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Cai tién thi nghiém phan tich nhip diéu sinh hoc sir dung NightShade

Improved experimental setup for analysis of circadian rhythms using the
NightShade
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Abstract

DPdng hd sinh hoc ndi sinh chi phéi nhip diéu thudrng ngay va cho phép céc loai sinh
vat tién liéu trwdc nhirng thay ddi tlr mdi trudng cling nhu diéu phdi va déng bd hoda
chirc ndng sinh ly cda ching dé thich &ng vdi nhirng bién chuyén nay. Gidm sat gen
chi thi tao diéu kién thuan lgi cho nhitng nghién ciru vé nhip diéu sinh hoc. Thi
nghiém nay bao gdbm mét vung kh&i dong clda gen dang quan tdm cé nhiém vu chi
phdi biéu hién cla luciferase pGENE::LUC+ va cac hé tao anh cé dé nhay cao [1]. Tuy
nhién, déng hoé sinh hoc & sinh vat da bao von rat da dang & cac cap d6 nhu ca thé,
mo hay t& bao [2, 3]. Diéu nay dan dén di liéu khéng chinh xac hoic bj nhiéu. Do dé,
diéu kién tién hanh thi nghiém phai di manh dé cé thé gidi quyét chinh xac nhirng
van dé lién quan tdi déng ho sinh hoc. Vi muc tiéu dé, ching tdi d3 phat trién mét
chu trinh don gidn cho thi nghiém vé nhip diéu sinh hoc vai gen chi thi dugc dp dung
trén Arabidopsis thaliana véi sy hd trg cia may NightShade LB 985. Thi nghiém cua
ching téi gitp cai thién chat lvgng dit liéu, gidam bién thién phat quang gitta cic lan
I3p va co sy twong déng cao vdi cdc mo hinh du doan.

Endogenous biological clocks drive daily rhythms enabling organisms to anticipate
environmental changes as well as to coordinate and adapt their physiologyin a
synchronized manner. Research on circadian rhythms benefits from real-time
monitoring of reporter lines in which the promoter of a gene of interest drives the
expression of luciferase pGENE::LUC+ in combination with sensitive imaging systems
[1]. However, in multicellular organisms, circadian clocks are naturally variable at
individual, tissue as well as cellular level [2, 3], culminating in noisy or inaccurate
data. Therefore, robustness is required to accurately address key questions in
circadian biology. For this purpose, we developed a simple protocol for circadian
rhythms experiments with Arabidopsis thaliana reporter lines using the NightShade
LB 985. Our experimental setup improves data quality, reduces luminescence
variation between replicates and highly correlates with modelling predictions.
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Gidi thiéu
Introduction

Dong hod sinh hoc cho phép thuc vat du dodn cling nhuw ddp ¢ng trwdc nhirng bién
déi tir méi trwdng, do d6, giup ching thich &ng t6t hon [4]. C3 tin hiéu méi truong
va trao ddi chat déu duwoc tich hop trong déng hd sinh hoc va duoc duy tri bdi mét
hé théng mang luédi cac gen va duogc gilr dong bd hda véi chu ki ngay/dém. Nguoc
lai, ddng ho sinh hoc diéu hoa rat nhiéu con dudng dé dam bao rang ching duwoc
kich hoat & nhitng th&i diém phu hop trong ngay.

The circadian clock enables plants to anticipate as well as to respond to
environmental variations and thus, improves their fitness [4]. Both, environmental
and metabolic signals feed into the clock, which is comprised of a network of genes
and keep it synchronized with day/night cycle. In return, the clock controls various
pathways and ensures they get activated at the appropriate time of the day.

Anh sang déng vai trd nhu mot kim chi nam gitp kiém soat dong ho sinh hoc. Trong
nghién clru nay, ching téi tim hiéu vé anh hudng cla anh sang |1én hé théng “déng
hoé gen” phirc tap nham kham phd nhitng co ché ma déng ho sinh hoc & cay st dung
dé thich nghi vdi su bién d6i do dai ngay.

Light is one of the so-called Zeitgebers, which can reset the clock. In this work, we
looked at the effect of light on the complex system of clock-genes in Arabidopsis
thaliana to explore the mechanisms by which the plant clock adapts to day length
variation.
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Hé tao anh trong co’ thé thuc vat NightShade LB 985 theo Céng nghé Berthold

The Berthold Technologies NightShade LB 985 In Vivo Plant Imaging System

Hé tao anh trong co thé thyc vat NightShade LB 985 13 dong mdy quang da bd phéan,
dé dang st dung va dugc tng dung vao phan tich co thé thuc vat. Do duoc trang bi
mot hop sang kin va mét mdy anh cadm bién lanh CCD ma nd cé thé gidm sat rat nhay
qua trinh phat quang va phat huynh quang trong md, ciy non hay toan bd co thé
thyc vat.

The NightShade LB 985 In vivo Plant Imaging System is a modular, easy to use optical
imaging system dedicated to in vivo analysis of plants. Equipped with an absolutely
light-tight cabinet and a cooled CCD camera it enables sensitive luminescence and
fluorescence monitoring in tissues, seedlings and whole plants.

May anh cé thé dugc gan trén tran hodc mat bén khoang t6i gitt mau cia may nham
tao diéu kién ghi anh tir trén cao hodc bén canh. Hinh anh cda nhiéu cdy non cé thé
dwoc x ly cung mdt lic bang cach dit may anh doc sudn khoang may. Nhitng cay
non nay duoc trong theo phuong thang ding cho phép ching ta cé mdt cai nhin
toan dién. Hon nita, céc yéu t8 moi trudng chd chét nhu nhiét d6, d6 am va chu ky
sang cd thé dugc mo phdng dé tao ra mot mdi trudng sinh trwdng cd kiém soat.

The camera can be attached either to the ceiling or the side walls of the darkroom —
the sample chamber — to facilitate imaging from above and from the side. The latter
position of the camera enables processing of multiple seedlings in parallel while
growing plants vertically oriented to enable observation of the complete plant.
Furthermore, key environmental conditions like temperature or humidity as well as
daylight can be simulated to provide a controlled growth environment.
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Phuong phap va vat liéu
Materials and methods

Cay Arabidopsis non mang cau tric pCCA1::LUC+ dugc dung cho phan tich nhip diéu
sinh hoc. Cay non tdm ngay tuéi da dugc diéu chinh dé thich ng vdi chu ky sdng
ngan ngay duoc chuyén vao khoang NightSHADE dé ghi tin hiéu phat quang trong
tdm ngay ti€p theo. Théng tin cu thé vé thiét bi, mdy anh CCD, diéu kién sinh trudng,
ngudn sang va thao tdc thuc nghiém vdi luciferin c6 thé dugc tim thiy &
http://www.berthold.com/ww/en/pub/bioanalytik/produkte/nightshade.cfm,
https://doi.org/10.1016/].jtbi.2017.03.005 [5]. Tin hiéu quang phat ra tr 10 - 15 cay
non trong tap trung dwoc do bang mdy anh CCD gén trén dinh khoang t6i trong 600s
(chia nhé di¥ liéu binning 1x1, tang cao) sau khi tao thich (ng téi trong vong 120s
trudce khi thu quang tlr. Cady dwoc nudi cdy trén dia dat theo phuong song song.
Nhirng dia nay dat duwdi may anh khoang 20 cm dé tang kha nang thu tin hiéu (Hinh
1). Tiéu diém clia may anh CCD duwoc didu chinh bang tay.

Arabidopsis seedlings bearing pCCA1::LUC+ construct were used for circadian rhythm
analysis. Eight-day-old seedlings entrained in short days were transferred into the
NightSHADE chamber for luminescence recording during eight additional days.
Further details about the device, CCD camera, growth condition, light sources and
luciferin manipulation can be found elsewhere
(http://www.berthold.com/ww/en/pub/bioanalytik/produkte/nightshade.cfm  and
https://doi.org/10.1016/j. jtbi.2017.03.005) [5]. Luminescence measurements were
performed in 10 — 15 pooled seedlings using tophoused CCD camera in darkness
during 600s (binning 1x1, high gain) after dark-adaptation for 120 s prior to photon
acquisition. Plant culture was performed in horizontally-oriented plates and placed
around 20 cm below the camera for enhanced signal acquisition (Fig.1). Manual
focus of CCD camera is required.

Két qua
Results

Thich (ng t6i trong 120s trudc khi tién hanh dém quang tlr gitp gidam thiéu anh
hudng ty phat huynh quang cta diép luc. Thao tac nay duwgc mo ta bdi Hinh 1,
ching ta c6 thé thay kiéu hinh hoang dai Col-0 khéng phat ra tin hiéu trai nguoc véi
nhitng cdy non mang gen chi thi. Gen LIEN QUAN TOI BONG HO SINH HOC (CCA1)
m3 hdéa bd may diéu hoa chinh cla con lac déng ho sinh hoc trung tdm [6]. Mrc biéu
hién cda gen nay dat cao khi binh minh |&n nhung lai bi chdn ké tir khi chang vang tdi
dém [6]. Hoat déng cua cdu truc vung khdi ddng CCA1::LUC+ duwoc ghi lai trong vong
8 ngay. Khoang thoi gian dao dong la 23.910 + 0.004 h (Hinh 2). D6 manh clGa nhip
diéu duoc biéu dién béi dai lwgng Sai s6 Khuéch dai Twong d6i (Hinh 3). Bén canh
viéc danh gid chu ky 24 h, thi nghiém nay con kiém tra tinh chinh xac cda nhitng dy
dodn toan hoc vé ngudn sang cung cap cho déng hoé sinh hoc thuc vat trong mét
khoang chu ky thich &rng rong nhu 8; 13 va 16 h [5].
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Dark-adaptation for 120s prior to photons counting prevented the incidence of
chlorophyll auto-fluorescence, such as demonstrated by the lack of signal in Col-0
wild-type in contrast to reporter seedlings (Fig 1). The CIRCADIAN CLOCK
ASSOCIATED 1 (CCA1) gene encodes a master regulator of the central circadian
oscillator [6]. This gene is highly expressed at dawn and repressed through dusk over
the night [6]. The activity of the CCA1 promoter::LUC+ was recorded during eight
days. The period of the oscillations was 23.910 + 0.004 h (Fig 2). Robustness of
rhythms is shown by the Relative Amplitude Error (Fig 3). In addition to 24 h cycles,
this experimental setup allowed to accurately test mathematical predictions of light
inputs to the plant circadian clock in a large range of entrainment cycles, such as 8,
13 and 16 h [5].

Hinh 1. Cay non A. thaliana pCCA1::LUC+ Figure 1. A. thaliana pCCA1::LUC+
(phat sang) va kiéu hinh hoang dai Col-0 (glowing) and Col-0 wild type (negative
7h sau khi bat dau phat quang (bt dau do control) seedlings 7h after light onset
tin hiéu phat quang) (when luminescence  measurements
started).
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Hinh 2. Hoat déng cua chi thi Luc & cay Figure 2. Luc reporter activity of A.
non A. thaliana pCCA1::LUC+ trong chu ky thaliana pCCA1::LUC+ seedlings under
ngan ngay (8h sang/16h toi). short-day cycles (8h light/16h dark).
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Hinh 3. Sai s6 Khuéch dai Twong ddi biéu Figure 3. Relative Amplitude Error
dién d6 manh cta dao déng sinh hoc demonstrating the robustness of the
circadian oscillations.
Két luan
Conclusion

Chung tbi da phat trién mot chu trinh manh dwoc nang cap cho thi nghiém déng ho
sinh hoc s&r dung NightShade LB 985. K&t qua cla chung tbéi lam trén dong
Arabidopsis thaliana chi thi déng thudn véi nhitng nghién citu trudc chirng minh
mang ludi gen déng hoé sinh hoc nhay cdm vdi danh sang cha Arabidopsis gilp cay c6
kha nang thich nghi vd&i su thay d6i mua xét theo d6 dai ngay. Hon nira, thi nghiém
cla ching téi lam gidm d6 bién thién phat quang giita cac lan |3p va cé mdi tuong
quan cao so vdi nhitng md hinh dy doan. Nhitng diéu nay gilp cai thién dang ké
chat lwong di liéu.

We developed a significantly improved robust protocol for circadian experiments
using the NightShade LB 985. The results of our experiments with Arabidopsis
thaliana reporter lines agree with previous reports that the light-sensitive
Arabidopsis clock gene network provides the plant with the ability to adapt to
seasonal changes in day length. In addition, our experimental setup reduces
luminescence variation between replicates and highly correlates with modelling
predictions, thus, improving data quality.

Tai liéu tham khao
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