e = 4 e B2 A T %
FEMRZG cRREFE > FLRRP P FLo AR e FRR TR
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PPHFERSREAS R e g[S RBS RIS T5RS R Ie EY B
BIE(B 34) 7P P 5l Bme kY PlEd F RILE > 2820 pH5HEHK
AR 32 2 o BT R A 5 B4 K sk a2 £ (Bvert, 2006) » * F g
A kA Rlenf iR o 4 o EIEREE S w0 BEFE ke b 4 & (Fisherand
Stevenson, 1981 ) 5& 4 ] 5 &7 % X Il 4 A BRI AF F A AP ¥
B4 RIS AR M AL 5 g TR MR S e 5 B S BHHRIE S o B LU o 2
¥2 (Corylus sieboldiana Blume) ~ &t 4 #H Cercidiphyllum japonicum Sieb. et Zucc.) ~ >
R & (Acer rufinerve Sieb. et Zucc.) ~ ¥ { [Mallotus japonicus (L.f.) Mill.Arg.] ~ #& %
#f(Aphananthe aspera Thunb.)¥2 ++ #(Celtis sinensis Pers.)?& 4 Blir L B2 L 7 o
% 7 B R H 4v IR % (Nakagawa et al., 2012) o “,f g2tk s A B gk 8 2 g i (Melia
azedarach L.)5& # & imre € R4 L 7 % fo sk % % (crystalline cellulose) » 2 2
W & (Nakagawaetal,,2012) c @ p P F 354 2 R4 fpliy L3RG * & L &0
BRFAIEREIPDLR(B34AB-CO)  r o v £ 8 Ly ik

Fretto pp AR B dame > B F R
FEERAFEEI I LA S w2 B o REF PP TR g S e B
A o P E PR B e 2 B0 Vo T AR KA S T B

,]‘ﬂ-_/:’J( °
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2 3L TAEKLAP P EHRE B b A MBI AR

Table 3.1. Comparisons of plant height, plant width, and phloem fiber between upright and trailing

periwinkle.
. Height Width Height/ Growth  Phloem
Cultivar ]
(cm) (cm) width type fiber

Taoyuan No.1-Rose Girl® 14.0 ab” 5.1d 2.72 ab Upright +
Taoyuan No.4-Summer Snow® 1340 6.2d 2.19¢ Upright +
Taoyuan No.5-Red Lady® 14.3 ab 52d 2.82a Upright +
Jams 'N Jellies Blackberry 16.6 a 6.7d 2.51b Upright +
Vitesse Pink 11.7 be 4.7d 2.54b Upright +
Cora Cascade Polka Dot 55ef 14.7 abc 041d Trailing -
Cora Cascade Strawberry 55ef 18.6 a 0.33 de Trailing -
Cora Cascade Magenta 6.2e 15.0 abc 0.43d Trailing -
Cora Cascade Lilac 53ef 14.0 abc 0.38 de Trailing -
Cora Cascade Peach Blush 5.0ef 18.4a 0.28 de Trailing -
Cora Cascade Cherry 8.3 cd 173 a 0.49d Trailing -
Mediterranean Strawberry 3.5fg 18.1 a 020 e Trailing -
Mediterranean Peach XP 34¢g 17.0a 0.20e Trailing -
Mediterranean White 4.0 efg I1.5¢ 0.36 de Trailing -
Mediterranean Red XP 4.3 efg 11.7 be 0.37 de Trailing -
Mediterranean Deep Rose 4.4 efg 11.7 be 0.37 de Trailing -
Mediterranean Rose XP S.1ef 14.6 abc 0.35 de Trailing -
Mediterranean Rose Halo XP 54ef 13.6 bc 0.40d Trailing -
Boa Peppermint 6.7¢ 169 a 0.40d Trailing -
Boa White 63¢ 14.4 abc 0.45d Trailing -
Boa Peach 8.0 cde 13.8 abc 0.58d Trailing -
Boa Rose 6.8 de 18.8 a 0.36 de Trailing -
Boa Red 55ef 14.3 abc 0.35 de Trailing -
Boa Burgundy 7.4 de 15.5 ab 0.48d Trailing -
Significance ok oK oAk

Z Mean separation within columns by LSD at P < 0.05.
+ and — indicates with or without phloem fiber, respectively.

® indicates selfing population.

20
doi:10.6342/NTU201603174



4 32, 2= Alp p % ‘Vitesse Pink’ ¥ 3R i=f» 5 B4 Rk plodia
e F T A ) s e RERR R A IR R o

Table 3.2. Difference of phloem fiber diameter, width of fiber secondary wall and
width of xylem between compression side and tension side in bending stem

section of upright periwinkle ‘Vitesse Pink’.

) ) Fiber diameter Width of fiber Width of xylem
Forcing side
(um) secondary wall (um) (um)
Compression side 22.3 4.79 776.6
Tension side 70.6 7.46 782.6

Significance
NS.** Nonsignificant or significant at P < 0.01 by #-test, respectively.
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B 3.1.p p % E = 7] “Vitesse Pink’ (A ~ C ~ E)¥& J& 23] ‘Cora Cascade Polka Dot’

Fig.

(B-D-F)E#H > % (A-D)& %27 & (E~F)° (A-E)# * safranin O {v alcian
Blue % ¢ - (E ~F)# * safranin O fv fast green % ¢

3.1. Stem section of upright periwinkle ‘Vitesse Pink’ (A, C, E) and trailing
periwinkle ‘Cora Cascade Polka Dot’ (B, D, F). A-E sections stained with
safranin O and alcian blue. E and F stained with safranin O and fast green. co,
cortex; pf, phloem fiber; xy, xylem; p = pith, arrow head indicate phloem fiber
and fiber intials. Bar = 500 pum.
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B 32.p p % E = A]Vitesse Pink’ (A)% & 27| ‘Cora Cascade Polka Dot” (B) & %
o B Rg 2 ® 2 4] “Vitesse Pink’ & & fm P2 (C) ©

Fig. 3.2. Stem frgement of upright periwinkle ‘Vitesse Pink’ (A) and trailing periwinkle

‘Cora Cascade Polka Dot’ (B), and maccration fiber of upright periwinkle ‘Vitesse
Pink’ (C). Bar = 1 cm (A, B). Bar = 500 pm (C).
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o

B 33 &Mp L P i =4 p p % Vitesse Pink’ (A~C)&2 % L3 p p %
‘Cora Cascade Polka Dot’ (B ~ D) ¢ phloroglucinol-HCI4 ¢ (A ~ B) o & it &3

%iRPEdI(CD)-

Fig. 3.3. Stem free hand cross section of periwinkle ‘Vitesse Pink’ (A and C) and ‘Cora
Cascade Polka Dot’ (B and D) stained with phloroglucinol-HCI (A and B) and zinc
chloride-iodine solution (C and D). Bar = 500 um. pf, phloem fiber; xy, xylem.
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B34 A P ERE > p p % Vitesse Pink’ 0 T30F o @ § 1t
BRaRAT - 2RA) RS Pl Ewiz(B)E k4 plg iz (C) -
Fig. 3.4. Bending stem free hand cross section of upright periwinkle ‘Vitesse Pink’

stained with zinc chloride-iodine solution (A-C). Full vision (A), fiber at
compression side (B) and fiber at tension side (C).co, cortex; xy, xylem; p =

pith, arrow head indicate phloem fiber. Bar = 500 um.
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e PP HFRELMRED

Chapter 4. Inheritance of Trailing Phenotype in Periwinkle

b MR L EMTH b ARL P AR EFE

Additional index words: cascade, double-floweredness, phloem fiber, prostrate, vinca.

gl 1l Bl i+ 5223 29 5BReesz B

FEAFTIRAD D E AR SR nEMER AR E D 2 e 2
4wl v ffatroh 237 4 5 H9E 2 4] - HaR L) - £9%E 2 4|8
EFRR ] R A A b 5 9:3:3:1 0 WAt A AT A b 24 0 P R A TR
T EF o
Abstract

Double floweredness and trailing phenotype are two important breeding objectives
for periwinkle [Catharanthus roseus (L). G. Don]. All F1 plants of 11 crosses between
upright and trailing type were upright. Five F> populations fit 3 upright : 1 trailing
segregation ratio. Progeny from backcrosses of F1 generation to trailing type segregated
1 upright : 1 trailing and backcross population of F1 cross to upright type produced all
upright type progeny. Trailing habit of periwinkle is governed by a single locus, and
upright type is dominant to trailing type. Four F2 populations derived from crossing
upright type with double-flower and trailing type with single-flower fit 9 single-flowered
and upright: 3 double-flowered and upright: 3 single-flowered and trailing : 1 double-
flowered and trailing segregation ratio. Results showed that characteristics of double-

floweredness and trailing are inherited independently, without gene interaction.
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% (Introduction)
N f;é_—‘]!-,z ¥ R E(trailing) & §) @ (prostrate) 2 & ik F r =B (T E E KR
BEBBRTE 7 RY 2 2 L£42 prdljey 4 £ % 2 (Mirzaie-Nodoushan et al.,
1999) o H|4rsk % 2 (Petunia *hybrida Hort. ex E. Vilm.) ~ % & ¥ (Antirrhinum majus
L)% %2 % ¥ [Solenostemon scutellarioides (L.) Codd] % (Ngyuen et al., 2008) -
Bl 2 RAERT R P BATSE - AT LEXE QA
Flat USecAFEBas > Pk 2A48Me 2 24 28 0 £ A4 %
] ik e R £-4) (Nguyen et al., 2008) ; 812 [Vigna unguiculata (L.) Walp.]#x 3] d & %
AT BRAETEIRA I A HATY 2 B TEEFE BERA ¢
# 3. (Uguru and Uzo, 1991) @ ¥ 4% § (Dendranthema X morifolium L.)2_ @ & 125
d = $AF] CTet “tix#] » CT ¥t et 57 = 281§ CT AT 5 2% &Pkl
= 7 FAIALE, 2008) 5 k= i=u i (Trifolium pratense L.)? 2_fi § 3]4p $3°

—+
=R

<

ExAA
7o 2B 2 25 L F = (Mirzaie-Nodoushan et al.,, 1999) ; & 2 = £ ¥
(Trifolium alexandrinum L.) 2 4 % (Trifolium apertum Bobrov)3z » 2% kT 2 =
3] = & 1+ (Malaviya et al., 2004) » 1% & 16 4= [Linaria cymbalaria (L.) Mill.]2 &
tEAp et 2 4] 5 A ti(East, 1933) -

P P % ‘Cora Cascade’ (PanAmerican Seed Co., 1997) - ‘Mediterranean’
(GoldSmith Seeds Co., 2010)% ‘Boa’ (Floranova Co., 2009)% 7 % 54 5 & L5 -
TARLHEIPPpPEFEELERET R - o PP F R LMK iE The International
Union for the Protection of New Varieties of Plants (UPOV)1Z 7 & % JLAZ & 2. #icE |4
KR ey B w2 BTy FIN AR%RD 05 T fED P FRLE R B

P S B A

#1322 = ;3 (Materials and Methods)
$HPPERAFHETE A PF - Sz m A% (TYD) e Fle -3 27
(TY4) ~ “+* BT Bo-o4 (TYS) > 5437 2013 & 12 % B~ p f¢[Flec - o H ¥ £
7| “Cora Cascade Strawberry’ (CCS) ~ ‘Cora Cascade Polka Dot’ (CCP) ~ ‘Cora Cascade
Magenta’ (CCM) ~ ‘Mediterranean Strawberry’ (MedS) £ ‘Mediterranean Polka Dot’
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https://en.wikipedia.org/wiki/Carl_Linnaeus

(MedP) » {5 k>t 2014 & 7 % pp £ A2 F{EH > CCS~ CCP &2 CCM 3 - 322
el o R £ - 2 %48 ‘Cora Cascade Mix’ 2 & = %] ‘Jams 'N Jellies Blackberry’
B R o

e Pps > 3% 5% Miyajima (2004)2. = % > S REF AT HFABR DS X G
K,érti’gt A AR B E S 037Tmm B A 3em M2 g RN A
K R RS R B RS R S
1400-1700 HR > #2358 FF T $2% 4 sk 33 & 1382 pmol-m™-s' photosynthetic photon

e Dby
]'L“‘I’ﬂ -’l—.gll_,

(]
w
N
A
K
3=
™

flux (PPF)» T390 & 11.1-132 h» p %38 32/25°C o 44545 30 = 15 % % b pp 4o
BN ERABRAS A L B S R AR ES T A e B
p TRt 6C ke E IR -

# 4 @ £-73]‘Cora Cascade Mix’ £ & * 3|‘Jams 'N Jellies Blackberry’ & k2. &
FORETHRAGMRTL AL B £ X BN w2 B EREE N RILSH R
ECTER SRl T LR S o U RS Sk B

F) %44 CCS ~ CCP & CCM 5 Fi3ex %460 2 TY1 ~ TY4 & TYS

’

£ A g S HEY £ % B4 0 Fpt#- CCS ~ CCP ~ CCM ~ TY1 ~ TY4~ TYS 22
MedP p = » 3R A LT o

BLA Sfe 50 €575 = A S5 TRREFR RBLT £ me il
TR ST R
24410

Foood EE A A AR F S H AT - T TYL x CCS 2
& A

TYS x CCM & & A2 Fiigfiugaoszd 2 AR rBdRLaRir 2
A2 BCFIis§ d w2 %3404 iRtk 0§ Flird
YR B FERBE BB EELET FA 2014 E 70 3 2015 # 90 B H,
A3 288 § R4 (2x2x2.5¢cm) A B & F & 5 (Fafard No.1, Conrad Fafard, Agawarm,
MA)» B} S F(3 4057 25 a AMER R A7 A2 ARE R
NREERCF AL FERP/REI025Cahp AR E T 0 N4 X4 FT o

FTE3T AN FHEKEF -HAER BEIIF M 250mL E /£ 9¢

=
3
-
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2REE2 - AFTEARECVEL(SAIEFIT 3 BIELRGF AT
AM AR T(RATL KT 3B aBEERRRG AP 0 A0 4 g
2R EMEA ) BECAEYR 22 ERELA S B AT P B T35
% & %L 1382 pmol-m2-s! photosynthetic photon flux (PPF) > L #2p & 4 11.1-13.2
h» p %i§ 32/25C » FS%¥HFE %35 *% - = 7 200mg L' N 2. 20N-8.6P-16.6K +
7 Had 2= 29 (Peters 20-20-20, The Scotts Co., Marysville, Ohio, USA) < 4 /i
FCRARENFRANEFELRE > LTS HALT DI

7 UPOV 2 Hge >t 3 feth sy B a & o2 (8 - 51 248 40 3 60 % & {71454
BAHBAEAEP S HETREF 2 T3 (plant height) 5 AR AR R4 0 B Bk B2 2. &
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2 % (Results)
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32 5 4o CCM X TY1 ~ CCM x TY5 ~ CCP xTY1 ~ CCP x TY5 ~ CCS x TY1 ~ CCS
x TY5S~MedP x TY1 & MedSxTY1» F %% 3958 2 3(£ 41)- X F 2 2% 4p

PR AT R PR Lmr TG kg

By A B BEA e h5 Bes TYL x CCS~TY4x CCP ~TY5 x CCM ~
CCPxTY1l 2 CCPxTYS 2 Fi & 12%kp 2> 242 o ¢ » 8 = | & /L7
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1:0:10 -t p g FH S fee(pd R 5 3 HERES 005 7ot iE 5
781)> ¥R EBEK - Fiis pEEMRLAM AT 2s » 4o CCSx (TYL x CCS
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21 % (Discussion)
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BB AR 41 42)  FIRL T o HATH A TR L RFEeE
To et bR B GARRT A SE A FAEY § A AR - HEE
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Table 4.1. Segregation for growth type in progeny of 17 periwinkle crosses. U = upright; uu = trailing.

Growth type

z : 2
Crosses (proposed genotype) Upright (U ) Trailing (an) Test ratio” X P
TY1 (UU)® 3 0 1:0 0 1
TY4 (UU)® 55 0 1:0 0 1
TYS (UU)® 62 0 1:0 0 1
CCP (uu)® 0 83 0:1 0 1
CCS (uu)® 0 34 0:1 0 1
CCM (uu)® 0 75 0:1 0 1
Fi
TY1 (UU) x CCS (uu) 12 0 1:0 0 1
TY4 (UU) x CCP (uu) 23 0 1:0 0 1
TYS (UU) x CCM (uu) 14 0 1:0 0 1
CCM (uu) x TY1 (UU) 31 0 1:0 0 1
CCM (uu) x TYS (UU) 13 0 1:0 0 1
CCP (uu) x TY1 (UU) 18 0 1:0 0 1
CCP (uu) x TYS (UU) 38 0 1:0 0 1
CCS (uu) x TY1 (UU) 77 0 1:0 0 1
CCS (uu) x TYS (UU) 13 0 1:0 0 1
MedP (uu) x TY1 (UU) 78 0 1:0 0 1
MedS (uu) x TY1 (UU) 22 0 1:0 0 1

TY1, TY4, TY5, CCP, CCS, CCM, MedP, and MedS are Taoyuan No.1-Rose Girl, Taoyuan No.4-Summer Snow, Taoyuan No.5-Red Lady, Cora Cascade
Polka Dot, Cora Cascade Strawberry, Cora Cascade Magenta, Mediterranean Polka Dot, and Mediterranean Strawberry, respectively.
“Listed in the parenthesis is the inferred genotype for growth type.

YSegregation ratios expected for traits controlled by single dominant nuclear gene.
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Table 4.2. Segregation for growth type in progeny of 16 periwinkle crosses. U = upright; uu = trailing.

Growth type .
Crosses (proposed genotype)” - — Test ratio” Y2 P.
Upright (U ) Trailing (uu)
F2
TY1 x CCS Fi-1 (Uu)® 23 5 3:1 0.76 0.38
TY4 x CCP Fi-2 (Uu)® 40 12 3:1 0.10 0.75
TY4 x CCP Fi-4 (Uu)® 28 5 3:1 1.71 0.19
TY4 x CCP Fi-6 (Uu)® 51 10 3:1 241 0.12
TY4 x CCP Fi-15 (Uu)® 52 17 3:1 0 0.94
TYS x CCM Fi-1 (Uu)® 138 45 3:1 0.02 0.90
TYS x CCM Fi-2 (Uu)® 93 21 3:1 2.63 0.10
TYS x CCM Fi1-3 (Uu))® 152 57 3:1 0.58 0.45
TYS x CCM F1-9 (Uu)® 243 99 3:1 2.84 0.09
CCPxTY1 Fi-3 (Uu)® 31 5 3:1 2.37 0.12
CCP x TYS Fi-24 (Uu)® 71 28 3:1 0.57 0.45
CCP x TYS Fi-31 (Uu)® 136 33 3:1 2.70 0.10
Backcross
TY1 x CCS Fi-1 (Uu) x TY1 (UU) 26 0 1:0 0 1
CCS (uu) x TY1 x CCSFi-1 (Uu) 98 98 1:1 0 1
TYS5 x CCM Fi-1 (Uu) x TYS5 (UU) 99 0 1:0 0.12 0.73
CCM (uu) x TYS x CCMF -1 (Uu) 67 63 1:1 0 1

TY1, TY4, TY5, CCP, CCS, and CCM are Taoyuan No.1- Rose Girl, Taoyuan No.4-Summer Snow, Taoyuan No.5-Red Lady, Cora Cascade Polka Dot,
Cora Cascade Strawberry, and Cora Cascade Magenta, respectively.
“Listed in the parenthesis is the inferred genotype for growth type.

YSegregation ratios expected for traits controlled by single dominant nuclear gene.
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Table 4.3. Periwinkle progeny growth type and flower form segregation ratios for tested crosses. U = upright type; uu = trailing type; D = single-flowered; dd =

double-flowered.

Growth type and flower form

Crosses (proposed genotype)* UD Y U dd Y Test ratio” e P
TY1 (UUdd)® 0 3 0 0:0:1:0 0 1
TY4 (UUdd)® 0 55 0 0:0:1:0 0 1
TYS (UUdd)® 0 0 62 0 0:0:1:0 0 1
CCP (uuDD)® 0 83 0 0:0:1:0 0 1
CCS (uuDD)® 0 34 0 0:1:0:0 0 1
CCM (uuDD)® 0 75 0 0 0:1:0:0 0 1
TY1 x CCS Fi-1 (UuDd)® 55 17 15 6 9:3:3:1 0.50 0.92
TY4 x CCP F1-6 (UuDd)® 43 5 8 5 9:3:3:1 7.23 0.07
TY4 x CCP Fi-15 (UuDd)® 35 12 17 5 9:3:3:1 1.83 0.61
TY5 x CCM F-3 (UuDd)® 107 43 45 14 9:3:3:1 2.25 0.52
TY5 x CCM F1-9 (UuDd)® 174 75 69 24 9:3:3:1 4.29 0.23
CCP x TYS F1-24 (UuDd)® 63 21 8 7 9:3:3:1 7.40 0.06
CCP x TYS Fi-31 (UuDd)® 106 24 30 9 9:3:3:1 3.44 0.33
TY1 x CCS Fi-1 (UuDd) x TY1 (UUdd) 14 0 12 0 1:0:1:0 0.154 0.69
CCS (uuDD) x TY1 x CCSF,-1 (UuDd) 98 98 0 0 1:1:0:0 0 1
TY5 x CCM Fi-1 (UuDd) x TYS (UUdd) 58 0 41 0 1:0:1:0 2.919 0.08
CCM (uuDD) x TYS x CCMF -1 (UuDd) 67 63 0 0 1:1:0:0 0.123 0.726

TY1, TY4, TY5, CCP, CCS, and CCM are Taoyuan No.1- Rose Girl, Taoyuan No.4-Summer Snow, Taoyuan No.5-Red Lady, Cora Cascade Polka Dot, Cora
Cascade Strawberry, and Cora Cascade Magenta, respectively.
“Listed in the parenthesis is the inferred genotype for growth type and flower form.

YSegregation ratios expected for traits controlled by two dominant nuclear genes.
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Fig. 4.1. Distribution of progeny height to width ratio in periwinkle crosses. Trailing periwinkle ‘Cora
Cascade’ series and ‘Jams 'N Jellies Blackberry’(A), Fi hybrid between upright and trailing type
(B), F» progeny (C, D), BC with of trailing parent (E, F), BC of upright parent (G,H).TY1, TY3,
CCS, CCM are ‘Taoyuan No.1-Rose Girl’, ‘Taoyuan No.5-Red Lady’, ‘Cora Cascade Strawberry’,

and ‘Cora Cascade Magenta’, respectively.
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Chapter 5. Contribution of Phloem Fiber and Xylem on Trailing

Characteristics of Periwinkle

e BAEF L AP B w BRR RIE R A
Additional index words: Biomechanism, four point bending test, modulus of elasticity,

prostrate.

# & (Abstract)
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[ Catharanthus roseus (L). G. Don] 17 # # & —ﬁ 7}@_%‘ Arig R p
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Abstract

Trailing periwinkle [Catharanthus roseus (L). G. Don] is desirable for breeder and
grower. Tissue structure affects morphology and architecture of plant. The study aimed to
evaluate relation between tissue structure, modulus of elasticity (MOE) and plant type.
Results showed trailing in periwinkle is governed by presence of phloem fiber. Plants that
lack phloem fiber tend to have lower MOE, more likely to bend, and become prostrate,
thus showing trailing at 25 days after transplanting. Moreover, proportion of xylem also
contributed to MOE and trailing level, especially for basal stem and more mature position.
Periwinkle cultivars without phloem fiber and lower xylem proportion had the lower

MOE which had higher bending angle and more trailing level.
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7 % (Introduction)

E]_é%,.‘sg_fi\; Bl RZ A H  N LR 4§ 1 B R w2 (ScClereids) & &R
fa(fibers)eA) ik 5 o i ¥ B A 3F enrt i (Bvert, 2006) o fEF {240 5 3 A 3 A
H )%-éf?.‘éifj—‘:% Poend o R R e hif i (Bailey, 1953) » & #5 fe 4 A
4 % A 124~ Secamone sparsifloraKlack.» &7 e if 2 BBV A B4 2 BRE &
ROARMGRDA  REEDRFSE 2] LEFRUFRAMIH L - #8
1% % fic(modulus of elasticity, MOE) ™ *# » &£ ik if § Popi 2 d 2 344 &
(Lahaye et al., 2005) o & A fEd» ¥ > ARPFITEEAL B0 BH G F L F 10 bl iy
'k E’.%‘«E’ FH L B 3 E_j%‘« v PR a;f_%‘« #1 F v i 14 (Crivellaro et al., 2012) -
% & 4 $UE Clematis maritima L.#2 C. vitalba L. » & ¢ gt &) § s F o if4& 3 R
A H 3 F et EA R4 2 b A BRI AT 2 2 4

\

A58 3 A 2k (Roweetal.,, 2004) o FJpt A2Esk q b E =3 p p FERLAp
PHAasimesfE@ifgd oL Inb L 8 ad AT R TR o
%%%rWP¢BB%%%ﬁ%ﬂzrigﬁé—ﬁﬁﬂﬁ%?iﬁ°

#1322 = j* (Materials and Methods)
- Rk R Sz RS AT
# &8 Vitesse Pink” (VP)#£ ‘Cora Cascade Strawberry’ (CCS)f&+ p B x fdu~

\\\?{r

1‘*

o » ‘Cora Cascade Polka Dot” (CCP)¥ ‘Cora Cascade Magenta’ (CCM)#a—+ p
fa# My o 2~ > ‘Little Pinkie’ (LP)p 5 feFl & = @ £ » - CCS~ CCP ~CCM i
A > VP & LP 5 2 = Al 548> » 2015 & 4 ¢ 27 p 34 288 o x#
(2x2x2.5) REZAF~F A1 FixFE P RE3025CHhp REBT T v 0§tk
B o MAER S BN FH250mL s BT Oom g B2 0 F 2 - ko 4 F
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FRFPFROFEHA 2 R)ET R T (2 BYHRTIF 2 BIETRFF AT
A FA) 2R EREAFY) 32015 F 50 24 p HiE o BESAEIRE
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photosynthetic photon flux (PPF) » T 35p £ 5 11.1-13.2h > p %8 32/25°C » = % %
* — =t % 200 mg L' N 2. 20N-8.6P-16.6K ¥ i {+i# 2= 2% L (Peters 20-20-20,
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The Scotts Co., Marysville, Ohio, USA) < 48 /i B 5z 42 & 4 B KM F 2 %k E >

45 FHD LR AT 4 5 PHER I E 5 B Az 1A F (plant height) > AR 1A
B RE B2 LE 2 e § A2 T I5(tg % 0 plant width) » 4 4% #c(shoot number) 3 3+
CEGAHER EREAZE lom 2 RlEE - RIETHe T - H
= > E R ESTASFE [T (stem diameter) - & [ & (internode length) % B & B8 % =
W5 WERESFT 2 TIHL R 1Y & B(angle)s 1337 Bl hads * w8
3 Merdk kS &R o 2% Jacobsen E A (2005)z 3 iE o @ * Hrih B RS
(Microtest M200, East Grinstead, U.K.) fax 2L %* & ;p|:#(four point bending test) & P~ ¥
5812 7% #c(modulus of elasticity, MOE ) » i & 25C » =€ B g £ 5 20N> & & 1.5
mm/min > X R ST P BEOEERE S 8495 mm (£ 7 5 a)0 5 3 X FEZ [ en
FEHE G 22995mm (7 5 L) @R e e s [ MOE &7 % E» B4 &8
BMiah - TRMEIMASBAAFTLTL FIVy 228 258 % = (F/V)(a%/12)(3L-4a)
(modified from Gere and Timoshenko, 1997) » 384 i B~k | £ 5 — P "L & &K »
FRELTY FRERMERRBHEEHELRAZIO PERES - HR 2 B
REINSeHERER 2 ER - SR L SHAP P HEPV A 65 F B

(reaction fiber) & 2 > ¥ it B0 % > FlPL W B g Hd H0E o 3R P BT {230 20 min

RBRIERE P MOE 2 2P M 44K B4t FiRiFA I PEZ B4 &
FHCAP B A T 0 R R Tk 2 B .
F4 32(1990)2 > 2 0 Bt S B LBEIERE TR MR 2ERET &

B3 E 7 B P B A0 B oo MR &L o - Sk Y s kA p ok
Pkl o B F 1 0.59% Safranine O (Sigma, USA)% ¢ 30s » SE% 0 - & 7
gk 3 AL A > £ % 19 Alcian blue (Sigma, USA)%4 ¢ 30s > £ 11— =X FAg-K
A AL fSiF e | - S AR E R EB Y T % 8 A st (Nikon E600,
Nikon Co, Tokyo, Japan) ™ g% » ¥ 12 & ficdt PR 4p % %(Optronics MicroFire True Color
Firewire Digital CCD Camera, Meyer Instrument Inc., Houston, TX, USA) P& #p 354k ©
iz * Imagel (Wayne Rasband National Institutes of Health, USA) & & gL pe 5+ 3+ &
BR o~ 387 S8 ~ ARG s B0 e ff o BB G BRE TR Ak A
TN AT BEL RS TR 7R B i GIRAR MRS T 0 AR B SR
ffﬁaﬁzzﬁfgko M R R A A R EAF S DT Rk o T /\ww s
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# 5.1. p p % “Vitesse Pink’ ~ ‘Little Pinkie’ ~ ‘Cora Cascade Polka Dot ~ “‘Cora
Cascade Strawberry’£? ‘Cora Cascade Magenta’#5 18 25 % fF2_ 4 £ S ot 2 -
Table 5.1. The growth characteristics of periwinkle “Vitesse Pink’ (VP), ‘Little Pinkie’
(LP), ‘Cora Cascade Polka Dot’ (CCP), ‘Cora Cascade Strawberry’ (CCS) and
‘Cora Cascade Magenta’ (CCM) at 25 d after transplanting.

Lateral Stem

Internode

. Height Width Height/ ) Angle MOEY

Cultivar . shoot diameter length 5
(cm) (cm) Width (°) (N/mm®)

number (mm) (mm)

VP 11.7b* 47¢ 255b 86a 387a 1971a 9.6b 813D
LP 146a 08d 19.51a 0 d 352b 2333a 44b 1295a
CCP 98c 74ab 133b 7.5ab 341b 21.09a 799a 396¢
CCS 80d 85a 096b 62c 324b 2344a 832a 38.8c
CCM 86cd 6.7b 1.28b 6.7bc 3.24b 1856a 804a 313c

“Means separation within columns by LSD at P < 0.05.

YMOE means modulus of elasticity.
NS, **

50

“*Nonsignificant or significant at P < 0.01, 0.001, respectively.
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# 5.2. p p % “Vitesse Pink’ ~ ‘Little Pinkie’ ~ ‘Cora Cascade Polka Dot’ ~ ‘Cora
Cascade Strawberry’¥? ‘Cora Cascade Magenta’ ~ # 18 25 % {5 4 & S 83 {4
AR B A AT o

Table 5.2. Correlation coefficient between modulus of elasticity (MOE) and growth
characteristics in periwinkle ‘Vitesse Pink’, ‘Little Pinkie’, ‘Cora Cascade Polka

Dot’, ‘Cora Cascade Strawberry’, and ‘Cora Cascade Magenta’ at 25 d after

transplanting.
Height/ Shoot Stem Internode
Width Angle MOE

Width number  diameter  length
Height -0.93***  (.83***  _(0.64%* 0.45 0.07 -0.88*** (. 90%**
Width -0.89%**  (.74** -0.44 -0.11 0.87%%* -0.90%**
Height/ Width -0.90*** (.22 0.37 -0.67¥*  0.80%**
Shoot number 0.13 -0.22 0.44 -0.71**
Stem diameter 0.33 -0.68**  0.47
Internode length -0.03 0.09
Angle -0.90%***

Kk okk ksksk
s s

Significant at P < 0.05, 0.01, 0.001, respectively.
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% 5.3. P p % “Vitesse Pink’ ~ ‘Little Pinkie’ ~ ‘Cora Cascade Polka Dot’ ~ ‘Cora Cascade Strawberry’
#3 ‘Cora Cascade Magenta’#5 18 44 = pF2_ 4 £ S ¥t i o

Table 5.3. The growth characteristics of periwinkle‘Vitesse Pink’ (VP), ‘Little Pinkie’ (LP), ‘Cora
Cascade Polka Dot’ (CCP), ‘Cora Cascade Strawberry’ (CCS) and ‘Cora Cascade Magenta’
(CCM) at 44 d after transplanting.

i i . Lateral Stem Internode
. Height Width Height/ . Angle MOE
Cultivar . shoot  diameter  length 5
(cm) (cm)  width (°) (N/mm~)
number  (mm) (mm)
VP 23.0b* 13.1c 1.76b 12.6 b 3.55a 179 a 16.8d 65.6b
LP 33.6a 10.8c¢c 3.12a 4.6a 349a 34.0a 29.5d 983a
CCP 10.1c 16.6b 0.62c 10.5b 392a 174 a 929c¢  509bc
CCS 63d 195a 0.32d 11.3b 3.59a 24.0a 1603a 33.0c
CCM 91c 171b 055cd 11.1Db 3.54a 275a 118.0b  44.1bc

“Means separation within columns by LSD at P < 0.05.

NS, *% "*Nonsignificant or significant at P < 0.01, 0.001, respectively.
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# 54. p p % “Vitesse Pink’ ~ ‘Little Pinkie’ - ‘Cora Cascade Polka Dot’ ~ ‘Cora
Cascade Strawberry’¥? ‘Cora Cascade Magenta’#} 18 44 % {s 4 £ S B4 %

HoAp B AL AT o

Table 5.4. Correlation coefficient between modulus of elasticity and growth

characteristics in Periwinkle ‘Vitesse Pink’, ‘Little Pinkie’, ‘Cora Cascade Polka

Dot’, ‘Cora Cascade Strawberry’ and ‘Cora Cascade Magenta’ at 44 d after

transplanting.
Width Height/ Shoot Stem Internode Angle MOE
width number  diameter length

Height -0.93***  (.99%**  _0.65%* -0.33 0.33 -0.88***  (.86%***
Width -0.92%**  (.53% 0.13 -0.14 0.92%** (. 82%**
Height/ Width -0.70** -0.34 0.38 -0.83%**  (.85%**
Shoot number 0.16 -0.55%* 0.30 -0.74**
Stem diameter -0.54* 0.15 0.03
Internode length -0.05 0.34
Angle -0.73**

Kk okk kksk
s s
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Significant at P < 0.05, 0.01, 0.001, respectively.
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% 5.5.p p % ‘Little Pinkie’ ~ “Vitesse Pink’ ~ ‘Cora Cascade Polka Dot’ ~ ‘Cora
Cascade Magenta’ ~ ‘Cora Cascade Strawberry’#5 48 25 % #7 44 % (& % = ¥t =%

REEETE R g R W G dcdn B -

Table 5.5. Correlation coefficient between modulus of elasticity (MOE) and internode

tissue structure ratio in Periwinkle °‘Little Pinkie’,

“Vitesse Pink’, ‘Cora

Cascade Polka Dot’, ‘Cora Cascade Magenta’, and‘Cora Cascade Strawberry’ at

25 and 24 after transplanting.

Sampling Cortex Phloem Xylem Pith area Fiber area
time (%) (%) (%) (%) (%0)
25d -0.88#** -0.47 0.70%** 0.80%** 0.89%**
44 d -0.827%** -0.49 0.74%* 0.46 0.86%**

sk kk o kksk
5 5
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Significant at P < 0.05, 0.01, 0.001, respectively.
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% 5.6. 2 2 A2 p P % Vitesse Pink’ ~ “Little Pinkie’ ~ ‘Cora Cascade Polka
Dot’ ~ ‘Cora Cascade Strawberry’£? ‘Cora Cascade Magenta’#% & 44 % pF 4 £ %
Bz 5 -

Table 5.6. Effects of support treatments on growth characteristics of periwinkle ‘Vitesse
Pink’ (VP), ‘Little Pinkie’ (LP), ‘Cora Cascade Polka Dot’(CCP), ‘Cora Cascade
Strawberry’(CCS) and ‘Cora Cascade Magenta’(CCM) at 44 d after transplanting.

Cultivar and treatment Main shoot Node Height Angle
length (cm) number (cm) (°)
VP Control 233 a” 10.1 a 23.0a 16.8 a
Disbudded 1990 10.6 a 215a 14.6 a
448 21.1 ab 10.8 a 224 a 14.8 a
Significance” * NS NS NS
LP Control 33.8a 102 a 33.6a 295a
Disbudded 332a 10.1a 36.0a 15.1a
448 346a 104 a 36.0a 13.6a
Significance NS NS NS NS
CCP  Control 213 a 99b 10.0b 929b
Disbudded 21.5a I1.1a 59¢ 108.7 a
448 22.6a I1.1a 17.6 a 36.9d
258 20.5a 11.0a 11.4b 97.5 ab
Significance NS * ok ok
CCS Control 26.8 a 99¢ 63a 160.3 a
Disbudded 26.1a 104 b 24c 155.0 a
448 24.7 a I1.1a 44D 150.0 ab
258 27.6 a 11.2a 22¢c 139.9b
Significance NS ok ok *
CCM Control 21.8a 95b 9.1a 118.0a
Disbudded 219a 104 a 29b 1294 a
448 21.5a 10.7 a 11.0 ab 8l.4a
Significance NS ok * NS

?Mean separation within columns and cultivar by LSD at P < 0.05.

N

S %™ Nonsignificant or significant at P < 0.05, 0.001, respectively.

Control plants were not artificial supported or disbudded. Disbudded plants had all lateral

buds larger than 1 cm removed. 44S plants had main stem supported with iron pole and

soft wire for 44 d and disbud. 25S plants had main stem supported with iron pole and

soft wire for previous 25 d then remove iron pole for later 19 d and disbud.
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% 5.7. P P % “Vitesse Pink’ ~ ‘Little Pinkie’ ~ ‘Cora Cascade Polka Dot’ ~ ‘Cora Cascade
Strawberry” ~ ‘Cora Cascade Magenta’ > & 41 /mJ® 44 % T ¢ EL8%d & B 1L g o

Table 5.7. Stem bending angle in periwinkle ‘Vitesse Pink’, ‘Little Pinkie’, ‘Cora Cascade
Polka Dot’, ‘Cora Cascade Strawberry’ and ‘Cora Cascade Magenta’ at 44 d after

continuous supporting treatment.

Cultivar Bending angle ( )
Vitesse Pink 14.8 ¢*

Little Pinkie 13.6 ¢

Cora Cascade Polka Dot 369 ¢

Cora Cascade Strawberry 150.0 a

Cora Cascade Magenta 81.4b

Significance

ok

?Mean separation within columns by LSD at P < 0.05
“*Significant at P < 0.001.
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# 5.8.p P % “Vitesse Pink’(VP)~ ‘Cora Cascade Polka Dot’(CCP)¥ ‘Cora Cascade
Strawberry’(CCS) = &f&7 Ip & B 2 5% & ff 10 42 o

Table 5.8. The area of internode tissue structure in periwinkle of ‘Vitesse Pink’(VP) -
‘Cora Cascade Polka Dot’(CCP) and ‘Cora Cascade Strawberry’(CCS).

Section position  Total Cortex Phloem Xylem Pith Fiber
and cultivar area area area area area area
(mm?)  (mm?) (mm?)  (mm?) (mm?®)  (mm?)
-1
VP 7.07 a* 3.68a 1.32a 0.62 a 142a 0.02a
CCP 932a 4.73 a 1.66 a 0.80a 212a 0 a
CCS 7.11 a 371 a 1.29 a 0.59 a 1.52a 0 a
Significance NS NS NS NS NS NS
2
VP 10.12 a 491 a 1.83 a l.11a 1.98a 0.29a
CCP 12.22 a 587a 243 a 1.30a 2.62a 0 b
CCS 10.12 a 517a 1.89 a 099a 207a 0 b
Significance NS NS NS NS NS %
5
VP 13.11 ab 597a 2.66 b 1.82b 2.11a 0.54a
CCP 14.88 a 6.83 a 328a 240a 237a 0 b
CCS 11.84 b 579 a 2.62b 1.60 b 1.83a 0 b
Significance * NS * o NS ok
8
VP 19.15a 8.02 a 4.14 a 327a 2.65a 1.06a
CCP 17.58 ab 7.96 a 4.25a 343 a 1.94a 0 b
CCS 1543 D 6.64 b 4.03 a 257b  219a 0 b
Significance * * NS * NS ok
11-12
VP 13.78 a 4.26a 454 a 4.20a 035a 043a
CCP 12.94 ab 4.59 a 3.73b 431a 03la O b
CCS 10.77 b 398a 3.39b 296b 044a 0 b
Significance * NS ok * NS ok

? Mean separation within columns and position by LSD at P < 0.05.

sk kk o koksk
NS, *, **,

Nonsignificant or significant at P < 0.05, 0.01, 0.001, respectively.

Section position -1, 2, 5, 8, 11-12 means the internode above the first, below the second,

fifth, eighth, eleventh or twelfth completely unfolded leaves from apex, respectively.
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#.5.9.p P % “Vitesse Pink’ ~ ‘Cora Cascade Polka Dot £ ‘Cora Cascade Strawberry’
SRR SR R A S o e

Table 5.9. The ratio of internode tissue structure and modulus of elasticity (MOE) in
periwinkle stem of “Vitesse Pink’ (VP) ~ ‘Cora Cascade Polka Dot’ (CCP) and ‘Cora
Cascade Strawberry’ (CCS).

Section position Cortex Phloem Xylem Pith  Fiber MOE

and cultivar area area area area area (N/mm?)
(%) (%) (%) %) (%)

-1
VP 52.6 a* 18.4 a 8.6a 202a 02a 24.01 a
CCP 50.7a 17.8 a 85a 230a 0 a 2561 a
CCS 523a 18.1a 83a 214a 0 a 1893 a
Significance NS NS NS NS NS NS

2
VP 489 a 189 a 108a 195a 28a 65.58 a
CCP 48.0a 199 a 106a 215a 0 b 50.90 a
CCS 51.0a 18.8 a 8.6a 21.5a 0 b 33.00b
Significance NS NS NS NS s *

5
VP 455a 203 a 139a 162a 4.1la 10593 a
CCP 459a 22.0a 162a 159a 0 b 89.36 a
CCS 489 a 222a 135a 154a 0 b 50.90 b
Significance NS NS NS NS ok ok

8
VP 4190 21.6¢ 171b 13.8a 55a 145.77 a
CCP 453 a 242D 196a 11.0b O b 124.65b
CCS 43.0b 26.1a 16.7b 142a 0 b 73.15¢
Significance ok ok * * sokok Aotk

11-12
VP 31.0b 33.1a 30.3b 25b 3 a 251.27 a
CCP 355a 28.8b 333a 24b 0 Db 244.96 a
CCS 36.9a 315a 275¢ 41a 0 b 140310
Significance ok * ok * sorok ok

? Mean separation within columns and position by LSD at P < 0.05.
NS, % % " Nonsignificant or significant at P < 0.05, 0.01, 0.001, respectively.
Section position -1, 2, 5, 8, 11-12 means the internode above the first, below the second,

fifth, eighth, eleventh or twelfth completely unfolded leaves from apex, respectively.
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# 5.10.p p % “Vitesse Pink’ ~ ‘Cora Cascade Polka Dot’ ~ ‘Cora Cascade Strawberry’
3%@%%%%%@%&%&%&1%%%0

Table 5.10. Correlation coefficient between modulus of elasticity and ratio of internode
tissue area in periwinkle ‘Vitesse Pink’, ‘Cora Cascade Polka Dot’, and ‘Cora

Cascade Strawberry’ at different internodal position from apex.

Section ) )
B Cortex area  Phloem area  Xylem area  Pith area Fiber area
position
-1 -0.77* 0.53 0.14 0.10 0.67*
2 -0.58 0.12 0.44 -0.13 0.76*
5 -0.70* -0.06 0.40 0.17 0.70%*
8 -0.08 -0.57 0.34 -0.31 0.70%*
11-12 -0.71* 0.08 0.79%* -0.72% 0.55

* Significant at P < 0.05

-1,2,5, 8, 11-12 Means the internode above the first completely unfolded leaves form

apex, below the second, fifth, eighth, eleventh or twelfth completely unfolded leaves
form apex, respectively.
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# 5.11.p p % “Vitesse Pink’ ~ ‘Cora Cascade Polka Dot’ ~ “‘Cora Cascade Strawberry’

AP 25 A E 44 X AP IRRERFEN L S T 5 SR e

AR -

Table 5.11. Difference of the internode tissue structure below the fourth or fifth
completely unfolded leaves from base of periwinkle ‘Vitesse Pink’ (VP), ‘Cora
Cascade Polka Dot’ (CCP) and ‘Cora Cascade Strawberry’ (CCS) between 25

and 44 d after transplanting with continuous supporting treatment.

=T

Cultivar and Total area  Cortex Phloem Xylem Pith Fiber

sampling time area area area area area
(mm?)  (mm*)  (mm’)  (mm’)  (mm®) (mm’)
VP
25d 12.61 6.07 2.35 1.29 2.56 0.35
44 d 19.15 8.02 4.14 3.27 2.65 1.06
Significance” o * o ok NS X
CCP
25d 9.37 4.98 1.84 0.86 1.94 0
44 d 17.58 7.96 4.25 3.43 1.69 0
Significance ok o ok ok NS NS
CCS
25d 9.13 4.78 1.69 0.79 1.87 0
44 d 15.43 6.64 4.03 2.57 2.19 0
Significance ok o ok ok NS NS

K ckoksk
NS’*’* R *

Nonsignificant or significant at P <0.05, 0.01, 0.001 by #-test within cultivar,

respectively.
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# 5.12.p p % “Vitesse Pink’ ~ ‘Cora Cascade Polka Dot’ ~ ‘Cora Cascade Strawberry’
SEBAEMIE 25 A E M X ARG E N S AT B ERF B
L RN Nelr & 49

Table 5.12. Difference of the internode tissue structure ratio and modulus of elasticity
(MOE) below the fourth or fifth completely unfolded leaves from base of
periwinkle ‘Vitesse Pink’ (VP), ‘Cora Cascade Polka Dot’ (CCP) and ‘Cora
Cascade Strawberry’ (CCS) between 25 and 44 d after transplanting with

continuous supporting treatment.

Cultivar and Cortex Phloem Xylem Pith Fiber MOE
arca arca arca arca arca

sampling time (%) (%) (%) (%) (%) (N/mm?)

VP

25d 48.1 18.7 10.2 20.3 2.8 81.3

44 d 41.9 23.6 17.1 13.8 5.5 145.8

Significance’ ok NS sk o * ok
CCP

25d 53.2 19.6 9.2 18.0 0 39.6

44 d 45.23 24.2 19.6 11.0 0 124.7

Significance otk ook ook ok NS Aotk
CCS

25d 52.4 18.5 8.7 204 0 38.8

44 d 43.0 26.1 16.7 14.2 0 73.2

Significance ok o ok ok NS ok

K ckoksk
NS’*’* R *

Nonsignificant or significant at P <0.05, 0.01, 0.001 by #-test within cultivar,
respectively.
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# 5.13.p p % “Vitesse Pink’ ~ ‘Cora Cascade Polka Dot’ ~ ‘Cora Cascade Strawberry’

I

AP 25 A E 44 X 2 Al ERFENDY - S8R E8G f

Table 5.13. Difference of the internode tissue structure above the cotyledon of

periwinkle ‘Vitesse Pink’ (VP),

continuous supporting treatment.

‘Cora Cascade Polka Dot” (CCP) and ‘Cora
Cascade Strawberry’ (CCS) between 25 and 44 d after transplanting with

Cultivar and Total Cortex Phloem  Xylem Pith Fiber
area area area area area area
sampling time (mm2) (mm2) (mm2) (mm?)  (mm?)  (mm2)
VP
25d 8.02 2.97 2.31 1.82 0.49 0.43
44 d 13.78 4.26 4.54 4.20 0.34 0.43
Significance” o * ok * NS NS
CCP
25d 0.76 3.25 2.06 1.80 0.48 0
44 d 12.94 4.59 3.73 431 0.32 0
Significance ok ok ok ook ok NS
CCS
25d 7.17 3.24 2.04 1.42 0.47 0
44 d 10.77 3.98 3.39 2.96 0.44 0
Significance * NS * ok NS NS

s kk wkk
NS, *, **,

respectively.
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# 5.14.p p % “Vitesse Pink’ ~ ‘Cora Cascade Polka Dot ~ ‘Cora Cascade Strawberry’
SEEAEMIE 25 A8 44 X AR R E N S - @8R e

Wb s L B oo

Table 5.14. Difference of the internode tissue structure ratio and modulus of elasticity

(MOE) above the cotyledon of periwinkle ‘Vitesse Pink’ (VP),

‘Cora Cascade

Polka Dot” (CCP) and ‘Cora Cascade Strawberry’ (CCS) between 25 and 44 d

after transplanting with continuous supporting treatment.

Cortex

Phloem

Xylem

Pith

Fiber

Cultivar and MOE
area area area area area
sampling time (%) (%) (%) (%) (%) (N/mmz)
VP
25d 37.0 28.9 22.8 6.0 5.31 151.8
44 d 31.0 33.1 30.3 2.5 3.05 251.3
Significance” o * o o NS *
CCP
25d 42.8 27.1 23.7 6.4 0 97.0
44 d 35.5 28.8 33.3 2.4 0 245.0
Significance o * ok ook NS sk
CCS
25d 45.2 28.2 19.9 6.7 0 46.6
44 d 36.91 31.5 27.5 4.1 0 140.3
Significance o * ok * NS o

NS, %™ Nonsignificant or significant at P < 0.05, 0.01, 0.001 by -test within cultivar,

respectively.
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Fig. 5.1. Periwinkle supporting treatment. Bar = Scm.

64

doi:10.6342/NTU201603174



200 f e Uprighttype |, e Upright type [ e Upright type i e Upright type H e  Upright
150 | (A) Cortex, 25d > Trailing tpe |(B) Phloem, 25d > Trailing type |(C) Xylem, 25d S Taiing ype (D) Pith, 25d > Tailing type (E) Phloem fiber, 25d * Trr;rillgiangttyyzee
160 . L™ R*=0.78 | . t . L”,R?=0.49 L™ R=064 , L7 RP=079
~~ 140 +
N
E 120t . .
£ 1o}
Z wf o o .
2 o .
S ar o ° o °e
= ) o °
f_’ e Uprigttype e Uprightt ¢ Upright type i . i . e Upright type
5 10 (F) Cortex, 44d S Tang e | (G) Phloem, 44d . Trparill?ng lyy;;e; | (H) Xylem, 44d S Traingpe | (9) Pith, 44d . ?gllg:;tt);zz | (3) Phloem fiber, 44d ° Tsing e
S 0 . L™ R =067 | . | . LR=0se . | L™ RO =073
= . °
B 100
=
80
0 L] L]
. °o o ¢ % o
40 o o o ® o
35 40 45 50 55 16 18 20 2 8 10 12 14 16 18 20 22 24 26 28 30 0 2 4 6
Area (%)
B 5.2.p P % 2 = 4| Little Pinkie’ ~ “Vitesse Pink” &2 % 27| ‘Cora Cascade Polka Dot” -~ ‘Cora Cascade Magenta’ ~ ‘Cora Cascade Strawberry’

B2 2T EM IS5 - H22ERETF L .ﬁﬁ.?%héﬁéﬁ'ﬁ_ﬁﬁzﬂﬁﬁ/w\ﬁ °
Fig. 5.2. Regression analysis between modulus of elasticity and internode tissue area ratio in periwinkle ‘Little Pinkie’, ‘Vitesse Pink’, ‘Cora
Cascade Polka Dot’, ‘Cora Cascade Magenta’, ‘Cora Cascade Strawberry’ at 25 and 24 d after transplanting.
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B 5.3.7 P & (A) “Vitesse Pink’ ~ (B) ‘Cora Cascade Polka Dot’ ~ (C) ‘Cora Cascade
Strawberry’ ~ (D) ‘Little Pinkie’£2 (E) ‘Cora Cascade Magenta’# F * & 41 ke
W44 % {82 4 £ 25 o CKit R e o DB:2 ] 5 a2 o 44S: 7 & 41 /a2 44

Fig.

X o
5.3. Periwinkle (A)‘Vitesse Pink’, (B)‘Cora Cascade Polka Dot’, (C)‘Cora
Cascade Strawberry’, (D)‘Little Pinkie’, and (E)‘Cora Cascade Magenta’ after
different support treatment for 44 d. CK: Control plants were not artificial
supported or disbudded. DB: Disbudded plants had all lateral buds larger than 1
cm removed. 44S: 448 plants had main stem supported with iron pole and soft

wire for 44 d and disbud. Bar =5 cm.
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Bl 5.4. p p % ‘Cora Cascade Polka Dot (A)£ ‘Cora Cascade Strawberry’(B)# 25
T AR EIT s 1519 % g A4 AgT o

Fig. 5.4. Periwinkle ‘Cora Cascade Polka Dot’ (A) and ‘Cora Cascade
Strawberry’(B) plants with main stem supported with iron pole and soft wire for

previous 25 d and 19d without supporting for subsequent. Bar = Scm.
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Fig. 5.5 The ratio of different tissue area and modulus of elasticity (MOE) in stem of periwinkle
‘Vitesse Pink’ (VP) ~ ‘Cora Cascade Polka Dot” (CCP) and ‘Cora Cascade Strawberry’

(CCS). Mean separation by LSD test at P <0.05. Bars indicate standard error of the means
(n=3).
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Chapter 6. Inheritance of Flower Color in Periwinkle

AR AEF L FRE A Y BT R T s K
Additional index words: Lobules flower margin, medium red eye, male sterile, pink

corolla, Violet corolla
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Abstract

This study including inheritance model of flower color, receptacle color, size of eye
zone, pollen-less anther and petal margin of periwinkle. Results revealed that all traits are
controlled by single gene. Apricot corolla is dominant to white corolla. Pink corolla is
dominant to apricot and white corolla. Cherry corolla is dominant to apricot and pink
corolla. And violet corolla is dominant to white and pink corolla. Yellow receptacle is
recessive to red receptacle. Medium red eye is dominant to small red eye. Pollen-less
anther is recessive to normal anther. Lobules flower margin is recessive to entire margin
and linkage with style-less pistil, but heterozygous will reveal lobules flower margin

under double flowered background.
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#1418 = j* (Materials and Methods)

ﬁéﬂ]ﬂ%ﬂﬁé EME 2] FEF - BL-tem4 3% (TYD) ~ “FFle 5-%

27 (TY4) ~ ‘PP F T 5o-iod (TYS) fE4x30 2013 & 12 7 Bop v Flec 23> ¥ 2§
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6.1 fld K FEp pH 17 2p LB RT,

L2 FRLHEILH o C = @BFin s ccP = k2 d sceppd = B¢ ceppaa= v @
Table 6.1. Seventeen crosses among periwinkle with petal color in pink series. C_ = cherry; ccP_ = pink; ccppA_= apricot; ccppaa = white

o Petal color Test ;
Cross combination (proposed genotype)” . \P
Cherry (C)  Pink (ccP_)  Apricot (ccppA4) — White (cecppaa) — Tatio”
TY1 (ccPP)® 0 3 0 0 0:1:0:0 0 1
CCA (ccppAA)® 0 0 48 0 0:0:1:0 0 1
CCP (ceppaa)® 0 0 0 74 0:0:0:1 0 1
MedP (cecppaa)® 0 0 0 55 0:0:0:1 0 1
CCS (ccPpAA)® 0 27 7 0 0:3:1:0 0.35 0.55
MedS (ccP_aa) x TY1 (ccPP) 0 25 0 0 0:1:0:0 0 1
CCS (ccPpAA) x TY1 (ccPP) 0 77 0 0 0:1:0:0 0 1
MedP (ccppaa) X TY1 (ccPP) 0 78 0 0 0:1:0:0 0 1
CCP (ccppaa) x TY1 (ccPP) 0 18 0 0 0:1:0:0 0 1
MedP x TY1 F1-47 (ccPpaa)® 0 16 0 8 0:3:0:1 0.88 0.35
MedP x TY1 Fi-55(ccPpaa)® 0 15 0 8 0:3:0:1 1.17 0.28
MedP x TY1 F1-64 (ccPpaa)® 0 17 0 5 0:3:0:1 0.06 0.81
MedP x TY1 F1-67 (ccPpaa)® 0 16 0 8 0:3:0:1 0.89 0.34
TYS x CCM Fi-2 (ccPpaa)® 0 75 0 26 0:3:0:1 0.44 0.59
MedP (ccppaa) x CCS (ccPpAA) 0 63 57 0 0:1:1:0 0.3 0.58
TYS x CCM F1-3 (CcPP)® 73 28 0 0 3:1:0:0 0.40 0.53

TY5 x CCM Fy-3 (CcPP) x CCA (ccppAA) 31 20 0 0 1:1:0:0 237  0.12

TY1, TYS, CCA, CCP, CCS, MedP and MedS are Taoyuan No.1-Rose Girl, Taoyuan No.5-Red Lady, Cora Cascade Apricot, Cora Cascade
Polka Dot, Cora Cascade Strawberry, Mediterranean Polka Dot, and Mediterranean Strawberry, respectively.
“Listed in the parenthesis is the inferred genotype for pink series petal color.

YSegregation ratios expected for traits controlled by single dominant nuclear gene.
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Table 6.2. Eleven crosses among periwinkle with petal color in violet series . V= violet; vwP_ = pink; vvpp = white

Petal color

o . . )
Cross combination (proposed genotype) Violet (7)) Pink (WP ) White (npp) Test ratio” X P
CCM (VvPP) ® 59 16 0 3:1:0 0.54 0.46
TYS5 (VvPp) ® 23 10 0 3:1:0 4.54 0.1
CCM (VvPP)x Ty5 (VvPp) 9 4 0 3:1:0 0.23 0.63
CCS (vwPp) x TyS (VvPp) 3 10 0 1:1:0 3.77 0.05
CCM (VvPP)x Tyl (vwPP) 18 13 0 1:1:0 0.37 0.81
CCP (vwpp) x TyS (VvPp) 17 21 0 1:1:0 0.42 0.52
CCM x Tyl Fi-10 (VvPP)® 33 9 0 3:1:0 0.28 0.59
TyS x CCM Fi-1 (V'1)® 183 0 0 1:0:0 0 1
TyS x CCM F1-9 (VvPp)® 95 25 7 12:3:1 0.01 0.92
CCP x TyS Fi-24 (VvPp)® 47 26 3 12:3:1 9.24 0.002
CCP x TyS Fi-31 (V/vPp)® 61 54 18 12:3:1 55.7 0

TY1, TYS, CCP, CCS and CCM are Taoyuan No.1-Rose Girl, Taoyuan No.5-Red Lady, Cora Cascade Polka Dot, Cora Cascade Strawberry,
and Cora Cascade Magenta, respectively.
“Listed in the parenthesis is the inferred genotype for violet petal color.

YSegregation ratios expected for traits controlled by single dominant nuclear genes and two-gene dominant epitasis models.
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Table 6.3. Segregation for receptacle color in progeny of 18 periwinkle crosses. £ = red receptacle; ee = yellow receptacle.

Receptacle color

o . . )
Cross combination (proposed genotype) Red receptacle (£ ) Yellow receptacle (o) Test ratio” Y P
CCA (Ee)® 37 11 3:1 0.11 0.74
CCP (Ee)® 63 20 3:1 0.04 0.85
CCS (Ee)® 28 6 3:1 3.25 0.07
CCM (Ee)® 55 20 3:1 0.11 0.74
CCM (Ee) X TY1(EE) 31 0 1:0 0 1
CCM (Ee) X TYS(EE) 13 0 1:0 0 1
CCP (Ee) x TY1(EE) 18 0 1:0 0 1
CCP (Ee) x TYS(EE) 38 0 1:0 0 1
CCS (Ee) x TYI(EE) 77 0 1:0 0 1
CCS (Ee) x TYS(EE) 13 0 1:0 0 1
TY4 (EE) x CCP (Ee) 23 0 1:0 0 1
CCP x TYS Fi-31(Ee)® 98 35 3:1 0.12 0.73
CCP x TYS Fi-24(Ee)® 56 20 3:1 0.07 0.79
CCM x TY1 Fi-10(Ee)® 31 11 3:1 0.03 0.86
CCP x TY1 Fi-11(Ee)® 20 5 3:1 0.33 0.56
TYS xCCM F1-2(Ee)® 72 23 3:1 0.03 0.86
TYS x CCM Fi-3(Ee)® 75 26 3:1 0.03 0.86
TYS x CCM Fi-9(Ee)® 91 36 3:1 0.75 0.38

TY1, TY4,TYS5, CCA, CCP, CCS and CCM are Taoyuan No.1- Rose Girl, Taoyuan No.4-Summer Snow, Taoyuan No.5-Red Lady, Cora Cascade Apricot,

Cora Cascade Polka Dot, Cora Cascade Strawberry, and Cora Cascade Magenta, respectively.

“Listed in the parenthesis is the inferred genotype for receptacle color.

YSegregation ratios expected for traits controlled by single dominant nuclear gene.
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Table 6.4. Segregation for medium red eye in progeny of 15 periwinkle crosses. B = medium red eye; bb = small red eye.

o Size of eye zone ) 5
Cross combination (proposed genotype)” - Test ratio” X Vi
Medium eye (B_)  Small eye (bb)

MedP (bb)® 0 55 0:1 0 1
CCP (bb)® 74 0:1 0 1
TY1 (BB)® 3 0 1:0 0 1
CCS (Bb)® 27 7 3:1 0.35 0.55
MedS (B ) x TY1 (BB) 25 0 1:0 0 1
CCS (Bb) x TY1 (BB) 77 0 1:0 0 1
MedP (bb) x TY1 (BB) 78 0 1:0 0 1
CCP (bb)x TY1 (BB) 18 0 1:0 0 1
MedP x TY1 F-41 (Bb)® 16 6 3:1 0.06 0.81
CCP x TY1 F1-3 (Bb)® 21 9 3:1 0.40 0.53
CCP x TY1 F1-4 (Bb)® 14 6 3:1 0.27 0.61
CCP x TY1 Fi-12 (Bb)® 12 5 3:1 0.18 0.67
CCP x TY1 Fi-18 (Bb)® 9 11 3:1 9.60 0.001
TY1 x CCS Fi-1 (BB)® 115 0 1:0 0 1
CCP x Ty5 F1-12 (Bb)® 52 14 3:1 0.50 0.48

TY1, TYS, MedP, MedS, CCP, CCS are Taoyuan No.1-Rose Girl, Taoyuan No.5-Red Lady, Mediterranean Polka Dot, Mediterranean Strawberry,
Cora Cascade Polka Dot, and Cora Cascade Strawberry, respectively.
“Listed in the parenthesis is the inferred genotype for medium red eye.

YSegregation ratios expected for traits controlled by single dominant nuclear gene.
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Table 6.5. Segregation for pollen-less male sterile anthers in progeny of three periwinkle crosses. F©_ = male fertile; ff'= male sterile.

Crosses (proposed genotype)” Normal (F ) Male sterile (ff) Test ratio” ¥ P

CCP (Ff) ® 63 11 3:1 4.05 0.04
CCS (Ff) ® 15 9 3:1 2.0 0.16
CCM (Ff) ® 55 18 3:1 0.01 0.94

CCP, CCS and CCM are Cora Cascade Polka Dot, Cora Cascade Strawberry and Cora Cascade Magenta, respectively.
“Listed in the parenthesis is the inferred genotype for pollen-less male sterile anthers.

YSegregation ratios expected for traits controlled by single dominant nuclear gene.
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Table 6.6. Segregation for petal margin in progeny of No.4-Summer Snow x Angel TuTu. L = entire; // = lobules

Petal margin

Cross combination (proposed genotype)” Test ratio” v P
Entire (L ) Lobules (/)

TY4 (LL)® 55 0 1:0 1
TY4 (LL) x ATT (/) 56 0 1:0 1
F2

TY4 x ATT Fy -8 (L))® 74 28 3:1 0.33 0.57
TY4 x ATT F1-27 (L)® 50 11 3:1 1.58 0.21
TY4 x ATT Fi-24 (L)® 58 11 3:1 3.02 0.08

TY4 and ATT are Taoyuan No.4-Summer Snow and Angel TuTu, respectively.
“Listed in the parenthesis is the inferred genotype for petal margin.
YSegregation ratios expected for traits controlled by single dominant nuclear gene.

Lobules flower margin phenotype are linked with style-less phenotype.
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Table 6.7. Segregation for petal margin and double-flower in progeny of No.4-Summer Snow x Angel TuTu. L = entire; /[ = lobules; D

single flower; dd = double-floweredness.

s

-

Cross combination

Petal margin and flower form

Entire margin Lobules margin  Entire margin  Lobules margin Severe )

) ) X X Test ratio¥ > P

(proposed genotype) single flower single flower double flower  double flower distortion
(LD) (IID ) (LLdd) (Lldd) (lldd)

TY4(LLAd)® 0 0 55 0 0 0:0:1:0:0 1
TY4 (LLdd) x ATT (IIDD) 56 0 0 0 0 1:0:0:0:0 1
F>
TY4 x ATT F1 -8 (DdL))® 47 23 6 21 5 9:3:1:2:1 832 0.08
TY4 x ATT F1-27 (DdL))® 38 10 1 11 1 9:3:1:2:1  6.22 0.18
TY4 x ATT F1-24 (DdL)® 41 9 4 13 2 9:3:1:2:1 4.8 0.31

TY4 and ATT are Taoyuan No.4-Summer Snow and Angel TuTu, respectively.

“Listed in the parenthesis is the inferred genotype for petal margin

YSegregation ratios expected for traits controlled by two-gene model

Only lobules margin and severe distortion phenotype are style-less.
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B 6.1.P P 5% v d RHSNNISSD(A~B); 24 RHS62D(C~D);
# 24 RHS65A(E-H); #3*izd RHSN66B(I~J); % = ¢ RHSN74B (K~
L) RHS64BM ~N); &=d 5 F + %3(A~C~E~G~1-K-M); § ¢
“EFF 4B -D~F-H~J~L-N); ? =, E|(G - H)

Fig. 6.1. Periwinkle corolla color. White (A, B) ; apricot (C,D) ; pink (E-H) ; cherry
(I,J); wviolet(K~L~M ~N).Redreceptacle(A~C~E~G~1~K M), yellow
receptacle (B~ D ~ F ~ H ~J ~ L ~ N); medium red eye (G, H).
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Fig. 6.2. Corolla colours resulting from interaction between genes V, C, P, and A
in periwinkle.
V: violet corolla
C: cherry corolla
P: pink corolla
A: apricot corolla
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Fig 6.3. Male fertile flower (A), male sterile flower (B) and male sterile anther(C).
Bar =1 mm
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B 6.4. P P % ‘Angel TuTu’ x “F* ]f]v;%{ T2 R TEA AR o %E;ﬂ%?f:
(A~B) > ¥4 % H#7(C) > ¥ #75(D-F) » 2% € #%7(G) >
=(H) > B g =)

Fig. 6.4. Flower traits of progenies from periwinkle ‘Angel Tu Tu’ x ‘Taoyuan No.4-

d“\\‘\—'
as(
3

Summer Snow’. Entire single flower (A, B), lithtly lobules single flower (C),
lobules single flower (C), Entire double-flower (G), lobules double-flower (H),

severe distortion flower (1).
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B 65 PP % ‘AngelTuTuw’'(A-D)~‘+*Fle 5.-% 2 (C-F)& s St F,2
R EEE B R(B ~ E)2 8 W (A-C) & E 5 (D-F)fpk &30 -

Fig. 6.5. Style(A-C) and leaf traits (D-F) of periwinkle ‘Angel Tu Tu’ (A, D),
‘Taoyuan No.4-Summer Snow’ (C, F) and ‘Angel Tu Tu’ x ‘Taoyuan No.4-
Summer Snow’ F» progeny with severe distortion flower (B, E). Bar =1 cm.
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Chapter 7. Cloning and Expression Analysis of CrNST1 gene of

Periwinkle

MM AEF L B NAC SR E&TF]F ~ 2w B2 ~ K H
Additional index words: Fiber cell, NAC domain transcription factor, secondary wall
synthesis, vinca

#F &

SEHEARLUP P I AR R g2 RS wre k2 AT REE
PR nstl/sndl BE R BFR2Z G BT E > UAFFEINR AT A e AN
4 & 45 F)F NSTI (NAC secondary wall thickening promoting factor 1)# 5 B 28
Flo @ * PR iR AINSTI b 82 p P S EAE 7Y B 5T 3 - R
7|22 AtNSTI #p iz » %5 & 5 CrNSTI » @ %&£ p p % ‘Cora Cascade Polka Dot’ & %
CrNSTI £ F1 4 3 & = A4l p P % “Vitesse Pink’ 4 2 78 CrNST1 # F] CDS(coding
DNAsecquence) & 71 & £ £ -

Abstract

To study gene which control phloem fiber of trailing periwinkle can not synthesis
secondary wall. According to fiber cell morphology in Arabidopsis double mutant
nstl/sndl, NSTI(NAC secondary wall thickening promoting factor 1) which is one of
major transcription factor to control fiber secondary wall synthesis of stem is selected as
target gene. The other gene which is identified from transcriptome of Catharanthus roseus
and similar to AtNST1 named as CrNSTI. CrNSTI expression level of trailing periwinkle
‘Cora Cascade Polka Dot’stem is lower than upright cultivar ‘Vitesse Pink’. Although
CDS of CrNST1 between ‘Cora Cascade Polka Dot’ and ‘Vitesse Pink’ are the same.

@ % (Introduction)
P g 7 @A LR AL C L 2 S 4w AR > @ NSTIINAC
secondary wall thickening promoting factor 1)£2 SNDI (Secondary wall - associated

NAC domain protein) £& F] £ 34 = & 3R gh ‘a=x 4 ‘w2 £523; = ha & B B (Gorshkova et
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al., 2012) » SNDI1 ¥ NSTI ® #:# secondary-wall NAC binding elements (SNBEs)%
o2 EFEAL R Bl we REP M S TS B e = 2 e R
& = o [@ 3 9% (Arabidopsis thaliana L)SNDI # F1¥2 NSTI A F1E € R k2 4L
g Ek B amr g2 A e BARFE AT RS e RS ]
o B g R hiere 27 f (Zhong et al., 2007) > % = & ¢ BLEIIR LA P P F
AR e G AP e A ik o RV BIAR N F S F AL AT A
# #H(Populus trichocarpa Torr. & A.Gray ex. Hook.) ~ 3 % & 7 (Medicago truncatula
Gaertn.) £ ¥+ (Prunus persica L. )41t 2 fme B2 & & A FlZ R AL 478 3 & *
AtNSTI # F]i i $icix (Zhong et al., 2010 ; Zaho et al., 2010 ; Hao et al., 2012) - * %
§pehi DBAP P LEEFEESF & SNDI ~NSTI 4p 024 F) 2 2t o8 = 4| &2 i &

Y EAFISH LT LELARELE -

#1487 = ;2 (Materials and Methods)
" AtSNDI 2 AtNST1 & 2 F] CDS (coding DNAsecquence) & 7 iF & ficfs » &2 p
P % 9404 T4 (Vermaetal.,, 2014)i8 (7 B 7 > F35 8200 5 AL Fl4p v 2 B 7)o
RNA # B~i¢ * 5PRIME Isol-RNA Lysis Reagent & (a2 ¥ 5 127 > 4
Ao 5A) BB 2 AP P % “Vitesse Pink’ 2 & £-7| p p % ‘Cora Cascade Polka Dot’
SHERETERF01gEWRGEF Y AL o A B TS e B L A r
1 mL Trizol “ 4 325 % F ¥ 10 min > # I Mg < § 11 12000 g »* 4C a4
10 min » B~ i 3 ATendts 0 4o » 0.2 ml chroloform & 15s - £ 12 12000 g
T 4CHs 15 min » B~ R I Areds 0 4e » 0.5 mL isopropanol i|#iR 5 -
1212000 g »* 4°C 4w 10min {8 3 H-F '}Fi;‘,’if » 4e ~ 0.5mL 75% iFp 4 12000 g >+ 4
Cajt 5 min i RNA Sl & = o 5% FpH > 504 b 89 B deimiid o b id 4o
*# Fk T % RNA 4 P~ o 11 1.59%; agarose %48 T Forg 3 RNA & 57 3 ¢ * Ak
EPEmEERFRE LHAHET I > 24 SH)PIERP2Z RNAER SR
cDNA (coding DNA) & = ° B~ 3 ug 2. RNA » 4 » 0.5 pg 2. Oligo (dT)18 £2 10 mM
2 dNTP 1 pl» ¥ 0 @ Bkt 2 13 pL o> 4c#4 3 65°C %43% 15min s £ # 1 4C > *
$U R & 4o~ 5X first-stand buffer 4 pL ~ 0.1 M DTT 2 pL ¥ M-MLVRtase 1 pL » 2z »
37Ciziptha4F 1hy (4% % 5 70C 15min> 8w 3 4Cr =% = cDNA & = > I
#cDNA AR B Z 10ng - uL' & *
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TR L FF4AE F ik 0 @ * Taq DNA Polymerase Master Mix Red (Ampligon,
2 )21 515 % CrNST40 ~ CrNST641(4 7.1) » B~ 2X premix 10 uL ~ 51+ % 0.5 uL ~
A b B2 cDNA2 pl v ¥ 02 & Bkt 3 20 pl & 17 R 4 peghgl kg » ¥ % g 35
B 5%k > 11 1.59% agarose M T AFEAY £ FE - o I AWK ST A
FRF oo ¥ 513 4 CINSTI6S <& 17 B & fvsasy F s I taTRdicz & Jio o r24aip]
FEAFNA T2 FARELE T LR o

2 % (Results)

vUFR 3 K AtSNDI 2 AINSTI 2 F1 CDS B 7] 1% 5 #iAr 22 p P 5 4008 1

B (7 A 0 4 @00 ANSTI % 5 WA FE S — i F $ 2 5 NAC domain 2 4p 12
» %5 2.5 CrNSTI (B 7.1) > @ AtSNDI 2 10 & 4p 02 B 7] -

1251 % % CrNST40 ~ CrNST641 (% 7.1)# “Vitesse Pink’ 2 ‘Cora Cascade Polka
Dot’ &-f82 530 cDNA B FREFEHF > X RASF TR » FrRET
A 5fi cDNA p % 40 Bk AT % 1166 Bk A2 5 £ 8 o 12 CINST965 31+ $f i
PR ERELREFAGF G BT ARSI FREINERARE T
3 23 (B72)-

21 # (Dissussion)

AREAUPPLEEHRT G R A NG A we A2 ) 7 BRI E LR
w2 (B 3AF)c BB mbe F T F 5wt s e L REFA L4 e BBk
16+ % 5 v - (Gorshkovaetal., 2012) » &R =3 p P 5 2 57 & 305G B iw e 2
At R L F 0 Tt R AR R BB L R R R R e 0 R
Bl s e BRI T R St me B A BT AR R
¥ 2 250k 0 35w ie A5 f 21 R d 1A SNDI B Flgr NSTI A FIE € R $Hh2 88 mve
25 i 48 (Zhong et al., 2007) > Flpt e RR LA p p F ¥ a5 4 we L
2 AR AFIF A 2 o o Flet A 2 Rk o 11 ASNDI K F18 ANSTI 38 F)
MEHEARE P P LSRR T W AINSTI A Tl s B e 45 Dl Ap i B

7 o AtSNDI $ %127 AINSTI R Fliw B34 AF > 225 AF |43 #aA
FORELR P ENE M m e i A, 8 = 4 ie BE e ik (Mitsuda et al., 2007; Zhong et al.,
2007) > @ EHFEHE T E MINSTI 714 4 55 v LR P A imie @ 22,2 5 4
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fmre fEerpik jw(Zaho etal., 2010) » 12 AtSNDI 22 AtNSTI 5 s B 7| v 8% > 30 p
PR Y W4 - 58 ANSTI AR iR s|(R 7.1) 2 v £ @ Aair s
BB R FHAISRET - BAF(F e ) a5 st ATFNH W ApM A F]A
IHRNERPPLER A e EE LA e kR
ANSTI 22 MINSTI 5% 5 #45%]F > € BB IF 5 T 5L A4 e i
2 AT dol A iE A RpES A F)(Zhongetal, 2008) » @ A F p P & fRIAR
PRBRIERPI AR BEAFOE(F ) I R AR R ARG
2. % 5% kg or CrNSTI £ F1* R £ %48 ‘Cora Cascade Polka Dot’ % L& ¥ it #2 14 (8]
7.2) FlP AT oar 2 CrNSTI APV H P s A T4 3 # i ERppHE AR
E A A e BE o d 3 ® = A ‘Vitesse Pink’¥? & -7 ‘Cora Cascade Polka Dot’ 2.
7 AR FI 4R v At £ CrNSTI A Flfcds + %
FH P EAF2Z AR 5@ CrNSTI A F12. £ A0S

R
>~

CrNSTI #£ 71 CDS B 7| 2 B % %
BAdHG R BIRS T
A -tk AVRBAFIR P P F R AR E SRR B HaE%k

FERS ©
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2 7.1, REF=4a8) F K2 * 231 3 R 7|
Table 7.1. Nucleotide sequence of primer used for PCR.

Oligonucleotide Tm('C) Secquence: (5’ to 3°)

CrNST40L 50 AGCATAATCAATGGCACCAGA
CrNST40R 50 GTCGTCTTCGTCATGGATGTTA
CrNST641L 50 CTTCCGGAGGGAAGTCTAATTG
CrNST641R 50 ATACTGACAAGCGGCATAACG
CrNST965L 55 CTCTTGATAGACTCGTGGCTTCTCA
CrNST965R 55 GCAAAGGTCCAGAAGTCCAACTC
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S’AAATCTCTCTCTCTCTCTATCTCTCTAGTTTCTTTGCAAAGCATAATCAA
TGGCACCAGAGCAGATGAACCTTTGTGTAAATGGTCAATCTCAAGTGCC
TCCAGGATTCCGTTTCCATCCAACGGAGGAGGAGCTTCTGCATTATTATT
TGAGGAAGAAAGTTGCCTCCAAGAAAATTGATCTTGATGTAATCCGCGA
TGTTGATCTCAACAAGCTCGAACCCTGGGATATTCAAGAAAAATGCAGA
ATTGGATCCACTCCGCAGAATGATTGGTACTTCTTTAGTCACAAAGATAA
AAAGTATCCAACAGGAACTAGAACAAACCGTGCAACTGCAGCTGGATTT
TGGAAGGCAACGGGTAGGGATAAAGTCATTTATAGCAACTCTAAAAGAA
TTGGAATGAGGAAAACTCTAGTCTTCTATAAAGGGCGTGCCCCTCATGG
ACAGAAGTCAGATTGGATCATGCATGAGTACAGACTCGAAGACACCACC
CCGCCCCATGATGCATCATCTCTTGCGTGCAGTATGGTAGGAGAGGGAA
ATTCTGAAGAAGGGTGGGTTGTGTGTCGAGTGTTCAAAAAGAAGAATTA
CCATAAAGCCCATGTGGATCAGAGTAACTCCCAAAACTCAATGATGGAT
CTTCCGGAGGGAAGTCTAATTGGAACGTCCAAAGATGGTATTCTTGATA
GAATCCTTGTATACATGGGAAGATCCTCCTGCAAACAAGAAAACCCACC
AATTAATAACATCCATGACGAAGACGACGTCGCCATGCAATTCATCAAC
AATAACCCAATTATGTCCGATGATAAATTCATGCATCTTCCTAGGCTGGA
GAATCCATTATTCAACCAACATGATTGTAGTAGTTTCAGCGCCTCGCAGC
CTTCAATGAATGATATAGCCGAAACTAATTCAGCTTCATGCACCACCGA
AGCAGCCGCCGGGCTGAGTGACTGGGTGGCTCTTGATAGACTCGTGGCT
TCTCAGCTAAATGGACAGGAAGAGGTTTTCTGCTTTCCGGCGGCGGCGG
GATCCATCAGATCACACGGCTACCATCATCAACCACCTCAAACTCAAGC
GTACGAGGGTGCAGGCAGCGAGTTGGACTTCTGGACCTTTGCCAGGTCA
TCATCCTCCGATCCGTTATGCCGCTTGTCAGTATGAAGGGAACAAGTTAC
TATCACGAAAAATAAATAGTATAATATATAATAGTATATAGTCATGATA
TATATAGGAGGAATATGGTCAATATTTAATAATTCTGCCAAAGAAAATT
TAGTTATATATGTATAGGGGTCAAAAAGTCAAAAACAAGTTTGATTGAT
AGTGGTATAATACATATATACACAAATCATATATATATATATAAATCTAA
ATCTGTTGAGAATCATATA3’

B 7.1. CrNSTI %% % £ B 7|

Fig. 7.1. Coding DNA sequence of CrNST1.
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‘Cora Cascade Polka Dot’ ‘Vitesse Pink’

28 cycle

31 cycle e e weew GEED G o

33 cycle

35 cycle ubi

B 7.2. E = Alp P % “Vitesse Pink’ &2 €3] p p % ‘Cora Cascade Polka Dot’
% 3% CrNSTI é"]z\ TLE R

Fig. 7.2. CrNSTI expression level of stem between upright periwinkle ‘Vitesse
Pink’and trailing type ‘Cora Cascade Polka Dot’.
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Chapter 8. Breeding of Double-Flowered and Trailing Type Periwinkle

N MAET KR AL ¥ A AR ER T

Additional index words: cascade, prostrate, vegetative cultivar, vinca

e
PEE AP P CFF - BT A IR PR BT 20 PR T B

J‘

\@k

k5] B2 B PR 4-7)] ‘Cora Cascade Polka Dot ~ ‘Cora Cascade Strawberry’ - ‘Cora
Cascade Magenta’ e 2 24 » WHRE 2 FI 8§ PEL L0 F P 2 ot
@@%éﬁ’gﬁwéﬁﬂﬁéﬂw7%i%ﬁ%%%%ﬁ#@r&ﬁwmﬁ%’

3B BERZELFSL LY RSB LD P S AT A S

PV A EERE AT FARAETNEMNRELAZ PP F A

Abstract

Double-flowered and upright periwinkle ‘Taoyuan No.1-Rose Girl’, ‘Taoyuan No.4-
Summer Snow’, ‘Taoyuan No.5-Red Lady’ were crossed with single-flowered and
trailing periwinkles ‘Cora Cascade Polka Dot’, ‘Cora Cascade Strawberry’, ‘Cora
Cascade Magenta’ respectively. Single-flowered and upright F; progenies were obtained.
Then vigorous Fi plants were selected and selfed to establish F» population. Seven
double-flowered and trailing periwinkle were selected and mass-propagated from F
population for further comparisons. Three double-flowered and trailing lines were
selected to apply for plant breeders’ right. New double-flowered and trailing periwinkle
cultivars have branching habit, and are suitable for hanging pot. The three selected lines

are the first report for double-flowered and trailing periwinkle cultivars.

av % (Introduction)
PRPETS S UL T Latiil a2 R Eg o 23
23 E & PR -4 (Ball, 1998 5 Curry, 2012 ; van Bergen and Snoeijer, 1996) - %] &
rreg it AR S e AR T /A & 5 23k 2 485 (Anderson, 2006) ° i # f& B
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P&y 5T PPz 3 %rdhk i (van Bergen and Snoeijer, 1996) » & #7140 kit 2 &
¥ 478 (National Garden Bureau Inc., 2002) » & 2010 & & #+ Fl:e 235 R 7 = v
e ?f BN BTEMEE  ERIBY W EZ VP P S S F] K (50 2013)
R Y Ry < L %‘r;ﬁ" Mo RI PR ERTE A2 ¥R AEHE W
WA A R RiTE KRR S W e AR o

¥ i F KR E(trailing) 2 § R (prostrate) £ & {4k S T
Ao R EL}* BT R A ERZ rdlies 4 £ ¥ B2 (Mirzaie-Nodoushan
etal., 1999) - it S & A5 b 2893 > & "B EEF IR E
P doik % 2 (Petunia xhybrida Hort. ex E. Vilm. ) ~ & 4. ¥ (Antirrhinum majus L)% %%
# ¥ [Solenostemon scutellarioides (L.) Codd] ~ i-(Calibrachoa Cerv.) % © i 11 3%
PR EREp B ORLA SR A p R %f R €& 47 Cora Cascade Series
(PanAmerican Seed Co., 1997) ~ Mediterranean Series (GoldSmith Seeds Co., 2010) %
Boa Series (Floranova Co., 2009) % » fe ¢ 2 H #75(F 0 2013) ° & 3 & 4cif € #pf £

AP pFLT AR B EMBLA P FLET RS

#1322 = 3 (Materials and Methods)

FRRERT 2 AP p G FF - Bh-rem A i (TY D) Flw 5-% 2°(TY4)
FEF T BE-A 4 (TYS)H RS 2013 # 12 7 Bop Bl 23 0 B £-3] 548 Cora
Cascade Polka Dot’ (CCP)~ ‘Cora Cascade Strawberry’ (CCS) % ‘Cora Cascade Magenta’
(CCM)Fa+ ¢ ptp B xfie o & o 7 AR 22 248 TYIXCCS- TY4xCCP~
TY5XCCM 2 CCMxTYS5 >+ 2014 & 7 % 3 11 ? i {72 > &5 Ffe &

FRE e FHEE SR

s
S|
e
Sy
s
“k
e

R ird

T

e
&
e
(\x
1

I FREFIR - F R lEREYTIHF S

DRE A LS T 2 A2 LA AN ER LY ER LA RE S
BREREFOEN2HFHRUPFBRRALE o BFRE R O RE%R d kT

FNEGFEE LS A AERRN L ALY R

Gk RS 38 T AR 5 5 TY4XCCP Fa-6 ~ TY1XCCS Fa-1 ~ TY1xCCS
F2-2 ~ CCMXTY5 F2-1 ~ CCMXTY5 F2-2 ~ TY5XCCM Fa-1 ~ TY5XCCM F2-2 » $4 P8 5
i ERE 2 A s TYL ~ TY4 2 TYS > & %3] 546 CCP ~ CCS 2 CCM o 35
2016 # 59 170 BRF o PE AR GEE B 46 20 2 FH TR
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FIEAT 128 £ )% > A B %k & 5 (Fafard No.1, Conrad Fafard, Agawarm, MA) » 4%
352 BRI NBERFEIRFHNIIN6 AP BHIIE L 12em % 3 2
A F2-B AT LERFELZHRF(3ALIRE IF > o BEERFF D
o AN A RTREMA ) BESEARESR LB CEFELS P F
T iag % kB 5 1463 pmol-m?-s! photosynthetic photon flux (PPF) » T 3¥5p & 3
12-13.2h > p /%8 33/27C » #&%P F & % %% - = 7 200mg-L' N 2. 20N-8.6P-
16.6K ¥ ;% 1i# »x = > 5§l (Peters 20-20-20, The Scotts Co., Marysville, Ohio, USA) -
WA FICFREDF SN FEL KR TR HAT I

LA R AT 288 2 RAF(2x2x2.5em) 0 A H R R R T H S E
(RAIEE 25> 3 AIEFREF AP 24 FF)RE B VR L85
I FGEP RE3025Cep RERETE > 4S5 XFY 0 FHEKE G AHAE
WA OBEIZE Rcm R 2 0 F - B EFE IS AR P
B RFPEISEB L

A RBA AT LHRB AR TEHRERIEF o BRBITALAT A
Atk E B AL ARBLIEERA AN Som2Z Ak KERBIREY I ER T
ZEEBR R A FRASBFIFEBISALAAFERLEI ELBMH/E A o
ABEED P FEARTS FTHLID P AR AT R TR N 2
BREREBRI A2 Berma s NEad s Y 7 FARES SEE

*EEB % >4 83K 3 (Completely randomized de5|gn CRD) > # * CoStat6.4
(CoHort Software, CA, USA) %z it #8 i€ 7 B | % ¥ £ B & 47 (Least significant
difference, LSD) » ~ 47 ka2 2 % 3 B ¥ £ B (P<0.05) -

% % (Results)

z 3% % s TYIXCCS ~ TY4xCCP ~ TYSXCCM £ CCMXTYS5 2. Fo F & j&
FOTHEMR LR Z R VAL MREFEFFEIERFILRFETEE
hE iz 7 BiEiE Sk 0 A8 5 TY4XCCPF2-6 ~ TY1XCCS Fa-1 ~ TY1XCCS F2-2 ~
CCMXTYS5 Fa-1 ~ CCMXTYS5 F2-2 ~ TY5XCCM Fa-1 ~ TY5XCCM Fp-2 » 2 & #%3 *

A7 L S TYL~ TY4~ TYS 2 B #8275 % 54 CCP ~ CCS ~ CCM i&— # 2
S A EGER B R T REA SRR RE 2 S A KR SAY B G
P R FER S DA i F RS ) BRE SR I E 1 TY4XCCP Fr-
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6~ TYIXCCS Fo-1 &2 TYSXCCM F-2 = & i3 s 3 52 3¢ ¢ FARES &
fafE(+ 8.1) -
TY4xCCPF2-6 th% &> th B % ~ P v F % ¢
ﬁ%?’ﬁﬁﬁ&’ﬁﬁﬁﬁﬁﬁﬂﬁ’ﬁﬁiaﬁ%%iﬁﬁ’ﬁﬁw’ﬁﬁ+’
RIS R E O PR R S ESRTT RN AR LW F KA TORED G B
3$rﬁyﬁ%£ﬁi£ﬁ5éMEMﬂﬁDﬁﬁﬁpﬁ@w%%ﬁ%¢’ﬁ@
PR B o PRBEl R TR BN RIE 2 RHSNSTA » =3 F ¢ RIgE
dRFE O TREAERRG S ERT RA & 50 (4 82K 81-83)
TYIXCCSFo-1 thB & AR~ EF 2 1 ¢ 33 EHRA - £L£ 7 %

-
Qo
o
ki
A\
=
=
1\
g e
am
&5
H\o

22

ﬁ%?’ﬁﬁﬁﬁ,ﬁﬁﬁ5ﬁ&ﬂi’ﬁﬁﬁaﬁ%%&&ﬁ’ﬁéwnﬁﬁ+’
R R E o P ERR S SR RN PR S F A TERRD G B
dd#c—fE CWL G AR Kz RHS 65D > § B » B4R 457 & o &
Blpgpd #cd 8> RBES S T RPir RBP R E2d RHS 58B P Bt &
¢ fiiz RHS 65A > T4 FehpigEd % > ThASHRLE  ERVEA L LA
F(# 8.3 ] 8.4-8.6) -

TYSXCCMF2 $hf 4 BE B BH T+ 25 ¢ 5 E1R L7 %
End Eamrx L8 gAY 2 o g
R MR E O PRk BT ESRTT AN Rk S W F KA oD
d fic- fBo T e L BEd % RHSTIC 3 P Bl RBIARE 5] Bl
- A PRBBSEE T REBI} RIE ¢ RHS 61A > 4 F et Rigpéd &
oA LEFRLE ERTRA G LA E(L 848879

243 (Discussion)

PRIV ERELZEY LA RGFECEIR DR A ¥ 7L p
R g2 B IREY FiRidontc BB RE TS % % (Miyajima,
2004) 5 £FD P AT E TN L EWE LIRS MR R L LT
FoEhl A PR R f R 0 e EMRE T R P B R 0 R £ R
A EpRAAFES (M 2013) EFRRLSEE AR AF L2 A 2 )
WA A ERA BRI VER F R A RGER D AR AR A
o MEEF PR EL & (R 8]
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EFERLp P %Tﬁﬂﬁﬁ?ﬁiﬁﬁé\ﬁ%iﬁlﬁﬁkiiﬁfﬁi&
FoBEM KA MATL IR E B L AT RENY T AR P 1961)0
PR %2 EEHER D - $E 42 I (Chen etal 2012) » REpR S £d - $1E
BAFGHI(F e ) T SER R RLB RS LTI e ddggEnd
PR EANER > W R AT AN S ERGH R FEETHER 0 BB 0 BT ES
(Chenetal.,2012) » &+ 2 25 X {sd P GERLMHR(FT F) E\‘{%ﬁé 5 A
7 NARAE G REAERGF 2 F) B AR R 2 R A G
FEOBRHEENLBARFEAMROE - kR eI AR EEARG S

Ao RFEIBA2LFES KLY G
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481~ BRAREMRRFLD P F &,

5 E R

CETE SRS B RlE S TR F R G

Table 8.1. Horticultural trait comparisons of plant height, plant width, lateral shoot number

and cutting survival between 7 selected periwinkle lines and commercial cultivars.

. Height Width  Lateral  Flower  Cutting
Cultivar ) )
(cm) (cm) shoot  diameter survival
no. (cm) (%)
TY4xCCP F2-6 12.7 cde*  26.6 abc 80b 3.1abc  79.2
TY1xCCS F2-1 13.0cde 24.1bcd 4.8c 3.0abc  86.7
TY1xCCS F2-2 122de  27.6abc 56bc 24c 69.2
CCMXTYS5 Fa-1 16.1 bcd 25.2 bc 4.6c 3.0abc  26.7
CCMXTYS5 F2-2 17.1bc  23.8bcd 5.6bc  2.6bc 81.8
TY5xCCM F»-1 164bcd 234bcd S4c 29abc 724
TY5xCCM F»-2 13.7cde 30.2 ab 6.2bc  3.0abc  91.7
Taoyuan No.1-Rose Girl 22.8a 20.0 cd 6.8bc  2.6abc  82.7
Taoyuan No.4-Summer Snow  19.3b 18.3 cd 6.0bc  2.6abc  43.7
Taoyuan No.5-Red Lady 15.6bcd 15.8d 44c 2.6abc  85.4
Cora Cascade Polka Dot 13.0cde 342a 102 a 3.6a -
Cora Cascade Strawberry 96¢ 29.8 ab 10.6 a 3.4 ab —
Cora Cascade Magenta 12.0 de 26.4abc 102 a 3.5ab —

Significance

skekk

skeskeosk

sk

skeskesk

TY1, TY4, TYS5, CCP, CCS and CCM are Taoyuan No.l- Rose Girl, Taoyuan No.4-
Summer Snow, Taoyuan No.5-Red Lady, Cora Cascade Polka Dot, Cora Cascade

Strawberry, and Cora Cascade Magenta, respectively.
Z Mean separation within columns by LSD at P < 0.05 (n=5).
“*Significant at P < 0.001 by t-test within cultivar.

— indicates seed-raised cultivar.
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% 82, £¥ReEL-p p 5TY4 x CCP F2-62 ‘+*Flw 5.-% £ ~ ‘Cora Cascade Polka
Dot’z_ 4 % -
Table 8.2. Characteristics of double-flowered and trailing periwinkle TY4 x CCP F»-6,

and its parents ‘Taoyuan No.4-Summer Snow’ and ‘Cora Cascade Polka Dot’.

B Mk % | TY4xCCP | & [ ¥*Blw 5.- | & | Cora Cascade
B % | F2-6 | L E 2 | Polka Dot
1 A 3 | k= 1 | 2= R
* |2 | % (cm) 3 1140829 |3 [19.3+0.6 |3 |11.4+23
* |3 | k& (cm) 7 1257+3.6 |3 [183+3.8 |7 |27.4+82
* 4 |TFFERE 3 |3 1 | #8833 |1 | & &8s
5 |-=&4# [3 [51£15 3 |3.7+1.1 5 16.4+0.8
6 | ==~k 3 ]25+1.1 3 |2.3+1.1 3 |2.6x1.0
+* 17 | EF 3 | #FFA; 3 | #FF17) 3 | #FF17)
* |8 | #£¥ £ (cm) 3 |5.6+0.4 3 14.6+0.3 3 14.5+0.9
* |9 | £¥ % (cm) 3 12.3+0.3 3 122+0.2 3 12305
10 | F5E 7w 5 124403 5 12.1+0.2 5 12.0+0.2
11 | &85 9 |3 9 |7 1 | &
12 |ELpap|s |7 50
-RERAR R
* 13 | EEpk 1 | & 1 | & 1 | &
14 | i 4
* |15 | g% R |5 |0 5 |¢ 5 1°
16 | 145 (cm) 5 11.5£0.2 5 | 1.1+0.2 3 10.40.1
* |17 [ EREREF |3 |3 1 | &&4&35 |1 | &8 4&5
Fid
* 118 | EAAE 2 | 7 2 | £ 1 | E7%
+* 119 | #iZ(cm) 3 13.0£0.2 3 |2.6+£0.3 5 |3.6x0.4
+* | 20 | ¢hEERE S 3 |EMRE |3 [EkEE |3 |EikkRE
+* [ 21 | eh ¥Rk 1 575 1 I 1 I
O[22 | ERETEAN (3 | B gk |3 | B K
)k 7} 77
23 | R R 5 |1.4+0.2 5 |1.2+0.1 5 |1.6£0.2
24 | £ &N |5 ]0.940.1 5 10.620.1
PR R
* 25 | FEEmrapEd |1 |1 1 |1 1 |1
#x
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doi:10.6342/NTU201603174



+* 126 | 4F 4 SfAm
Rk R
027 | TEHER G AR RHS RHS 1 [ RHS NN155D
7R ¢ NN155D NN155D
* |28 | TETEL Gos R
K
+5 129 | B 7 7 9 |7
* 130 | PB4 E g g5 g5
]
* 131 | PR BlpEd Kk 1 1 1|1
* |32 | mBElgg # o L[ e
EIR
* 133 | RBEIpRIES RHS RHS 4 | RHS N57A
N57A N57A
* |34 | B RS
+ 135 | FFEFISER 4 |RHS61B
g
* o136 | FEF SRR ol g 1 [ R%
g
37 | TR g R A 7 7 9 |7
38 | FEEEeh gk %) 7 7 9 |7
* 139 | A EER & & 3 | &
40 | A+ BASE 3 1%
-TA |
P
41 | H 7 e
2 PR P
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B 8.1 ¥ p p % TY4xCCPF-6 > 1hPR(A)E 5 4 B (B)
Fig. 8.1. Whole picture (A) and inflorescence (B) of double-flowered and trailing
periwinkle TY4 x CCP F»-6.
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Bl 8.2. TY4 x CCP F2-6 ~ “‘#*Flw 5.-% 2’ ‘Cora Cascade Polka Dot” > tx f& (A) &
=B # B (B)

Fig. 8.2. Whole picture (A) and inflorescence (B) of TY4 x CCP F»-6, ‘Taoyuan No.4-
Summer Snow’, and ‘Cora Cascade Polka Dot’.
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B 8.3. TY4 x CCP F2-6 ~ ‘¥* Flw 5.-% 2’22 ‘Cora Cascade Polka Dot’ i /i it m &
BlHm(A)Z E S D52 F 5 (B)

Fig. 8.3. Front-views and side-views of flowers (A), and front-views and back-views
of leaves (B) of TY4 x CCP F»-6, ‘Taoyuan No.4-Summer Snow’ and ‘Cora
Cascade Polka Dot’.
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% 83. £/ EL-p p FTY1 x CCS Fo-1& ‘¥ [ - §-323-% 3% ~ ‘Cora Cascade
Strawberry’ 2_ }4 5}k o
Table 8.3. Characteristics of double-flowered and trailing periwinkle TY1 x CCS F»-1,

and its parents ‘Taoyuan No.1-Rose Girl’ and ‘Cora Cascade Strawberry’.

B ok % [TYIXCCS | & | #*Fl- %.- | ¥ | Cora Cascade
5 B | Fo-1 B | IR A 3% | B | Strawberry
1| &3 3 | k= 1 | 2= 3| kE
* 12 [ #k® (cm) 3 [129+2.0 |3 [16.622.5 |3 |11.1%2.3
* 13 [ #F(cm) 7 [251+£55 |3 |164+3.2 |7 |29.3£3.2
* 14 |FFFEERS 3 |38 3 |33 1 | &8 4&33
5 - & A 3 |13.6+0.7 3 12.8+0.6 5 17.3£0.9
6 B AR i'd 3 | 1.1£1.0 3 | 1.8%1.2 3 3.3+l
+* 17 | £ 3 | ¥R 3 | ¥R 3 | ¥R
* |8 [#ELE(@Em) |3 |56+0.6 3 | 4.7£0.7 3 |5.6£0.5
* 9 [#££%(m) |5 |2.1+£04 5 11.8+0.3 5 124403
10 | #£5£ 5w 5 12.7+0.4 5 12.6+0.3 5 12.4+0.2
11| 48 9 |7 9 |7 1 | &
12 | Eifsgsa|s |7 517
AL R
* 13 [ EEmk 1 | & 1 | & 1 | &
14 |k d
* 15 | EEsd R |5 | ¢ 5 1°¢ 5 1°
16 | £+5 & (cm) 3 |1.34£0.1 3 |1.540.3 3 10.5+£0.04
* (17 | ERwEa EF |3 |38 3 |3 1| & & 4®ss
y
118 | TR 2 | £ 2 | E7% 1 | E#%
+* 119 | #/Z(cm) 3 [2.8+0.2 3 [2.7+0.2 5 |3.5+0.7
+ 20 | fhEeps 3 | EkRE |2 [E&ERE |3 | EKRE
+* 121 ok ek 1 R 1 575 1 R
HEOL22 | EFEEMAP (3 [ B K |3 | B E R
PR ) )
23 | R R 3 | 1.2£0.2 3 [ 1.0£0.1 5 11.7+0.2
24 | EM-54E0 |3 0.840.2 3 10.6£0.1
PR R
125 | e Es |1 |1 1|1 1|1
e
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+* 126 | AF ¢ SfEmR
R
* 127 | PR e AR RHS65D RHS68B |3 | RHS65A
il
(28 | TEFED G R
ki
+* (29 | ] ¥ 7 9 |
* 130 | B BlARET T ¢ oE g5 g5
& =]
* 131 | PeBlgEd Bk 2 1 1
* 132 |mBlEsEd £ RTo i 2 | %
EIR
* |33 | PRRBIpMRIE 4 RHS58B RHS61C |4 | RHS61B
* 34 | B R g RHS65A 3 | RHS65A
+* 135 | FL SR 4 | RHS60A
¢
* 136 | EEFHRE 4 S 1 | &%
¢
37 | G R A } 1 9 |4
38 | TEEEeh Hak %) % 4 9 |4
139 | TRA AR & & 3 |8
40 | A+ RASFE 3 1%
- B
P
41 | H 7 Eyen
2 FF RS P
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B 84 £¥RZLAIp P F TYl xCCSF-1 2R (A)E K #F 8 (B)
Fig. 8.4. Whole picture (A) and inflorescence (B) of double-flowered and trailing
periwinkle TY1 x CCS F»-1.
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Bl 8.5. TY1 x CCS Fa-1 ~ “#* ] - H-ze 3% 3%’ 2 ‘Cora Cascade Strawberry’ > & P&
(A& =B # B (B)

Fig. 8.5. Whole picture (A) and inflorescence (B) of TY1 x CCS F»-1, ‘Taoyuan No.1-
Rose Girl’, and ‘Cora Cascade Strawberry’.
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B 8.6. TY1 x CCS Fa-1 ~ ‘¥ F]— ¥L-32 3L+ 3% 7 ‘Cora Cascade Polka Dot’ i< 4
ERG(A)ZETE S EF e (B)

Fig. 8.6. Front-views and side-views of flowers(A), and front-views and back-views of
leaves (B) of TY1 x CCS F»-1, ‘Taoyuan No. 1-Rose Girl’ and ‘Cora Cascade
Strawberry’.
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*

84. £ Lp p FTYS x CCM F2-22 ‘v [F T 5.-4= 4%’ ~ © Cora Cascade
Magenta’z_ 14} o
Table 8.4. Characteristics of double-flowered and trailing periwinkle TY5 x CCM F;-2,
and its parents ‘Taoyuan No.5-Red Lady’ and * Cora Cascade Magenta’.

B ok F | TYSXCCM | & | ¥+ T .- | & | Cora Cascade
B B | Fp-2 B | Ak % | Magenta
1| &3 3| kE R 3 |k
* |2 | ¥28 (cm) 3 | 14.8£2.3 5 | 16.6£2.5 3 | 11.3x1.6
* [3 [ $k % (cm) 7 |28.7£3.9 3 |16.4+3.2 7 |27.1£3.0
* 4 | FFELG 3 |38 3 |33 1 | & & 4&33
5 |- & A 3 |14.5+0.8 3 |2.840.6 5 16.6+1.4
6 | = A idk 3 | 1.8+0.9 3 | 1.8+1.2 3 [3.5+1.2
7 [#9 s [eep 3 [eepvy |3 [#em
* 8 | £¥ £ (cm) 5 5104 5 14.7£0.7 5 |5.7£0.5
* 19 | £¥ % (cm) 3 [2.0+0.3 3 |1.8+0.3 5 124+0.2
10| 5% &85 5 12.6£0.3 5 12.6+0.3 5 124+0.1
11| ¥ &g 9 |7 9 |7 9 |7
12| L apgeEE |5 |7 5 ¢ 3 |3
- A R
* 13| E¥my 1 | & 1 | & 1 | &£
14 i d
* IS|E£EE%F 2R |5 4 5 v 5 v
16 | £+ & (cm) 5 [ 1.1+0.2 5 10.9+0.2 3 [0.5+0.1
* 17| EWwLw =7 |5 |° 5 (¢ 1 | & 4,33
y A
w18 £ a Al 2 | 2 £ 1 E
+* [ 19 | =/ (cm) 5 |3.0+0.2 5 12.7+0.2 5 13.5+0.4
+* (20 | oHEER S 3 | EMRE |3 |EMRE |3 |EMRE
+% |21 | eh ALK 1 57 1 575 1 R
|22 [ EFTERAN |3 | B EKk (3 | Fe R
) % %
23| SRR R 5 | 1.1+0.1 5 | 1.0+0.1 5 11.4£0.2
24 | £F-SAER |3 | 7.00.1 3 [0.6+0.1
PR R
* (25 =R s |1 |1 1 |1 1 |1
e
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+* 126 | 4F ¢ SfhmmR
LS
* 27| VR B AR RHS71C RHS71C RHSN74B
57 d
* |28 | FEEED B o
B
+* (29| } 1 L
* [ 30 | P Bl Ap £ - ] 25 g5
7@; R ,J.
* |31 | Bl K 1 1 1
EIEYELY T i i o
L
* |33 | BN RES RHS61A RHS61A RHS61A
* 134 | pRERE S
+x 35| %R RHS61B
g
* 36| FHEF T RIE N % N
g
37 | T i RAe 7 3 L
38| Ergaal |9 |4 1 j
* 39 | oA &R & & &
40 | 85 G A SAE 5
AL
23
41 | @ 7 iy
2 e P
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B 8.7. £¥ L p p % TYSx CCMF2-2 2tk (A)¥ i 5 £ B (B)
Fig. 8.7. Whole picture (A) and inflorescence (B) of double-flowered and trailing
periwinkle TYS x CCM F»-2.
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(A) TY5xCCMF,2 BB A3k -4c4  Cora Cascade Magenta

Bl 8.8. TYS5 x CCM F2-2 ~ “¥*[F] T 5L-= 43" ‘Cora Cascade Magenta’ > tk e (A)&2
=B # B (B)

Fig. 8.8. Whole picture (A) and inflorescence (B) of TY5 x CCM F»-2, ‘Taoyuan No.5-
Red Lady’, and ‘Cora Cascade Magenta’.
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B 8.9. TY5 x CCM F2-2 ~ ‘¥ [F] T %i-i= 4% ¥ ‘Cora Cascade Magenta’ = i & & &
BlH(A)E EST R EF G (B)

Fig. 8.9. Front-views and side-views of flowers (A), and front-views and back-views
of'leaves (B) of TY5 x CCM F»-2, ‘Taoyuan No.5-Red Lady’ and ‘Cora Cascade
Magenta’.
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ES 2 4 AR ISR,
13 Feheith

Chapter 9. General Discussion and Conclusion

P P % [Catharanthus roseus (L). G. Don]f& Z-}4 (trailing) & f8 3§ & w s b 2 4432 >
T# kLY FFE € § Cora Cascade Series (PanAmerican Seed Co., 1997) »
Mediterranean Series (GoldSmith Seeds Co., 2010)% Boa Series (Floranova Co., 2009)
FEMA(M2013) 3B i H (TP > 7 TfEH - ¥ R L2 ) @ (prostrate) 2 & |
ARENTEFEEBE UERFRTE T REYE A L2 gL LR R
(Mirzaie-Nodoushan et al., 1999) o 4o 2 2+ ~ £ 4 ¥ 2 LE X ~ HH L E 7 E k-
BN SR EWE 2R R SE T LREYT AR FAE R

SAPPEARAR NI mR BEATE RN KRR SRR LNT
4 ‘1 (gelatinous fiber)(B] 3.3) > ¥ £ 5 F &4 M (reaction fiber)sF |+ » *+ 5k 4 fplir A
SBmre ¢ 8 S F I EH B e BB 3.4) # X a0 8N Lk (Acer rufinerve
Siebold & Zucc.)3& # Blir £ 4 2 F Ji4p 17 (Nakagawa et al., 2012) - & £4]p p % 7
LA FtAEERL  KEFERAIRBEER(FZF) -

P P % % €4 i The International Union for the Protection of New Varieties of
Plants 1 $4] *F LR 5 27 b 2 MATR 2 BB Pk o e AT 3 iRk ) L £
&ﬁiiiﬂﬁﬁiﬁﬁfﬁﬁ—%iﬁiﬂ%ﬁﬂ’fiiﬁ%%%%y;ﬁ
Bt ART Ll Lt 2 A% 2P pF Ly Ase o RL]
BBﬁﬂiﬁﬁﬁﬁnaﬁﬁbﬁﬁﬁjﬁ(%miyﬁjg ;
FHRAE AR AR(FT §)

Eased ¢ B ERAL R B M APFONEE LS T30 N ¢
3L B mﬁiﬂ RO Bl e TR e et B R
(Crivellaro et al., 2012) - S aim?e & § A Fonrt s > a2 flawe 1 & § F
gl Boen L $F G (Evert, 2006) 0 @ ay A SR 82 R LR a0 F 2 25 X 4 RS
A2 RAfR S EA

4 s L (Clematis maritima L. 2 C. vitalba L) & @ Bt 5] § g Ffifc a2 £

% #ic(modulus of elasticity * MOE)# % » F]ypt £ M4 F @

o H I A A2 AR % MOE ™% » 4 3 M > 350 F A2
A5 i (Isnard et al., 2003)  f& & R -4 &-f82 & > 12 ‘Cora Cascade Strawberry’ +* ‘Cora
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Cascade Polka Dot if { #k { &> & 7 424 + ¢hZ B > @ ‘Cora Cascade Strawberry’
AR 3847 ik v ) 1t ‘Cora Cascade Polka Dot’ # » F]t 3k MOE T /% > i85 { %
Fo IR OISR LIRAILZI ARG AT Ra AFINEEI0CEE R
FrgLoierh > L6 PERIEE DR B FF 2 - (% )°
PRPERLMRIL] b AR aT mon- i ARl y(Fe ) Bt
PP EApARE R0V by L RS T 2 E BLERDE R LR e o B

AETIRERRE L s me £ AL e BEERE T A s e F

124
Sl

= (Gorshkovaetal.,2012) > wx4a B LA p P HF 2 famiz 73 R 2wz & L B iw
it E > Tt F R R E R R E AL S e R AT R & A
wmre BE(% = F

Secondary wall - associated nac domain protein (SNDI1) » & # %15 B 24| 2 ‘we

— ‘m\‘w

o NAC Secondary wall thickening promoting factor 1 (NSTI) &

REeN & = 28 g %]+ (Zhong et al., 2007) » ® [? & 9% (Arabidopsis thaliana L.)
nstl/sndl BE€ 2 BHR 2B Qw2 BB RLAp p F2 BB himeipin o Fp
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EERFIVH TP P HFEF - A FE A > B L5 CrNSTL > 822800 A
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PR 5R 28 HY 2 T4 (Ball,1998) @il $enita, a1 iid £ £ 8
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(Kulkarni et al., 2005a; Milo et al., 1985; Simmonds, 1960; Sreevalli et al., 2002) o A =
T dp % o 4 (violet) = FREE AN s o 4 (pink) 2 ¢ 4 (white) =T 5 B iR o R
(Cherry) TE@s 3o s d & 27 4 & (apricot) & B » 5 do d oW A 4 TR G ¢
RS B G RS TR R S A BT 2 AT P A - HATS
o iR BRSNS CUES OEREONR S RS B 2w A 57 7 4% 1 (Kulkarni et al.,
2005a ; Milo et al., 1985 ; Simmonds, 1960 ; Sreevalli et al., 2002) - & ¢ =% + %
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Appendix 1. Corolla colours resulting from interaction between genes A, R, W, O(with

Om/o alleles), I, B and J in periwinkle.

A, R: cyanic

W: pink

O: orange-red

O™ magenta

I: pale pink

B: violet

J: rose

(modified from Kulkarni et al., 2005a)
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Appendix 2. Genotypes and phenotypes of flower colors in periwinkle according to

existing models.

Genotype Phenotype Reference

R W Pink corolla and red eye Flory (1944)

R ww White corolla and red eye

rrww White corolla

ARWB Violet corolla and violet eye Simmonds (1960)
A R W bb Pink corolla and red eye

A R wwbb White corolla and red eye

aaR _--, A _rr--, aarr--

R W -

R wwl

R wwii

Pr---—--

R W -

R wwO _, rrww O _

R wwoo

rr----00

R W —--

R wwOO--, R_wwQo--

R wwO™O0"jj, R wwO"ojj
R wwOO"--

R wwO™0O"Jj, R wwO™oJj
R wwooJ -

rr----0"o, rr----O" 0", rr----
00

R W --B,R wvO B_

R wwO"O"jjB_

R wwO"O"J B _

White corolla

Pink corolla and red eye

Pale pink corolla and red eye
White corolla and red eye
White corolla

Pink corolla and red eye
Orange-red corolla and red eye
White corolla and red eye
White corolla

Pink corolla and red eye
Orange-red corolla and red eye
Magenta corolla and red eye
Scarlet-red corolla and red eye
Rose corolla and red eye
White corolla and red eye
White corolla

Violet corolla and violet eye
Magenta corolla and red eye

Rose corolla and red eye

Milo et al. (1985)

Sreevalli et al.

(2002)

Kulkarni et al.

(20052)

Kulkarni et al.

(2008b)

(modified from Kulkarni et al., 2005a)
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