BERTHOLD

T ECHN LOGTIES

detect and identify

Phép do phat xa photon sinh hoc & thuc vat — Mot phuong phap khac dung dé giam sat tac

nhan gay stress

Measurement of Biophoton Emission in Plants — An Alternative Monitoring System for Stress

Factors

Manfred Hennecke®*; Angela Briix¢*

* Phat huynh quang cham va tao anh photon sinh hoc |a hai cong cu khéng can thiép

dung trong gidm sat tac nhan gay stress

* delayed fluorescence and biophoton imaging are non invasive tools to monitor stress

Tom tat
Abstract

Phat xa photon sinh hoc (BE) hay tao anh tv
phat quang dung dé do trang thai stress cua
cdy ma khong gay can thiép twong tuv nhuv
phuwong phap phat huynh quang cham. Ca hai
phuong phap déu si dung dnh sdng phat xa
rat yéu vai muc dich gidm st trang thai vat ly
cla cay. O nghién ctu nay, chung toi chi ra sy
khac nhau giitta ca hai phuwong phap va cac
théng s6 dugc s dung trong cdc phép do
thwc hién bédi hé tao anh thuc vat
NightSHADE.

Biophoton emission (BE) or autoluminescence
imaging is a method to measure stress status
of plants in a non-invasive way similar to
delayed fluorescence. Both are extremely
weak light emissions which can be used to
monitor the physical state of a plant. Here we
show the difference between both methods
and state parameters to perform these
measurements using the NightSHADE plant
imaging system.

€ Communicated by BERTHOLD TECHNOLGIES GmbH & Co. KG, Calmbacher Str. 22, D-75323 Bad

Wildbad, Germany

* Address all correspondence to: angela.bruex@berthold.com
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Gidi thiéu
Introduction

Phat huynh quang yéu (DF) 13 4nh sang phat
xa V@i cudong d6 thap duwoc tao ra bdi nhitng
cay twoi tét d3 duogc chiéu siang tir trudc
(tham khdo tai liéut). Mot vi du vé dnh huéng
cGa nhiédm ndm va han han I&n qud trinh phat
huynh quang cham da dugc ching t6i cong
bé & ghi chi (rng dung AN985_0032. Cudong
d6é phat huynh quang cham dua trén lugng
diép luc con nguyén ven va giam trong
trvong hop cay bi stress. Trai lai, chung toi
van chua xac dinh dugc ngudn phéat xa
photon sinh hoc va cuong dé phat xa photon
sinh hoc cé xu hwdng tang & nhitng bd phan
cay chiu tac nhan stress.

Cudng dd phat xa photon sinh hoc cuc yéu
dwoc tao ra nham dap (ng cac tic nhan
stress nhu vét bam trén cay, d& mudi, hay do
mam bénh tan cong. Cudng d6 nay thudng
vao khoang dudi 1000 photons/s*cm3* va
tuwong quan véi su phéng thich géc ty do oxy
héa (ROS) tir t&€ bao. Tinh trang nay duoc chi
huy b&i gene R diéu hoa dac diém chdng chiu
va dap ¢ng phan &ng qua man>6. Mic du
phat xa photon sinh hoc khéng phu thubc vao
ROS’, qua trinh tao anh cGia phwong phap nay
van giip ching ta nghién ctru cac chu trinh
xam nhap cla mam bénh. Tuy nhién, cdc nha
khoa hoc van chua Ii gidi dugc co ché& phan
tlr cia hién tuwong phat xa nay’. Tao anh phat
xa c6 thé duoc tién hanh khi qud trinh phat
huynh quang yéu d3 dan két thuc.

Delayed fluorescence is a weak light emitted
by healthy pre-illuminated plants (for
review!). In our previously published
application note AN985 003 examples of
fungal infections and drought affecting
delayed fluorescence’ are shown. Whereas
delayed fluorescence is based on the amount
of intact chlorophyll and decreases in the case
of stress, the source of biophotonic emission
is unknown and increases in stressed parts of
the plant.

The ultraweak biophoton emission s
generated in response to stress such as
wounding, salt stress or pathogen attacks. Its
intensity is usually in a range less than 1000
photons/s*cm3# and correlates with the
second burst of ROS, which various plants
show in R-gene mediated resistance and
hypersensitive reaction responses>®. Although
biophoton generation is not dependent on
ROS’ its imaging still offers a nondestructive
and facile method to investigate pathogen
related processes. The molecular mechanism
underlying this light emission is unknown’.
Biophoton imaging can be performed once
delayed fluorescence has faded away.
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Phat huynh quang yéu va phét xa photon sinh
hoc déu la nhitng phép chi thi xac dinh trang
théi sinh ly thwc vat. Cac k&t qua ma ching
dua ra déu rat da dang phu thudc vao diéu
kién mdi truong. Ca hai phuong phap déu
can stir dung mot hé tao anh véi may anh CCD
(linh kién tich dién kép) c6 kha nang lam lanh
sau véi d6 nhay cao nhu dong Berthold
NightSHADE LB985 IK. Ching toi str dung mot
s8 tham s6 d3 duoc thay d6i trong cac cdng
b6 ctua Gould va céng su?, Bennette va cong
su’, Flor-Henry va cdng su? dé kiém tra xem
hé théng cda chung t6i cé kha ndng tao dnh
phat huynh quang cham va phat xa photon
sinh hoc hay khéng. Qua kiém nghiém, may
anh cta hé tao anh in vivo NightSHADE c6 thé
nhan dién anh sdng phat xa vd&i cwong dé
thap mét cach nhay bén.

and  biophotonic
emission act both as an indicator for the
physiological state of a plant and vary based

Delayed  fluorescence

on environmental conditions. Both
measurements require an imaging system
with deeply cooled and very sensitive CCD
(charge coupled device) cameras3 such as the
Berthold Night-SHADE LB985 IK-models. We
used modified parameters as described by
Gould? et al., Bennett’ et al. and Flor-Henry?
et al. to test our system for its ability to
perform delayed fluorescence and biophoton
imaging. We show that the camera system of
the NightSHADE in vivo imaging system is
sensitive enough to easily detect these low
emissions.
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Thao tac thi nghiém
Experimental procedures

DPén LED gay hiéu (rng chi€u sang sau
LED afterglow

Phat xa photon yéu nhu DF va BE déu dugc
tién hanh do sau khi cdy da thich nghi mét
thoi gian ngan trong diéu kién t8i dé dam bao
khong con tin hiéu huynh quang tc thoi tw
phan t& chlorophyll nita. Hon nira, qua trinh
nhan dién yéu ciu sir dung mot khoang tdi
hoan toan kin sang. Thém vao do6, hé
NightSHADE con cung cap cdc bang dén LED
(v&i budc séng 470 nm, 660 nm, 730 nm va
dén LED trang) dé& kich thich phan tl
chlorophyll truwéc khi dién ra qua trinh nhan
dién phat xa kéo dai tdi hang gio. Ching ta
phai dam bao qua trinh thuc hién phép do
phat xa photon sinh hoc véi cuong do rat
thdp khong bi anh huwdng bdi hién tuwong
phat sang sau gay ra do nhitng bang den LED
nay. Tuy nhién, cac béng den LED nay thuwong
c6 kha nang chiéu sang ké ca sau khi d3 tat
ngudn dién. Vay nén, cic 1 gwong duoc sk
dung dé xac dinh thoi gian chiéu sang sau kéo
dai bao lau. Phép do lwvgng anh sang lwu lai
duoc tién hanh 5, 10, 20 va 60 gidy sau khi
tat cac bang dén LED. Cudi cung, chiéu sang
sau duwgc nhan dién trong vong 60 gidy vdi
2x2 pixel binning.

Low photon emissions such as DF and BE are
measured after a short dark adaption of the
plants to ensure that all prompt fluorescence
of chlorophyll is gone. Furthermore an
absolute light-tight dark chamber is needed
for detection. In addition the NightSHADE
offers LED-panels (470 nm, 660 nm, 730 nm
and white LEDs) to excite chlorophyll followed
by the detection of light emission up to hours.
It has to be assured that during measuring
time no afterglow of these LED panels is
interfering with the light detection of the
ultraweak photon emissions. However, since
it is well-known that some LEDs will glow
after switching off the electrical power, mirror
foil was used to determine how long this
afterglow is detectable. The measurement of
remaining light was performed 5, 10, 20 and
60 seconds after switching of the LED panels.
Afterglow was than detected for 60 s with a
2x2 pixel binning.
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Phép do phat huynh quang cham
Delayed Fluorescence Measurement

Cac tham s6 st dung trong thi nghiém duoc
tham khao tir cdng bd cha Gould va cong su?®
nham phat hién tin hiéu phat huynh quang
cham tlr Arabidopsis thaliana. La cla
Carpinus betulus dugc chiéu sang véi 35 puE
trong vong 10 phut. Cudng d6 anh sang phia
trén mau duwoc xac dinh bdi may do
Einsteinmeter LI-250 (Licor). Cac kénh dén
LED & buwdc song 470 nm, 660 nm va 730 nm
déu dugc diéu chinh sang gia tri 35 uE/m?2*s.
Sau khi tit dén, c6 mdt quang nghi dai 10
hodc 3 s dién ra trudc khi phép do duoc tién
hanh. Tin hiéu DF dugc nhan dién trong vong
60 s sau do6 vdi 2x2 pixel binning. Ching toi
thu dwoc mot budc anh den tring véi thoi
gian ti€p xuc 0.1 s va cuong dd 10% sau phép
do DF (Hinh 1).
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Parameters were used as defined by Gould et
al.8 for detecting delayed fluorescence in
Arabidopsis thaliana. Carpinus betulus leaves
were illuminated with 35 uE for 10 min. The
light intensity just above the sample was
determined using the Einsteinmeter LI-250
(Licor). Setting the LED channels of 470 nm,
660 nm and 730 nm to 35 uE/m?*s each.
After turning off the light a 10 s or
alternatively a 3 s delay was inserted before
the measurement. DF was than.

Hinh 1. Cac buéc cai dit phép do va hé théng chiéu sang
den Led bing phan mém indiGO: cai dit do DF bang phan
mém indiGO

Figure 1. Setting up a measurement combined with LED
illumination with IndiGO step by step: IndiGO Settings for
measuring DF:

e Tao méi mau ddi chirng (1) va mau do (2) (bdm chudt
phai vao "Controller templates" hodc "Measuring
templates")

e Define new control templates (1) and measurement
templates (2) (right mouse click on “ Controller Templates”
or “Measuring Templates”).

e Chinh stra cai dit mau ddi ching (3): thém lénh diéu
khién (4) va tuy chinh cai d&t cho tirng théng s6 (5)

e Edit control templates (3) : add control commands (4) and
define settings for each (5)

e Lia chon cac phuong phap do va didu chinh cac théng s&
theo yéu cau (6). Vi du: lya chon phép do phat quang va
chiéu hinh anh

e Define measurements and required settings (6) e.g.
luminescence

measurement and photo

* Vao phan "Dy 4n va phan tich" (7), tao dy 4n méi va sir
dung cac tham sb diéu khién cé sdn tuong Ung véi thi
nghiém trudc va sau khi do, st dung tham s6 do ludng cé
= san dé thyc hién phép do.

® Go to “Projects & Analysis” (7), create a new project and
defined  control templates for “pre- and
postmeasurement” activities, use defined measurement
templates for “measurement”
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Phat xa photon sinh hoc
Biophotonic emission

Sau phép do phat huynh quang cham, 13 cay
duoc gitt & diéu kién téi hoan toan trong
vong 30 phdt badi tin hiéu BE thuwong bi at boi
tin hiéu DF tlr 5-10 phut. Véi 10 phut nhan
dién, ching t6i thu dugc anh 8x8 pixel
binning. Anh den tring thu duoc sau phép do
DF ¢6 thoi gian ti€p xdc 0.1 s, cwdng d6 sang
10%.

Anh chup
Photographic image

May anh ky thuit s6 Canon G11 duwgc sk
dung dé chup anh 14 cdy da mau sic. Dién
tich 13 c6 tin hiéu phat xa photon sinh hoc cao
nhat duwoc ghi lai bai anh téi hién tiéu chuan
héa va anh nay dugc diéu chinh vé cing mot
kich thudc s&r dung Photoshop Elements v4.

Vat liéu
Material

* NightSHADE LB 985 IKflu, s6 hiéu 4001
¢ Phan mém indiGO phién ban 2.0.1

* Cac bangdén LED

* Light-meter LI-250 (LI-COR)

* Photoshop Elements v4 (Adobe)

e M4y anh ky thuat sé Canon G11

After the measurement

of delayed
fluorescence the leaves were kept in absolute

darkness for 30 minutes due to the
observation that BE is masked by DF for 5-10
minutes3. An image was taken with 10 min
detection time using an 8x8 pixel binning. A
black and white photo was taken with 0.1 s
exposure time, 10% intensity after the DF
measurement.

A Canon G11 digital photo camera was used
to take a multi-colour image of the leaves.
The area of the highest biophotonic emission
was marked by standardizing retrieved
photos and measurement images to the same
size using Photoshop Elements v4.

NightSHADE LB 985 IKflu, serial number
4001

* indiGO software v. 2.0.1

* LED panels

* Light-meter LI-250 (LI-COR)

* Photoshop Elements v4 (Adobe)

* Canon G11 digital camera
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Két qua
Results

DPén LED gay hiéu (rng chi€u sang sau
LED afterglow

Peén LED trang gay ra hién twong chiéu sing
sau kéo dai téi 60 s sau khi tit ngudn dién
lam chan tin hiéu DF (Hinh 2). Dén LED xanh
(470 nm), dé (660 nm) hodc d6 héng ngoai
(730 nm) khéng tao ra hiéu &ng nay (khong
hién thi dit liéu).

Hinh 2. Bén LED giy hiéu (rng chiéu sang sau coé thé duogc thiy &
canh trai va phai anh

Figure 2. LED afterglow can be seen at the left and right side of the
image

Hinh 3. & ca hai phép do DF va BE, chung t6i st dung mét mau 13
twoi tt va mot mau 14 Ga nau (A). Tin hiéu DF manh hon & mau 13
twoi tot (phai) so véi & mau 14 bi thuwong tén, Ga nau (trai) (B). Tin
hiéu BE chi c6 thé duoc thdy & phan 13 bj thuong tén ¢ mau nga
nau. Cé thé & nhitng viing thuong tén ndy, s6 lwong té bao bij stress
chi€ém phan nhiéu hon so véi té bao khde (C). Hinh E biéu dién cach
xac dinh s6 lwgng trong phan dién tich dinh st dung céng cu dudng
ké (xem bang 1).

Figure 3. For DF and BE measurements a healthy leaf and a
brownish leaf (A) are used. B. DF is much stronger in a healthy leaf
(right) than in the brownish, damaged leaf (left). The BE signal can
only be seen in the part of the damaged leaf which is slightly brown,
probably, indicating that this area still consist of living but highly
stressed cells. Figure E shows how counts in peak areas were
determined using the line tool (see table 1).

White LEDs show an afterglow after switching
of the electrical power for up to 60 s covering
the DF signal (Figure 2). Blue (470 nm), red
(660 nm) or IR-red (730 nm) LEDs do not
show this effect (data not shown).

A D

E..

counts

p1(221/476)
P2(BATIATT)

area 2 area 1

2000 i M
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Anh DF
DF image

DF dugc do sau 10 phut ti€p xuc anh sang &
35 puE/m?*s. Tat dén LEDs mat khoang 2 s.
Tinh ca thoi gian luvu dnh sang mat 3 s, phép
do DF bat dau khoang 5 s sau khi tat den.
Nh& vy ma tin hiéu thu dwoc rat manh vdi
cudng do cao hon gap 140% so véi cudng do
thu duwoc néu bat dau phép do sau 10 s
(khéng hién thi dir liéu). Hon nita, néu nang
cuong db6 sang cla déen LED lén tdi 140
HE/mZ2*s thi tin hiéu DF thu duwoc cling khéng
thé tdng thém (khdng hién thi dit liéu). Diéu
nay chirng té rang hé théng d3 b3o hoa voi
cudng do chi€u sang 35 HE/m2*s. DI vadi 13
cay twoi tét nhu & hinh 3B, ta cé thé thay tin
hiéu DF phat ra trén toan bo bé mat 13 chirng
td su bao phi déng déu cla lwgng phan tl
chlorophyll.

Anh BE
BE image

Ca hai 1a déu cho thay cudng d6 phat xa thap
hon nhiéu so vdi cwdng d6 thu dugc & phép
do DF (Hinh 3C). Cudng dd cao nhat duogc
phat hién & vung ma |3 cdy bi tén thuong,
nhung khong phai tai vi tri mo thuc vat kho
hoan toan (Hinh 3D). Hién tuong nay xay ra &
phan ria cGa |4 cdy xanh con tuoi tdt va phan
14 bi da nau.

DF was measured after a 10 min light
exposure with 35uE/m?*s. Turning off the
LEDs took about 2 s. Together with the 3 s
delay time measurement of DF was started
around 5s after turning off the light resulting
in strong signals, showing a 140% higher
intensity than a 10 s delay (data not shown).
Furthermore increasing the LED intensity up
to 140uE/m?*s did not result in a higher DF
signal (data not shown) indicating that the
system is already saturated at the 35 uE/m?*s
irradiation. As shown in figure 3B healthy
leaves show DF over the whole leaf area,
reflecting homogenous chlorophyll levels.

Both leaves show emission with much lower
intensities than for the DF measurement (fig
3C). The highest intensity is detectable in an
area where the leaf has damaged, but not
complete dry tissue (figure 3D). This occurs
along the border of healthy green and dry
brown areas of the leaf.
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;Sgirl:;c))’ng Thoi gian nhan ﬁ;ih) Piéu chinh sang pixel binning
dién Binning 1x1

Counts Detection time cPs Adjusted to pixel binning 1x1
(Peak) (Peak)

DF (dién tich 2) 1500 60 s 2x2 25 6.25

DF (dién tich 1) 2000 60 s 2x2 33.3 8.3

DF (dién tich 4) 500 600 s 8x8 0.83 0.013

DF (dién tich 3) 5000 600 s 8x8 8.3 0.13

Bang 1. D6 cao tin hiéu thu duoc & | cay tuoi tot va & 14 cdy bi thuwong t6n sau phép do DF va photon sinh hoc (quan sat hinh 3). Tin hiéu DF
cao hon & phan |4 tuoi tét (phan dién tich 2) con tin hiéu phat xa photon sinh hoc lai manh hon & phan 13 bi thwong tén (phan dién tich 3).
Table 1. Signal heights in healthy and damaged parts of leaves for DF and biophotons (see Figure 3). DF signal is higher in healthy areas (area

2) whereas biophoton emission is high in damaged areas (area 3)

Két luan
Conclusion

Phuwong phap tao anh DF va BE la nhitng cong
cu hitru dung gitip giam sat trang thai stress &
thuc vat ma khong can thiép. DF la qua trinh
da dugc nghién clru sau tur trudc trén cac
sinh vat cé kha nang quang hopl. Cdy duoc
chuyén vao trong t8i sau do phan tl
chlorophyll dugc kich thich da tao ra hién
tuong phat xa photon. Do dé phuong phdap
hdu phat sang nay cho phép chung ta xac
dinh trang thai phan tl& chlorophyll va quang
hé & thuc vat mot cach nhanh chéng va don
gian. Hon nira, lwvong DF duoc diéu khién bdi
mot hé thdng sinh hoc rat tinh vi. Piéu nay
cling déng nghia vdi viéc phuwong phdp DF
cling c6 thé rng dung dé xac dinh nhip diéu
sinh hoc rat dé& dang vdi ning suat cao ma
khéng can tdi gen chi thi.

DF and BE imaging are useful methods to
monitor the stress status of a plant in a non-
invasive way. DF is a long-known and well-
studied process of photosynthetic organisms?.
Photon emission results from excited
chlorophyll following the transfer of plants
into the dark. Therefore this post-illumination
emission offers a fast and simple way to
determine the status of the chlorophyll and
the photosystem in plants. Furthermore the
level of DF is under a robust circadian
controlé. This means DF also provides a simple
and high-throughput way to measure
circadian rhythms without the need of
reporter genes.
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Trong nghién cru nay, ching tdi chi ra rang hé
tao anh in vivo thuc vat NightSHADE cuia
ching t6i cé kha nang do tin hiéu DF. V&i cac
théng s6 cai dat néu trong cdng bd clia Gould
va cdng suB, ching toi cé thé dé dang nhan
dién DF. Cuong do clua nd phuy thudc vao
trang thai chlorophyll & thuc vat (Hinh 3).
Thém vao d6, dong mdy NightSHADE cung
cip cac badng dén LED s dung dé kich thich
quang hé & thuc vat. Nhung lvu y rang DF &
khong thé thuc hién dugc néu sir dung dén
LED trang do hiéu &ng chiéu sang sau kéo dai
tdi 60 s ma loai den nay gay ra. Theo Gould
va cong sy, tin hiéu phat huynh quang cham
két thic ngay sau 60 s, do d6 khéng con nhan
dién duoc nira. Ching tbéi cd thé xadc minh
dwoc thoi gian ton tai rat ngin cla tin hiéu
DF. Trong thi nghiém nay, tin hiéu d3 tr@ nén
rat yéu chisau 10 s.

Trai ngugc véi phat xa DF, nguén phat BE hay
con dugc goi la phwong phdp phat quang
sinh hoc cwc yéu van chua duoc xac dinh
mac du Birtic va cong su cé chi ra rang oxy
héa chat béo co lién quan tdi qua trinh tao
BE®. S& dung hé tao anh NightSHADE, ching
té6i phat hién thay tin hiéu phat xa photon
sinh hoc tdng déng ké & nhitng phan |4 cay bi
thwong tén va Ua nau. Tin hiéu phat xa BE
tang duwgc quan sat thdy khi cdy dap &ng vdi
cac tac nhan nhu nhiém mam bénh, stress do
man va tham thau, thuong tén co hoc va vét
bam trén cay3. Cac qua trinh san sinh ROS
cling gay ra phat xa photon sinh hoc. Bac tinh
nay cho thdy phwong phap BE ddng vai tro
nhu mot diu hiéu sinh hoc xac dinh trang
thai stress oxy hda & thuc vat®.

Here we have shown that our in vivo plant
imaging system NightSHADE is capable of
measuring DF. Using the settings of Gould et
al.8 we could easily detect DF and its intensity
was dependent on the chlorophyll status of
the plant (figure 3). In addition the
NightSHADE offers LED panels, which can be
used to excite the photosystem, but
noticeably DF cannot be performed using
white LEDs due to their long afterglow up to
60 s. According to Gould et al. the signal of
delayed fluorescence is gone after 60 s and
therefore not detectable anymore. We could
verify this short lifetime of DF. In our
experiments it was already dramatically
reduced after 10 s.

In contrast to DF emission the source of BE,
also called ultra-weak bioluminescence is
unknown, although Birtic et al. could show
that lipid oxidation is involved in the
generation of BE’. Using the NightSHADE
system we found the biophoton emission
being significantly increased in brown and
damaged parts of a leaf. The increase in BE
emission has been observed in response to
pathogen infections, salt and osmotic stress,
mechanical damage and  wounding3.
Biophoton emission seems to be induced by
the same conditions inducing ROS production,
making it an internal marker of oxidative
stress®.
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Tai nghién clru nay, chung t6i da xdc minh
duoc cuwong d6 tin hiéu phat xa DF twong doi
manh hon so v&i cudng dd tin hiéu BE. Néu
xét t&i cac théng s6 vé thoi gian nhan dién va
pixel binning thi chdng t6i can ap dung mét
hé s6 diéu chinh bang 160 dé so sanh c3 hai
phép do. Khi so sanh hai dinh cao nhéat cua
phép do DF (dién tich 2) va BE (dién tich 3)
chung téi nhan thay tin hiéu phat xa ctua DF
cao hon tin hiéu phat xa photon sinh hoc gap
khoang 50 lan.

Néi tédm lai, ca hai phép do DF va BE déu la
nhitng phuwong phép tiém ndng cé tinh phd
quét va dem lai hiéu suat cao trong viéc giam
sat nhip diéu sinh hoc, nhiém mam bénh, dap
(rng chéng chiu phu thudc vao gen R, han han
hay nhirng tac nhan stress khac. Mat khac,
khi *ng dung phuong phap BE vao phép do
trang thai oxy hda chat béo trén thuc vat hay
céc sinh vat khac chung ta khéng can phai lo
nght gi®. Dong may NightSHADE |a mot cong
cu rat thich hop dé tién hanh hai phép do nay
va c6 kha nang phat hién cwong d6 anh sang
& ngudng rat thap nh& may anh CCD tich hop
trong hé théng rat nhay. Trong thi nghiém
nay, chdng toi da thiét 1ap phan mém indiGO
dé tién hanh do theo cd hai phuwong phdap
mot cach ty déng vdi thoi gian nghi d3 cai
dat trwdc (Hinh 1). Nho tinh ndang phan tich
cla phan mém ma cudng dd DF va BE dugc
dé dang xac dinh.

In our experiments we were able to confirm
that DF emission was relatively strong
compared to the levels of BE. Taking different
detection times and pixel binning settings into
consideration (table 1), a correction factor of
160 has to be applied to compare both types
of measurements. When comparing the
highest peaks of DF (area 2) and BE (area 3)
respectively, the emission of DF is about 50
times higher than that of biophotons.

In summary DF and BE measurements show a
great potential as universal, high-throughput
methods to monitor circadian rhythm,
pathogen infestation, R-gene dependent
resistance responses, drought and other
stresses. Furthermore it has been claimed
that BE monitoring might be a nonperturbing
measurement of the lipid oxidation status of
plants and other organisms®. The NightSHADE
is a well-suited instrument to perform all of
these measurements and detect such low
light intensities due to its sensitive CCD-
camera. In our experiments we programmed
the IndiGO software to perform both
measurements in an automatic way with a
specified delay time (figure 1). Intensities of
DF and BE were easily determined using the
analysis function of the software.
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