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(54) Titie: LED ARRAY FOR ILLUMINATING CELL WELL PLATES AND AUTOMATED RACK SYSTEM FOR HANDLING
" THE SAME

(57) Abstract: An assembly (10) for promoting the growth of plant

‘tissues that includes a plurality of plates (12) each defining an amay

F\ '/rr— = of wells (13) wherein each of the wells (13) contains a tissue sample.

¥ Support for the plates {12) is provided by a rack (20} having a plurality

Q - / 1 of vertically stacked shelves (23) that may include one or more regis-

c : / ter depressions {26) that urge the plates into predetermined positions.

J Light for the tissue samples is provided by a plurality of light-emitting

i diode atrays (30) each mounted on a circuit hoard (31). Each circoit
B . board (31) is suppotted by a respective card edge connector (24) of

the rack (20) so that the light-emitting diodes (30) are in proximity

1o the plates (12) supported on one of the shelves (23) therebelow.

Preferably, the light-emitting diode array (30) corresponds 10 the well

array supported in the registered position on the shelf (23} therebelow

s0 that each light-emitting diode (30) is centered above a rcspectwe

one of the wells (13).
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. In"biological and biochenical screening systems that enploy plant tissue,

it is inmportant that the growth of the plant tissue be pidweteldR008 owt h of
the plant 10 tissue is affected by several factors which include the
anmount and type of nutrients supplied to the tissue, the physical support

- provided for the tissue, the tenperature of the tissue environnent and the
amount of light delivered to the plant tissue. Wth respect to the

avai lability of light, nbst screening systens enploy artificial |ight

whi ch can be controlled and is not subject to the vagaries of the weather.
In 15 addition, the screening systens typically enploy plates wherein each
plate defines. nmultiple wells. Each of the wells holds and isolates a
separate tissue sanple so as to avoid contam nation with other tissue
sanpl es and the environnment. Existing systens for pronoting plant tissue
growh typically enploy a rack, or "hotel,” having multiple shelves each
holding a plurality of the nultiple well 20 plates. Above each shelf is a

bank of incandescealfDaRIAYHGRIEDUMINGRINGERYL SVBEL PLIA MG nation to the

multi-well plates and the tissue contained therein. The rac however, has
a |inited vert AP ATHOMABEDIPACKISY SEMBOR HWNDLINGITHRSAME a saf e
di stance fromthe plant tissue to avoid excessjive build-up of -heat and
because the incandescent and fluorescent |ights are relatively bul ky. Each
shel f and |i.ght bank 21 August 2006 conbination requires about one foot of

vertical space, limting a nggoeh greaEWieNereht feet high ceilings to
seven or eight shelves. In addition, incandescent or fluorescent |lights are

‘not  very energﬁhéﬂJF‘?Séilfelm’enﬂO@qmﬂlatﬂbtoab@use d'amlﬁaﬁltlglnm,gpymmnslper mul tiple

wel | plate e _and po ire cou wi th cost
constrai nt &F Cﬁ# @Egﬂ%“ﬁﬁ Orggﬁ& \ﬁgﬂé{ tothgusq n‘%ﬂ@&ﬂ SEFé“ﬁ roughput of

- pl ant tSSssmxﬁ@tegmwtn@fsmmmeﬂmreélpFatesst woul d be advant ageous to have
a systemfor pronoting the growth of ant tissues that can supply

- sufficient light to plant tissue in mJItlpIe wel |l plates while also
~al | owi ng for an i ncrease MKWHBL@FSHEMNﬂ"Mi ng operation. In

particul ar, | qus Lo hav om)tlng t he
growt h of pI ant iljllgg) ceal?l%gy%g%es nogree%gaﬁer%ﬁ-éi i@“g fitlt of space,
nor ' r equi r.és intpertastethatfthé grogeth afthe Pt Gisup GoPioa6ted. Fﬂranfvm of it $lnSUMVARY OF

" THE IN?/{EI\ITI :ON In ccordance wiith a first aspect ‘of the present invention,
figihe efieated byceeasa) {petosy wiich asltydsdhe poaunt a5 typesefuetrisai| es

~requirin 9 bipptd tPihe WRARY %he&{h%lbaﬁ%{lﬁﬂdrpﬁ}ovﬁgﬁ for the tissue, the temperature
| of the ussue env1ronment and the amount of K ght delivered to the plant tlssue
th 1espect to the availability of 11ght most screenmg systems employ art1fiCIal
| ‘ hghl wlnch can be controlled and is not sub_] ect to the Vaganes of the weather. In
15 _' addlllon the scr eemng systems typ1cally employ plates wherem each pIate deﬁnes
| multlplc wells Each of the wells holds and 1solates a sepa.'rate tlssue sample 50 as
o avo:d contanunatlon with other tlssue samples and the envxronment
| | Ex1stmg systems for promotmg plant tissue growth typlcally employ arack,
or “hotel,” having multlple shelves each holdmg a plurahty of the mulfiple well
20  plates. Above each shelf is 2 bank of incandescent or ﬂuorescent lights prowdmg
111ummat10n to the mulh—well plates and the tissue eontamed therem The rack
however, has a 11m1ted vertical stackmg capacity as the hghts must bekepta safe
dlstance from the plant tissue to avoid excessive buﬂd~up of heat and because the -

' _lncandescent and ﬂuorescent hghts are relatwely bulky Each shelf and hght bank ..

. -._'1_




assenbl y - corrprlsmg a plate defining therein a plurality of wells arranged
ina well array, each of the plurality of wells configur@ddA\4@isEeP¥ort and
i solate one of the tissue sanples; and a plurality of light-emtting diodes
arranged in a light-emtting di ode array corresponding to the well array

such t habonﬁﬁt%horﬂrfeqlﬁu*’é@ abdu@l Biie B8tot $drtiRgl s@b&d ﬁ}ﬁltu'@a RAShirbsh Gah eiiRREI te a
respectl nto th ective one of

i res
el vel | 58 Sl sklkth o Bionifks i cfiedy remset Fota A ToRS B RET o . 1
accor dan¥ssy ¢lierdy efficisat taadiringsghout 4. ivattsiod ppves senmhulipteeettplabe Suttienge i s provi ded
an  asseghky addowlf @H@ltehﬂgts,g‘!'ogﬂ}é&"wﬂlfcogt' c%ﬁéb%ln?safgﬂb ﬁ)ﬁln{:ﬁﬁ&'&ernbl%f teght to

support proliferation nprising: a plurality of plates,
eagﬁ of %ﬁ'é 'Flt%ﬁ@? ﬁléqufﬂlp'?ﬂttfsﬁ'éﬁr%feﬁ"' gb\r% ity of wells arranged in a
wel | array, eHerefog, ltmlqwaadaéntagyouftomela&syetemffmrgjmmﬂing the gtopyrosft and

i sol ate gng tu&fueé iﬂ@t Jah%édb%/ suﬁ"@:@}&h@%m ﬁlarftﬁé‘s‘ﬁ ulhtﬁ’é Wal dﬁ'at&.! Ml@%ﬂs{uy of

SuppOI’tS sRace from each conf east one of
the pl at @9 '"af%ﬁ"ﬂuf“&'ie??%/'"HWHQPE}HP”E%CF?‘%"W@ 06?&%@ 'a'rnaawarsww b&d by the
rack andadveipgoat fohgve 4 sspechbi prethytingttelyrdvile ofplynpastis that dbésaiot | | ght from the

o oo 1 el ARG B0 o SBACRor kLB bl fise M afburlslf pRlicibl 2011 PLOMO! 2

growt h tissue sa coht al ne erein, register
devi ces, p'?tﬁrcat ed on each of the plurality of supports, Whl ch urge the
pl ate supported thereon into a register position such that each of the

well plates. In accord et gL TR WRBRATNT 12 Lrecent fnvention,
there is provpaegrdgance with st Apppghal tTROOGenidasaiinpl hefeds prhvidesiiang a plural ity

of . pl at E&s@ﬁlﬂ& RHEBMY N Yrdwti9bittiss samﬁleélfeablhﬁé’hgﬂf to LiishoH BroferRbE Said €ach of

the plate oLflnl n% therein a plurality of wells arranged in a well array,
each  of Efsﬁem ‘b‘”r°mpé my of wells supporting one of the tissue sanples, said
assenbl y conpriidé defining theseika pinelity df welis arrgiged il 4 el vy, sapipdfities spaced from

each ot Narinaihefl @hfididd b Yudle bhDBliag Bhd ookt ddimpsrays each including a
plurality of \%ﬁ mtti%tﬁ-. des arrar;g I n an array correspondlngto
the well arr &P iy €filightzs gcﬂ""dﬁﬁé”qrﬁgﬁ%?‘ ighteamitipo diede@Y ar r ays i s

'support emirr@uomchug to #elwvell ppepsuck that ¢zel pehé lightemitthg@fodédie psditthe®es so t hat

li ght pP&Qﬂ@Q?&Pﬁ&NéPﬁe& e dih ngnéjl'ig(ﬂpiﬁt% tf?ﬂegbee%tn}e%%g oftnd GARECt 1 ve one

of the we
: and promote prollferatlon of the tissue supported therein.

In accordance with a second aspect of the present invention, there is provided an
assembly for promoting growth of tissue samples requiring light to support proliferation, said
. assembly comprising:
| a plurality of plates, each of the piates defining therein a plurality of wells arranged in
“a well array, each of the plurality of wells configured to support and isolate one of the tissue
samrples .
a rack including a plurality of supports spaced from each other and configured to
support at least one of the plates; ’
a plurality of light-emitting diode arrays supported by the rack and cooperating
' respectively W|tl_n the supports so that light from the light-emitting diode array shines into the
wells of the plate and promotes growth of the tissue samples contained therein; and
a plurality of register devices, located on each of the pllurality of suppaorts, which-urge
the plate supported thereon into a register position such that each of the light—émitting diode
arrays is centered opposite its respectlve one of the well plates.
In accordance with a third aspect of the present invention, there is provided an
_ o _




supported on the shelf. In accordance with a fourth aspegt of the present
I nvention, there is provided a systemfor high-throughp EAHQB%&]Q ng of
~tissue sanples requiring light to support proliferation, said system
conprising: a plurality of plates, each plate defining therein a plurality

of - wel | Sas’tbﬁ‘tﬁl@@:ﬁ‘domsmg% pR4iky of plafed¥ind &apHIng fight Bea ;nurbltft%ﬂu%éﬁe%mwéé I's
conflgure rack havi ng a

‘plurali ty 8P t“ﬁ@ﬂ?&é’e’v"e" Sﬁleé%rp?yﬂrsaﬁtggg\ael{g'agﬁﬁggagha \g?q'l{;griay e@'éfb%t the shel ves
suppor t i Plgraiy of \E%IS?Umn@n@)tbnetdﬁ&eélmlewe@pismppldlassemylyacbmbmt one of the

- plates; a pl uaaelcktnxsu@mgébugdat.tyemub.sdr@gpéuee%m%wa{ﬁer gach of the
light-emttin above a ective one of the

de I one
plurality of gﬁ'@'l' ¥ 8f I@Bt'ﬂ'éé' %Qg“fﬁ Havs ?%’Hf“cwﬁ'f‘%alp{‘l'@“&éf hobt-ergifting he | at es;
and an adicdesatrengedimananay tormspeying énthe well arciyrvdieain daetasftthalipht-ghiting
mani pul akigde dayi BYushord AR .%f:k SR6LIRY r\eéb%we Rnk B‘ﬁhé Q‘%Kfeé % tn&fn%at' oned so

that the_pl ates he range of = notion ni pul at or
and wher B e?qué’fwﬁé{@gef‘?ﬁ?ﬂgﬂﬂdgﬁﬂ?"eﬁgt%%ﬁémcﬁv%?”eé’ﬁiﬁ‘ﬁéﬂ’fe'ﬁ%&ep?r‘ﬁj renovi ng
each pl atuppértedonttiesshelack for aut omated processing of the tissue sanples

contained th E{n%ccdr&n@&ﬁﬁ{%@'ﬁ#asﬁ%& Bf lg I:nle%érﬁ' m@ér{??r? tthe?é is %Q@:ﬁ&ﬁ sent

i nvention, there Is pro tissue
“sanpl es YSRELPHigH-hiUGRRM Arenessingeal Flswﬁa@@@e%faw'rﬂ@ hahtm %Hpa'PrFty of wells
- arrangeobmlﬁieraﬂlbnasaicﬂgystemmﬁmghgeach wel | isolates. and supports one of the

ti ssue sanpl s. .of e wel |
plates wth tﬁémaﬁ'tgbﬁ)l Qé)ciq g%?encp flmﬁ%ﬁqu,rem a n&uralrt'ﬁ%f C%rrawgtfcl in 6' elle With a
regi st eraffi’éwaééOUb%?@’BlltyOfé'ﬁ@%i@f@ngqfh I@Iatesqml;ioidtone Pﬂbe lissue samenlesgevi ce bei ng
conflggr ed tﬁaldiblf mtngtafm.rwdfsrmf@ge&.éanwpaaéum@é@wo&@r eﬁ’éPﬁ:JffjHeog with ;
respec e suppor n arra ng di odes; an
directi nsgg pr?rﬁr&ﬁ Eeﬁ%t 0{)? fstb %WFF? PW@O%T‘%ﬂé%aS?WF@eP%E '?espect ive wells
of the well q)lblmabmoﬂilghtmmmw@rm bach of thetfiphtesyigtdicdt atrlye pr esent

i nvent i %ltlémﬁraﬁodesa BEfR¥ivd e Bthe AFSRPHY sheliy sorysmrieqlghtgﬁtt?%meﬁé tissue
sanpl es %w ri ngﬁ(} I ght .to support proliferation, sald” assenb
conpri sifh g‘ August 2006 a plurality of pI ates, each of the pl at es

defi ni ng t herar autangEdunamipulatiorodystamlincuding plagst dné pata mmbhlator having a
range of motion wherein the rack is positioned so that the plates are within the range of

motion of the plate manipulator and wherein the plate maniputator is capable of supporting
and removing each plate from the rack for automated processing of the tissue samples
contained there.

In accordance with a fifth aspect of the present invention, there is provided a method
of prombting growth of tissue samples contained in multiple well plates having a plurality of
wells arranged in an array, wherein each well isolates and supports one of the tissue
sarﬁples, said method comprising: '

loading the wells of the well plates with the tissue samples; _

" operably engaging each well plate with a register device operably engaged with a
support, the register device being configured to direct the well plates into an operative
position with respect to the support, opposite an array of light-emitting diodes; and

directing light from the light-emitting diodes toward the respective wells of the well

" plates ' ' |

In accordance with a sixth aspect of the present invention, there is provided an
assembly for promoting growth of tlssue samples requiring light to support prollferatlon said
'assembly comprlsmg N
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array, each of the plurality of wells configured to support and isol ate one
of the tissue sanples; a rack including a plurality of Rieiugest

plurality of card edge connectors, said shelves vertically spaced f rom
‘each other with each shelf supporting at |east one of the plates in a

regi st er a@RRJIGHpIoEs, BB tHel HRSs defifing?! h%ﬁdma.tfof%ﬁeéiaﬁgedqﬁa i|?ﬂea”d sai d

d ed S|t|on above a respective one o
'gﬁrel v:sgg"ﬂ’gg%ﬂeﬁwﬁﬁfafv g‘f’glglcgﬂf'gur@ OLStUPPfﬁtaH‘FdeE‘teé}“Pé‘il@eﬁﬁb'Borted above the

shel ves Bgmaldse card edge connectors, each of the light-emtting diode

arrays i ncl udh agk fcRbikg é‘bihlta)ft%( of sﬂelvgyénded’ﬂl&rglltm %jd %ggéconﬁgbqoré sigr cui t board,

d t bo ca -em I n an array
cor r e poNE TP oA oncaaeh gingT v eci el URSaRinG #igaet el Msmtsre | f ghi
emi t t i ngingiregiger depresparsitichangs tiappas intcea @gesEBRIbN 3Rl RRecanf edgbe wel | s and
cent er edcQWeliors bach'oSiEs hé{fe%éégeM§ﬁne3f*ﬂ%éﬂL|9§ ?ds in the registered

position. In accordance he present I nventi on,

there i s provi BE@AT lidhtamitipg Jodegmays m@rtqd@b@fedm $helyes by the oasd sdoep| es

requi r i nepnheddts, each of ihepighttenting diddr a’v\:fbyé)lﬁclucﬁr@ efbluralﬁﬁtgﬂ'gtkﬁénﬁtﬁrﬁﬁl)cllléo%b Pg aeach
ed in a well array,

bt “the. aidH il BEEE'RaRrdlh B2 bhti BN SRS B3R slafan'e one of i he

urall f<"Eon
tiss ue s‘éﬂﬁ’ﬁﬁ%@d'ﬂ%t"d"q Wﬂ'tﬁr Tay et Hate sacrmhet ep¢hﬂf tieilight egiitting digdles i t t i ng di odes

ar rangedpdsIﬁoxﬁedwpﬁdiﬁte Q%sbédtaﬁ@or@d?ﬂﬂ wll§ A0 RREred BAith FRPEEVORBAHhe the wells
- SO as toys Ia{éesy\/q] rel r% nto the wells and pronote proliferation of the
tissue sup orted tHete $88di ments of the present invention can addresse
t he above nee'd@cwmnmthe&/@senﬂmamm chithe preseny @sertipn,Jheve isgiroviledian assenbl y for.
pronot | %s&rﬁlﬂyﬁf ﬁ\’dﬁbtlr@ rthl$§fqi§§Jers§ﬁ\Hl'e§ Fe'a@rul] 3Rt sﬁpﬁ) ﬁg%lsétlonprsgh' feration.
‘The assenbl incl ude a plurality of plates eac fining an array of
wel | 's m‘%??“?{ é’lPﬁ's'B? the wells contains one of the tissue sanples and
i sol ates its aplas definingdhmpdirea piuadity bheells talranget] inssswi! asrav;maasofuﬁjppolrt for L hg
| at es | y stacke
g hel veswgtlg)g%fmeeﬁ%/éeongd‘l ve 5” p'rgﬁ'grg?d g?és{ttb gﬁ%gt@mﬂééﬁéah%{eg ﬁqu rﬁ Each of
the shel®8s may include one or nore register depressions that urge the -

pl ates resti repldrhiey @*cugmenﬁtmgmmdehmngwm Iigﬂl‘-?drﬁltltlﬂjlﬁodé-drlg?bnd or the tissue
sanpl es dSQIY?]I'Eg oP;EUsfPe/ t'hgﬁlglls% Stcpéhm’e%vhlte Y%?m 0 tlaeg Ila anﬁi Rrom%rproh de arrays

n
wher ei n 'eac F? circuit

- board n@tfﬁéswﬁﬁwwhﬁf?ma respective card edge connector of the rack so

that the |i glEmm@bindehis d0the pRE&HE indérfioh BarPddaresSd thy abdVe hB&isRhadbatevasipport ed

other advantages by providing an assembly for promoting the growth of tissues requiring light
to support proliferation. The assembly may inciude a plurality of plates each defining an array
of wells wherein each of the wells contains one of the tissue samples and isolates its tissue
sample from the other tissue samples. Support for the plates may be provided by a rack
having a plurality of vertically stacked shelves spaced a relatively short distance away from

+each other. Each of the shelves may include one or more register depressions that urge the

' plates resting thereon into predetermined positions. Light for the tissue samples may be
provided by a plurality of light-emitting diode arrays wherein each larray is mounted on a
circuit board. In turn, each circuit board may be supported by a respective card edge
connector of the rack so that the light—emittihgdibdes are in proximity to the plates supported
on one of the shelves therebelow. Preferably, the light-emitting diode array corresponds to the .
well array supported in the registered position 'on the shelf therebelow so that each light-
emtttang diode is centered above a respectlve one of the wells.
In one embodiment, the present invention includes an assembly for promotmg the
- growth of tissue samples requiring light to support prohferatlon The assembly mcludes aplate -
* defining thereln a plurality of wells arranged ina - '
_ 2b.




\ Alon'one of the shelves therebel ow. Preferabl y, the light-emtti n% di ode
array corresponds to the well array supported in the redf S:8vddB®sition -

" “on the shelf therebel ow so that each |ight- enitting diode is centered

above a respective one of the wells. In one enbodi nent, the present

nvent on ) i ENSPRETHMI AT Lty N Bl G4, ool o

requiring |ight to support “prolrferatton.

~defining t hities tissae pimples.  Furthof, tuehdsamblyrinciades a plualin2if [Rht-Oumiss 2006

well array.,Each of the plurality of wells is configured to support and
isolate ondli®fies@Hangeddu gdt Bﬁ‘&“@ég Sﬁﬁﬂ?ﬁﬂ@ﬁ,ﬂlﬂé@lﬁ"ﬁ’éﬁlﬁgﬁmdﬁéﬂﬂﬁes a

plurality qbrbihlis Rt WelldrradsAdEHatdabRBEGE ﬁiggtﬁ@@@ﬁs@ jfting diode

array. The light-emtting diode array corres e well array such
t hat eaéh @bsitioued ingloxieniytto angspettoatameiod te yelki sbiasneshihalightdtorthd y to a

respective as to, ne lLight into the spective one

: ne of the | 1s,S i [e

- of the wel Ir%pggﬂferﬂnﬁé’f% ‘V?S]&h'%hi"?ﬂ"%of fﬂg‘t\}@f) the pelbemotes psrliferghiaR i on  of
the tissue cfuRAELEHpbOrEE W8 els, of SRERetRlentitfieldidiat €M tting

diodes is centered g_ove its res?oeF(I?%ii%lf/agry(zg)lEl%ec}{loo1c th%ﬂf‘ﬂ&lglgbﬁ%ésre

pr ef er abl'y condgred abpva ifserespective oumelithe wellsli Duter prefirsbly, esoh béthiei ght and i s

an inch orles - O ti.ssue. 10.. l.e inits respectjve one of the
wells. In ghiﬁyfﬁle]frtﬁ%%é |SneeréllS%Vh%%gg%gggé%ﬁmflmgﬂief%ﬁ?m HHEPEI ity plates
‘and |i ght - senpletn igradpadioc ahe 8ytheWRilsbe supported by a high-density rack.
The rack includes a plurality of shelves vertically spaced from each ot her

- wherein each of R #othgsmpediméns of themreantduvension, mplralituplates and lighte of the
Coolerar _ ! R v ! |
Bpbort ey EpitAp@uRe alrang) vl Abpoh Bty AT SERSLERRI S ¢\ on

t he |i ght - eplwrglitpgf shebetsveriviatip spaced Gotnhachethkbs whtrelh@chbatie shelveport ed on
|l es contained in

t he shel f belgﬁ/ SO ?s to @ro%e ti?sue grom h of the sa
the pl ate. SEPEETEH]SuPBGL Rt spstione of fgmiurahiviafpiates- Hashef telight supported
by t he15 ackmitBfe 81386 BIRRNE SudpRribd 6y YR t2gaupport ed
t her ebel ow sucﬁgt hat e%c%h o_fﬁp%t he 'Yi gﬁjta?-emo?fxﬁ(ri:%pglagl esfl%iogt%osi ti oned above
a respect i $helvge Light finm the light-ethittingdidiles shines ittie tishvetilcasf theé platee r ack can

pr edet or i PO RRLOFBE SRR RER{ 48 to st e Brfor Yol di odes 16
cent er ed a@ienginéd @ theplect i ve one of the wells The rack may :
| . Preferably, each of the light-emitting diode arrays supported by the rack |
20 corresponds to the well array of the plate supported therebelow such that each of
the light-emitting diodes is positioned above a respective one of the wells, In.
~ addition, the shelvgs of the rack can include register depressions which urge the
- plates disposed thereon into predetermined positions such. that each of the ]ight;
emitting diodes is centered above its respective one of the wells..: ‘The rack may
25 f_:llso -_ﬁ}clude a plurality of card edge connectors that are each configured to receive -
2 circuit board in which the light-emitting diodes are embedded to form a light-
- emitting diode array. The card edge connectors are posifioned to support the
circuit boards, and the light-emitting diodes embedded thcrem, above the shelves
| supporting the plates. Preferably, the shelves are less than two inches apaft B
30 . allowing arelatively high density of plétes to be held by a réck even when vertical
' storage space is limited. " | o




25 al so include a plurali ty of card edge connectors that gre eaﬁg) 6
configured to receive a circuit board in which the Ilgh 9te 8 di odes
are enbedded to forma light- emtting diode array. The card edge
connectors are positioned to support the circuit boards, and the

| i ght - enintyei ahgthd rtleBinesmb eRdm- dehﬁw%onma@la@\émpbm uﬁdn%lnv&@ulaﬁ&pportl ng the

| at t 30 all
ol et BRRbARARL R DEL SafE 8 ok SonTelas S5 ,20, % L0 1S
st or age %'B'a@éat?féhﬂ* hag & @dge 0f3n02@n Abg esk isZ06iBonet! go thet thaplateh euppertdsiodi ment , t he

hi gh- denfkdeyn sré @ithivane rb@e&ﬁrﬁlbﬁah&ﬁlth\éﬂptaffb ﬁamt&Wr@tdlé?@mﬁe/aﬁ&éﬂ.é fkn Use in
hi gh-t hr ou ystemlnclu es a plate

screeni
nani puil a?a(g’gg?ﬂaﬁuP%%"ga?"Hg?%oé(mgf%#%hom ﬂ?éa a(?fl?“f"g‘al‘?gﬂqc??ﬂi’@osp%[‘) that the
pl at es sappehighdhroudhevisequeacieg epetdtiom t he range of notion of the plate
mani pul at or . Errhﬁodﬂhé%ﬁ @ftﬂ@ﬂbﬁﬁ{ .ﬁ&éar.od s DRl a&\%HéBésETRJ usB'WPR{LL I ng and

renDV|ng €, at e om the rack for automat processi n such as in a

hi gh-t hr?ﬂ@ﬂ%ﬁ %sé%@%?%d’uﬁbé’?da%mﬂﬁss heatiben %Wﬁc%faﬁdﬁ‘@aﬁ et | nvention
has sevebulls cadalow thg stwived bitheimek oibelnioghtiosesntdcked Yotk chdelg stabietl are | ess

bul ky a fy bs can all ow
Phe é’her%gggéoshcrbﬁs? rsgu@fe e#l%gr%y nk\'b%&ﬁggtgg%mgu’}q of %}Sgé‘r%'\g&et%? isean > Vo ke
shel ves §9581alaaupelyof tisugRempiesi Thisdm egrtigarly é’ﬁRPétP‘P‘FQP highsthepyghngt Scfﬁfe"@ﬂace needed
to houseommttommif,tmmmssnt&rdf yarmflestaréﬁeeﬁeamhﬂﬁ basidi Ilrs\;ddﬁlorﬁ)&h’?]dré gwtear | yf

i mportant, i ldgtd][? eratjans { housands o

sanpl esn%]lp g@ ﬁg&egggg é:h plaﬁ%mgﬁ Iarf%s s(agh ag oD rob&:c arms. ﬁ'l avF gim %ag n be
accessi HPegedh metiery Nﬁicékﬂg Bi‘fh@"é"'ﬁ%ﬂﬁ Pﬁmplapﬁh%weibu\cth ltaQWfF kgbb@mlttmadinﬁe t hat have

alim teﬂowsfﬁﬂmb@flormﬁﬂquht biah @psveétgaranﬁien%hty @R oRIal t%fsuee@rsxkkhof the wells
on of the |ight beam

wth it t - |
\émpr eai:l Zanlm g[h'c“\ﬂ% e %ﬁ OQ%? ll'sr?igﬁﬂoéesﬁgc'%?%ﬁ?%Ca%?[??”?h%orwer ARGt emitting
~di odes U8EreMejing t*w&erﬂwfﬂhm fuatelsgenbandl ilndescentbulbp everagingsapoiltriehent s f or

pronot i ﬂ&htt% InSrSeihd Byl M@&bnidamart@&q%&s RPfLrdea dePinMbeddbil0S, averagi ng
about 1. watts per standard 4 by 6 plate conpared to 4.4 wafts for

fl uorescgﬁtF &nd i ncandescent systens. BRI EF DESCRI PTI ON OF THE SEVERAL
- VIEWS OF THE DRAWNG (S) Having thus described the invention in general

terns, rmiIEFQEQQRWﬂéN B?WHE%E'ﬁﬂﬁLy’EWer EIﬁ@@m& K (%SJI draw ngs, which are

not necessari r awn scal e S a perspectlve VIEW
~of a high't hrﬁ@ﬁﬂl&‘ﬁ dgiqng%idp(ﬁ@vwg} ig gengral dgrws, reference will now be made to

the accompanying drawings, which are not necessarily drawn to scale, and wherein:
Figure 1 is a perspective view of a. high throughput screening system of one
embodiment of the present invention: X
Figure 2 is a perspective view of a multipfe well plate supported and centered below a
Iight—emitting diode array of another embodiment of the present invention;




* . enboedi ment of the present invention;, Figure 2 is a perspective viewof- a -

~ nultiple-well plate supported and centered bel ow a |igh#]éwou$ide§6di ode
“array of another enbodi nent of the present invention; -4 21 August 2006

Figure 3 is perspective view of the rack shown in Figure 1 including a

plurality of vergi,cald: | v a : e _conn ors for
supporting a pllﬁ1 a i%%pggsgﬁ?%eﬁqﬁoﬁﬁgf%gSﬁ%&ﬁg%ﬁ%ﬂﬁ‘ﬁ i ode arrays,
respect i vel pluratitiosfivertivalliispices sBslvds dntl @uifdeedge conclo@for eh \gon view of
the rack of Fi %ure g; Fi gijre 5.is. a perspective view of the light-emtting
di ode ar r ayPIBpReIR offhe woll Platgsmd dight-pwitting diode mraYsaresnecaivelys shoma in

i ght-em tt]‘]hig&e@i-ode array of Figure 2 including a circuit board for
supporting ght-enitting diodes; and Figure 7 is a perspective view of the
rack of 5Fi gur e FigineH it heedrielivhtionl Gewrofthid ragk of Pigaresd;r ays and nul tiple well
plates of Figure,2 installed therein. -TAI LED DESCRI PTI ON_OF THE

| NVENTI ON The p?Fég‘érﬁ 1§ APERPEIIYC NIRR of thgﬁsléf*%%fﬂg fede Ameoiiigyy 2;
hereinafter wt hpjeke ieﬁtg,ﬁ- aw ' '

preferred Qmod_pﬁgqgﬁggﬁ%ﬁ%%@ﬁsgg’?u on-are s %&n%d%%?rgy:oﬁgigﬁef%n may,
however, bédndndingiasitcuihbomd fordiuppatieglightonitingdiddsshend d not be const rued

linited to t di ment s set . f her ei.n: th . mbodi ment
are provided so [LHIT Toht BOOPSLTBEITEOMPY Pebe PTG IEGompl oto, and
wi |t fudly eatmine\iddearagontl Iﬁﬁltﬁ)_@wélﬁﬁﬁfhfsio@!["i%lﬂeQhﬁ%leﬁﬁéréiﬁg inthe art.

Li ke nunbers refer to |1 ke el ements throughout. 20 In one enbodi nent, the
present invention onprises a high throughput screening system 10 which

plates 12 housed i1 LRI RAGPIIRDF ISR 1 Soon 6 (e

nul.tiple-well plTatesesemtiininisn aoR willlel dey¥crifedRh@ofully Brbiafi@aates 13, as
showmn in Figures | _and 2. Ahove each of the wel I%[pl ates is an array of

li ght eni t-FFiRgReR 9dheacsempppying siraspngs, pwhich grefsired enbedimentsefite or card 31
that syppl Yudeh88 abQudbe #hi ihes S46. 1SR ePee | defined
in the well” |§I ates 12. Thghﬁ% e-“ﬁ%%?ﬁ?’y-racﬁﬁg’(?je?“r?é’ t?gglgn%ﬁ g??%é\hgtul ar base -
21, a pai r fomssindehewld het bexdnstmel asiimhitedyto dlic erhisddimentd et farthhevedd;i ty of

card e_d_gg' Eather? tesoeresmbzo%h%gxﬂs_gre%%éidgg so that this disclosure will be thorough and

- .. complete, and will fully convey the Scop_e of the invention to those skilled in the
- art. Like numbers refer to like elements throughout. - _
20 In one embodiment, the present invention comprises a high throughput
_ screening system 10 which inc_ludes arobot 11 for the automated manipulation of

- -multiple well pIatgs 12 housed in a high-de_nsify rack or hotel 20 wherein each of

S o - the multiple well plates contains a plurality of plant tissue samples 13, as shown in

Figures 1 and 2. Above each of the well plates is an array of _Iight emitting diodes
| 25 (LED’s) 30 supported by a circuit board or card 31 that supply light to the plant
) . ti,ssuc,s_ampies' 13 in-the wells: 14 defined in the well plates-12.

. The high-density rack 20 includes é. rectangular base 21, a pair of side walls

. 22, a plurality of shelves 23, a plurality of card edge cOmecths 24 and a pair of
- . connector supports 25, as shown in Figure 3. The pair of side walis_22 are -

30 hoﬁzpntally. spaced ap,ari across the reétangular base 21. More particularly; the

| - side walls 22 are attached to, and ,ektend vertically upwards from, the left and ﬁght

sides of the rectangular base 21. The shelves 23 are spaced from each other in the

5.




. connect or supports 25, as shown in Fi gure 3. The pair of side walls.22-are .

- 30 horizontally spaced apart across the rectangul ar base Z1AUGYS
particularly, the side walls 22 are attached to, and extend vertically
upwards from the left and right sides of the rectangul ar base 21. The

shel ves 23 ar aced frgm ea ot her, in,the - ~August. . 200 verti cal
i reot o aNie ARG B EEIFoG REtieea s i BaU22 e B PLUfe Bt eial | s ar e
attached t oatiAdReBRdGhY SR1%0 s@ §is tsuppBRMid Iefthad kight cdaBslof tathlor@stoes of each
of the shelves 23. Preferably, the shelves 23 are "about 2 inches apart,

al | owi ng nothelveh 23, Predergily) the shalvesodd are abiu@ inehes aput atipving morsthaf ng

hei ght of a t.8 feet., Ln.5 addition, each of .th helwves, preferably

o Pnes au  TEdies EBSpkad Zr BIVom Wa G Rig bt B nant cal Jor
el ectrigal sl edchUEthesheRreBpaieably defifiésht léahﬁénetﬂeg%sionQG,eleﬂée,t he plates
12 resting thereon into a_ registered position known by the robot | | for

| ater retriwlgglor athgr mashiapiseber dectried dewisofsuch ass gagectic figidkthatwngep0 of the .
t inventi i d imted t | i bed
D0 enbodi meati ok A8 18 rlfthe M IRl Rl hdsfifbe oW Rl o

provi des  sUpfe Ldtérietrigvalf2ad afngrulsivpp 8¢ dHwakin Faghire 0 Theirgskt 20 ofahs and
densities for a desired. nunber of the plates 12 or trays holding the

‘pl ates. - Pr dreseabinyentomnshowd not heconsifepet imped to the afosedestidhadd have

suf fi ciygnt e _ Eﬁs{n , | ?gggjﬂ Ui at . and sone
regi stér9 deﬁ%@glﬁ%}#' E%g?ar?g%ts e p?ﬁ?‘é%%%n %81:31 |gﬂ%§€1@6‘\?\nﬁ%§1 t he '
cor r espondisagpating yurfifced BFuppSis atnchrions orientgivmi tind dedsitbesrfot mdedided r obot- - -
for later retrieval. The connector supports 25 each have an L-angle shape~
‘with one |éﬁﬂ%p§®a;ﬁr¥%§ ey boldng el Breleabhe PV%I,‘!!‘? and the -
other | €9 heaitheukRUed PARIMAGR oRhfiEe AR %cals bicbBgidal | s and
along the back of "the rack 20, as shown in 20 Figure 4. The card edge
connect or s Manipiiator At landweme eefister ddvicedonwgiteathe plapsd2tinto dmulvove a

" respective one.qof the shelves 23, _an ubj.acent the .next consecutive one

of P ho 1o PHE S rolrRgoplRe iRy SRRSO Bt o Ul BHREEREY < 54 "0ncn
define a  Horlawpdtdbvagl ot sized to receive an edge of one of the ci rcuit
boards 31. The horizontal slots also ensure that the circuit boards 31,

and hence the arfgpemasctorsuppamisSy@ch hrve avk-eagleshansovith vonleg adiesde t he

s Eg' o 22 1 -é‘ rBPLlivlonB B¥He fEANSISR S D SniPlcl' kbl oAb s tFaraPaCKS OF

- the other one of the side walls and along the back of the rack 20, as shown in
20 Figure4. The card edge connectors 24 are each mounted to the connector supports
. 25 abovea respective one of the shelves 23, and subjacent the next consecutive one
~ of the shelves in the vertical direction. The card edge connectors 24 each define a
" horizontal slot sized to receive an edge of one of the circuit boards 31. The S }
" horizontal slots also ensure that the circuit boards 31, and hénce the arrays of
_‘ 25_' “ LED’s 30, are correctly positioned above the shelves 23.
© A pair of power leads 32 extend vertically along the backs of the card edge
- connectors 24. The pOWer* leads 32 are electrically coupled to the hdﬁzontal slot of
each of the connectors by being soldered to adjacent tabs 33 on the backs of the
| card edge connectors 24: “One of the power leads 32 is aitachied to a tab on the toﬁ
_' 30 - of the horizontat slot, while '_the"other is attached to-a tab on the bottom of the
- horizontal slot. Each-of the circuit boards 31 is energized, sending power to its

- LED’s, by insertion into its respective one of the card edge connectors 24. A

6-




, connectors 24. The power |leads 32 are electrically coupl to t

hori zontal slot of each of the connectors by being soFdéﬂéﬂ‘QFﬁt%{@Facent
tabs 33-on the backs of the card edge connectors 24; One of the power
| eads 32 is attached to a tab on the top 30 of the horizontal slot while
t he ot her i t t al ot Each
of the cir |?E%€egﬁ§éid§? n?agrt bggré(gﬂlltécg epﬂ{er?%‘we%eaggv@er ‘{}’ gtzlggvegﬁag
i nsertion iditeotiont slong tpdeick méﬂmmﬁck!ﬁe bdnes m@hg}med@ﬁpmo&&tserd‘ére% A - 6 21
August 2006 t ective_ shi elg 34 may be nmounted over the power | eads,
ext endi ng |“1‘?“§ Pt pEuel agstied pey HStdlltG’Ef@re{‘We Alhquehsthe prd edgk 20, so as to

physi cal |y @hakess 2440RabABEE thouSORPSId RADYARoMELH 18y Shshd A0 ns!

i nterference. Although the ca connectors or "€asy
i nstal | &ti ¢he andulﬂmmiseﬂl amiﬂ@ﬂ%bahardwlmﬂnhﬁlﬂﬁm%ﬁz% t he CI rcuit boards 31

. could also be h red nto.the r ck 20. en |ons and
| ocations of th ﬁ“sf‘??é% ?caBP%ﬁqstE‘i?’eﬂnEg“%%el ateplhe
conpati bl e 4 fafl ﬁﬂ%’&éé&m ﬁlb%ﬁrltﬁ laf R he robot
11. For |nstancg the p pref er g&?%h%g 24 mi@ggﬂwﬁgﬁ%?ﬁafsof 4 by 6

(as shown ithe lfolbghﬂe ]qu m@?ﬂcﬁﬁhwlalﬂspneferahiy hasr 2y wells B dnyarBiytof 4tby Gconpat i bl e

wth 10 no I de her we s coul sed such as 6
wel I's, 3‘%’ 4?lg{)bﬁl %%%mt3 Xja E%Wcﬁ [Wﬁ’&lgrﬁkﬁﬂﬁ%‘?ﬂ%’ﬁ%“ﬁh devi ces.
HoweveEO nomnst Badting deviedd. Olaasiél @@sﬁi&@b&ﬂéb@%&?sﬁbﬁ%% &s@ single
well or a 1000 wells. The wen plates 12 can al so include transpar ent

covers t hatvellgfhakase qlwoamp@ﬁbhémth epnyentinnabievices1 Hawayen seunstanvderdi n whi | e

~still allo 30 to the
ti ssue sarr\é)}qeggiehéaﬁ éﬁk(z?éeﬂ% %ugba Prsmﬁ ]%P EE&’e glls aﬂfe[\geleD. S
(Ni chi a MoghitesN@.can IhlBB\M{ﬂﬁﬁiﬁuﬁpz&mhtabkrﬁs fliz0 mrﬁiaa llmziteﬂte tikud Snphs
light far. tissue owth when t he

- California,.,USA) that ffjcient
" di stance f;l%ﬁ’i‘g%@dttﬁ?gﬁe ﬁt‘g ‘i]@%n&ql?éﬁan%%‘émpﬂ@ﬁhgwmq PED s enit a
- relatiysl y3fjtﬂﬂhe$@ﬁg§aﬂ{[§l&f l'ight frequencies as 20 conpared to non-while
" LED s. Advant ageousl| éﬁg he full spectra emission of the white LED s

el i m nates the phobE ar@fprafaablylhn@-wngﬁtmsemhﬁEDEB h@Vickig Model Bloent -
spectra to e.nS|t|v i.es ar.i ant tissues so as
to pronot eNthr%%V\p ﬁé S F“ﬁa‘%éiw p'&?ﬁe lb? ﬂ/&?ﬁ]{fé“\iﬁ%&@ﬁgﬁt meviddwer ed by a
si ngl e poweifficisoiligh for tissue growth when the distance from the tissue 13 is less than

- one inch. The white LED’s emit a relatively full spectrum of light frequencies as

20  compared to non-white LED’s, Advantageously, the full spectra emission of the
| - white LED’s eliminates the problems of matching different LED?’s having dlfferent
. spectra to the differing light sensitivities of various plant tissues so as to promote
-growth. In addition, all of the white LED’s may be powered by a single power
souree.. ... - . : S -
25 | Furthg:_,r prt_:‘:ferably5 the LED’s 30 areina i\vih—l_ead, 5 mim epoxy-package -
and are loaded.- in series into the printed cirouit board 31 in the array, as shown in
- Figures 5 and 6. Alternatively, some or all of the LED’s 30 may alsobe -
individually. wired, allowing individual control of each of the LED’s. Each of the
circuit boards 31 preferably has a contact at the top and bottom of the board at 1ts .'
30  connecting edge positioned so as to correspond to the top and bottom tabs of each :
o _honzontal slot. As mentloned above the LED’s need not be. supported bya- |




. respective

25 Further preferably, the LEDs 30 are in a twini-lead, 5 mn egox L
package and are |loaded in series into the printed ci rcuid! Megusl in the"
array, as-shown in Figures 5 and 6. Alternatively, sone or all of the
LED s 30 may al so be individually wred, allow ng individual control of

each of the LED.s. Eacg f, the i r.cui t. bpar d preferably has a contact
at the top gﬁﬂEteBSF{"ﬂ}ﬁﬁ%?Ig{%c Blgﬁ’& hﬁfcll © mt%gle%ﬁﬁ%%qap{ézog%%ga 3% ti oned
SO as to CohhepRRidhsiReésdfyitd Bhiab duffiicdn®Mpfitaito Bl vadrlae@t2.zont al slot. As

ment i oned above, the LED s need not be, supported by a -7 21 August 2006
printed circuit Befengblybthe 1dd)s30mee specethviny egh iarray se stogeresnoadde ey confi g

prates 12 A erR VI EF BBt ihGadlo e BULyefip ks 7. O o RUE A, 0°11

correspond bLPihkNED's BBGH@nBired MifoveRl respettivalgid oratle walleas wheh theheeltel | wel |
plates 12. As a result, each 5 of the LED s 30 are centered _above a

respective phiesd arqpropetly positiongde Restatedigach ipdiyidig! ane ofithe BEBpel s
posi ti oned. . ﬁcf‘gne:g%)ﬁg-%c-gnéﬁﬁbv%ﬂﬂﬁlre @%?%;%&eerb\%’e@eqsﬁ& 3%%}111 Lgdpl ed, in a

one-to-one ratlr o, w ar espect Ive on a one- to- one .
coupl i ng i StoeéGRIupHnDis promowklityahe bt lighi @nission of tHeleEMEMdchwhi ch

~elimnates the need to have several _different %ypes of non-white LED s

shi ni ng on eliminates theged e have saverslditermb fapes pf Bshie &5 D 2GR the wel |

plates {¢.ig cﬁ?ﬁéﬂ%ﬁgsu%aﬁ]?ﬁa regi ster depression 26 which urges its
pa} 5 p .

e Into a predeterm ned position on one of the shelves 23.
For instance, thPropebyositiatingyf tht woll jisted 12 of ensmeed bfy thdwegplent es 12 in its

- regi stered positjon corresponds to, and.is.center under, the 4 by 6 arr-a
of 15 LED sdepsession 26t pHeiig arspkoty/elele 1o Bar R o Rin GBS B b ove - o
~each vell . af hoWSy &30 1) 3eMBAhYADY ¢ ieayl I ARA4LIFDRY B fHle Pl 1O T OM Of

the well to be calibrated so as’ to providé an optinmal anount of |ight beam

spread and inritsongisteyed: positipmmentespanids v end ioventered widst.dbe § by ewrsy 9fr ead f or

-each L S 0 a_40' cone. . he tput i ntensi t. fall .vol.tage and
curre HE%I s ISBQ Su@{on daf O‘Yﬁ%’[ﬁg“ﬁeﬁ é@ﬂgﬂu \'Nactpqnttef’ﬁlga O%W%(’tv K G%Chz‘geﬁ beam The
- col or tenpejiffud iBe dEtH00 Betiveed HROLIPB laMil fssuc@p thdBotogPs e wallgb e and

intensity, however, will vary depending in part upon the type of plant
ti ssue and eahbrajedsa wdopaeddean pptiuplamonst o Kgletheawy spread and mtewsHY 10 t he

- LED's can bogiufd 6labe bidihBroiStaB, bsth ShAAE drabiPLEB s AHIRYUO cone.

CQui put canal

- The oufput intensity at full voltage and current is 5.6 Candela (15-16 lumens/watt
20 - at 20mA) with-a 20° beam. The color temperature is.6000 to 6500 Kelvin, -
- ‘Optimum spread angle and intensity, llowevef, will vary depending in part upon
- :the type of plant tissue and the desired rate of growth. To achieve such variations,

S
T
iz

~.'the LED’s can be current limited us'i'rig'resistors to reduce output. Output can also
‘be reduced by pulsing, shortening of duty cycles and/or rcducing the voltage. An
- 25 ' increase in output can be achieved by increasing voltage and pulsing at a shorter
- duty cycle. | 7 = ;
| - Arrays of LED’s 30 corresponding to-well plates 12 with standard ai-rays of
- 48 and 96 -wells could-also be uéed.-'- In another alternative, the array of LED’s 40
7 could be conﬁ_guréd'tb‘ correspond to a non-standard atray of wells, 'such‘ asan
30 -array of 3 or 1000 irregularly spaced wells in a well plate. In yet another
| alternative, the array of LED’s 30 could correspond to several of the well.pl'atés 12
disposed on one of the shelves 23. As 'an,ex_ample, three of the 4 by 6 well plates

8-




. be'reducéd by pul sing, shortening of duty cycles and/or reducing the -
voltage. An 25 increase in output can be achieved by inc@@d?ﬁW@g%Eptage and
pul sing at- a shorter duty cycle |I Arrays of LED s 30 corresponding to well
plates 12 with standard arrays of 48 and 96 wells could al so be used. In

anot her al t 1 aaifid H@sug?ﬁﬁe@ﬁlr@%st@fed t\ﬁxg?ﬁg a‘;f;‘; ié:ﬁ)ng%f ﬁ%ér%n B 88 5P

correspond to a non-standard array o i as a array of 3 or
1000 i rr eguihartrgy epiEiEdE 3@giobitioned themabovepls atl@ byl6rusagt anot her al ternati ve,

the array of LEQ s 30 caul d. car.respond to, several of_fhe. wel | ates 12
di sposedyon oneq&aﬁeﬁﬁm@%éﬂ?%}l%agﬁtyé cg%ﬁr‘f‘fﬂhé’,lat?ﬁ%@%f”ﬂok@%ﬂ 6 wel |
pl ates -8 [3¥ HRaOMHIsma0Q6e ok 2hCIoEDY ﬁﬁalﬁﬁpﬁ%ﬁéﬂesiﬁtb%ivéﬁﬁﬁﬁﬁ POSi tions on

a single one of the shelves 23 and the array of LED' s 30 positioned
t her eab8ve dtackgd tvpo iphes apamt.ax. shelf sine of Q& iwibes by 19 iehés woulddnki 20/ st acki ng

wel |l plate ' ick 20,4 1 | ow, heat and .smal |..si.ze of. the LED s 30
al | QWI_-Ot he ':Srtléeq%\f/&edsh %@ﬂéﬁgyg&t%sgla ﬂ“@:ﬁt F??S%“dgﬁlﬁt"ﬁ%%ﬂﬁﬁgﬁfﬁﬁt%& ‘Ihggfiﬂ% .OFA shel f
si ze of = 96. venidabspaby (alipicalchnageeshy. Pobehl 303608t AMEEShId 1l b8 swbd  pl at es
12 and at |east 40 shelves stacked vertically in 8 feet of wvertical space

(a typical 8dsrppfiedmdtnlght m 10 qabigfeeadomhpnat Bae muihey of Hemcisamplesr ed  and

‘ ol i ed wi . . ot | uie. ot
Sanpl eo. fapt gichEbnfigith i Be s RlopT o iion 507 SUBEHES R bE 05 cubi
feet whdbl d requirkd forthe sanetinfralbier tolf earsple® when ising fifiorssuenl BghtiMaewitisi ng
fluorescent_ lightin Lth shelves spaced 1 foot apart and the sanme 4 by 6
“wel | -pl at e§1.lelf—‘%"rsﬂ’ﬁ‘é°%,lv%oﬂbaﬂaﬁ\/@ndﬁ]@ﬁ\ﬁmer‘éahﬁwt@- diurthes thedows 30 reduce
.the pover - pagi iefirdlrd Sithe AP Bb ldico feWBbd: fhatftld & %@% cddh{ffgs cent

tights to 3 watts wth the LE p r requirenents are due
in part. tofioheddogtts feorfluegesoénttlipbtsta D). Swaits With deddiid’st The heverowese! | s 14

-~ which promptes the efficient distribution af t light fromthe LED s. In
ot her_vvordg?q%?lgmﬁget%lﬁl}’%?o@gﬁé?%@&g tb(‘ﬂﬁ?.ﬁ _I}E&F’Gh@stg?‘he tissue
than i1 fiuetls 28 o@idh drbfbiek A TSR EstribBG 6f RGO HILED Q. g gener at ed

.overall. During use of the high-throughput screening system 10, circuit

boar ds 31 OHShWWardsi mgreafihg/kghiizengated bythekED sapasbesthedissurstharoinc or r espond
to the arr |l t.he pl.ai. 12 used.in the,screening '
oper ati on’.'mflﬁreeg%lnffg | gggsatr Fé’(%%‘imre f%%s%gglﬁ t%ﬁ?%%]}%%ec[]%veﬁa Fespecti ve one of
~ the card edge cDanagtisy of tRethigh-throagliitBGrebig system 10, circnit boards 31

.containing arrays of LED’s 30 are selected so as to cotrespond to the arrays of

20 - wells 14 of the plates 12 used in the screening operation. The cirouit boards 31 are
each_ attached to a respective one of the ca_rd edge connectors 24 by inserting the
. circuit board into the horizontal slot of the -re__spéétivfg connector. -Such inserti.on
¢lectrically couples the top and bottom contact areas on the board .with the tabs 33
.. allowing power to be supplied through the power leads 32.. Oncé the boards 31 are
25 energilze_d-,_th_g LED’s 30 are swiiched on and begin supplying light.
| .- The tissue samples 13 are loaded into the well plates 12.and fresh liquid
-+ - ‘media is injected into the wells, preferably _ﬁ.sing an autoﬁaat_ed system such as a
GENESTS liquid handler manufactured by TECAN of Mannedorf, Switzerland.
The wetl plates 12 cdntaining the fresh plant tissue samples 13 are gripped and
30 poéitioned by the robot 11’s manipulato'r on the shelves 23 of the rack 20. As each
* of the well plates 12 is positioned oﬁ its respective one of the shelves 23, thé '

register depression 26 urges the well plate into a centered position betow the

o.




circuit board into the horizontal slot of the respective ﬁonnect Qe Suth
insertion electrically couples the top and bottom cont alt ApEst2O8R ¢ he
board with the tabs 33 allow ng power to be supplied through the power

| eads 32. Once the boards 31 are 25 energized, the, LED s 30 are sw tched

el i at e O3 SRRy e ey PEER 6 abfukdFas BER Gy ot i GRS 11

pref er abl y sush Rgihe Readioaaplesich fysidentiants) satpk th&ENESoSohé afihd welind| er

* manuf act ur ed by TECAN_ of Mannedorf, Switzer|land. The well plates 12

- cont ai ni ng TEMEVs sarnoitha fissueiswpies Smpihegvells oareplageioppdlptand30 posi ti oned
by the rw%{)&éﬁﬁé‘ﬁ)’ﬁbm %cQJse@%e%ﬂ&o?ﬁ?rﬂe‘i@édﬁ% ook %?tﬁeasﬁglg%@z%ﬁfd each of
pl ates I'S on | p e she

the wel | “positione s respective one of t ves 23, »
the regi streiedeythe phitcofombs pogition ioh ehevweigistqpldepresdini D6.a cent ered position

bel ow the -9 21 August 2006 . cqrresponding array of L 30 At intervals
necessary for tﬁ%‘eﬁ?S@BWPﬁ@“ﬁPé’@é§‘°s",eraq§ﬁwt%%e3*t” G‘ng&qtlﬁ) S t8#i sh 1 quid

nutrients, L Ol , l; fu.d he
a?éé‘iséP% Wt deérﬂmg ;lé[gs ffat g lortiEntiRldlifeandéR W%%%F@ tltl

ti ssue sa A s or replace one plate wt e robot
11 accessegshtlves 2Bpff thprackt2é tb be atdrenlosely stackal. Mhre déwelwsacked shelves 5

retrieves the plate fromits posifion on the regi ster depression 26. The |
present i'n\}’éﬂ#%stﬂla’g%@?&nﬂg&m}ﬁ‘ﬁ{%ﬁ%@% %ggacﬁgt_‘ﬁﬁﬁﬁ’sh_%e?rhat are’ | ess
~bulky gpd eRLiuatettppliaitiishltaimbldd 436 IBR s paftbulPBARNPEAGANE hiph bs al | ons the

shel ves 23 of “t he rack 20 to be nore closely staCked. Mre closely stacked
shel ves i rilooughyut sereeningyepapdtiong wees/thoysandslotsamplesaee npwledongfdagipaced need

to house an_ 10 adeguate supply of tiss anples 13, This. i articularly™y
i portant - PATR: B RO TRHEREs SRR o R bR SR s BB nas Cof -
sanpl es ar guétefdebotiarmsdibd Bave Rdfhited tAgPEhbliot), MARhfhgindtafisn@Est
accessible to automated plate manipul ators, such as robotic arns, that
have a | i miof ephrofitlerewells Howith is omet light-ganitting digdeglaws dor eafibeasion obf t he
~owel l's od by N e i-ggfz- Ig%ﬁo ' Lon of 15 the
| i ght %gelamé&}%%geang‘ Jlegrl\‘?geﬁfglﬁgg?%%?ﬂc?g [ rra?gsiulc sue gr B&P#ﬁ H@A"ﬁer , the
i ght ~ en Ehittigg dicdide 30 Bvelawer powarreqaipienteiun fleosendent ddiin f | uor escent
and incandescent bulbs, averaging about 1.3 watts per standard by 6
plate compdaa e#@fﬁuﬁsmf@%abﬂﬁt_-hér“@%@ﬁ{ St ﬁ@aﬁ&lg@eﬂm tems.
Wi te |1 ghty 8Wvhdds o fidrestent3Rd NAMRAEREnAY YRR 2GR i ehfiking 1Dy |
_spectrum of frequencies and therefore
- 30 have the advantage of emitting a full spectrum of frequencies and therefore
20 being useable for many different types of plant tissue. In addition, the use of white
- 'LED’s promotes the one-to-one coupling of each LED with its own cell well.
Many modifications and other embodiments, of the invention will come to
" mind to one skilled in the art to which this invention pertains having the benefitof - £33
the teachings presented in the foregoing descriptions and the-associated drawings.
25  Therefore, it is to be understood that the invention is not to be limited to the -
~ specific embodiments disclosed and that modifications and other embodiments are
“intended to be included within the scope-of the appended claims. Although specific
‘terms are employed herein, they are used in a generic and descriptive sense only
- and not for purposes of limitation. |
30 | |

s _10_.




20 being ‘useabl e for pmpy different types of plantg—~tissue. In addition, the
use of white LED s ptohotes the one-to-one coupl Dg of edbAugusb2P& h its
own cell well. Many nodifications and ot her enbodi nents., of the invention.
will come to mind to one skilled in the art to which this invention

pertai ns having the benefit of the teachings presented in the foregoing
descriptions and the -associated drawings. 25 Therefore, it is to be
understood that the invention is not to be limted to the specific

enbodi nents di scl osed and that nodifications and ot her enbodi ments are

i ntended to be included w t WFRATWWEHEHJS GEAMMEDappended cl ai ms. Al t hough
specific terns are enployed herein, they are used in a generic and

descriptive sense jonly nd n or purposes of limtation. 30, 10 21
August 2006 THAT AHI cnﬁ*‘?%*%&‘?}%y ppr .0%5%%%’@%4‘5?3‘? SHETYTHEE g8t h of
tissue sanpl essuppartiprol@rdtiof)daid sRembRMMprRiRY: i feration, said assenbly

conprising: a plate defini n%Pt herein a plurality of wells arranged in a
wel I array, each of t lkPlgedetning$heseinanlymalismfiwelsasunges inappdl arand

i odes. arr angieh g PRFARy oL §EHk E3ureh 8 Rith Eond ioRle i REIER 1 ne e

“array such tkatplegaindof the light-emitting diodes is positioned opposite a-
-respective one of the wells so as to shine light into the respective one
of the wells and promo@@WabY afdieht-rwfiting diodes aragad st pgldramitiingt her ei n. 2.

~ An assenbl y @faChahPodoer Bl E{]Jya [ - emctd 1 ag dl IS
centered above its resp%%ﬁveg&gég%l?ﬁ \/\/eﬁlg.ﬁ?%a}cﬁr&grﬁtt%ésﬂ r‘%%“gﬁi% Claim?2,
. wher ei h eachdiofles isgobitightd epridsité agesgedivesne iof thenecllsiso s oF sHisskght isto t he

“tissue sanplg in its res ive one of the s, 4. An_assenbly of Claim
1, wherein tﬁ‘g r?ﬁpﬁﬁtt“-'ee?ﬂe[) ithgWalloepdpramote H\gﬁkﬂ‘iﬂ"é‘ qfi'-@Iﬂtﬂs.S“%?uPRﬁrt%senbl y

. for pronotingegipWwt h of tissue sanples requiring light to support

. pro_I iferation, said assenbly conprising: '

2. An assembly of Claim 1, wherein éach of the light-emitting diodes

is centered above its respective one of the wells.

3. An assembly of Claim 2, wherein each of the light-emitting diodes

is one inch or less from the tissue sample in its respective one of the wells.

4. An assembly of Claim 1, wherein the Iight—eﬁ;itthlg diodes emit a
 white Light.

5. An assembly for prOm_dﬁng growth of tissue samples requiring light
) 1o s_upport ﬁr’oliferation, said assembly comprising: | ' , ,
_ a plurality of plates, each of the plates deﬁﬁing therein a plurality of
W_e‘lls arranged in a well array, each of the plurality of wells configured to support
and isolate one of the tissue samples; -
a rack including a plurality of supports spaced from each other and

configured to Suppon at least one of the plates;

-11-




a plurality of plates ach of the plates defini therein a plurality of
wells arranged in a mérﬁ array, each of the plurality of%&ﬁ*ﬁmEgﬁﬁigured
to support and isolate one of the tissue sanples; a rack including a
plurality of supports spaced fromeach other and configured to support at
| east one of the plates; 21 August 2006 a plurality of light-emtting

di ode arrays supported by the rack and cooperating respectively with the

supports so that light from.the.li.ght-emtti di ode ar shines jnto the
wel I's of the plate and %P@‘F%{%Sdéﬁ'r"gmﬁ@ﬁ“lr‘?ﬁ;eg"tfiaé(%%’vogs&ig@?f@ ned

- therein; and eopbratiaf idspectivelyagitlsthe suplRiise6 that iRREAGH i GRCiRingt he
plurality of _ _supports, which urge the plate supported théreon into a

fegi st er posi $iPehascthines dto theswellsif theplate agdipremptes gregvthiiof the tissways i s

centered oppasy| [ Y ne of the well plates. 6. An assenbly of
Claim5, wherel ?eesacf:”ﬁ‘ag@?ﬁeg&héh -emtting diode arrays conprises a ‘

plurality of [ight-em tdploglii eftegisit devigadiocitedBn 35d120f thé plurgaperdi ng to
the well array of .thg}j | ate such that each of the light emttin di odes is

posi ti oned opBR{S W getheiplate ipoged theesopdntos registenposiionsshyhalf C ai m
5, wherein t it cl l. | A .S a
regi ster dept%ggygﬁggg}jfneg lﬂ|l%‘ﬁt6 ﬂ%@%‘% cgﬂgﬁ%Bg[goé?{et%g% ?/ésgéd ﬁn%\%g,%hGMer ein

each of the Iwghplatesi tting diode arrays includes a circuit board and a
plurality of light-emtting diodes carried by the circuit board. 9. An
assenbly of Cl-aim 8, wherein the rack Rather includes-a plurality of card
edge connectors egth CoUf AQUHBYY JFCIARES Werdil Badh ﬁHéE'Ii Qb gio@'e of the
~hight-emtting diode arrays a_ng support’ thé 1cizr"cuclgt O%ﬁﬁﬁ%ﬂgfg(‘haﬁ{_
enmitting di o@ESYhtuNmisehe phualpyof light-comittingfdiodes aslargadda an.arth§. An assenbly

of Claimb5, in.the rack. further. caonprise ol , .measured in cubic
feet defi ned\élg%ésg’o %‘%6??1{1165"%%{aﬁ,o(%él?ﬁﬁg@ﬁ&abﬁ’f’?‘?ﬂcgpﬁg‘ﬁF@ERmé‘@t?ﬁ that the
rack support siddeeisiositivhéd yppokitdh dspéctive ofle BF @lewigRSi ty arrangement such
_that the rack contains at |east about 288 wells per cubic foot. -12

7. . Anassembly of Claim 5, wherein the support comprises a shelf and

the register device is a register depression defined in the shelf.

8. An assembly of Claim 5, wherein each of the light-emitting diode
arrays includes_ a circuit board and a plurality of light-emitting diodes carried by

the circuit bbard.

9. An assembly of Claim 8, wherein the rack further includes a
plurality of card edge connectors each configured to receive the circuit board of
one of the light-emitting diode arrays and support the circuit board and light-

emitting diodes abo_{r_e the respective one of the shelves. .

10. _Ah assembly of Claim 5, wherein the rack further comprises a’ .
volume, measured in cubic feet defined by a length, a width, and a height of the
rack such that the rack Supports_ the plurality of plates in a high-density

- arrangement such that the rack con_téins. at least about 288 wells per cubic foot.

~ j S -12-




21 Augusf 2006 11. A ssenbly for housing a plyrglity of nd
supplying light to a plurality of tissue sanpl esl,{zach 0%1,[/%@%%@0@5

. defining therein a plurality of wells arranged in a well array, each of
~the plurality of wells supporting one of the tissue sanples, said assenbly
conprising: a rack including a plurality of supports spaced from each
other; and a plurality of light-emtting diode arrays each including a
plurality of light-emtting diodes arranged in an array corresponding to
the well array wherein each of the light-emtting diode arrays is

supported by the rack oRPagki®IEforhe &bM&IWSf@gtse%i'aﬁctigﬂgJ@iggg i b hat

light fromeach of the light-ermtting diodes Tshi ct1ve one
of the well s aflurality ¢ff tisses sanpien;, cath afitha plates Hefifing therdin apdwelitylof wells Cl ai m

11, wherein each of. the .shelves.is.confiqgure o urge, at | east .one of the
plurality of a%’l%ﬁgeé{smjan %ﬁ%\tr"i"yeﬁ %frtﬁf)B@‘fﬁ%%ﬂg Wi@? S?QHg‘ig’gé%’?ﬁl"?a’&fusﬁfeai m 11,
wher ei n each saipldigsafhabatablydohipiigmga regi ster depression shaped to urge
the plate into a register position. 14. A system for high-throughput

processing of tissue sa&fptiemcludinga pluradity pigwpperts spapgsbirommach pthex; and on,

sai'd- system conpri sing: . } £ . each pl.ate,.defini therein
a plurality of wells gﬁgﬁggﬂﬁﬁgeﬁg’l%g"ﬁoﬁgwa%sa%aﬁﬂﬁd‘f%gf)PE“F%ﬁYt y of
wel | s confi guf éight-emittig dibéesairthngbdintinGi@y@brrtdponting3o eheSaelPhies; a rack
having a plurality of shelyes vertically spaced-fromeach other, each of
the shel ves eachpishe hghtmiie diede amyp Isuprorted by the spakiappedite a

S light-emtti i - I bt fk 3G . ays

. “posi‘ti oned ag%ggétgg%ggggg%éi%\ygﬁgﬁgb @%t%%gﬁlgﬁ%gac %m%*éhgﬁ‘e]ﬁ{\t/@ %éogfeés to
~-shine |ight shines inlea mepdctivebne hfthelvedis of thendate supperiedeh ekl sheifl pul ati on
systemincluding at | east one plate nmanipul ator having a range of notion
‘wherein the rack is positioned so that the -13 21 August 2006 plates are
wi thin the range of NOWORs@hbIYRdE MRl B, WheidpIERHVF 1R e Eisf‘doﬂﬁ%ﬂ‘é%m ate
~mani pul ator. i s capable of supporting and renoving each plate fromthe rack
f or aut omat etp uge etleasiong obthetpheralityad platesiniyl mrsgistaripasitied. t her ei n.

13.  Anassembly of Claim 11, wherein each of the shelves defines a

-register depression shaped to urge the plate into a register position.

| 14. A system for high-throughput processing of ﬁséue samples
requiring Iight to support proliferation, said system comprising:
a plurality of plates, each plate defining therein a plurality of wells .
- arranged in a well array, each of the plurality of wells configured to isolate and
_ ‘hold one of the tissue samples; ) , o
| arack having. a plurality of shelves vertically spaced from each
| -other, each of the s,lieh}cs supporting at least one of the pIé.tes; |
a plurality of light-emitting diode arrays, each of the light-cmitting
diode arrays positioned above a respective one of the plurality of shelves so as to
. shine light into th.e wells of the plates; and
' - an automated manipqlation system including at least one plate

3 manipulator havmg a range of motion wherein the rack is positioned so that the

o -13-




15. A nethod of pronoting growth of tissue sanples contained in nultiple
well plates " having a plurality of wells arranged in an af Pgﬁﬂeﬁein each
wel | isolates and supports one of the tissue sanples, said nethod
conprising: loading the wells of the well plates with the tissue sanpl es;
operably engagi ng each well plate with a regi ster device operably engaged
with a support, the register device being configured to direct the well
plates into an operative position with respect to the support, opposite an
array of light-emtting diodes; and directing light fromthe |ight-emtting
di odes t WEFSRrS WEthindageass olmolign of thy plat napipllatorghd wésreingthe plateet hod of

oot 7 o s GBI P oM I MELLY ol o 0k E RS EE
opposi t e paocessipaditia/dssonsampdés cohiminaé kieseimf the wel | plates. | T A nmethod of

Claim 15, wherein automatically positioning includes automatically
positioning each plate in the register device on one of a plurality of

vertical I1§. st acketlod tpPALiRg grbth 4 BIAMPRE cEAtAhA hmullipeRAMIAQMP! i Si ng
attaching a circuit board of the light- emtti ng di ode arrays opposite each

of the v&pYngaplupalityphwriisprengwones array whareibeashavelfisatates and sBpporienei n

| oadi ng, oPASIHERALAG g@gjdgﬂafl)&{g:'hg:f;- re performed by an automated system
14 21 August 2006 e2’0. An asse ﬁﬂl or pronoting growth of tissue sanples

requiring |i ghading theswglppmfitheowdl plites with dhe, tisswi sdmplsenbl y conpri sing: a

plurality of plates, each of,th | at definipg therein a plurality of

Cowells arrangegp?r%bﬁﬁb%ﬂngawgﬁeﬁé’gaﬁwﬁﬁaf?%“‘ﬁl‘{%?‘ﬁ?P]P‘ifa Y eRgeefWEh 3 i gur ed
t 0 supposippotifific rpii@tdevionBeif cdifipuiddss Hitecs BRIV @Splatds BFds dpefkivdi ng a

pIuraIitg of shelves and a plurality of card edge connectors, said shelves
verti cal POSTUPL¥ithrespeshiodhe IRpPH PRt ernagen of ightemiting diodes; aed at | east one

of the plat eSgidife ﬁgﬁifﬁ;ﬁ{h&%ﬁ grgﬁﬁ:fghlémls 4t ﬁ%%e%@&iv%!vfe}ll@ of%@g%na

regi ster position and said ca ge “connectors each positione ove a
respecti piesne of the shelves; and

16. A method of Claim 15, further comprising urging the well plate into a registered

position on the support until each light-emitting diode is centered opposite a respective one

of the wells of the well plates.
17. A method of Claim 15, wherein automatically positioning includes automatically
positioning each plate in the register device on one of a plurality of vertically stacked

supports.

18. A mg:thod-of Claim 17, further comprising attaching a circuit board of the light-

emitting diede arrays opposite each of the vertically stacked supliorts.

19. A method of Claim 15, wherein loading, positioning and supporting are perfor‘med.

by an automated system.

14




a plurality of light-gmitting di ode arrays suppor. above the = shelves by
thg card eége connectgﬂg, each of the light-emtting dio f&Wnggmg .
including a plurality of light-emtting diodes and a circuit board, said
circuit board carrying the light-emtting diodes in an array corresponding
to the well array of the plate such that each of the Iight emtting diodes
I s positioned opposite a respective one of the wells and centered over its

respective well wh th late . is in th regi st .ed_osition._21.,An
assenbly for prono p’ng gﬁﬂg%f‘ﬂne‘ﬂﬁ?fi%g%}8§%%%lg’£°f@%ﬂ}? Fﬂ%lef’r ?eﬂﬂlt"‘_ngtlkgh%upport
proliferationto suppdrt pssledativn, Geidiséerblg compRiiag.e defining therein a
plurality of wells arranged in a well array, ‘each of the plurality of

wel I's configured to supp®turalis@f platsisagash ofitheqflatehdefiningihereirsapiukaisy ofi a

[ gt oot ng ergriatbal s Wl e, ol b BT of W R AR SR
shi ne whi t e famghisolatetametofehe tivelid sangdeh; pronot e proliferation of the tissue
supported t her: el n. arack including a plurality of shelves and a plurality of card edge
connectors, said shelves verticé,lly spaced from each other with each shelf _
- supporting at least one of the plates in a register depression which urges the plate
into a register position and said card edge connectors each positioned above a
* respective one of the shelves; and
a plurality of light-emitting diode arrays supported above the
shelves by the card edge connectors, each of the light-emitting diode arrays
including a plurality of light-emitting diodes and a ciréuit board, said circuit board
carrying the light-emitting diodes in an array cdrresponding to the well array of the -
, “plate such that each of the light emitting diodes is positioned opposite a respective
one of the wells and centefed over its respective well when the plate is in the

registered position.

21.  An assembly for promoting growth of tissue sé.mples requiring light
to support proliferation, said assémbly comprising:
aplate defining therein a plurality of wells arranged in a well array,
each of the plurality of wells configured to support and isolate one of the tissue
samples in a liquid media; and ' ' 7
a plurality of light-emitting diodes arranged in a light-emitting
diodé array and positioned opposite the wells so as to shine white light into the

wells and promote proliferation of the tissue supported therein.
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