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Abstract

Poinsettia (Euphorbia pulcherrima) is a perennial woody plant belonging to the
family Euphorbiaceae and the genus Euphorbia. Being an important ornamental crop,
poinsettia is valuable due to its colorful bracts. Total poinsettia production is about 1.2
million pots and values at 120 million NTD, ranking second only to orchids in Taiwan.
Wild poinsettias are few in branches and sparse in leaves. Moreover, the plants can
grow up to three meters tall. Phytoplasma is the key factor that induces poinsettia dwarf
and free-branching. With these characters induced by phytoplasma, the plant
appearance becomes more compact and suitable for pot flower. However, on these days,
some of the poinsettia plants somehow start to grow excessively during the growing
season and cause huge lost to producers. The reason of excessive growth is supposed
to be leaded by phytoplasma. In this study, I collected some common cultivars and
employed real-time PCR technology to study the relationship between the number of
phytoplasma and poinsettia branching character. Moreover, I examined changes in the
concentration of phytoplasma under normal atmospheric temperature in greenhouse. I
also quantified the amount of phytoplasma with plants incubated in the growth chamber
under 15 °C, 25 °C and 35 °C to determine the patterns of growth and decline of
phytoplasma. As result, the amounts of phytoplasma are positively correlated to the
branching rate of most cultivars except Prima Red & Rose Star. The 2 cases might be
due to huge variation from statistics. After six months of tracing, cultivars grown in the
normal greenhouse exhibited lower phytoplasma in the beginning of investigation.
Along with plant growth, phytoplasma increased as well. During flowering season on
December, the amounts of phytoplasma raised. When it comes to the end of flowering
season, phytoplasma declines followed by the decay of growth potential which bracts

and leaves start to drop. The two cultivars growing in the growth chamber with
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controlled temperature are Pepride and Prima Red. Within the tracing of about half of
a year, only Pepride shows a significant increase of phytoplasma in the third month
while others remain no significant difference. The amounts of phytoplasma under 35
°C were actually declined continuously from the beginning. Because high temperature
poses great threats to plants, less than half of the amounts of plants were sustained since
the third month and, in hence, there is no statistically significant difference in the
amount of phytoplasma. The plants under 35 °C treatment then moved to greenhouse
for recovery and phytoplasma increases again. Thus, although we cannot ensure the
high temperature either harms phytoplasma directly or indirectly poses effects on the
survive of phytoplasma by causing growing threats to the plant hosts, we can still prove
that it is not suitable to grow poinsettias under high temperature. For commercial
growth, environmental temperature could be properly improved by shading or other

methods to avoid plant being exposed under overheated environment.
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% 3k = (Euphorbia pulcherrima) ®_+ %% # (Euphorbiaceae) =+ #%
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E

#* o8 31825 % > T EMIE TR ~ & Joel Robert Poinsette 4 #-F 3&ix

3 R Tl dh® < poinsettia TR H Lo P 19 & A Tk
BmERLF > F A0 XAH 5 2 H 48 E4F I8 2 — (Taylorer
al.,2011; Lee, 2000 ) -

Bkl chl T 4 ot R PR 0 Y Rz d hE N R

|-
¥
@

Qo
gt
-E
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- BHRBTE 0 ER G RS TBEE AR Y 4 T B B E
G EpR ] s AR b B3 TR 2 L % & (Lee, 2000) -

- Bdeo AP BRG FWEC ST A A A AR AT BE G 2 ik
€5 ~ & 3 j& ke ¢ branching-restricted 3] 0 14 2 7B 5 B ARG ~ RS R R
% ¢ free-branching ] - % Stimart (1983 ) 3 ¥ | * dfeen sV iREE ] F eh
4Kt FIES 7004 2853 0 &3F & free-branching 3| chEF yEi- RPN 7 ¥
FEEAF T ANERAIL BRI A F BARE S N RJL (S free-branching

SIS S R o I P he % & AT4R#E v free-branching H* R {E € AR
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( Stromme, 1994 ) - @ EE’;;T{:@T}\# f},}ﬁi (Poinsettia Mosaic Virus, PnMV) k|45 #_#7
7 free-branching i $ b #Ra AL IR 0 T a5 wesg 3 3 ",ﬁ% s (LA 2
AR AR ﬁ‘u{?x £ 4 Fo g PnMV 7R 43 375 At branching-restricted 18 # ¢+
Zdwpl 4 dads (Leeetal, 1997 ) o & i AP FMTTREH T > JRE N BIER T
HARER ARSI RAGARE 20T sEc? BT AR Ltk i & (Dole&

Wilkins, 2005; Taylor et al., 2011; Lee, 2000 ) °
BN S 4 STy

SR R RS & IR b Tl RS R
EH TR B FRDE PR ZFE Y Fle T RERIVS G L IR
BB it Bl A RFFANES6 A E 46 Fh R FF 94 BEF
B34 8 FRE AR AR BRAT G F BT IR E LR
®REA R FIUR 4 F & % 2500 ppm wilei-T i (Indole-3-butyric acid, IBA)
2 1500 ppm IBA ;& & 500 ppm % ¢ fi& (naphthylacetic acid, NAA) o 3+ 3& 4~ »
KH R34 % 0 d W AF AE T ROk R A A E o L7 e i
VR ARTA 0 R R BEGE R AR B R F S A RBRRR -

BEJFAFRT BB NE A RN L RFR O R ABRE T8 € E
R RS BB R @ 2 R PR GRS R 0 R
@ﬁ%ﬁ@i’&ﬁﬁ?%ﬂkaﬁﬁiﬁ@W#“mwwi( % 452010)e

FREHJZBEDDFRG TP+ 220 THFR T T EMEFIIIN @

ﬁ%gﬂp4mm4mmmw?%ﬁ%i%?ﬁ%ﬁ%@ﬁf’&gﬁﬁﬁﬁ’
F 2 2R RPRETL2E FL2IEER R
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R T B e 4 - S R o T/ié g & * A4 & el A e L
HiH gl E e £ o pREPN TR Gkt # G suF F (Cycocel 0 3 AL
CCC) ~ ¥ %% (Paclobutrazol » i £ PP333) ™ % F x4 & % (Ethrel & Florel) »
- g BRI E D] 1525cm B o S N R i 0 T ORI
ELEA PR {HFA(EEA 520105 EHE A 52009)-

Furfmp iy o RhAREZ I )FEX 008 RRFEWSERD E
B » 2784 EFg R m o A 94 7 ¢ Blahp R TR B AT A0

HNER c EXRYBEBFRE TR AL EHEIT > ABGPER AT FIIED &
PR EB L BB RN 1415 Bp P F 20 F AR T A i
R ¢

2283 FR 2R % (EF 4 52010)-

PP F S L e a3l 47 Tyl niEar o F 7 BB ERIRR
R Beam g (Bl- ~v A&7 FENRMEARARFERR- 2 Bl- ) FEpE
iR %-'E’—"’:é**a’#)j‘{,i R @R EFRESA A o FF AR ET 4
BRFHCEFDOREIRBEIDGEF A OSEY ¢ e TR E O A5 A
BoREBRPFAFVEELFT AT AL > PRIFLFN5~10%

d 2P me g T A LR EER S mF’Mﬁfim_uz R F A
fi H IS (Lee et al, 1997) 0 Bt fide i d e- 6 10355 % = &%
(diseasetriangle) h= B o » & Tk ML EFFTME - TFL 2
T H-IE AT HP R R e SRAERMES AT AF 0 R E A
L B R TIRE o FlES F TR B 5 stR (Agrios, 2005; Kaewmanee
& Hanboonsong, 2011; Chalak et al., 2013 ) » ##- 108 R 1T 5 %> F 1 * FRE
BRETFCERPMES AT HEE LT RS S FHE B AR R
real-time PCR 2 & Hjtrg it > 12 o Sf 2 7 R R Fant o
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4 AR (phytoplasma) 3 7 & iwme k22 & B wmpE > AL B R
PAFR s ARAEAY GHC 7 & Mad A% (Mollicutes) ~ & " § R 44 p
(Acholeplasmatales) ~ & *% i Jn #84% (Acholeplasmataceae) ~ Candidatus f o d 48
PATHEZNAIBEARE PP Gd BARAfoA SRBGH 5P
Fain: Lp4 H T (Kunkel, 1926) - - 2 5] 1967 & > Doi 1% ¢ + B ikbii %
% S5 (mulberry dwarf) ~ ¥ §7 % £ 5 (aster yellows) %5 1 ~ X &5enfe s

ka)

HpE o FRE AN T AFF L wiekE § A5 (pleomorphic) kA F o

—

P A B g R T ] (mycoplasma) 5 ] EEI 0 R 8 e e
Pt e R E  (tetracycline) AT 0 |4t Doi #-H & ¢ 5 mycoplasma-like
organisms (MLOs) (Doi et al., 1967) - & F| 1990 & s > &R &4 7 i
(Polymerase chain reaction, PCR) ~ 24| * & & & % 4|1+ (Restriction fragment
length polymorphism, RFLP) % & 3 # 4 B s BT > MLOs Al $78 + oh
ok g 2 o Mg {8 & 2004 & International Organization for Mycoplasmology
#-H iz ¢ % phytoplasma> » 2§ tr.— B #7e0/f Candidatus Phytoplasma 2. = (IRPCM,

2004; Namba, 2019; Rao et al., 2018 ) »
AP A AT )

EPATHLIEFL AFip AN g p LIS AFHE 2% 2L
£ Hcp = EH 4 (proliferation)~ {8 th4& it (dwarf, stunting)~-] & it (little leaf)~
% (wilt)~ E # F i+ (yellowing) > # £ (witches' broom) ~ 7= B % it (virescence)
2 =B F i (phyllody)~ £ % # 4 (proliferation) ~ E % (stolbur) ¥ o @3% > ;V5f
B3 0 T A B A (insect vector) ~ ¥R# (grafting) ~ w35 (dodder) #

4 ERE K Lengl i R B e 7 48 (leathopper) ~ # i (planthopper) v fi
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(psyllid) » ® * % = A 4+ (persistent) &4% (Namba,2019; 7+ 224k >2011; % -
2009) 0 * L 5 P AFRBH T A ERES F T (poinsettia branch-

inducing phytoplasma, PoiBI) &4/ & & (Lee, 2000 ) °
e AT s R kR

d %“*fa#ﬂm%'f%*"m7 PR A 1 A

<5

Kol @i md gl

>B\-

FoEW S RRFLRPF B RRALE AR AT bk LS SR

F A f4e pmMken™ 34 bilde poinsettia branch-inducing phytoplasma (PoiBI) - #%
- RS AT GRS nF A SR - B S S
AR SR A 17 F2 PR 2 ERaRnl 35 2R Lpsc o

=
—=\
Kt
R
koS
1%

R ESL R F b BT B EE T 2ol {

R e R FTME R E AL TRE 2 RS e BT
SRR RYps FREE (Seemiiller e al., 1998 )

LEAFAPFERNEOF R AFE L o1 BB B R B A 445
BT AT DL RIS o genif s AP F T s FL o BRI
E_Lee & 4 % % 16S rDNA £ %12 PCR # #~i& {7 RFLP +“ & £ B e % » B
L 41* 313 # R16F2n/RI6R2 (B 7| & 'k~ % — )PCR 3 tg ! 16StDNA # £0»
s F2nR2 % & f #& * Alul, BamHI, Bfal, Dral, EcoRl, Haelll, Hhal, Hinfl, Hpal,
Hpall, Kpnl, Rsal, Sspl, Taql, Thal, Msel 4v Sau3Al % 17 #&'34|f#:& 7 RFLP » 12
PR B I enA SEE AL S 16Srgroup 0 B 3 2020 £ 0 = 3 34 B (group) HA
i 200 B I; ¥ (subgroup ) (Caoetal.,2020;Raoetal ,2018) o #imenm 3> 54 4
38 4p i B (similarity coefficient) F > 4% 2 3% F=2Ny / (Nx + Ny) 3+ 3 strian
x fe strainy @ i strain 2. B4 & > H @ Nyfe Ny dp eh& strainx foy 4% 17 82
FIpFr B A2 e Bl > Ny RIEA B strain ¥ 05 A7 Ik hi B 7 ik
¥ 5§ - 1 strain 72 % 7§ 3 A8 DIy F 4P i (R CF 480 T 0.97 pF o ,Tff»gﬁﬁt
TLRATOLF  hok B H & L FHOF 80120 0.850 BIF 10 & 2 — @A77 (Lee
6
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et al., 1998; Wei et al., 2008; Zhao & Davis, 2016 ) - i5iF F it > 8 > g g 4 ¥
;}&:éa\-;%ﬁﬁﬁl{;:mfﬁ# ?ﬁ?%ﬁ%*’:‘%ﬂl‘ﬁ ~ % H ¥ (16Srll-H) (Leeetal.,
1997 ) A F S FMIFI-Fie s § 4% 2 8Y LT SRy AT M
e b kRS SRS R AT S ATy U R MEHEEL L
CHEEET I ERIF FIEE S TEGELRESE (B 2017) -

% Candidatus Phytoplasma /2. & » #3% 3748 ¢ 2 & The International
Research Program on Comparative Mycoplasmology (IRPCM) » # 2004 & i = £
o RF A - BATALEE KK 1200 bp 12+ 1 16S IDNA A FIR 7] > & ¥ &
B 16S tDNA B 7| & fekw iz im e 3 & cnfddp i & - > 97.5% (IRPCM, 2004;

Raoetal., 2018) -
B BRI R S B R 2 A M

&3k - (Hydrangea macrophylla) .3 % & i & kp B J 425 g s
(sepal) » &fcF 3 X2 PRIGENTF* 2T > EERY v~ % FXR
Gtk B A R LS IR TEH LR S % BT AR
S ¥ AR §NREI S FRI CHIFI IR AFEL A E
fx PP RE 0 B RIS A B %4 bR iTH § % 7| Japanese hydrangea
phyllody (JHP) phytoplasma g % > 4 ¥R -EE L » TEEF P EFRE%I o

F]#t & 2006 £ o Kesumawati ¥ A -2 4R AR R &% 6 Bk TR
§efp it f1* L F R LFF 4N F & (semi quantitative PCR) &7 3¢ 5 -
B 370 bp ~ © ik & 47 JHP phytoplasma 16S rDNA it 7 2 2 i i #f¥ (four-fold
serial dilution) > K R kA F| 4° R T LB T A % d ~ F%d ~ Fd St
A~ DNA » FHifFr & @%‘ﬁ‘ﬁ%\@k)ﬁ 472 e fs BRI i A DNA‘FK
AR F R AR F BB T A ’;ﬁr! ORCR AR ade o R AR A S g
FHEE SRR s c B FR ABd  FBI - FI BRTE R

FAd el AT RIER A NMHBIEEZH47 40 02 <400 a F

A
>
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PIA BB 4747 02 <4 7 g R S BIRIT L 0 BT R P
TG a8 d IO EFFTHEKEF FAEF S LT T AT
B0 B2 AP AT MORRET EpAkkERE R

FHEFATHARS SR EEBE B AARE - F AP R
I~ SRS AR

dobe A IMARBT R - EE LT b SR TGS FTHT R R
it fedop 4 & o Sinclair etal. (2000) ™ 4 15 %5 (Elmyellows) 1% 5 4454
R R A gy ] mfﬁl;}*ﬁf ( Frontier ~ Pathfinder ~ Patriot ~ Homestead ~ Pioneer £2
Prospector) #4847 [ Ml shidL A | o 4R X o 3 FA I 2 A
AEESATHE R GRS A IE AR R 2 aF A S

T

Fotgen-F|a 2P RS- cHF %02 5 REBEL D RS Nk
5B R A mfﬁ)}ﬂF ) FaiE- E SR f;‘[ﬁafﬁ: » 711 DAPIL ¥ Sk 2EH 2
nested PCR 1R /R] » FEil A1 thEc® > B FFHUHC £ > REERLT - o
% Pioneer 3 B cnSfb 0 BB 16 R HEHAY 0§ 13 R RS HT
oz #p s 5 1284k~ & F @& Leah&4a % Frontier-Pathfinder-Patriot>
X IMEF AT ME A > B3 AP EpM = £ = F4 4 Homestead £
Prospector A f&fifs B mZA{el FEFME 4 > &5 o FAEfER IS TR
Fefbrad R IoE > TF P &R R 8¥- up Lid FTHE
Fice ¥ LA %wﬁéwmﬁﬁﬂ‘ Tﬁﬁiéﬁ%m@: RS R R

Jarausch et al. (2000)R] 4 ¥ % '+ % § % i (European stone fruit yellows,
ESFY) &7/ % » * 2 m 2 B (Prunus) i € & m)fﬁ Z- 0 g E AR
B o 1R A B R G hd £ oo Jo Ry i Y chd 3 4R AU ESFY Ap $Hdgp o0
# ' % (Prunus domestica) > % £ * greengage (Reine Claude) ~ French prune (Prune
d Ente) #fE7 eng k& 7 16§77 FedT s E B RPFEFH T 07 82
(chip-budding) #6184 FF# > £ HL 6 & REHAHE B & @ * DAPI (4,6
8
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diamidino-2-phenylindole) ¥ % %4 &2 PCR Fr:lp %4 157 o &% % + > greengage
(Reine Claude) & 5 # > &5 & BATEE N RpH > 2 #F/p S Lo 5 Rz
5 @ French prune (Prune d* Ente) & % ¢ 23Rengf s IR T > 45 £

RRIERTEE > Rt e &
2 R RS [

4 FF T B R GAR AF 5 )]% ® 8 ARIEE O Blde Agrios * 2005
# #7 ¥ e Plant Pathology % 7 5% ¢ R >t e ﬁ%”wg@—, T se BRI ESF AT
Wi+ epE v LS8 A 30~37 Coks T 5 H B Bl 0 & LRE 30~50
Ce#-k 10 248 ~72 /> EF| =23 “f}?f%}%' GRS

£ b4 Kaewmanee 72011 # %4 g o § Iﬁa (sugarcane white leaf disease,
SCWL) %3 > 4 v 3ok £ 16SrXI group ena d» T H > ¢ @ 4 R P
EF#LZESE0 ER0 & et P REFH R EROEIEFENT =2
frJE 1 1. EiE A K-k (55C, 10min — 50°C, 2hr); 2. Fe ki ze
%k (50°C, 2hr — 5°C, 2hr); 3. ZFie#-REE & v RikZ 2 (50C, 2hr
— tetracycline 2hr) o & J2 i {6 efk ~ 12 nested PCR % real-time PCR & i#] »
nested PCR & Rlenig 3 ¥ o i2 7 Rok e il & b P RJL f ol F T HE 2 5
TRED] 7143 % vk > HApm ARG 4 R0 a4 5 ) 7 i &oreal-time PCR &
RIDGERY > LB B pde k< 9375 > R 25 IR AR BRI o B
Kow BE P ALY A MR £ 1/4000 0 B S F K AT e ]
£ 1/15 4k 4 J\/f@E—'_ﬁ RIFIT 5 /57 LAed G A0 0 adZie 2R

Fohkr R F VAR 0 R E FIRIEFERFESFE M (Keewmanee &

Hanboonsong, 2011)

2013 # Chalak % + 3 71 & "$ % % 1 Bois Noir phytoplasma (BN) » 7= & &
BoRiRE gl BER RS AU EEREFY > TR T T fERIT ]

#

M

ERReEE s T3 38 CTRAE 40 % 5 2, FMersn _E"Ta/xzé" 50 C #-k
9
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15~ 485 3. 3Ry e sRie 50 C #-k30445; 4 &84 L8l

50 874 Rghes s 7338 °C TEAH40X o BER ISR - NEfR £ %
F-E D kRt BT " s A& MV A R #5112 nested PCR B % - R& %

ORI TR A G R b o R BT 0 BkiRE T % 154 48 30
AR - B R RS g 2 RRRI R SIS A 5 g 1500 38
T RETHREA DI BAIL S FT AT - Rpd R T6% it FEH
FELERALBER > 0 36% ¥ - B3R IAI kS FTE 7 EN
I I RE R 2 RS RIS RRES AW e P e B R R T
ARG ES M P mpEl 50 C #okimie s T
"

38°C 3% HEf FF MG 4 { ~ (Chalaketal., 2013) -

=~ FyEe A E RS B4 o0 real-time PCR €& /i B e thp
R AR

OB ALY FEME 4 Tk (s AfE kP s # 735 Christensen et al.
(2004) 4345484~ (7] 548 9 16S IDNA 1 2 {8 4~ e 18S rDNA 4 %[ 3+ 7 % TagMan
assay freal-time PCR 513 #2245 4 (probe) » T & #P[HEFRITI0 T30~ T = 3§

e A # AT E S i TEEER AL 530 A 2305

i\

ZERT A —‘Ff 0 K- B #cE % o Christensen et al. (2004)~ 12 SYTO™ 13 green
fluorescent nucleic acid stain £2 Aniline blue % #| ¥+ = {54 FF W 2 HF3E- T
WA G > SYTO 13 P 5 DNA > Tt e 4 ~ {547 B 740 « RUH - H %48
ARG (S W RMMAAT € TR ; Aniline blue P % 247X F (callose)’ € R
R EFE A RRMET RS > AABEFT > ( FERBES AT
AR A T e

Klemsdal et al. (2004)~ 1345164~ 5 48 <7 16S ~ spacer region ~ #% /4 1 23S

rDNA B 7] > 2 % 48 % e11 18S rDNA 4 w3k 3+ % % TagMan assay 7 real-time PCR

10
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SIFHEFEE > RS AT AT IRP] 04 F o {o Christensen & 4
F e iPE o W PRt 1w BEEBEIRY TR 4 5 6 B & (node) > I E
WA EHEEE Y AR AT R T AR S PG 3 T B3R
ok MEIPREEE S FTMZIE FROEE A ERfe? 2
Pl e B - IFFEFFATHAIRE 00 A0 > 7 7 AN eSS
WEFEEURE A a6 BHEOST T HERE Y HhE AR A TS F
T aqede ¥ ot sink ehtiiz 7 £ L o

Lee et al. (2021)F # 4] * real-time PCR Hjivs {7164 A F 1 A sEio itk

N R RN T O T AT T SRS

IR ¥ AR EBL AT RATEATZERESER ¢ 2 E

*E’#"”Pﬂ?ﬁ‘%ﬁﬁﬁﬁn H =% aﬁx'fl«—vﬁ_" "/§$K‘$:Tfiﬁ¥ﬁﬁ%ﬁ\é?%
PER it R Ao s AR TR 0 BT g R S T B @ i

% ¢
HREFFTMER S > LA B HE S T I IMA 2 PR
PwmAFAELEPBEAREY L A hgnpy (00 ERE) B
PR AR TSRO R £ RER sink NS FTME 2
U AE A EHOR TS AT S S S LR
BLAAF L BRI MHOIED ST NIRRT P B RG o d A A
AR & Bl § 2 12 72 LB SR TR £ p R
PETEF AT, F o Bk > PoiBl & FFEC IR o # 2Lf a7 5

3 > #fT =% (lower source leaves) 17¢ # fof b dwie ¥ iy L boif & RIS R

R chie B o

11
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3~ g

< PR A F AR %O

AL R * NEFIEC R E B P F T R E S LA A S 32021 -
PRMTET B AEE P F B G R RO T (FLIEMA 5 5P 1500
ppm IBA & & 500 ppm NAA 3 434 » #F4E>78 9 F > L3l »oef HHER
FHERLF 30085 1 A48 FHFEFRERME S KAA B3 EFR
oAz o REER O SRRTAFERR A PR g PRV hEfE

¢

\\\?{r

T I LA PEA BEA AR LA REE R 2 A

(Princettia ROSA) ~ # ‘= (PrimaRed) ~ & [F] # (Christmas Mouse) > 4 & {4k 4% ¢

}‘a

# 5 = (Lemon Snow) ~ ze3 = & (Rose Star) ~ F & (Noel) > 14 2 A fop sk 4
i ez 4] (Pepride) ~ = 5k %% (Red velveteen)frw % ¢ % (Luv U Pink) &4~ &
ROk iR dok - SF ERBEOd BR LT CEFERE L - B

AR RS AWML PR R MR o
NRTEF Rt St

gAY S AT AR T EATEREIRS R R (B2)
FREF Y TEERE - FRHANIT 25 BF E£5 01 g 53 2ml
Eppendorf® Safe-Lock Tubes ® (Blz ) 3 » & 374k 3k ¥ Geneaid® Plant Genomic
DNA Mini Kit (GP100) % - # 22 400 ul GP1 buffer f= 5 ul RNase A » 3% % i¢ *
SPEX SamplePrep Geno/Grinder” 2010 & i e 347 4= F 3577 4% > 2 1400 rpm -
305 @ = #ff A L BIDF L o

BT s 5}?&'—:”2‘2 e kit ;fﬁ 7 8§70 4~ 100 pul GP2 buffer I i * vortex ;& 3 >
& F kip 3 448 5 #Filter Column 2z » 2 ml Colletion Tube * A L R
Filter Column # rz 1000 g &t~ 1 # 48 > & F 3 Filter Column ; jg 1% # I #7e0

15ml g g @ > & f4e » 1.5 B 884 <0 GP3 buffer (% 750ml ) t& = ¥ vortex

12
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5 #) ; # GD Column *z » 2 ml Colletion Tube ¢ > =2~ 700 pl ;& fed= 4 » GD
Column # + 2 14000~ 16000 x g & 2 A 45 S|4k 21 i 3 £ 4T — = 14 4 2 »
B | TR & p e B s & GD Column @ 4 ~ 400 pl W1 buffer » 12 14000
~16000 x g &< 30 5> & F H w21k 0 3% F 40 » 600 ul Wash buffer> £ 12 14000
~16000x g s 30 Fj  F R RFZ PR F FE S S F M AAT & GDColumn
P ¥ e~ 400 ul @ $HEpE 3] GD Column @ 12 14000 ~ 16000 x g &< 30
o T RG> Ridpe 34484 GD Column ™ 57 > 3 ¥ »t #7715 ml 4
AN "F‘:‘ ¢ o
ERFIRE LR 2o 60 °‘C #7100 ul TE buffer [10mM Tris-HCI,
ImM EDTA, pHS8.0] B~ it kit ¥ & elution buffer » 4r » GD Column % # 3~5 4 45
FH = >ofc 0 B 1511 14000 ~ 16000 x g &t~ 30 #;# DNA d GD column ¥ %
e F B~ % = ek & DNA 12 Thermo Scientific™ NanoDrop™ Lite

Spectrophotometer B & 1ife kB B ¥ B % 1330-20 Crkfa® » s fadrie ® o
= ~ Real-time PCR & * e151 3 % ~ 54> 2 K B2

f1* Marzachi and Bosco (2005) % 3+en51+ #+ (CYS2Fw/CYS2Rv) % #%
& (CYS2probe) » 3 tg4e 4+ 7 4 - £ & 98 bp 9 16S IDNA & 7| ; Tk + >
Rli¢ * Christenseneral. (2004) #7337 # g - £ 68 bp 18SrDNA 3l &
2 OIE 4 d A% f’rﬁ R pEH G L A7 K1 Plant68Fw ~ Plant68Rv ~
Plant68probe fi-r¥ » 3Ffm 5 7 L £ — o

fE4» 2245 4 F 8 real-time PCR eni F R+ 5 10pul> 29 & 7 5l
Applied Biosystems™ TagMan™ Universal Master Mix II, with UNG ~ 0.5 pl Applied
Biosystems™ Custom TagMan™ Gene Expression Assay, FAM (z 18 uM forward
primer ~ 18 puM reverse primer ~ 5 uM probe) ~ "2 %2 4.5 ul )k & 7 20 ng/pl ik »
DNA - i& {7 real-time PCR # * 1% % % Applied Biosystems™ QuantStudio™ 3
Real-Time PCR System > 12 QuantStudio™ Design and Analysis Software v1.5.2 :&

13

doi:10.6342/NTU202202622



PR BT O RRFRF BFEEE ERE Rinth > #7if » CYS2 : hold stage 50
‘CHpa 3 »45-95'CEitpE% 5 ~ 48> PCRstage95°C #1415 #5-60°C Ak
EFEEREF & 1 A48 (7 45 B a%k (cycle) ; Plant68 : hold stage 50°C
ipEs 2 A48 95'CEit g% 10 ~ 48> PCRstage95°C %41 15 ) ~60°C 3k &

Flx BEF o | Adho i 40 B 5%k -
=~ 221§ real-time PCR # % ¢ &

1@l 85
F1*  Invitrogen™ TOPO™ TA Cloning™ Kit, with pCR™2.1-TOPO™ > #-
CYS2 £ Plant68 7 PCR # 4 @ = & = 548 DNA > §| * # ik 5. (heat shock) 2
7 (transform) I + % 4% A T %% > B AR40T D E-opl £ 2 F A4 ~ 100 pl
BixmrE? > BFR G 0541 spin down #rw > skip 5 448 EF 40 C
R Y AR ARIZ A0 F) 0 B R kiE Y S A4 ARk R o A r 250 pl
* z 44 F e i LB 32 % A (Lysogenybroth » LB) » »* 37 CT » 12 200 rpm
REBE- P B SRR F A% X-gal (5-Bromo-4-chloro-3-indolyl B-D-
galactoside, BCIG)¥? IPTG (Isopropyl B-D-1-thiogalactopyranoside) % i LB 32 %
AYEy GG 37T CHEEY16 ) FREPERBY ¢ HEF > LB EWATHLB
=] Ak $2 E_k o
Bighe ¢ FELYRATRELASFHLGG UL LA OFREARP 77
TEFHDNA® Rl PR * 2 LBRAA 1237 C~200rpm 32 %
$ 16 /] P> #t5 & * Gene-Spin™ MiniPrep Plasmid Purification Kit - V3 % it %
i o
Mt 4F e R84 * nanodrop € DNA kA& (ng/pl) > o 2 5o F R R 5 2
» FH e CYS2 Plant68 PCR A 4+ & 7| » 7 K@ € e F s 5 £ > it 3 4

MZH R R > & ul P B 5 55 B copy number -

14
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2. Real-time PCR

AR e (7 B AR 0 B PIRA M0 1000 ng/ul o defe b ek g iE
B0 & R4 et DNA B ie (72 £4F AL > £ B ¢ kAN 1 1
WEY g B EFHCrEe kAR E L H#k R (log concentration) ¥
Cr Eempw b B 4 i&{ﬂ.ﬁ @ 4 (standard curve) s = i — #1730 250

Bl AR E o

AREANHV BRI A BRI ARE oML I 2 F R E B
ST P OtRITL O EA - FRTAEN- BB F-RIBTTI0H > 2k
RY oA B EEG R ORT R 2R SR R A i g > KA
BHE R0 10 &0 T AT tbzf@éfwn&fi?ﬁﬁ?’”ﬁ“%iﬁ%jﬁ P EF ALK
PR RFALESERSHI AL EAANPE (FI ) By Al o #
* SAS Enterprise Guide 8.3 #it#8z. B & AR 43] » 2 Tukey’sHSD # 2% F &

M2 bo | T TmE R EELE (p<0.05)-
= ~ Real-time PCR T_& » 7 T 3&i- £ 4 ) F 18

1 By iR
LRSS AR A A 54 (S & amE L o real-time PCR FF5 B 1 A

PEEFZEH O BTHOCIERAR M RA S FEHNREL 050 E

She

TRIE o - B A EEFRIE S AWM CYS2 2R £ {4 o0 Plant68 > $F
BRI 5158 > #5 B Cr L’é‘F"’S:}ﬁ;% % copy number » CYS2 #7i% % 4 %+ > Plant68
(i »4’fwmwmymﬁwﬁ#ﬂE*ﬁﬁ%ﬁ?ﬁ%ﬁ(ﬁ%ﬁﬁﬁ
copy number / &4 copy number) > & 4§ h5FE Wk FREES AT

"H® | & TER P g M B R A

15
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2.1 &REY A KL H R

heic kG 20tk HAR N BT 24t B gRIT S - g i
- BHRA O RHRAPFFEIS A BRI EEN 2 BF o dopt E - B R
%gﬁ%ﬂ6%%i(ﬁmﬁ&%SEUH%F—%ﬁiﬁﬁiw@ﬁw@?ﬁh
peic AL BEmaEd HTAER DS H o 3 A 4Tt o @ ¥ SAS Enterprise
Guide 8.3 #riz B & M4 > 2 Tukey’sHSD # 2% b SR & T > T35

EEXEFFHRFLE (p<0.05)-
S RBETEPATFHEKEEER SN %

RIBEHAS AN B EE Y BT ARTAEIN B R Rk - K
FREHE AR AFNBE R FRFEL OFRT O RERRREF XA
HEE R PRRE AR w2021 E T TAFBRAGE- B 0 8T
A B4 real-time PCR #F FE B tAp 4 AR HER » I 5 - B 7 -

H 03202220 LA o - PHERERE S T o BB EE PE 2

i
—
o
=
i<
fi

ﬁ?ﬁ » RS XD Rk R —ﬁ;y;’f}_;ﬂ_,o A4 o 8 % SAS
Enterprise Guide 8.3 #c %82 & & s+ #-3] > 12 Tukey’sHSD #% 7% &6~ 7
PR el B2 g | T2 T d T3 HFLE (p<005) Fps 1% 4pk > 2

BEA WL RHFRL I RFLIEIUREARZREF T LAR -

NN R R )i*r*g 'ggﬁuﬁfgg&ﬁj%gu

AN

Bt EREF G TR 3ed 24 EiEF RO B SMEAERR e T

R Loy A &0l s PEN RS FFRERER S d 20 112 kg

P B TRk ARERERY Z DA R BARARK L TR 25

C ~MEI5C M2 3E35C "PRERL 14 PFRYFER 10 pFid

FRR o WRLPRELLAFIFRALPRE  FRORF-FRERAT 3 B

ARG ZRERFLZEF s PHREEFI D REHR R EEAD
16
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= E

TP RERER BRI ERFRF%RME > 5 5B AE- T % r 2 LD
PRl - TR A E BEREEN A 6B > BT RPN e B
FRE? FERZT ELEF € NMLE -5 (5@ * SASEnterprise Guide 8.3
Boh2 B A MPHCARF 447 0 11 Tukey’s HSD & %7 b &6~ 2 b R
B AR RAREZEZE T TR HFLE (p<005) B 1% 4p

CERITAIBEIFRFIFEFLEINREENERL ] VLA -

17
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- ~ Real-time PCR &%+ 4

{5 E B A DNA 98 5 > CYS2 LA 5 100.1 ng/ul » 7 & 748
s+ 8 (%) & 248981545 g/mol » G4k ¥ {5 ¥ 7 7 4 DNA copy number
% 2.421e+10 B/ul > o 3% PCR i£ {7 pF » DNA & EJ’L‘F"S'V’ MIFLHAE o FRER Y

Bk 2o Pl AR ERBF 10T B 5 4842 et B/l B 107

%

% 4842 /ul o 32 > Plant68 % 5k & 5 2241 ng/ul > T A+ £ 3
2471178.1 g/mol » DNA copy number 3 5.46le+10 B /ul » & S 7 » k& 3
11070 2 5 1.0922e+10 B /pl » B 107 & 5 109.22 & /ul

FyE S EE S cn ko 54 A CYS2 2 CT & copy number (Q) i
Bd R AR5
Cr = —2.8208999633789 log(Q) + 32.8964004516601 » ;&% 4 # R? & 5 0.995
QI

154 Plant68 ik & o 2 > f238 5 @
Cr = —3.35069990158081log(Q) + 42.1767997741699» ;& 7_t%# R? & 5 0.989
(Bl-= )

AT MR EROT R JRE ied B R EREr
- REEAS KRR A

1 S F e AT o A Sl BRIMEESRIFS 2% B o4
87% ~ B S 86% ~ w = 83% ~ BFIF 77% ~ 'z 5552 68% ~ 541 60% ~ = F$+ &
57% 3z k 52% o A A1 BIFZ 5 A kEEad o HAX 5 B
LB S e BT NSRBI RERZ e FRE L S 0T

LD s s Rl A

H

18
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E.‘{f. ﬁfﬂ#?}?@ﬁﬁiﬂ%”ﬁ/?ﬁ

’Lm?fﬁfﬂifﬂpﬂ?%‘l’@:arﬁf‘El_fﬂﬂtib%\iir'%_ &ﬂﬁ%? BIT AR By

£
?v‘u

{dﬂ

P BBER s w R BAIAIRS RS EE Sk BERL 940 B 0
PALY T BRI EE AR

B P AR & A S e LTS B B R b A EE
HEhE A AR B4 o F 4 BEE- AR B AT KR e S S
THEHM R KR fAPM o dB M RBcR 5 -0.1706 (R*E 0.0291) & &% F
NP R HEE e A 2 RO B2 AR Y PR Ll By
A BEEA T PR R AR BT A LB T hd RS B SR
= R W AT B S ke B A ROTRIL 0 B B RS gl
FH R 04452 4 g RARM PREER G 5 0.6672 0 B [ AR 22 2

P el RRY FRSD AN T e BEAY o fEF WG BET

o BERERERTHES ATHER R

GiEA B0 PRIE S @It B AeR - FHE R F- B (97 )
b E TR RS B B0 (120 RS FTHAER S 0 A ¥ s
Py HEFALR PR, AT P RHRERS B2 R VR RES
FIFMEE 2§ B3 KT EZP M 51 2 Q{8 Hant o #F B
Wz TR (R = ) B =i (R A 89 (R+ = G) et 7 ik
ENOPRIET 2 A FROEOTE S RFT (B = C) - B

PATMERT B SR EPH S 8510 P23 FHEFL B kD0

AR BT R sk (R H) et pi et 23 Y LB K
B s ) 120 5 (68a B2 5 k™% Taes (B - D) #iFz

(R+= F)smB4vd (F- 2 1) B2 B4icR S S A B4 B 2
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BB RRaF L LD 5 avkR e (R4 - B) sk (A= E) -+
B o vE- ed W] A2 0 R A AR I RGP AT % e
FHEUA PR TR (NS =)0 69 By B2 18 sl
AFHEEHacs s 517 10 7 > @04 ko FuEd o & 1 ARG i
RN AR R Su ol t Sk REVER S IEL ST Tl |
FUHE Sl RS EFFE G AEH 0 20 5 B vi- Bt
SR SR STRERNE R S S R IR E oL £ S LR

T BT T TR o
T A ERIE TR TR R

i%%rmﬁﬁﬁﬂmWFA%%ﬂ¢l°4ﬁi”9ﬁ’ﬂgﬁﬁé’?
FISTCTehRg a2 B? By FR > Aey alpy L8 - R an
PRIEFALE > P EELN N5 CARRE > P HEF cBLB KF O
B2 eddele o - TR H 3B - RRTRESUER A 15 CTH25 T
et R GRS AR F R A0 FRRGRR G S ek

FREBEERBEER(RI ) 215 CT o d @ B flanfiy AFH

BB R2AF AP RARTE BT BE G AP O F LR 2 n

.

»

F_k

Z Y R A AR R T ok R +25@T’ﬁ%ﬁﬁ

‘FTS—J—A:\%{ B b“"'? AL FadE  A35CT A BAAT 3

\H

W FTRECE F TS T R TR LB R AR A E 3 B
¥4i3 -

go %035 CARIL RS 2 B0 AR Je T PRTR S o dmens K
B NS B WHR 2B A R KRR o & B A K gt
FPORAR G BIPNEZ B EHAIEFE FRALE KRR GO B NL L
WEE YRR BB B R 2RI R et B 1
PHRE PR EL BRI BB E L L ER AR AR TR
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E T R e e A CREERBFREFFIB L4 5437

AR B il EAE A 2R 3 FH R TR E > T A ALY

i e .

%

&

iy

%
F}-

A

1
w5 T B e gAe Ry w A kg T A 35 CH Rk

;n\;,

T
A v a EoR R ikt Tz (2021 & 12 0 ~

2022 & 2 7 ) iBbrMR AR TR R i % o
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i 3%
BARERAA AR S S HREAE UG L NGRS
Bil e TP E Lok EAHRS O TS B S0 RED
A FYES W s HFIFEER R g M oieir 2 B ohe b0 s i d
ﬁmﬁykhaﬁzéﬁ~9$;%ﬁ’Fﬁ;ﬁnﬁég—%§ﬁ@gﬁ&’:.

AT R R A o? SR R A A R QR SR S

g

52% > A I MO SR Bl FRE B AR @ F AR REELL A
B s qEdk Al G M R FI A AP Ak B FE NS F T

Tig ¥ 2 R RoR i 1 R S R R R e A FR L RS

o
-
b
3

NFE A R G oA deendc® o Rl R R R G FREMEES

&§\¥¥%+§§ﬁgiﬁﬁ%ﬁﬁ“ﬁ’ﬂﬁ%%%%@ﬁ%%ﬁﬁ%%ﬁ

(1) 3Bl

RBERE TR RASFRA A RULE RS LEs E
B hEA RS E R E AR E 2 R A E BARTERIG B R
PEs 2 Bl RRBE AR A L NI A RKRE RS A TR FLE B
GISHE SRS SR S8 L LR SRR SER IR R F- R
APy aE R kB RAFE & 2 e 883! B2 3 $R KR ) Gl
BRRT 5 Rl By B, 2 F R A < Apie & BUFI i)
AESEEL RN AR R RS S S LS
BA - REF RS KT L R >4 @ o R 6 f Bl S 58
EraeEy ’Fir‘%’.&:a’v’ﬂfﬁqﬁﬂ']}@\,ﬁj'?mg;%iﬁ@i 4 £ ,?t???%,g%%ﬁj%

AT T AROB T IR E i o AT G RIFD (e ) B
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R G o e St 3 A RBBERE S F BRIRS T RGO
SRR WEFE RS SART F Y RE S R e T E (e ) B2
BARE SR BRRTRSS G B D R RAFARER LR

AAER O CEST Y A

-

TR AT AR E B (TS R =41 | 83 %z Sk R (%
B ) A EEERERT 5 F BRI G o g 3 - T B FHK

A P 0 B A SRR L

RAgE M- L
(3) i

“/% TERSFEAFT LS REERAGRAM KiFRDERR CFFER
RFIREPAIY RRGBAYRTAARED R ER B BR8N T

BE S BRI L AR M AR e G LY § AR NI E AR S

m¢\—

TR PG R RAR e B 0 PR [ A 'T RAEEFLAEAR] R E

~F

FER AR U R R TR B LS e P 2 E R A
AEZH AR R RS o RAF B0 oM k D R

foP G T OEERCE W e s R E RIS Rl RS E

AR 2 5 3 OB o 1T il 0T R B AR IVER R b AR
EY O F BB 2R VA TS SRIRETE D RFD B 23
B gAc R Rwsi e ] 0 3 BT R RIFZ PR EE RS 2 F B RS

J«j‘;rsﬁf'ﬂ?:’fﬁ |i% % éL#T,%}mﬁm s d 3F 5] TS R B qe
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G R iR B R Y Kk

ek

o, ﬁ—im &F ﬁ’ir«r 7?%,—% °

L-?ﬁ* SEA R E fs » i\pi (AL IR v \-"Fﬁé LB R A AR 2o
doAtee A A RS R R O %o 0 2 NG A 4 ik o R

SRS SN N R I T X NS S R

RAFTARERD B NS E S LA G B c FRAIAALEY A

BRR B PR IFD 0 2 b L s i b AR e o R Y R A %

RAI LR A B BT HFHAETFOERT > LA P g A iR
Rz & bRIFZF - RFRS o frffim | fads > 2 AL Rl o 6 ff
M hehe 22 - o h o EE Y RS TS BREORT > F R A
PPV RAREAR M EREY - B AAIB LS > TiEL

B WG 52% > et enipldciat AdE s A R AR R BRI B E SR
Mgl e I B AFoERES - o RARERE#S > P FF
XL RCEE o TR ERER Tl 5o B S hfEtk L end v a F 0 4 ¢

1{{_%3&& LS 2 kil B ® o F T M L hF e G oo

LERAES AT HEEA AR E NS A3 ANy TER S L - B
Pt AL HFALAR LRI L LB ALY ES AT
REBCE ch i > P R A RSP Aot LA R E R a0 B
WA R SR e R BRALBHIDG A RL CRE F L R
T F R E R R

AL R A R E DR R H DA IR A F RIS Bk 2
Lo RS FTHEI SO SRKIHOERY FRDEPM I L RKEKE
B s FIUME # @ = o £ mREy o R T AR S oy g AR
£ (Kesumawati e al., 2006) « R @ 2B iz b &2 & W M35 3 248 o T ROE R &2
ARSI b d A Favs ies BEAo S AT MR BRI R

b

BALB A G Bl 2ffym s 0 12 Bl s 4 FRTDEIRN K LS
F

HEy FTHER  FHRELD » TR 50 BRBIEFHTHELT T
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\

{L

-
3

FEa R4 Y LT H B gk gt o ’%‘ﬁ%\'—' R EL AP AT
P S SRR L AR o BT AR T - @ﬁ}&f%&x**ﬁii
WERORR T AT RAC S I - o BB SAEIR Y £ 24 R
PRI T RHEPAPRINEE SR T R A BRI R R DL
FEF dele i A F7 3 907 o BB itk p i dr FT A F 2 350 2 T ig 24 -
A RB-T R E S St B L R v+ (Leeetal,2021) -

N

SRR A5 R SEEX

FEES SRS SRR NS

)

B FTMER G RFEF2 A B0 P B (120 ) 2L HFL
BenF > MEB 120 LA AR iR B R SRET 9
102 o> 11 P B4 M E Higd s r 2 @4 EPFR 120 A LR
SPEER 0 D1V ASTER R O PR VGRS e o 4 R &
Poa B33 o B P FTMEE B bR Rl VR R e IR aF Y o
oA R 2o b F TR S o R IR P B £ e
BRER S oa e AP 5 5P a2 A Fatioie » B o il £
BRIk A L pH R AT E S R EHEF AR A L ER T
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Table 1. The Sequences of the Primer Pairs
Target organism, gene  Assay type Primer or probe sequences (5’ to 3°) reference
Phytoplasma, 16S tDNA  TagMan CYS2Fw: 5°-AGGTTGAACGGCCACATTG-3’ Marzachi and Bosco (2005)

real-time PCR

CYS2Rv: 5’-TTGCTCGGTCAGAGTTTCCTC-3’
CYS2Probe: 5’-ACACGGCCCAAACTCCTACGGGA-3’

Plant, 18S rDNA

TagMan
real-time PCR

Plant68Fw: 5> GACTACGTCCCTGCCCTTTG-3’
Plant68Rv: 5’-AACACTTCACCGGACCATTCA-3’
Plant68probe: 5°- ACACACCGCCCGTCGCTCC-3’

Christensen et al. (2004 )
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Table 2. Preliminary test of the phytoplasma amount in planta

oo wEFRAFRE . £

T WA
2.03E-05
1.29E-06

9.85E-07 4.70E-06 7.80E-06

1.98E-07

7.54E-07

1.48E-06

2.64E-06

WA 9.14E-06

Prima Red 1.67E-06

8.33E-06

1.89E-06

2.37E-06

7.19E-07

=4k 9.22E-07

Christmas Mouse 8.25E-07

2.07E-07

4.38E-07

6.46E-07

1.06E-06

&2 7.66E-07

Lemon Snow 7.71E-07

1.14E-06

7.45E-07

4.10E-07

1.71E-07

Byoai 9.79E-07

Princettia ROSA 1.34E-06

8.84E-07

5.55E-07

3.46E-08

1.73E-08

eI 1.60E-06

Red Velveteen 4.08E-07

4.66E-08

2.28E-08

1.83E-07

5.23E-08

B ok 1.48E-07

Noel 3.77E-07

1.61E-07

2.37E-07

1.77E-07 1.35E-07 6.96E-08

JTM - B
Rose Star

4.19E-06 3.24E-06

9.13E-07 6.93E-07

%]

8.54E-07 1.79E-07

7.23E-07 3.87E-07

3.56E-07 5.75E-07

1.93E-07 9.89E-08
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Luv U Pink

1.26E-07

1.11E-07

1.23E-07

2.53E-07

2.26E-08

[l
Pepride

1.11E-08

4.78E-07

1.04E-08

9.45E-09

3.23E-08

6.49E-08

1.01E-07

1.70E-07
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Figure 1. Plants with excessive growth occur randomly on the nursery
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During poinsettia growth, some plants will occasionally grow excessively, which
occur in longer internodes and higher plant height like the middle and right ones in
this figure. Excessive growth poses extremely negative effect on plant value. Cultivar
in this figure is Luv U Pink. Plants with excessive growth occur randomly on the
nursery. Rate of occurrence is about 5 to 10% estimated by observation.
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Figure 2. Comparison in height between excessive growth plant (right) and normal
plant (left)
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Plants with excessive growth have longer internodes and bigger plant height, causing
loose but not compact architecture of the plants.
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Figure 3. Homemade sample collector made out of single hole pinch and

Eppendorf® Safe-Lock Tubes
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An appropriate sampling tool was made by fixing a safe-lock tube on the single hole
pinch with rubber band.
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Figure 4. Examples of samples collected in the safe-lock tubes.
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0.1 ;u °©
Twenty-five leaf discs were taken from the middle and lowest leaves using the
homemade sample collector. Each tube contains approximately 0.1grams of leaf discs.
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Figure S. Lateral branches and buds
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When counting the number of lateral branch, only lignified branches would be
counted as effective branches. Although those buds pointed by yellow arrows in the
upper sites of the figure sprout, they are still too small to affect the architecture of the
whole plant. Thus, little buds are not counted as effective branches in this study as

branching characteristics.
Red arrow: lignified branches. Yellow arrows: young branches or buds.
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Figure 6. Standard curve of CYS2

PGB BF Y %% > b FFH CYS2 22 Cr 2 copy number (Q) =ik v 41
2 4238 5 0 Cr=-2.8208999633789 log(Q) +32.8964004516601 » 4 %_i% #(R?) & 2
0.995 -

According to the result of computing, the standard curve equation for Cr value versus
phytoplasma CYS2 copy number (Q) is

C1=-2.8208999633789 log(Q) +32.8964004516601. The coefficient of determination
(R?)is 0.995.
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Figure 7. Standard curve of Plant68
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According to the result of computing, the equation of the standard curve for Cr value
versus the copy number of plant Plant68 (Q) is

C1=-3.3506999015808110g(Q)+42.1767997741699. The coefficient of determination
(R?)is 0.989.
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Figure 8. Branching phenotypes from 9 poinsettia cultivars
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According to Tukey’s HSD test (P < 0.05) between the branch rate of different cultivars,

Lemon Snow has the best branching phenotype. The second are Princettia ROSA and

Noel. Prima Red, Christmas Mouse, Red Velveteen and Pepride are the third. The

fourth is Luv U Pink. Rose Star has the lowest branching rate.

42

doi:10.6342/NTU202202622



100%
95%
90% =, 02%
BONTE, 87%
- 85% %Eﬁkﬁ, 86% [LSJ,%I, 83%
2 80%
= === 0,
R 75% | oone el
e R
44 70% 4 e eeeesetinian,,.....
g 4T 4atih
R . KLk, 68% R2 = 0.0291
(o]
60% 1271, 60%
EME, 57%
55% ° BIRALE, 52%
50%
0.00E+00 1.00E-06 2.00E-06 3.00E-06 4.00E-06 5.00E-06

EYESREHE(E)

BRRARBE  ceeeeee BmHEERRIRHE)

Wi~ A EFEEFHTREERN L

Figure 9. Correlation between branching rate and the amount of phytoplasma
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The horizontal axis represents the amounts of phytoplasma and the vertical axis shows
branching rate. When comparing nine cultivars together, it shows low negative
correlation between phytoplasma amounts and branching rate. Correlation coefficient
R equals -0.1706 (R*=0.0291). It is not obvious to present the correlation between
phytoplasma amounts and branching rate in this figure. But it is still apparent that the
two cultivar Prima Red and Rose Star being significantly different from other
cultivars.
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Figure 10. Correlation between branching rate and the amount of phytoplasma

(except Prima Red and Rose Star)
i%%ﬁﬁﬁmﬁéﬁﬁ%ﬁﬁ»u:@§ﬁ@¢ﬁ—ﬁwﬁwﬁ’wﬁwﬁ

2 R*E 5 04452 Tip b B R © 0.6672 0 Komfidr kg & » 4 5 chif
L FRAOLAPH -
A new scatter diagram is made with seven cultivars except Prima Red and Rose Star.

The new trend line shows a correlation coefficient R? of 0.4452, i.e., R equals 0.5572,
meaning the amounts of phytoplasma are mid-highly positive correlated to branching

rate.
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Figure 11. Concentration of phytoplasma in each cultivar under normal atmospheric temperature (overview)
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According to Tukey’s HSD test (P < 0.05), after six months of examination, statistically significant difference is shown in the first and the fourth
month. The amounts of phytoplasma are lower in the first month (September) and higher in the fourth month (December). Capital letters are
analyzed by Tukey’s HSD test, P < 0.05, between 6 different dates combining all cultivars. Lower case letters are analyzed by Tukey’s HSD test,

P <0.05, between all cultivars within 6 months, which contains 54 samples.
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Figure 12. Concentration of phytoplasma in each cultivar under normal atmospheric temperature (by cultivar)
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Nine charts are made with every cultivar independently for comparing convenience. Phytoplasma of Princettia ROSA (A) and Pepride (G) are
stable in the early stage, significant decline only occurs in February. Concentration of phytoplasma of Christmas Mouse (C) is not so high from
the beginning and increases gradually afterwards. Until January, phytoplasma increases to a significantly different level then slightly decreases in
February. Similar to Christmas Mouse, Red Velveteen (H) only differs in the timing of December when phytoplasma increases to a significantly
different level. And it shows slightly decrease in the following two months. Amounts of phytoplasma of Noel (D), Lemon Snow (F), Luv U Pink
(1) are relatively lower from the beginning then slightly raise afterwards. Concentration remains stable until this study ends. Similarly, Prima
Red (B) and Rose Star (E) only differs in February when phytoplasma decreases significantly.
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Figure 13. Concentration of phytoplasma in each cultivar under normal atmospheric temperature (by date)
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Charts are made independently by date. In September, only phytoplasma of Princettia ROSA and Pepride are slightly higher. Until October, most
cultivars increase except Prima Red, Noel and Rose Star. In November, every cultivar shows about the same level of phytoplasma concentration.
Phytoplasma of Pepride increases again in December, becoming slightly higher than that of other cultivars. Christmas Mouse then become the
highest in January. But when it comes to February, none of any cultivar is apparently higher. Also, phytoplasma of Princettia ROSA, Prima Red,
Rose Star and Pepride show significant decline.
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Figure 14. Variation of phytoplasma concentration under controlled temperature (overview)

SR AR % ko BAIRY 2d % ’m_)iirLrﬁ—‘*‘ v pRd AXN o 1 * Tukey’s HSD & 2@ &34 o p #p 2 fF 2. o] T
= T e {@ ] %F“rf%_ﬂ (p<005) s ;—/”\,H , r'»}; 15 C—Tmf“‘f _}'\"1 A E %%":fmi:'t:‘[ , ﬁfﬁ _ﬁ&?%&iﬂ o Hi 7R L‘fu—F‘J._p
()k}i &:E"—E,‘ £ B U{m—, B 41 35 CE@T_T’_ A F ‘«F'Lré fl}ﬁ'{"‘ﬂ ’ /!4‘\ % 0?2 m’f""ﬁr"@ - B E'J’}’ 3B 'FE" BRI mﬁ‘\%ﬁ“ >
@ 15 C ~25 Crd2 ‘E’mﬁ#m%‘rfﬁﬁiﬁi‘*&’_ii‘i‘%%ﬁia#B B TR F NI A g G RE P o 35 CRJIZEE S Z B A2 FlHE

51

doi:10.6342/NTU202202622



BRkiRd G o HN 2R mEWEEY FARG  EFEREIRRE > B AT HEKE s BF A o

In order to distinguish the two cultivar, green lines represent Prima Red and red lines represent Pepride. Lighter color means higher temperature.
According to Tukey’s HSD test (P < 0.05) between the amount of phytoplasma of two cultivars with in five months, only the third month of Pepride
in 15 °C chamber increases significantly. Although there is no statistically significant difference, we can still see the trend of 35 °C treatment
group decreasing continuously on both cultivars from the very beginning to the third month. The trend of 15 °C and 25 °C treatment group are
similar to those under normal atmospheric temperature. No significant decline was observed. Plants in 35 °C chamber was moved to the
greenhouse for recovery due to unhealthy plant situation. Along with plant recovering, the amounts of phytoplasma increase as well.
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Figure 15. Variation of phytoplasma concentration under controlled temperature (by cultivar and temperature)
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In these charts separated by cultivars and temperature, it shows that the trends of Prima Red and Pepride phytoplasma concentration under 15 °C
are similar. There is no obvious increasing or decreasing. Although only Pepride has statistically significant difference, the two cultivars both
show an increase of amount in the third month and then drop back to the original level in the flowing months. For 25 °C treatment group, the
amounts of phytoplasma in both cultivars are stable from the beginning to the end of this study. Both cultivars show continuous decline of
phytoplasma in the first three months under 35 °C treatment. But due to great diversity between the individuals and the wilt of some plants,
which makes the repeats inadequate, there is no statistically significant difference.

Number of plants under 35 °C treatment hugely dropped form the third month. For the six repeats of Prima Red, there was only two plants
survived until the third month, but still unhealthy and therefore, moved to the greenhouse for recovery. For Pepride, only three plants survived
until the third month and was as well moved to greenhouse for recovery because of unhealth. However, there were still two plants withered
before I sampled in the fourth month. Only one plant survived till the end of this study.

N.S: No significant difference.
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Appendix 1. The Sequences of the Primer Pairs

Target organism, gene  Assay type Primer or probe sequences (5’ to 3°) reference
Phytoplasma, 16S rDNA  PCR R16F2n: 5°>-ACGACTGCTAAGACTGG-3’ Gundersen and Lee (1996 )
R16R2: 5’-TGACGGGCGGTGTGTACAAACCCCG-3’
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Appendix 2. Christmas Mouse (left) and Prima Red (right)
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Christmas Mouse and Prima Red have similar branch number and almost all branches
blossom with bracts in similar size and number. However, the appearance of
Christmas Mouse is obviously more compact. The canopy occupies almost the whole
plant from bottom to the top. It is the angle between the branch and the trunk makes
everything different. Branches of Christmas Mouse grow more horizontal, making the
appearance of plant look wider. Nearly only leaves and bracts are visible when side-
looking. In contrast, branches of Prima Red grow almost upward and close to the
trunk, causing flowers and bracts gather at the top of the plant. Lower part of the plant
remains sparse.
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Appendix 3. Noel (left) and Lemon Snow (right)
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Although the branches of Lemon Snow are thin, even flowers and bracts are small in

size, it takes the advantage of mass in branch number and blossoming on almost every
branch, making the whole canopy occupied by flowers and bracts.
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Appendix 4. Rose Star (left) and Luv U Pink (right)
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Rose Star and Luv U Pink do not have as many branches as others, bur there are

almost a blossom on every top of branches. Since the bract size of the two cultivars

are big, the appearance of the plant still looks compact. Bract-to-canopy ratio remains
high.
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Appendix 5. Pepride (left) and Red Velveteen (right)
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Unlike Rose Star and Luv U Pink, branches of Pepride and Red Veleteen not only lack
in number, but also thin and short in size. Even worse, there are still some branches
without any blossom on their top. Therefore, the existence of the branches does not
contribute to the appearance of the plant and still looks sparse.
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Appendix 6. Lemon Snow (left) and Rose Star (right) (side-looking)
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In the late period of poinsettia production season, it is easier to compare the difference
of branches between different cultivars because the leaves start dropping. Comparing
with Lemon Snow, which branching rate is the highest in this study, and Rose Star,
which has the lowest branching rate, we can find that branches of Lemon Snow are
thin and weak though massive in number. Also, the bracts of Lemon Snow are small,
with the area of bracts approximately one-fourth than that of Rose Star. Fortunately,
under the situation of massive branch with blossoms, bract-to-plant ratio is still high.
On the other hand, branching rate of Rose Star is only 52% according to this study.
Despite the poor branching rate, all of the branches are long and strong, even as thick
as the main trunk, making the appearance of plant compact. Furthermore, since the
size of bract of Rose Star is much bigger, although there is not as many flower as
other cultivars, bract-to-plant ratio is also high. Therefore, Rose Star makes an
impression of good branching ability.
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Appendix 716. Bracts turn red in the 15°C growth chamber
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The amounts of phytoplasma show an increase in the third month. The reason for
phytoplasma increase is supposed due to the growth stage is turning into flowering
stage, which is similar as the treatment group in the greenhouse. Although the growth
chamber is set to long day conditions with day length of 14 hours and 10 hours of
dark period, which is not compatible for poinsettia flower inducing, long period of

low day temperature still triggers poinsettia to turn red. This phenomenon is more
significant on Pepride.

61

doi:10.6342/NTU202202622





