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Getting to Know The Circadian Clock and Plant Growth with NightSHADE
Rainer Kembiiglert, Charles Schmidt€, Bernd Hutter®"

Gidi thiéu

Introduction

Su két hop phurc tap gilta co ché tin hiéu danh sdng va dong ho sinh hoc anh hudng
dén rat nhiéu khia canh sinh trwdng va phat trién cla cay. Hé tao anh nhay cho phép
cadc nha nghién ctu st dung cau trdc vung khéi déng::chi thi Luciferase dom dém
(LUC) d€ khao sat nhitng md hinh biéu hién gen trong mot khodng thoi gian dai trén
cdy. Toc dé sinh truwdng cla cdy non va ciu tric try duwdi 148 mam dugc si dung rong
rai dé€ xac dinh dac diém cda cac co ché van hanh qua trinh sinh trudng va tao hinh
cla cdy dudi sy diéu hoa cia mdi truongh 23, Nhirng thi nghiém nhu vy thuwong
mang kho khan trong viéc két hop moi trudng sinh trwdng dugc kiém soat vai hé
tao dnh cé do nhay cao. Trong nghién cru nay ching téi chi ra rang khoang tao anh
NightSHADE cé thé dugc sir dung cho rat nhiéu (rng dung, bao gébm ca phat quang
sinh hoc va phan tich t8c dé sinh trudng trong didu kién moi trwong duoc kiém soat
chiéu sang hoac t6i.

In plants, complex integration of light signaling mechanisms and the circadian clock
influence many aspects of growth and development. Sensitive imaging systems have
allowed researchers to use promoter::firefly Luciferase (LUC) reporter constructs to
study gene expression patterns over long periods of time in living plants. Growth-rate
of seedlings and a structure called hypocotyl has been used extensively to
characterize various mechanisms involved in environmental control of plant growth
and morphogenesis?3. Performing such studies poses challenges to combine
controlled growth environments with highly sensitive imaging systems. Here we
show the NightSHADE imaging chamber can be used for multiple applications,
including bioluminescence and growth-rate analysis under dark or light-controlled
environment.
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Phuong phap

Method

Vat liéu thyc vat (prCCA1::LUC, CS9382; prCAB::LUC, CS9381; Col-0, CS28168) duoc
lay tir kho trung tdm Arabidopsis TAIR* (TAIR Arabidopsis stock center). Sau khi duoc
phan loai, ching tdi lam hat gidng ndy mam3> va sinh trwdng trén cac dia chira méoi
truorng MS®. Tat cd hinh anh déu thu duoc tlr bé mdy anh CCD cai dat trong khoang
NightSHADE’. May anh CCD cd vi tri dat trén dinh cda khoang dwoc sir dung dé ghi
hinh anh phat quang sinh hoc. Khi dugc chuyén qua vj tri swon khoang thi né ghi lai
anh thoi gian thyc cla nhitng cdy non sinh trudng trén dia dit theo chiéu thang
ding (nhu Hinh 1 cho thay).

Plant materials (prCCA1::LUC, CS9382; prCAB::LUC, CS9381; Col-0, CS28168) were
obtained from TAIR4 Arabidopsis stock center. After stratification seeds were
germinated®> and grown on plates containing MS® medium. All images were
obtained with a CCD camera installed in the NightSHADE” chamber. The CCD camera
was used from its housing on the top of the chamber for bioluminescence images
and was moved to its housing on the side for real-time images of young seedlings
growing on vertical plates (as shown in Figure 1).

Hinh 1. Buc xoay dat trong may Figure 1. Rotating platform inside the

NightSHADE cé thé gilt t&i sau dia vudng.
Phan mém indiGO™ cho phép ching t6i
diéu khién truc quay hoan toan béng phan
cirng dé ghi hinh cac dfa lién tiép va nhiéu
l[an trong khoang tho&i gian vai ngay.
Khoang cé dén LED phat anh sang tring
(hodc hoéng ngoai) dé ghi hinh con dén LED
phat dnh sang do, xanh hodc d6 xa duoc sir
dung dé kiém soat anh sang chiéu 1én cay.
Anh  cung cdp bdi  BERTHOLD
TECHNOLOGIES.

NightSHADE holds up to six square plates.
The indiGO™ software allows complete
hardware control of the rotor to image
each plate consecutively multiple times
over a period of days. The inside chamber
has white (or infra-red) LEDs for imaging,
and red, blue, or far-red LEDs for light
treatment. Picture courtesy of BERTHOLD
TECHNOLOGIES.
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Két qua
Results

Gen LIEN QUAN TOI DONG HO SINH HOC (CIRCADIAN CLOCK ASSOCIATED - CCA1)
tham gia vao vong |3p phan hoi trung tdm trén Arabidopsis. Chung t6i cho rang gen
nay hoat dong vao khodng thoi gian khi binh minh Ién dé kich hoat biéu hién gen
CAB8910 Cay non dugc diéu chinh sinh trwdng trong khodng thoi gian ngan ngay
dugc ghi hinh biéu hién LUC trén mdy NightSHADE. Gen CCA1 dugc biéu hién trudc
ca khi vung khdi déng CAB & trang thai kich hoat (Hinh 2). Diéu nay hop ly véi dac
tinh twong hd ma protein CCA1 tac dong lén biéu hién gen CAB. O mét thi nghiém
khdac, cay Arabidopsis non (Col-0) dugc diéu chinh dé thich (rng trong diéu kién ngan
ngay trong vong 3 ngay. Chung tdi ghi hinh nhitng cdy non nay bang may anh CCD
dugc c6 dinh & mot bén cta khoang (Hinh 3). Nhitng két qua néu trén chi 13 hai
trong vé sb cac irng dung ghi anh ma khoang NightSHADE cung cap. Dong mdy nay
mang trong minh su k&t hgp doc nhat vd nhj gitra kha nang kiém soat mdi truong
sinh trudng va mot may anh CCD c6 d6 nhay cao.

CIRCADIAN CLOCK ASSOCIATED 1 (CCA1) is involved in the central feedback loop in
Arabidopsis and is thought to act around dawn to activate CAB gene expression®°19,
Seedlings entrained under short-day conditions were imaged for LUC expression in
the NightSHADE. CCA1 gene expression preceded activation of CAB promoter (Figure
2), consistent with CCA1 protein playing a positive role in CAB gene expression. In a
separate experiment, Arabidopsis (Col-0) seedlings were entrained under short-day
conditions for 3 days and imaged (Figure 3) with the CCD camera housed on one side
of the chamber. These results display two of the multiple imaging applications of the
NightSHADE chamber, which provides a unique combination of controlled growth
environment with a sensitive CCD camera.

Hinh 2. Gen CCA1 dugc biéu hién trudc trang thai kich hoat
cla vung khdi déng CAB (CAB promoter). Cac cay non
(prCCA1::LUC & prCAB::LUC) duoc diédu chinh sao cho c6 thé
thich &ng véi chu ky sdng dai 8 tiéng (huynh quang trang
lanh, 50 umol m2 s1) va chu ky t8i dai 16 tiéng trong vong 7
ngay. Chung t6i phun luciferin 1én nhitng cdy non nay va ghi
hinh phat quang sinh hoc clia ching mbi gi® trong vong 3
ngay trong diéu kién dnh sdng m& clia khoang NightSHADE.

Figure 2. CCA1 gene expression preceded activation of CAB
promoter. Seedlings (prCCA1::LUC & prCAB::LUC) were
entrained under 8-h-light (cool white fluorescents, 50 umol
m2 s1) /16 h dark photoperiods for 7 days, sprayed with
luciferin and imaged for bioluminescence every hour for 3
days under dim constant light in the NightSHADE.
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Hinh 3. Cay Arabidopsis non (Col-0) duoc
cho sinh trwdng (nhw d3 miéu ta & van ban
bén dudi®) trudc khi chung duoc ghi anh
bdi may NightSHADE mdi 4 gid mot [an
(hinh 1-6). Phan mém indiGO™ diéu khién
may anh CCD, truc quay va diéu kién chu ky
sang hay tdi. Chi c6 phan trén cla dia duogc
trinh bay lai trén tirng hinh. Nhitng hinh
nay dugc sir dung dé do chiéu dai cla tru
dudi |d mam bang phan mém ImageJ (NIH)

Time (hours)

Figure 3. Rotating platform inside the
NightSHADE holds up to six square plates.
The indiGO™ software allows complete
hardware control of the rotor to image
each plate consecutively multiple times
over a period of days. The inside chamber
has white (or infra-red) LEDs for imaging,
and red, blue, or far-red LEDs for light
treatment. Picture courtesy of BERTHOLD
TECHNOLOGIES.

(di¥ liéu khdng dugc thé hién).

Tai liéu tham khdo
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