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1. The Giga-8d EPG device

Introduction. The present Giga-8d model and former models Gigmd Giga-8 have been
developed to record the Electrical Penetration &(&#G) signals from aphids and other hemipterans,
especially. But other insects with piercing moutigpauch as thrips, and spider mites, or bloodifeed
mosquitoes, ticks have been used as well. Althdhghmain interest comes from plant resistance,
plant pathogen transmission, and insecticide rebedEPGs have recently been used in plant
electrophysiology studies as well. Chewing insects,the other hand, are not suitable for EPG
recording since fluid contacts during plant feedimghort-circuiting signals from specific feediag
salivation activities. Simultaneous recording framaximally eight insects can be accomplished with
the Giga-8d model, each on a separate plant but also, recofdomy several insects one plant is
possible, although proper recording adjustmentgéch insect are more difficult then.

“Giga” refers to the standard* 1 Giga-Ohm D) input resistance of the amplifier. Together with
the extremely low input bias current (< 0.1 pA)stig the most important specification of tBBG
recording systen{Tjallingii, 2010). For a complete list of spectHitions, see Table 1. A more complete
overview of this and earlier EPG systems can be doon www.epgsystems.epage Measuring
systems

Older Giga types. Look on p.

STYLET" software is a special free EPG data acquisitiaggam for the Giga-8d. A separate EPG
analysis module of software is adapted to handéndg analysis of EPG signals. Update the last
version! In case of doultailto:info@epgsystems.eu

Further data processing can be done in any spgreadgrogram and some Macros have been
developed (se@ww.epgsystems.egpageDownloads, section Data Processing).

System requirements. The Giga-8d has an integrated analog-digital (ABnverter on board with

USB output, allowing data acquisition mediatedSl’J'y{LET+ software, which displays the signal on
screen simultaneously. All Windows platform versioGXP, -7, -8, & -10) are compatible but
Macintosh computers can be used on as Méflere is aootable Windows environment installed on
your Mac (virtual Windows within a Mac backgrounoed not work!).

Table 1. Technical specifications

EPG probe (pre-amplifier)

- amplification (gain) 50x
- input resistance 10
- input bias current ~1pA

Giga8d control unit

- 2nd stage amplification (gain) 1x to 2x (resudtin 50-100x total gain)

- calibration pulse -50 mVolt (circa)

- max. Vplant adjustment + 0.5 Volt

- max. output + 5.85 Volt

- Stylet scale range limits + 5 Volt

- AD converter resolution 14 bit; sample rate 1@qHefault)
Power supply 220 or 110* Volt AC / = 8Volt DC (300 mA)

* A special probe option with a switchable @@ TQ (10%Q) input resistance. See Appendix 5
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2. Unpacking and inspection

Check the shippellaCcKING LIST compare it to Table 2, and check that all pdnas &re included. Claim
any missing or damaged article within one month.

Table 2. Giga8d Order packages contents

Basic EPG system

[tem number
Giga-8d control unit (main box) with build-in AD device 1

Power supply, 220 or 110V*AC / + 8V DC 1

EPG probes 8
Swivel clamps for probe mounting 8
Mounting rod 40 cm; @ 10mm 2

Cabling

wired plant electrodes 8
test cable (‘insect pin’ to red banana) 1
grounding lead (black banana to alligator) 1
USB cable (micro USB on one side) 1

Wiring kit:

vial with silver glue (water based non toxic), 2anl , 25% Ag 2
insect electrodes (connector-pegs/nails, @ 1.2mm) 30
bunch of insect electrode extension wire (@ 0.2mm) 2

Complete EPG system

This will contain presumably one of the followirtgms:

- coil with 30 m gold wire (@ 18m)

- coil with 30 m gold wire (@ 12.6m)

Wire diameter (@) depends on the insect (see weelrggrmation)

3. Giga-8d device and all separate (basic system) parts

Figure 1 (next page). EPG Giga-8d with hardware parts (right side: rear of Giga-8d device)

@ Probe: primary (pre-)amplifier* OS power sipR20V(110V opt.)AC/+8V DC
@ Giga-8d control unit, front view @ Swivel clamp* for flexible rod attachment
@ Rear view; with cables for: OS rod10mm) to mount the probes

plant voltage* C@a cable with plant (soil) electeod

probe* gnd cable to Faraday cage by alligdipr ¢
ground (gnd) @c test cable with insect pin (figtin probe input)
power (6  micro-USB cable

micro USB

* one per channel
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Power supply voltage

The AC voltage from the mains can be 110 or 220 \&k@ the label on the supply should (!) indicate
the internally adjusted input voltage. You may stvithe device to the other voltage. Unscrew the 4
crews of the power supply cap and open the
device. You will see this (Fig. 2):

Here the slider shows 230" indicating the NIy O TI8N0

. L 50-60 Hz

maximum AC voltage allowed and it is ﬁ’

suitable for 220 VAC. When slit to the other WEISS -
position you will see '115' indicating the BV 83/234 do 6,0 VA
suitability for 110 VAC. So, you can adjust trj 'YP Ul 30445 ta 40/E
input voltage to your appropriate voltage. @ | c €

. " BVU04-030.050.010

WARNING: A 115 V adjusted power supply 8 en 61558 Febr.2011

shouldnever be connected to 220 VAC ! 333 mA 333 mA
09V SEC  9V-0
Therefore, if you change the voltage slider
always indicated the new voltage on the labé
with a marker pencil (permanent type) ! Figure2 Power supply interior
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4. Digital Giga-8d operation

4.1 Digital Pushbutton Operation. Control panel menus

Exercise this first, no softwartlet” ) and Giga-8d installation are needed yet.

Start

SN: 09122014003

Enter Back Down

- Channel selection - ; CH1 +0.0V
- Channel 1 CH2 +0.0V

Channel 2 CH3 +0.0V
Channel 3 CH4 +0.0V

-Ch 1-Vout: +0.00V 3 -Ch 1- Vout:
- Vplant: +0.00V >Vplant:
Gain: 50x Gain:
Cal. pulse: OFF Cal. pulse:

-Ch1-Vout: +2.00V . -Ch 1-Vout: +4.00V
Vplant: +0.04V Vplant: +0.04V

- Gain: 50x > Gain: 100x
Cal. pulse: OFF Cal. pulse: OFF

-Ch 1-Vout: +2.00V -Ch 1-Vout: -0.50V
Vplant: +0.04V Vplant: -0.01V
Gain: 50x Gain: 50x

- Cal. pulse: OFF - Cal. pulse: ON

Figure 3 Schematic mode of pushbutton operationswith their displayed results.
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4.2 Description of Pushbutton functions Enter, Back, Down, UP in Power, Giga-8d menu

Start

Power switches the control box on and shows the bluelaﬂsmnneﬂ with all 8 channels on 4 lines
shortly shows panel with text “EPG GIGA8d”

Back shows the - About — panel with serial number andwiare version number

Operation

Enter will then show pandg, the Channel selecticscreen

Down will move you to the one channel number higher

UP will move you to one channel number lower

Enter will move you to adjustment menu of the selectechokét: paneE and the Vplant line
Enter activates Vplanadjustment by showing par{é(and- Vplant changes to Vplant)
UP Increases the Vplant (value shown on same ling)righ very small step on a single
stroke, increasing steps by keeping UP pressedstopping when releasing the UP
button.

Down As with UP but with opposite sign.

Back brings you back ttpaneIE with inactivated Vplant
Down brings you to paneE and ther Gainadjustment line
Enter activates Gaimdjustment by showing par@[and = Gain changes te Gain)
UP Increases the Gain (value shown on same line)ri§tarting at 50x, increase by very
small step on single strokes, and increasing sigp®eping UP pressed; stopping when
releasing the UP button: 100x is maximum value.

Down As with UP but in opposite direction.

Back brings you back ttpaneIE and the inactivatedGain line
Down brings you to panei, the_Ca. pulsadjustment line= Ca. pulse: OFF
Enter activates the pulse and shows p@mlith = Ca. pulse: ON. A pulse of about -50mV is
then added to VPlant, and becomes visible on line
Enter (again) inactivates the pulse and will show pi‘mj;ain.
UP moves you to the Gain line (paneE)
UP moves you to the Vplant line (paneE)
Back moves you to the Channel selection pEneI
Back moves you to the 8 channel paflel

Power switches the Giga-8d control box off.
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5 Installation

5.1 Stylet” softwareinstallation
DownloadStylet” setup.exe and the install.pdf fromvw.EPGsystems.epage Downloads,
section installation and read the pdf’s instructid®sgularly look for newer versions.

5.2 Connecting Giga-8d parts

WARNING
Do not connect or disconnect probes to the Giga device while switched on!

Static electrical charge is a danger for the probe input: Touch both hands
to the Faraday cage (GND connected) to discharge yourself before inserting
any pin (test cable or insect electrode) into the input of a probe

First insert and screw (Fig 4, top) the connectdrall 7
probes to the Giga-8d device. Start at channel 1varé | |
to channel 8. Leave your probes connected to tiga-8i
as indicated in the above/ARNING in order to avoid ¢
damaged probes.

Then insert and screw the power supply connector @&
its Giga-8d socket; screw only the indicated rikgg( 4, B/
bottom) Finally insert the micro-USB connector log¢ tUSB | S Sl
cable into the socket below the power socket of3lym-8l 0
and connect the other end of the cable to the ctanpu

Finally, insert the power supply into the wall setkf
the main grid (220/110 VAC) but be sure the lalbrelyour
power supply matches the correct (maximum) volt23e:
or 115 VAC but donot push the Power button on t J
Giga-8d yet. Figure4

Plugging and screwing connector s

2. screw this ring

5.3 Giga-8dinstallation

When all part are connected your computer shouldrbéne (internet connected). Now push the
Power button on the Giga-8d. Your computer will fihe new hardware (AD converter) inside your
Giga-8d and will automatically search and insta# hardware driver (Windows-7 & -8). There are
two things to install, 1) the USB Serial Convel&D device) and 2) the USB Serial Port (Com port),
which may take a few minutes and you will get thessage that the device is ready to be used. For
Windows-XP the hardware wizard will pop up. Allowasching on the internet to install the AD
device and the Com port. Once installed, this ptaoe not further needed and internet access should
be switched off during EPG data acquisition session
Open stylet+d.exe shortcut) to run a datauisitipn session (EPG recording). In the R bottom
corner the devic( EGD GIGASD (comie)/std should be shown (comport # may differ).

5.4 Run ademo recording (see als®tylet manual)

Before starting a real EPG recording S€SSion i seiect recording device =
good to run a demo session. With a L mouse click
EGD GIGASD (ComI6y/std  you Will getettSelect record-|| peecigdetce
ing device panel. Click on Demo device and OK || |EGDGIGASD (COMLL)
get a 4 channel demo screen. After typing a film@éde.g. "test”) and some text in the comment 2
space (e.g. "demo") you can click the [START] batémd an sine wave will appear running fro L to R
and the scrolling left. After the pre-set 0.01h ragrtime the session will finish.
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6 Experimental EPG Setup

1. Set up a proper Faraday cage (for constructionagpendix) ona -------r-mrmmorosrsonoe e 2
table or place without shock distortions during EfeGording. .

2. Do not mount lamps or any other AC powered deviside the |
cage! | S ﬁbiﬁf

3. Screw the two rods together to make one 80cm rodafio8 | | | ]
probes and fix the rod, for example (Fig. 5), bemwawo ff"f"ﬁ"f'"
ordinary (chemical) stands with standard clampg provided X504 TAANY
by EPG systems). Leave all probes connected toGiga-8d N
device.

4. Mount the probes in the Faraday cage as far toeeas possible
to reduce noise but put the Giga device outsideomt, or at the L
or R side of the Faraday cage.

5. Connect the USB cable between Giga-8d and your atenp

6. Insert the ground cable plug (black banana; Fi@l) into the black GND socket on the Giga-8d

use the alligator clip to connect it to the Faradage. It should be a blank metal part of the cage.
It may be good to check ground connections betabgrarts of the set up using a multimeter. Resistabetween
all cage faces and the Giga's gnd. shoul® hm on the multimeter.

7. Wait connecting of the plant electrodes (red baspirdo the red sockets at the rear of the Giga
until plants are put in the cage. Plant electraslesuld not contact to each other or to any metal
part of the Faraday cage at any time while the pasvewitched on.

Figure 5
Stands with 8 probes

The set up is ready for testing now.

Before the first real use, but also at any timerlat there is doubt about proper set up or device
functioning, it is good to test the equipment adany to the following test procedures, using the¢h
channel adjustments: 1) plant voltage, 2) gain,3rmhlibration pulse application (see paEA)eI
Equipment preparations should be as on previous. pagect or plant electrodes are not yet required.

Test with open input of probe (no wire connection to the probe)

1. Switch the Giga power on, and wait with illuminatade display for about half a minute

2. Then startStylet™ a 1h acquisition session (see marfiglet). Signals of all 8 channels will be
visible in the bottom panel and every channel calected to be displayed in detail in the top
panel, initially this is ch.1 by default.

3. On the computer screen all channels should giv&/alQline for all channels and in Giga’s panel
il the voltages next to all CH numbers should be nieantz0 volt as well.

However, noise may be shown as well. If high, ctbgefront of the Faraday cage (or other
measures; see next chapter: 5.2 Noise, noisegnois).

4. Select channel 1 in control parfeland check the values of Vplant and Vout. They sthetill
show the value close to 0 Volt
NOTE: The probe iglamaged when- with open input only! - Vout is either + or 5.8 or out of
range in the Stylétscreen display.

5. Also in theStylet” display of ch.1 on the computer screen the signalilsl be at a 0 Volt level,
indicating that the EPG probe is OK. But if thensifyis either + or — 5V (out of scale) this
indicates that the probe is damaged (!).

6. Select all 8 channels subsequently and check tha Gintrol panel values as well as Stget”
signals on the computer screen.

7. Switch Giga Power off.
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Continued test with test cable (Fig. 1@) connected to probeinput

8. Insert the red banana plug of the test cable iheored plant
voltage socket of ch.1 (Fig. )) on the rear of the Giga an
the brass pin carefully into the probe input (BNG@nhwector;
Fig. 6). Note WARNING on p. 7.

9. Switch the Giga power on, illuminating the blueplisy and start
a 1 hourStylet” acquisition session (s&ylet™ manual).

10. Often connecting the test cable may show a voltdfget up to
2V, initially (Fig. 7, beginning); differing per chael.

11. In control pane% activate the Vplant adjustment (see sect
4.1) then (paneg) increase Vplant with the Up button, the
decrease Vplant with Down subsequently, and finadturn
Vplant to about 1V (Fig. 7).

12. Move Back to pand and Down to Cal. Pulse.

13. Push Enter several times to switch the pulse ONC#ie and observe the pulse response (Fig. 7).
The pulse values should become visible in Vplanti@ese by about 0.05V), Vout (step down by
about 2.5V) on the control panel.

14. Switch the pulse OFF and move in paEetb Gain, activate it, and increase the Gain (Upinfr
50x to 100x

15. Go Back and move in to Cal. Pulse and push thespuls

16. Switch (Enter) the pulse ON and OFF several tingesra

The pulse response in tBg/let” display should be twice as large now and the, Walite should
be so too+ a decrease by 5V (100x-50mV).

. Switch the pulse OFF

Fig. 6 Probeinput.
BNC connector and how to
insert the electrode pin

[EEN
\‘

C:\.\2014Giga-8d test-01-ch1_152_212.D01

noise offset 'Vplant Up Vplant HDown Vplant Up Cal. pulse Cal. pulse

LY

Gain = 100x

Output Yoltage

SGhbhbbicapouraos

Gain = 50x

Loweboasboe b b begbaneioa bbbl

154 156 158 160 162 164 166 168 170 174 176 178 180 182 184 186 188 190

172
Time (sec)

Fig. 7 Stylet” panel showing (L to R): Vplant increase and decr ease, Cal.pulse 50x, and 100x

18. Repeat points 11-17 for all other channels

8. Noisg, noise, noise, . . .

Electrical noise, better called ‘50 Hz noise’ (60 USA) is a nasty phenomenon. We can
distinguish two noise sources in our set epyvironmentakndsystem noisealthough they cannot be
separated strictly.

Always:

Environmental noise comes from the local electricity grid and depeadghe location of and distance
to 110 or 220 Volt (AC) power lines and cableshe probe input (Fig. 5). This noise is likely to be
reduced it by moving any power cords from the Fayachge vicinity (the open front, especially) and
proper cage shielding and grounding.
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Grounding equipment parts

a. Probes should be inside the Faraday cage but @@itia unit itself outside.

b. Faraday cage and Giga should be connected bylipatat clip of the ground cable. A check by
using a multimeter (Ohm range) for low resistaradgo(t 0 Ohm) between the probe supporting
rod as well as the outside of the BNC input conmreahd stands, and between these and the cage
and Giga ground. One lead of the meter the mulem&tould touch one part and the other lead
another part.

c. All Faraday cage faces, including the metal cagigoboand (removable) front face should be
connected electrically. The electrical contact lestw the EPG with the cage should also be
tested.

d. No AC (110V or 220V) powered lamps or instrumeritsidd be used inside the cage or close to
the (half) open cage! Leave them outside and ithat@ insects and plants through the cage mesh
or by DC powered led lamps.

Measuring noise
e. Close the cage and start a 1 h EPG recording sefssieStylet” manual)
f. Open the cage and close it again and observe the level in both conditions
- In the Stylet” top panel starting with ch.1 push the [ Inspebtifton to look at a detail during
recording. You can look closer when pressing [iotipa] and then the + for the Y ax Y4 = @
- Noise should be less than 0.2 Volt peak-peak
- If there is a considerable noise left, checkdtrGiga-ground and Giga-cage connections. If
all connections seem OK, then look further atdygem noissection.

Noisetest procedure

To proceed with the following test, carefully insan insect pin (brass nail) with only a copper
extension wire (see insect electrpdel 1) into the EPG probe input but remind WARNIRGand first
discharge your body’s static electricity by touchboth hands to the cage before the next steps.

1. Continue with or start a neftylet” recording session.
2. When the cage is (partly) open, you will see sonisenim theStylet” display panel, which will
often appear as a sinus wave with a slow reguladseasing / decreasing amplitude over time.

Tt oo

Closing the cage will reduce the noise furtheribobt go to next section’s system noise.

Now open the cage half way and move one hand imockge close to the empty insect

electrode in the probe’s input of the displayednecieh but do not touch it without touching the

cage or a grounded Giga part.

5. You will see a noise increase when your hand agbesmthe electrode and a decrease when it
Is removed.

6. While observing the noise amplitude from your hatase to the electrode, touch with your
other hand the Faraday cage. The noise should thbhereduced then or at least go back to
the level shown in point 2.

7. Reducing environmental noise is mainly a matteshoélding and grounding. The Faraday cage

is crucial but if the cage is not properly groundegl connected to the Giga or other equipment

it will not work.

B w

Note: If the front side of the cage can be leftropath an acceptable noise the advantage is that the
positions of the insects can be inspected andregseasily, if needed. But when the noise levekdoe
not allow so, the front screen should be used duegording.
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System noise is a persistent noise occurring in all channels lgaad all grounding and shielding
measures mentioned above will have no effect. $0i4z noise comes by the power connection leads
from the local grid. It enters by the power (broywmturn (blue), or safety ground (yellow/green ajde
lead directly or inductively. Also, return and dsffground noise may be generated by other electric
devices outside the Faraday cage, in the lab roomlsewhere in the building. To get rid of thissso
you may try one of the following points or a condtion:

1. Check for loose grounding contacts.

2. Check whether the computer has a 3 pin power pleggin 1 and 2 for power and return, pin 3
for the safety ground. You may either disable time3psafety ground to your computer, or — the
opposite — replace a 2 pin connection by a 3 p& s enabling safety grounding.

3. You can connect the computer externally to a grougndoint. For example, between a water or
central heating pipe and the Faraday cage by adligator clip leads.

4. Alternatively, if any of such grounding exists ady, remove grounding leads to water or
heating systems. Sometimes ‘grounding’ makes thingsse’.

5. Noise generated by other devices can be checkswibtghing these off temporary. Such noise
may be absent for some time and then, all at aesgydtdmay pop up very nasty again. If such a
device has been found, try to connect it to a gadket of a different group or move it to a
different location.

6. Alternatively, move your EPG set up to a grid sackt different group or to a different
location.

9 Making insect electrodes

Before insect attachment make more than just en@aghplete insect electrodes. Use some good
method to store them individually inserted in
polystyrene foam in a box, for example.

1.

Take pieces of copper extension wire (9
0.2mm) of about 2 cm long and solder one t

brass copper dorsal

) : : , insect extension gold
each brass insect pin (Fig. 8). Use core wire pin wire wire
from a spare piece of a cord, for example (some
are supplied). Only use uncoated wires from solder* silver glue
ordinary 110/220V leads! * Note: apply soldering fluid before soldering !

. Then pieces of gold wire should be prepared

using a stereo microscope. Handle the coil of Fig. 8. Completeinsect electrode
gold wire and handle it with care (see 4).

. Pieces of gold wire of about 2 cm long are appadprior aphids. Cicadellidae or Delphacidae may

need about 5 cm whereas whiteflies need 0.5 to (acwh prefer a thinner wire).

. Good illumination is important. Use only the grdag to loosen the wire on the coil, and fix the

loose end with that tag afterwards. Mostly moreewdrill get lost by inappropriate coil handling
than by the actual use. Cut a single piece of Xwlaf wire, good for 5 or 6 pieces maximally. Do
not make many separate 2 cm pieces in advancewiligyet lost.

Now apply silver glue to the copper extension wiEald wire cannot be soldered but should be
attached by the silver glue.

Note on silver gluesilver glue needs special care! The silver paricdee heavy and will soon
sink to the bottom of the vial. Thorough shakinfpteeuse is always needed. Mostly, after shaking
there will be enough glue for use at the insid¢heflid of the opened vial. Close the vial aftee us
immediately! Also, create/use any support to keeppened container upright!!! The silver glue is
water based. So, when it might dry, it can be dduby clean tap water but once completely dried it
will be difficult to restore its original shape @ealso instructions about silver glue and gold wire
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on http://www.epgsystems.eu/downlopd3ne vial of 2ml should be enough for hundreds séah
attachments. Store not used vials cool. Decay lyosurganisms is at risk.

Insert the copper extension wire - soldered tolfass insect pin - for about 2-3 mm in the
opened lid of the silver glue vial. Move the gluentaining extension wire to the loose end of the
gold wire and make contact with some overlap. Taiger letting the glue dry for about one minute
cut the 2 cm piece of the gold wire. Pin the conguleslectrode in some foam plastic support and
take the next insect pin + extension wire to cotepéen electrode from the same gold wire.

10 Insect attachment (wiring) and plant access

This seems the most difficult and delicate pafEB{G recording for outsiders but it is rather sienpl
Nevertheless, the attachment of an insect to awgw&lwith silver glue should be carried out quietly
Bad contacts give poor EPGs. Fixing the insectnguthe manipulations is easy but not strictly
needed. It depends on the size and the mobilithefnsect. For fixation, a vacuum "needle” orisuact
devicemay be helpful to handle the insect. We use (Eppdéngipette tips, valve-connected to a
vacuum system and mounted pointing upward undestdreo microscope. Do not use £8D cooling
if you can manage without but smaller and actigeats such as whiteflies or bigger hoppers may need
it.

Wiring

1. If insects have wax particles on their abdomenhorax should be cleaned first. Use a fine dry
brush first and then wet it with water and somedgnt.

2. Shake the vial with silver glue thoroughly; if akadile, use vortex device!

3. Apply a small droplet of silver glue to the insea@bdomen (or thorax) using a thin insect pin or
needle. For good electrical contact, let this fisiplet dry and then put a second droplet on fop o
the dried first one.

4. Insert the gold wire (of the prepared insect etstdr previous section) in the wet glue so that the
wire points back- and upwards from the insect andhle glue dry for a few minutes.

5. Disconnect the vacuum/stop sucking and gentlyhHitinsect with wire and assist the release with a
small brush if legs are sucked into the vacuumtfegdeole.

6. Insert the electrode into a piece of styropor twesthe wired insect hanging in the air on a safe
place and avoid climbing in the electrode.

7. Prepare a few more wired insects than strictly neede

Plant access

8. Select the leaf or plant part that is relevantugopse of the experiment. If a leaf is used prevent
(natural) leaf movements by fixing the leaf. Alsyoid an insect position that may lead to a
hanging without possible access resumption.

9. Mount the first wired insect by inserting its electe into the input connector of the EPG probe of
ch.1l and watch that it becomes in a proper posili@gs should be in walking position to the
plant surface. Then lift or move the attached ihsebit to get it hanging a few mm above the
recording site on the plant and mount the nextanse

10. After all insects are properly positioned but gtidinging a few mm above the plant surface, start
the computer for data acquisition.

11. Now move all hanging insects onto their recordiitg. $Jsing this protocol will uncertain that the
first probe (stylet penetration) will be recorded &ll insects.

12. Wait for each insect separately until probing hastsd and then adjust the amplifier settings (next
section).
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11. Proper Amplifier Adjustment

There are 2 adjustments needed: 1) Plant voltagk2p Gain. Moreover, there is a calibration pulse
button, a -50 mV pulse on top of the plant voltégge Menu, p. 8).

Proper amplifier adjustment is very important getting good signals, suitable for proper waveform
analysis. Every EPG recording and each insect (@ipshould be adjusted individually for an optimal
output signal. This adjustment should be made aéteording has started and can only be done in a
channel during stylet penetration by the insect. atjgistment aims recording the highest resolution
and the best signal to noise ratio.

Adjust each channel only in the beginning, sayfite¢ 30 minutes, and only re-adjust if a signal
may get out of scale due to natural changes. Steaihtions from the ideal adjustment need no new
adjustments. Only adjust again if the signal godsscdile because it will often cause interpretation
difficulties because confusion between natural @merator caused signal changes.

Channel adjustment procedure

1. Start yourStylet” session$tylet” manual); use latest versibitp://www.epgsystems.eu/downloads
2. Lower all wired insects onto the plant and wait tloe first penetration in any channel. Select that
channel (see: Digital Gigad®peration, p.5 & 6) Adjust Vplant from any positi¢e.g. Fig. 9 signal
levels 1a, 1b, or 1c) so that it will become inipos after 2, i.e. maximally at about 4-5 Volt put
voltage in the computer panel or Vout on the Gidad8play. The Gain should be 50x first. When

not probing voltage on both devices should be dibSelt base on both displays.

3. Now go to calibration (Cal. Pulse) and push pioése ON for about 1 second and then OFF.
Observe the lower level of the pulse response. jRsdplant then until the level goes just through
the O volt reference level (base line level); themadjustment is perfect.

4. Now go to Gain and adjust it until the signadatees a level of about 4 Volt again, which will not
always be possible but go as close as possible.

M m Wy )
Q] ©
v L/ LJ OV ref. level

Figure 9. Optimal plant voltage adjustment for EPG recording

This adjustment is optimal for EPG recording, altifloyositive recording is just a convention; the
other adjustments aspects provide an optimal rasolutsing the AD converter resolution as good as
possible. A sub-optimal adjustment may lead tadiffies in waveform identification. Later zooming
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in of the Y axis during analysis will often not@lt showing details due to amplifying noise (50 6r 6
Hz) as well and thus disturb the signal image ntben when no amplification is needed due to
optimal recording.

In spite of adjustment efforts, a poor may be réedr This mostly is due

to too high insect electrode resistance by a pdeersglue contact. The good
cal. pulse response during probing will look théw Ithe lower trace in

Fig. 10. Although not always preclude signal analg@mpletely and one k\
may tolerate a somewhat lower signal quality. Thé avay to avoid a
poor silver contact is shaking the glue thorougbéfore use! A good POOI /—
contact should show a nice square calibration prdsponse in the EPG
signal (upper trace). The aphid’s own ‘square @ijske potential drops Figure 10.

will be disturbed in the same way as the cal. ptdsponse. Cal. pulse responses

12. Previous Giga models

In the preceding text the present Giga8d has bmmrséd especially. However the former Giga-4 and
Giga-8 models are not different in their essemqtiapberties. The STYLET+ software supports all
former models and all models can be used for 2artthnnel acquisition. Only the digital operatisn i
in fact new for the Giga-8d and replaces the 2 kraoid 1 button for each channel of the previous
Giga models. The plant voltage, calibration puésel gain functions are the same and in this manual
these functions as indicated by control panel nusfsich aE) use the corresponding buttons with
the same function for each channel, just negledtiegpther information on p.5 & 6. Channel
selection, plant voltage, gain and calibration pwase all manually of course but for the tests and
acquisition adjustments the functions are exabiysame as in the new model. For old models the
installation on new computers there is and oldaiietion guide (old_install_guide.pdf ) with the 3
appropriate drivers for the Dataq AD converterslusghese devices, either as a separate device, or
build-in in the Giga-4 or Giga-8.
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Appendix 1
Constructing a Faraday cage

A simple and efficient Faraday cage can be contgtdulsy using metahosquito netting or (even more
simple) bird cage wire (Fig. Al). A galvanised zipated) or blank metal quality should be used, no
a plastic coated or painted quality. If only pathteesh is available, the paint should partly beowsd

at the edges (use sand paper) in order to ensecriedl contact between the cage faces. The mesh
width (holes of the netting) should not exceed 1 @¢mand smaller than 2 mm is exaggerated,
expensive, and will keep light out that is needadphotosynthesis by the plants. Mosquito scredin wi
needs to be supported by a metal or wooden frame.

Constructing ahanging cage, supported by cords to the ceiling and
pulleys (wheels) to a counter weight (see figuregdseno supporting
construction and is an elegant low budget solutibmis cage can be
elevated and pulled down in one movement, leavitggget up on an
‘open table’, accessible from all sides to chanbge plants, insect
adjustments, etc.

Fig. AL. Faraday cage netting for bird Alternatively, astanding cage on a table could be made. To access the
o ey gt ™ =" cage's interior, an open front side is needed. Vi@danoise (see noise
- section) the open front should be closed duringniing with hinged
screen, or by a separate removable screen, hookéuetcage during

recording.

Whatever type of cage you are using; always take that all cage faces - front screen and bottom
plate included - should be electrically intercortedcto each other, which is critical when a wooden
frame support is used. Occasionally, the cage frmayt be left open during recording if the noiseelev
is very low.

The size of the cage should be big enough to contain thearp size of the (potted) plants and
large enough for the stands with the EPG probe® Th control
unit can remain outside the cage so that any weltag o 9
adjustments can easily be made during EPG recarding P

The bottom plate must be an intrinsic part of the cage
and should make good electrical contact with tlireiotage
parts. It can be made of the same netting but easien be
a metal plate of damage protected foil. Using akttfD.8-
1cm) iron plate will enable the use of magneticngdsa | —
supporting the probes. These can be fixed firmly arfd®
electrically connected to the plate, if not paintgd A
cheap solution is to use aluminum foil but thatiasnaged
easily. Of course it can be covered by a plastiglass plate
but will cause electrical insulation of stands frtm bottom. This should be re-established by se¢par
wire contacts then.

counter weight

Never let the plants or soil make electrical contadhi® bottom during EPG recording.

Always place the pots on an insulating dish. Iftereo microscope is used for visual inspection the
cage should either be large enough to put it insrdemall enough to remain outside leaving space to
move in the front face.
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Appendix 2

Self made SILVER GLUE for EPG recording

Preparing your own glue may be an option but rertiadl drying out is the main risk. So, make small
vials for use (2 ml) and close the lid always atftee! Save the stock solution at about 5° Celsiws i
tight (!) container. With 2 ml you should be albewire 500 aphids, or more!

INGREDIENTS
1. Water
2. Paper glue:
- This is critical.

- | use transparent glue as sold in ‘glue pens’ (8ee
different samples here).

- Rather ordinary stuff, but NOT all transparent gise
suitable!

- Try first a mall amount on a microscope slide glard
look whether it mixes well with the silver powder

- If no smooth suspension is achieved, try anothee gl
source.

3. Detergent
- Triton X100 or any other
- 1 droplet/ 100 ml is more than enough

4. Silver powder (fine grain, about 2 micrometer @sle
- WARNING: this is expensive and one should consider
that a minimum amount is sold by some suppliers
- Look at the internet for a supplier of silver powdgrains
or flakes < 10pum)

PREPARATION
for about 10 ml glue (use an electronic balance).

1. weigh subsequently in one vial 20 ml, to be closed tightly)
- 4 gwater
- 4 g paper glue
- 4 g silver powder

2. add ingredients should be mixed thoroughly, alsinésne when new small vials for direct use
are filled

* make a stock solution: water + detergent, 10Qvatier + 1-2 droplets detergent

WARNING: | cannot guarantee this recipe for all samplegloé. | have had some difficulties
to find the good glue. The ‘Glue pens’ seem mogpreriate.
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Appendix 3

Tip to handle a gold wire spool

to prevent an entangled mass of wire @

First use: @ <

1 Prepare a small piece of @

adhesive tape (ca. 2x2 mm)

2 Use a scalpel to cut the wire at
the red spot side of the spool
to get a free end

All next use:

3 Take the free end with forceps and

unwind the wire a few windings
(not more than ca. 10cm)
and put your R finger* on the

wire while keeping it stretched

4 Then remove the forceps
and put your L finger on
the end of the wire

5 Keep the wire stretched
and fix it on the spool rim @ =
with the prepared piece
of adhesive tape (see 1)

6 Getthe free end of the wire ;
with forceps again and cut
10 cm piece by small @ ——

scissors or a scalpel the to N
prepare electrodes of shorter
length: 1 — 2 cm, depending on :

how much movement you will
allow theinsect.

* if left handed, change R and L
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Appendix 4

Vacuum suction device construction:

1. Basic construction 1 1cmPVC (or other plastic) plate
... Drilled holes

Hose to S — =
Vacuum pump fie=t ]
—

2. Cross section [ B P 4

3. Suction tube:

Solder these ey

% brass tube & Emm outzide 4mm inside:
w copper wire make loop and solder
——==cut tip of Eppendorf pipet

moing T hoder with pioet

Petn dish atachment

{double sided tape)

sllcws mowving under
the mioroscope

coneding to the vaouum {pump of vaouum systemy) sliding a piece of paper

Under the stersomicroecops:

mournt sphid on the pipet tip (adiust hole size to aphid size)
sdjusing sucion orce with finger

uze handle to m it 0 8 covenient poaifion

first spply sfihver give on the insect’s dorzum, the nizen gold wire

first apply siver glue on the insect's dorsum
then insert goid wire info the give

et it dry

Remove paper, then wired insect

Bofapao
el
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Appendix 5

The emf switch probe (Giga 8d 2017 segesas)): Mounting and operating.

A special 'emf switch' probe (2017 series — tofder@d as 'Special item') has been developed witlerenal-EPG' to ‘'emf-EPG mode'
switch: seéttp://www.epgsystems.eu/epg/measuring-sysaéeai§*2018] http://www.epgsystems.eu/phocadownload/Availability. pdf

Using the emf switch probe

Features'he emf (dip)switch is supported on a small basitd the switch and a 2 pin socket to be
connected to the connector at the end of the snelde coming from the probe.
Mountingthe small emf switch board See Fig. 11.

11mm
socket spanner

‘nut of probe socket
of channel 1

Figure 11. M ounting and connecting the emf switch board. A. The 11mm socket spanner with tool to (B)
loosen the nut (C) of the ch.1 probe socket. D. Slip the boar d over the probe socket and the plant red voltage
socket and screw and fasten (E) the nut to fix the switch board. Connect the special probe with emf switch
cable and dlip the small connector over the 3 pins of the switch contact position is not important. The ON
position of the switch isthe normal mode (1 GQ) of the probe the other position is emf-mode (Ri=1.5 TQ).

OperationThe easiest way to begin emf-EPG recording wiih tifpe of probe is to start in normal
mode i.e. switch in ON positionAs soon as the insect starts probing, the plaltage should adjusted
according the instructions in the Channel adjustrpemtedure (previous page). Then change the
dipswitch to the other position (opposite to ONjl aeadjust the plant voltage if needed. Mostly, you
will not experience a great change in the signatiuiees other than that the potential drops thdthsil
larger. However, during non/probing (np) when therent probing ends a big change will be seen.
Then the non probing signal will be shown as a werstable low frequency period, only ending when
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a stylet insertion starts a new probing period.(ER). This instability is due to the very high inpu
resistance in emf mode allowing small voltage sesifcom the insect without electrical contact to the
plant voltage source but also from the amplifiepdmput bias current from the OpAmp) cannot
release their charge and affect the amplifier ingtsoon as the stylets are inserted the muchrlowe
aphid-plant resistance restores the normal sidine.non-probing signal in normal mode at about 0
Volt will not be recorded, but during probing thdtages will be accurate.

CIEPG dataiMadrid BYV pilol BYV Beel pilot N-emf 2-ch2 DM

e I

OurpLr Watsge

e — — — - T T T
0840 10BED  10BGD 10900 10920 10940 0960 10280 11000 11020 11040 11060 1T080 111000 11120 11140 111680 11480 11200 1120 11240 11260 11280 113000 11320
Time (zec)

CACPG dataMadid DYV il DYVIDeel pilol Reml Z-c02 4185 4265002

Cuipu Vo tage
n

Y A

4165 4140 417 415D 4188 4140 41495 4200 4H 440 4215 4@ 4575 a250 475h 4240 4245 a2au 4205 424l 4

Tirre fsec)

Figure 12. Special EPG signal features during non-probing while in epg-mode. Red arrows start pf new
probes; black arrows, start of non-probing, reflecting a high instability. Top, overview; bottom, detail (not
from top signal).
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