. Title: LED ARRAY FOR | LLUM NATI NG CELL WELL PLATES AND AUTOVATED RACK
SYSTEM FOR HANDLI NG THE SAME Abstract: An assenbly (10R21A8Eui288Bti ng t he
grow h of plant tissues that includes a plurality of plates (12) each
defining an array of wells (13) wherein each of the wells (13) contains a
- tissue sanple. it Support for the plates (12) is provided by a rack (20)
having a plurality of vertically stacked shelves (23) that may include one
or nore regis- ter depressions (26) that .urge the plates into predeterm ned
positions. Light for the tissue sanples is provided by a plurality of
light-enmitting diode arrays (30) each nmounted on a circuit board (31).
Each circuit .board (31) is supported by a respective card edge connector
(24) of the rack (20) so that the light-emtting diodes (30) are in
proximty to the plates (12) supported on one -of the shelves (23)
therebelow. Preferably, the light-emtting diode array (30) corresponds to
the well array supported in the registered position on the shelf (23)

therebel ow so t hatEBaatR AOROR $0LUMING TdNerCE{ BWELE ed above a
respective one of the wells (13). 1 August LED ARRAY FOR

| LLUM NATING CANDWAITOMATES RACKAYRIAM HORNANBYENGIHHCRAMINDL | NG THE
SANE FIELD OF THE | NVENTI ON The present invention is related.to the use of
artificial 1ighting systems to pronote plant growth, and nore
particularly, to the use of lighting systens to 5 pronote growth of plant

tissue in cell well plates. FEAGKERCENP IRENTEONNVENTI ON I n bi ol ogi cal and
-~ biochem cal -screening systens that enploy plant tissue, it
. The present invention is related to the use of artificial l1g11tmg systems to

promote plant growth and more parhcularly, to the use of lighting systems to

5  promote growth of plant tissue in cell well plates.

' BACKGROUND OF THE INVENTION
In biological and biochemical screening systems that employ plant tissue, it
_ lS unportant that the growth of the plant txssue be promoted Growth of the plant
10 llssue is affected by several factors which melude the amount and type of nutrients
‘ supplied to the tissue, the physical support prov1ded for the tlssue the temperature
of the ussue env1ronment and the amount of K ght delivered to the plant tlssue
th 1espect fo the ava:llablhty of hght 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 plate deﬁnes
| multlplc wells Each of the wells holds and 1solates a sepa.'rate tlssue sample 50 as
to 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
1llummat10n to the mulh—well plates and the tissue eontamed therem The rack
however, has a 11m1ted vertical staokmg capacity as the hghts must bekepta safe
d1stance 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_




I's inmportant that the growth of the plant tissue be pronoted. G owmh of the
plant 10 tissue is affected by several factors which i ncdlutgush@Qount
and type of nutrients supplied to the tissue, the physical support provided
for the tissue, the tenperature of the tissue environnent and the anmount

of 11 ght céhetlinatet Rguiled abdi@ omd Bétlof dertfctiliPace, Whikiky & BFREGhorh ittt ﬂgﬁ_t?éé@i lability
I

of light, . np reeni ns | igh ch can be

. s . te enploy. artificjal | .
Cont r o1 1 B tiref ©'sSE 2 igfesBiieRy naBlciL piincesebior funeeseimionts o pm 1
addi ti onvery ﬂ"@_rsycqff@@ni. reguighesabontet-4 yattsohpdwer eerphtplepbaitpiste. Woerrleiga each pl ate
defines sgdé anddoRer@bli®meR8 dAuMtéd Withoo¥@lohsiral®, fd #fhit tROUAL RS ReSEPAT at €
ti ssue sanple so.,as .t ayo d contami nation wth other tissue sanples and
t he envi Tagﬁ?f?ﬁﬁ? th@'?@“ﬁﬂ@@b@%’*ﬁ'm BYSI5t i ng plant tissue growth
typically enplheyeferesitweduld begrdvértageels, tb hine\d systemibriprgphating the lgoeth @fach hol di ng
a plural hiby tidued st dEHEEﬂpRJs%fﬁ%ﬁt'ﬁct;l%‘Po ;Eiérﬁ‘ﬁi%ﬁe irﬁpﬁ]?(q?e @élﬁilbtéé@ilfe alsg & bank of

hts p Ing | a to the

I ncandescent or fluorescent |1 rovi _ um nat 1 on ,

mul ti - weRPWpP Ky 88 Ingigase lﬂéhqugggtggf R Freanne @PeRiNeinpartipyar. ¥ weld beyowever, has
a |'imt esvaadsoosio hatea kysten foapatating treyrdwiieof plgbtissusstast dbes doept a safe
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because the” I ncandescent an ['uorescen arere y bul ky. Each
shel f andte: ght bank 21 August 2006 conbination requires about one foot of
vertical space, limting a normal roomWth eight feet high ceilings to

seven or eight- shel ves. ' qu,rb ! nt or fluorescent lights are
%‘J‘HF F §§§% ri n'ahglgw

not very energy effici wafts of power per multiple
wel | plate. dneerordapefewithayfinet @spestol vmesenidongntianntbareds proddgdland wit h cost
const r ai dk&mblg RNSoiBtirgigbvith 5MiSsud @AM piky reQfiiridd Wht tb @ﬁ@oﬁ%mfemoﬁ, brigughput of

pl ant tlasssg"(lablscoreelnll ng systenms. Therefore, 1t would be advantageous to have
a system For %?SWB?F%Q the gromh of plant tissues that can supply

suf ficient | iggtate definjrlgdirerein & plorality ofwells biranged inelvéll grlapteash offid e al so

al | owi NGy el SGhRTAR! th Burkbit SHOBRME o oSS ERBIAGAPer al i on. | n
particular, it woigl ?1

be .tadvar_lt ageous to have a systemfor pronoting the
growt h of pl &RUE %&&8@'%9 Psles arpiged padighemifingdisdedidye anount of space,
nor r-equiorrespbiing.te ¢heofelllaaagich fhatich obthe [ighteimitihgidioded idpesitioBRI EF SUMVARY ™ OF
THE | W%&s%\la #&p@&ﬁ@&‘l\aﬁ? tfe \'Ygllé %b & tB Eﬁiﬁé I'gﬂ?iﬂﬁ%e r\%% etc[i\% o% gﬁﬁg\twelisnvent i on,
there is provided an assenbly for prormf I'ng gro BCor T Ssue sanpl es
“requiri fgd piogwie Rrefifesaliop oF the pyse pyrepdaditegieinsai d  assenbly conprising: a
pl at e def i ni nyadcheiamderwith aetondlabiast 6FitheRbdent ilenfei) @erd iSipdvidgl dn array, each
_Of the 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
samples; o
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 with the supports so that light from fhe 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 respective one of the well plates.
| In accordance with a third aépect ‘of'the present invention, there is provided an
_ o




plurality of wells configured to support and isolate one gf the tissue
samples; and a plurality of light-emtting di odes arrang@d”ugugt 2006
light-emtting diode array corresponding to the well array such that each
of the light-emtting diodes is positioned opposite a respective one of

the wel I5ss§mb|§t$orhmsﬁiglanﬂ.rémmblateehﬁd &dwlyrngﬁ@ﬁfotd M@raﬁwﬁueéuetsampl‘é@' I's and
pr onot e grcgl ordance with a

“second a3 peck g Fteﬁeem"gsréeﬁ?m ?R@@ﬁ% ﬁ ngﬁ@?g@d is? ‘ﬁ&loﬂ/ra&eeac%?ﬁheassenbl y for
pronot i neiur@htmmwlféﬁunpp@sm@eséﬁpItle@ersemgim,|salg abdegitty cowprisingpor t |

ﬂ] ol i }‘ e; ati gn? ra%aindsud.a§§auﬂal.tyoﬁéaawds%b&sd fram%w&nhériamdof pl at es eﬁ:h of

. e at es errn ura ang we array,

'eachpof t he pf BIP?P@P{)'QEW'W@W d& cﬁﬁ??@?%gd‘ck‘gegﬁﬁb'fﬂmty °5'f98t“?”§’3'r‘%t e one of the
tissue dednslagenged im aciray natespinding & the welharrdyywhefeirsaapipofithesligapersitidg f r om each
ot her an@loa‘eomawg rsgthéa bySHOREN Jsppa&.te'a%é&e ﬁrg%nQBf tﬁé@] R Ffat igtP! ural ity of

light-e ti R%dlo arrays . supported rack coagperafi ng
respectlil‘&' of e ignt-eaiigsigsiode %Hﬁ?aqua?ﬁ'vq%ﬁf?‘ﬁé’e\[ﬁcﬁ PEt§ tti ng di ode
array smupamedmclhetdhelf wel l's of the plate and pronotes growth of the tissue

sanpl es cont aﬂn%@ r&am@éws fofi'rlﬂ'fjas?eé? btha blebah at,errt.géa't&tref%to%%\éa&ss | ocated on

each of the urality o e supported t hereon
into a r%@ﬁeg'tf%'rh’%b‘ﬂ""t'ﬁ’r@Ht %%FF'QQP&E'SS@SEW"B?S fteﬁllé"ﬂgl"g'ﬁftm wwperti ng di ode arrays
i s cent gprelderatposiid Ssteinsompsgiget i ve one of the well pI ates. In accordance

th a third h ntion ded,an -2 21
\,,Amugus? 5 06[’5 :gélgr%% P@)I%tés g%cﬂ rp%.%eeéqetﬂmn%fﬁgreui a uraI|t¥ oef V‘feg? %'ra%g% dm L‘ff)adl yin g i ght
to a pl LAY 9aph efthe P'S@UEO"S'@H?)P@QQUFﬂbfa(tWaéﬁ artdwe!dmnap@tge tiksfi¢ sAmdest herein a

pl :Jlral ity oftzwauk ﬁavﬁu@rafbﬂ%@ df%sﬂle%érhcaﬁ §¥ed ﬁﬁﬁ?@acﬁfothﬁgﬁachtﬂf!ﬁem ity of
wel | s s rtin conprising: a
rack i nc ?Snsbu‘)g rﬁ gefaflto)')e ‘l‘%ﬁ]ﬁﬁ’S @g'ﬁa%%@eaﬁf £§8 H’a her: and a
plurality of 3 Plgrality effightteimittingdiicidarrays; egch oéa\ehghtﬁthMerarrwsur ality of

i ght - ergosfibitd ableQi8Shedlive 3REEnd FlurdRly 8 dhiVe R ds &S ARG BelWafis Wel | array
wherein «?}chéagf the light-emtting diode arrays 1s supported by the rack
Pe

opposi t e =879 ve one of the shelves so that | ight fromeach of the
| i ght-em fti nap alitoothés! nsamipakegori systemandnelmget:lbastene)maeﬁanmmetowﬁvlng aof the

plate  SYRRYr hfforRbhd Lé"r‘?thérh%l( spoglpod'@ggg{hg?tﬂgﬁla%% rvﬁ’ﬂ QY r{aﬁg agpect of the

. present |nvent|on ere 1s pro oughput
- 'processimyioser e E'@i?é“%‘&’H'ﬁPé%”dr"ﬂt?Eﬁ"? thpglaty Wpuia@r ﬁfﬁﬂ@hgq 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

: | -2a-




prollferatlon sai d system conprising: a plurality of pl ates each plate
defining therein a plurality of wells arranged in a well a‘ttrgé}?tz@ﬁch of
the plurality of wells configured to isolate and hold one of the tissue
‘sanples; a rack having a plurality of shelves vertically spaced from each

ot her, ea‘{‘ahhraﬂlfy of ﬂ@te§ Ratvs %eﬁ:‘lﬂ?&qehhlﬁtgth%mla‘%ﬁlﬁéhtm Gleﬁ’sfarltahﬁildsih'g LS

ty o t-emtting diode
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respecti yampese of the plurality of shelves so as to shine Iight into the
vell's of theg F}Jcmn‘%@dm ?Iul%ﬂﬁ%#@h@ﬂ@g% mélwfﬁgﬂd%ﬂ%es%ah%rs ngluding at

I t | at e avin range erern the rack is
pggst i gﬂgﬁ?gvﬂéﬁy tﬂ%‘éeddtoat?gh 85"‘8" WhteﬁF'hS"teHé”Ftpa'f‘J@%atd?aSt PRetqf B1g Plsfest he pl at e
mani pul aherregister dehressdorwitidhaurgesatiecplata mipailegisier pdsio aidaloccaff edgeppor ting  and
[ eOVi NGodAEdorPbak ol Lilie LA l0E oA HIAEGLPLAEESSI NG Of the ti ssue

sanpl es contai ned ere. In acc ance Ww aspect of the present
i nvention, t h%P'é’altééOHtQBttﬁ"H@Ep dodpaATyRIsuUPRPTteg Rbes thanehelyen by the edrd efigss ue

sanpl es Gamnécmrﬁl@dch of thelight-eliting\@dde alaﬂa?é |ﬁélud'ﬁ§\/d mGaldy &Hliight@niiting dddes el | s
arr angedaﬂdna ﬁgw@“ﬁaal%?{pﬁggargggr ln\éﬁhe I;g'h é fﬁ%g" %{g agr E)fs ?Eg \C/)\/]el lt he

tissue.
pl at es V\ﬁ’ct”l‘fsﬂoﬁé'"g fodlg wellagay pidke P'@tpé\d%tﬁh%f wtgégtemght@atﬁhng/mqes l ate with a

regi ster puimumsae;ppmé atdswecﬁw@w thélviells and ceHRRAbler ith RRpESHE RLiRTheHeVi Ce being
conflgurﬁgpl%% ect the well plates into an operative position with

respect e '215“6 re?'?tere%p?)sbt's’f’te an array of light-emtting diodes; and
directing i dhtﬂccfor@met\tﬂéldaegttmh aspetttof thg paiserd éwerttionahale tshpeovided pect i ve wel | s

of the V@'sém bleoﬁerﬁoﬁrﬂ g?&ﬁ@&ﬂ@%%a%l%@ reamﬁhd(lfgnt 18 SHEo pfbilfetz-hgn Q£ gsent

invention there is provided an “assembl'y for promoting h of tissue
sanpl es PEYURY FHY" Fpght to support pr ol | ferat i on, said assenbl y
corrprl sing: -@plat defihing terei2d Pibrality opivells atrariged ofa \pélleatrreg, eaelaefhheof t he pl ates

def i ni ngydrRRy &'W&Il@coﬂhéﬂﬁé%l th %lYppglft llspl§te 3hd @frﬂ%etgsﬁ nslas 8]@5 o a h ng%{ﬁa% each of

t he pIurallty of wells configured to support he tissue
sanpl €s:#%; rack including a plurality of shelves and a pIurallty of card

edge connect argyralipéfdightehetlingesiotee birargal Inya IgPRSRENd did8 fagAnOt her with each
S heI fs %QIR(;I'FGH 'agpo@&e llhg %ﬁs B td ghlrte%ltg & &ttt ffito the wells and promote proliferation

of the tissue supported therein.

Embodiments of the present invention can addresse the above needs and achieves
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-emittihg‘diOdes 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.




'lli n"a regiz ster depression which urges the plate into a regi ster position and
said card edge connectors each positioned above a respeél PYBUBHEIRDf the

" “shelves; and a plurality of light-enmtting diode arrays supported above the

shel ves by the card edge connectors, each of the light-emtting di ode
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- cor r espondiafghe iisstibisamyelbs. Burthay, thé asshablyliadiedssugitutalibt ofdztbeasftibhe | i ght

emtting dipdes is aQsitjoned. q site a respective one of the wells and

“centered O\fﬁ?qutaga?@gﬂ’é@h_gg 'G%T'ﬁg aﬁgﬁmﬁheﬂ}ﬂ%}’é’e@“mﬁ diosle aptagi st er ed

posi tion. I HQM@MtaPra?s&&Vﬁ%é&cﬁﬁﬁﬁﬁﬁigﬁ{-ﬁﬁnﬁfi@ﬁ@s’ﬂ I nventi on,
ro I Ssue

there is provided an assenbly for pronoting sanpl es
requiriAg Ipogitionedingupioity tpactipbetiatdnenf travells sags coridhiye ightpntoshaig: a
-plate defining therein_.a plurality of.wells arranged in a |1 .array, each-
- of the pl J?SBE?W’ of O{R)/Qﬁ ‘g.elg*o%‘. ﬁﬂaﬁge@% g ﬁ‘&o‘f’%?%man%ﬂ%maq\%e@ﬁen of the

Lissue samplefe bt helivalls. rAOEaBP LA Ao/t f-dulifil sl id N0 di odes
arranged in a light-emtting diode array “and positTone o%p‘oS| te the wells
so as t o slpHerediabeve ity igppechivie ong ofshewikells Zrtheppreforttelypeach bf theat i on  of t he
tissue sup; g [Egp I 0. . Ehpodi ts of.the present_.invention can addresse
t he above ﬁgﬁeié%glan %gﬁ%ee\}lgs@ a‘@bﬁe‘;ﬁg@wﬁﬁ%{’g‘g By eﬁ*‘r%%dﬁ%ﬁss&ﬁ assenbly for
pronot kg shmeplgini fespéctive vaeetheeedllisy i ng |ight to support proliferation.

The assenbly mai%i ncl ude a plurality of plates each defining an array of

vel |'s wherei n elt#pother egbogianend of tsipsesant inyrntion, a plaratity plates sndriglis and

~iisol ates i tgidihs gl Q,ﬁg}d} tq pl.es. . Support for the .

pl ates may be pgoviagléaﬁ oy %’%’%@@Bﬂgﬂﬁgﬁ@l p eﬁﬁgﬁaﬁg”ﬁm@%ﬂc@gﬁ?y st acked
shel ves spaphutality o€bledvesalesticalipspaced Sbaneech athaywheeh eehehiRishaves Each of
the shelves ma gﬁg&l ude one. or nore register dei)ressi ons that urge the

- plates restif Eb?’r‘plpﬂ’f-té‘t d’é‘?é’?ﬁ%eﬁ’é‘galb'a_sqfﬁ’ ehs Eachghtherlightt he tissue -
sanpl ess Maymlifing Bl LR ¥ _ogt%&'gﬁkﬂef[r){cl@z{btolv Ql?ésggéq‘{']afc%ﬂ%%f gicode arrays

wherein each _array is nounte _a circul oar urn, each circuit
board nay #ehegpbight Genbie ligheepiting diedesshihes itge thecwelhexftihe plafe t he rack so

that the I|] - em i fodes are in proximty t e plates supported on
one of theglg’géﬁtgde%ﬁ {hﬁggglgg\%ngv. S‘.)If"’fsz? B’Foé‘gqt és?ﬁquwtgﬂ&g&ﬁpa??ﬁ%g diode array
cor r espondsontainédia thevetate, ar ray supported in the registered position on the
shel f therebel ow so that each light- emtting diode is centered -above a

respective one befriy.sech of the dighhemitiagdipdeamaystshppqsteddwnbe fackent i on-
inclu i I f tissye.sanpl es requiring
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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




defining-therein a plurality of wells arranged in a -2b %[J,d_@ug% 006
well array. Each of the plurality of wells is configured F and
i sol ate one of the tissue sanples. Further, the assenbly includes a

plurality of light-emtting diodes arranged in a light-emtting diode
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and |ight - é\ ﬁ’ arra orte ‘gﬁdensmy rack.
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suppor t-ed rac ove a Ve one VES. ght from
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pr edet er%ﬁﬁﬁérdﬁghghqg R"m dlo%%ustewgrﬁ "'éoé%%?%?nqi’ ﬁ'é‘})ha\vaﬁ’f”er %‘W@f O™ Sdes i s

' cent er ecforamem@mn t@uﬁewétwwfémmeenb@ndtlmnd@bers bilhe avemd(ngm)pu@& al so incl ude

a_pl ur alvid pef stsbd m@%uéi@euw,ﬁpéaﬁéﬂmas RF fucRAetht SANhipHERGyt 0 recei ve a
circuit board in which the light-emtting di odes are enbedded to forma

light- SHFFTP ng di ode array. The card edge connectors are positioned to
- .support the «circuit boards, and the light-emtting di odes enbedded '

therei ne@éﬁbﬁsbh@mb\fﬁmesw&gﬁi.t\l‘uflgﬁmﬁgen-@@éMrNdD( feLab'% the shelves

- are less than, two inches a relatively high density of
~ plates to be I-|l§é{|ng rb?dgsqn ha ip¥gtionhia 9errssl fermg, 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;




. storage space is limted. -3 21 August 2006 In yet another enbodi nent., the
~ high-density rack may be enployed with a manipul ati on sygf &mgeeir2088e in

“hi gh-throughput screening. The mani pul ati on systemincludes a plate

mani pul ator that has a range of notion. The rack is positioned so that the
pl at es support edg; . Wi thin-the ra nmotion of .the plate

mani pul at or. 'Tth1 a%ﬁ%gﬁ%cgllvgv%erm?%&l?ﬁaé’#Sﬂ%&g%r‘@%‘? Pﬁfg‘gﬂﬁ%?ng and
removi ng eaglhrajityasforelticatly shueed sledlvdsaind @pidedat etniRtReLRS sighorich as in a
hi gh-t hr Ougf]&l;ii seg encj n%@oper ation. Enbodi ment of the present invention
has sever al PGB well pltes jad Light-pmijiieg dieds arpyfgregpesdisly: shemmdne | ess

bul ky and effhireless heat than fluorescent and incandescent bul bs can allow
t he shel ves the rack to be nore closely stacked. Mre closely stacked
shel ves 5i ncr eas déigatdriagecas biavatii@nvigwhnf thedole bfBighhte3;anount of space needed

to house an adequate .supply of tissue sanples, This is particularly

i nportant in hi g}ﬁg‘frﬁ%dﬁéﬁﬁ'iﬁge@é’?é’mﬁfg‘hcg‘g&’%‘ﬂ%dlﬂﬂ"e%ﬂ?ﬁﬁ}@&ﬁas of

sanpl es are needgg@ i8a Baitdd pRASi &J y,_ghﬁﬁ Mo . be
accessible to. qut%lnlgt el_d-apl ate rranﬁ%‘ﬁloglﬁ%r , Itsuc ggmrd%l%a?%?gl rr{sfe?i]t hat have
a limted nelwdies ecirmuit boaxd fovtsupportige Hghl-erhitindindespndach of the wells

with its owmn light-emi.tting di.ode. allows for. calibration _of the |ight beam
spread and int e%gﬂr?/mfl%?p SRGOHEF viee eﬁ‘%\ﬂfﬁ.‘g"ﬁ% Fﬂé‘r@epﬁ@'r ight emtting

di odes 10se eniigiidg didletr@lS hfd Bikiple wOWpRAMOT FANRE 2 RAMRIed iR ements  for
pronoting tissue growth than fl uorescent and 1ncandescent bul bs, averagi ng

about 1.3 watts per standard 4 by 6 plate conpared to 4.4 wafts for

R T S B RN, 5,15 e

terms, referenc@heipkdsciauvdntioNRe® Wil beldegcritRange Wiy renafdrhatkh Which are
not n_ecessa#'l dra to scal.e, and wherein; Figure 1 is a perspective view
of a hi gh -THPSHEHBIRS CrBRARYIBE dipstings, BY whigh prefprstrmbertiments ofihepr esent

| nvent | 9N, Mgt showh PRI RRGLbY FaY) 1RG0 Wel

support ed ang centersegwﬁeil?gl\%v a fllbeg{ﬁ%ayéﬁrg%%eﬁg’e%gggﬁgﬁ?g@%ﬁ%&)’ﬁher

enbodi ment fafstand spowld eot be coustiniddors limited2d tHaemisddiRemns. setFoghihered;i S

Verthoal 1y relincle i unti R el bibfubsrire bl & fofrehant s
- .. complete, and will fully convey the scope of the invention to. those skilled in the
- art. Like numbers referto 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.




- plurality of the well plates and light-emtting di ode arrays reggﬁctrvely, :
shown in Figure 2; 5 Figure 4 is a rear elevation vi ew o -
"Figure . 3; Figure 5 is a perspective view of the light- emttrng di ode array
of Figure 2; Fi gure 6 is a bottomplan view of the light- emttrng di ode

array of F| I.nc circuit hoard. f art ht-emtting
di odes; and ?f‘fﬁlﬁér “s‘“‘g %P@BE@YW&%‘W SaHs ?%e eg]g # aﬁ%’ﬂﬁ with the
light- 10 egfdchéd'@ tHE SBelkb BY P ?oﬂ‘ﬂk&kﬁ'aﬁd ie@%@&?éacﬁfofﬁiegure 2
installed therein. DETAILED DES PTION OF THE | NVENTI ON The pr esent

i nvent i on nehwlives 28. Brefereldlysthp slelves23 ﬁralabs;utﬁan@wﬁapm'éralmmgnmﬁ@mence to

t he acconpapyi.ng dra Ln_which L r of. the 15
invention a &> }?ﬁ’ werﬁ?@ef‘ﬁ’\b%ﬁ?‘m&ﬁ” e%ﬁﬁ%éﬂg?%%%%%ﬁr &E i n many .
differest {dditioh, and &h@ﬁh@lvoapr&aammﬁﬁhébeﬁ 1St dieicbRssion 26hRdgdrbodi ment s
set forth herein;, rather, these enbodi nents are provided so that this

di scl osur e sdigelor pther mechsnisal enrlectderhsewice (sughas sumagnetia figld-dairges he. scope

of the inve er. to like
el enent s thér%uogﬁ%éu@ Eeggf fcr? o%gleg%{)o@r ahl% 15 Asﬁté%eﬂ}%%%\)g%? ?% corrprr ses
a high througﬁpwterrsmeﬂrandmmnﬁﬂﬁmn;es sﬁm@hnlf«ri@iwdeiharﬁmOﬂtﬁefor t he
aut omated mani pul ation of _multip pl ates. 12 housed in a high-density
‘rack or- hotIEpsepbyeEIos showdawt be coqsrrter«rﬁﬂmtal@%rfor@e&@&edcom ains a :
pl ural ijpy it |- d 2. Above
each o thcegmv\%d?lﬂp a?g‘gkiﬁé‘%gﬂﬂaﬂﬁ‘?%‘ééo E@ emt%l}lﬁf 5 gi‘d (LED s) 30
supported bppporting smrifacebmamppmts mraﬁoﬁé.omémmmppdlﬁeﬂsumﬁot adésiedpl ant -
tissue sanples 13,.in Is 14 efiped in the plates 12. The
“hi gh- densi t3/% £ R0 Pl e %%@ﬁmt%b?g%f%{y’aowawnw si de walls )
22, a pluralhhoring saﬁelaa/aﬁm%av% sﬁfﬁﬂiéﬁt laraibe £ bEkoR8IGF (RABRGRI OF s 24 and a

pair of connector supports 25, as shown in Figure 3 he pair of side

- walls 22 amammﬂworlhwndarbmyr@sx@e@bvamfmumbsptam 2antcealignitgnt base 21.

- Mre p ticula the .side wa re,attached t,0 xten

verti odr 1y R So it A B LER RO HG Al SRorHor il BRI ar base
21. The shabyRserz&rigdd spaced from each other in the -5 21 August 2006
vertical direction and extend between the side walls 22. The pair of side

wal I's are attachesoprectaisurpets2Sseash have anl-goglp shapctwish pes legafixad ght
_ edges of eggh r%fpeét% one of the side walls 22 and the other leg extending inwards toward

- 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 hoﬁzontal 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 attached to a tab on the too
30 - ofthe horizontal slot, while the other is attached to'a tab on the botiom of the
- "horizontal slot. Eachof the circuit boards 31 is energized, sendmg power to 1t§

LED’S by insertion mto its respectlve one of the card edge connectors 24. A

6-




. shelves 23. Preferably, the shelves 23 are about 2 inc_he$2 art,_allow ng
more than 40 shelves to be stacked in a roomwith a cei FilAt9HEEZPRE of
about 8 feet. In 5 addition, each of the shelves preferably defines at

| east one depression 26, |edge, edge or other nechanical or electrical
device (su : i | _ the .ol ates 12 resting
thereon i nfﬁ()}ogét#‘ﬁegﬁ?g?gé&a oHs'3 ?%@%ﬂﬁé(t(%%\l}ﬁ eg)?%{eﬁé&r%go’beo endfqlgllgfovre 1%t er
retrieval alicbctiemalpug tel tack ofithe Sadv20, ki asHoghyeically plotect drlsoRieredl t he
present invention shoulcii nﬁqti Re considered limted to the afore described
10 enbodi meRPRecHREs Rl addhield pgringfdatoripneg vkhoneh the card 6dgml v t hat

provi des  JspRQYdL f | | i and
densities for a %rgz?raggﬁ’ tﬁﬁﬁ%gﬁﬁﬂﬁﬁg%ﬁgﬁgg@%?ﬁ#%ﬂﬁéf@g t he
~ pl at es. 3Pr gheeishityhoatdnddwen]d dlsrebe s paretliimg theirdck@ds shoul d have
- sufficient cleargnce for access b he .robojjc ni pulator 11, and sone
regi ster device fGAUHRgH ‘F‘?éonﬁlagfli%oaﬁ‘én% q{{tﬁe %eﬁgﬁﬁﬂhﬂmf‘?ﬂ/ﬂlﬁqﬁs {he
cor r espondiaitafibiedo BE chiPhifblSRithpreckiMife ?Ia@é)ﬁd&dmg eﬁﬁigi%nt% cifdie robot -
ave a

for later retrieval. The connector suppolfts 25 eac e ¢ -angl e shape
~with one | ke xebot KedPortinstancectbp plats prefenrtdy bds 2hwells theanmatayof2byand t he

ot her |eg |.ngt nwands joward. the other one of the sjde walls and
al ong the gﬁ%ﬁg’#ﬁ?ﬁl r%gﬂ Oﬁ%g,)w gs W%ﬁ’@d’ﬁgﬂ?%%ﬁ*ﬁ Wil 4 edge
connector s nitdt bakiling abvioes. rOMer well #4Riie0 bAaa befussd ARALS wadll, bRy e a
respective one of the shelves 23, and subjacent the next consecutive one

~ of the shel™rds thahaserpdsocompagible vith conveadipnalideyviessr davdryer, vonstentent s 24 each
~define a 1l 20 j t i ong of, the.circuit
boar ds 31. “PhaerRhe e P it SehGE Tt ANpR 8PR 1o BB e WLy s 51
and hence phiesdireay slsofindbdd iERspardliconere teo fberlisolae Hid dsenesnahave t he
. shel ves 23 Aﬁai r gf ﬁ?\%ﬁ% l'ﬁ%(ﬂlz 32 extend vertical l%ﬁral onglet he, backs of
the card edg&nclewsAihwpig whlssti WO Upasipissign of hghtfrem the BEPIsy coupl ed
- to themorggqmlelﬁsﬁe%@fle& each of the connectors by being soldered to

o adj acent tabs 33 on the“backs of the card edge connectors 24; One of the

pover | eads 32 ‘II‘.be BEDas tre preferablytiagh-brighthess whit@DEDFs @fiehia dModebMoal s ot
thi ] e, SRS bRl bl DB i Bt L™ 2 1
i nsertion bufticientifght GHfR6kd MOWEIRhE theRBARE GoRdER RO EFkWs ik A -6 21
. August 2006 protective shield 34 may be nounted over the power | eads,
‘ext endi ng P BeRreFhs white LED’s emit a relafively 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 i)roblems of matching different LED’s having different
. spectra to the differing light sensitivities of various plant tissﬁes so as to pr_o-motc'
-growth. In addition, all of the white LED’s may be powered by a single power
source.. .. .. . o S _ , -
25 - Further preferably, the LED’s 30 are ina i\vih—l_ead, 5 mim epoxy-package -
and are loaded.- in series into the printed cirguit board 31 in the array, as shown in
- Figures 5 and 6. Alternatively, some or all of the LED’s 30 may alsobe -
individually. ;gyired, 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 it's. .'
30  connecting edge positioned so as to correspond to the top and bottom tabs of eﬁch_ :
- horizontal slot. _As_mcntionedrabové, the LED’S need not besﬁpported .by.-é'- . -




direction along the back of the rack 20, so as to physicall prot ect the ™ .
sol dered connections as well as shield against mterfere@i’c‘gu gh the:
card edge: connectors 24 allow for easy installation and renoval of each
array of LED s 30, 5 the circuit boards 31 could al so be. hard wired into

th k 20. d. | f.th 14 th
wel | pl at s PO IHEE Bpirdy il cpyens toppm BRL e P Bl o
handl i ng eq ‘dh@ﬁ&iﬁons%@&sﬁ%m Ehifie &@ﬁ@ienﬂ-ﬁ%ht@ﬁo iHeshalslstes 1he pl ate

preferably has 24 wells in an array of as shown in Fi aure 2), or
48 wel l's in an aPrefgrably, ﬁleﬂsEIQ’Sﬁ@ ab@smo%mﬁabh@rrw shasti cerstpoRgdiriitieng

Uhat ‘are ol Saciaiet BRI 1 SR ndFoaF ol Yl sBies G ool i o

wel | densit pPthe qEId 3ala§@cdaﬁerer§asbv%taq€sp%auae §1hdk§f|tﬁe well$ 19%whan #RGGIel | s.
The wen plates 12 can al so include transparent covers that further | sol ate

the tissue phigsildsre poperly pegidenadh &estatedapaabdndividual epq Qf\kh%bﬁp

LED o are prafbisd: iP5 one SR Rfio  THh 3 redheild drt grifc JPAPHE QRERIGR, s
NSPW 500BS &y@nd mpﬁng Isgirmﬁbwdngtthehrhﬁfz lichivéemBsiofal iHed!ED) '8, whil) t hat

~ provide sufficient ght for tissue growth when th di stance fromthe
tissue 13 |§hm@§§°stﬂl‘faﬁ‘? & Bayggemer Shant fapep p e LED g phypingony ful |

spect r ufg of . s}% hqﬁgﬂh%?ﬁ%ﬁ&@ £s as 20 conpared to non whil e LED s.

. ‘Advant ageou péctra em ssion of the white LED s eli m'nat es
t he probl ens of Bmpehpafm}lcduﬁgefthamfalllﬁimtss hhmmrguﬂdﬂ)ﬁrehmglstespectra to the

~differing. |ight S ties. of vario n ues SO to pronote .
Growen n SeHRBIS HhEh BEw 8 reaRiri e S PP O e B g e
- POWEr  SOUT e skalvdsUiat wrnm’nﬁicertﬁbmbyéé}w&%@s%q d¥lofie OP iR PNz | ead, 5

m n epoxy package and are |oaded in Series into the printed circuit board

31 in the airitsyregistoradmmsitionreoniipnmde b0, Bud iricepiered vadendhe ¢ &y, aragoé or al |

-of the D Isob |nd| i d II red,. a indi,vi control
of eachfs'E {S‘ﬁ@ %xgah é § tc |I'¥VI aﬂfé’?eg%ﬂéi%fv P%\%waﬁas a

- contact at illtﬁvsttﬁ@dﬁwﬁlcbaéﬁv@ehﬁie EE!Bah@ﬁESte&‘tthdbcﬁtonﬁ&tﬁ@W&ﬂ%bﬂg edge
positioned sg as to correspond to the top and bottom tabs of each '

" horizont al ‘eAlibratedsgp 3rtamrevideampriinaal anpaunt phlightrheay spevad gad swesdy ted by a
-7 21 Augus m&%‘i’e@ ssBé ﬁgﬁﬂ SrdiCibly, ROA Qpre!{’&'for%%ﬂ PrBgs Mg Wabedodent 0 the

‘desired array con
- The output 1ntensxty at full voltage and current is 5.6 Candela (15-16 lumens/watt

20 - -at20mA)with a 20° beam. The color temperature 15 6000 to 6500 Kelvin. -

Pon
Ry

- ‘Optimum spread angle and intensity, however, 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. |
| - Arrays of LED’s 30 correspondmg towell plates 12 with standard arra,ys of
- 48 and 96-wells could-also be used. In another alternative, the array of LED’s 40
“ could be conﬁgured to correspond to a non-standard atray of wells, such as an
| 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-
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....anbl- posi_'t=:-i ons necessary to shine sufficient light onto the well plates 12.
Preferably, the LED s 30 are spaced in each array so as W%&%nd to
the . spacing of the wells 14 defined in each of the cell well plates 12. As
a result, each 5 of the LED's 30 are centered above a respective one of

the wells ifz Whadins Appbiild indb@k@Redlofiofis B ARAEIenBR2id diRRds 2R84 at ed,
each indivi dual one the LED's 30 is coupled, in a one-to-one ratio,
Wi th a respeeirgeobED 530tositineed thefedboBuisla 12 bydeurayo- one coupling is
pronoted by the ite light. .em.ssion.of the LE whjch _elimnates the
need to have se ﬁ&ﬁ’*&‘fl?‘f%é’&&l}ﬁ%?@-ﬁ‘w%@?&? \)Of'?ﬁt@atﬁ‘t‘ggl@m 5 10 ...

each pl ant. hivieafardailiRicRir ARSTEDOSIG IR 7Y sRiIvdsS tWeklveRlcatigs 12 is
ensured by the register depression 26 which urges its respective plate

into a Preddackedivredchrssipaiton elfsire of 9 indhes bh &9 inebes2@oultdinld 95t ance, t he

4 by 6 arr of f .the tes 12 . i.n its..registered

posi>_/t i on c?f?“?&“ﬁﬂc’i‘%é Wcl?ﬁ pgaﬁ%foflbgané&eaﬁ ﬁegptezgj %’ﬁg'gﬁ %ta?lﬁlg.vg{'twll% ‘Ig$ ?%fg ng 15
LED's 30, .agriidabyyace (b thpigl'stsage @0h).7 A 0B bE340001aEs &8d HERHaRA¥E] each wel |
allows the distance between the LED and tissue at the bottomof the well to

be cal i br Adduaied yvithdight sy ecubic et offphuagolha nustber oftssupsamplepr ead and

intensity t | ' e .. SpJ for.each LED is
about & 40" 0a BT ol B s ATT L aliset S8 IR TR Bl P 15 5. 6
Candel &0 ( 15edubrel domths sanad tiurdbler aif sAGPIB wived bsiag BQorefRaMlightng veiel or
tenperature, i.s 6000 to 6500 Kel vin. timum spread_angle and intensity,
“however Wquzlvq,%ﬁp?ce&elp@%qm&qnﬁ%ﬂmq%’aﬁ6 el plates dFusthep | thaow | ssue and t he

hovever . i et Y
desired rabguwef regi@Mhdhts HALAERTRY S0 Siiabe gﬁyg%%t l?:gﬁlél‘ed f&l h?@gﬁgﬁg g be

be:current limted using resistors to re
reduced. -hy fiom 44 rvgtts derdivosssceng lightsdatly3 wyitd with thed/RD»’sr Gtie dovwag pfoker vol t age.

- An 25 increase in output .can be.achieved by i asi.ng volta and pul si ng
at a shorté?qwaf?teg}tsr@{%#jug “flpﬁ?%% pBFIHE@Bgé%%%F@ngWEWWbQ Swel | pl ates
12 wi t 15 st.aetiang whidha¥emedes ﬂé&fﬁgﬁgn&ﬁs%hdi&l&ﬂﬂé Hetltiin B 49§4. hn anot her

.alternative, the array of LED s could be confrTgured to correspond to a
non- st andaPHeaworls. wprantitheslishi generated &y tIs0LER Isagaches thedissue0ban inr r egul arl y

spaced wel | et ranpther, alternativ the array of
LED s 30 'c?ﬁ?‘:?g%eg“é'?@%%é%&%@&ﬁé@“éﬁ% 168?3%@20\11"’\%5‘?%&%‘?%“% - ‘di'sposed on one
~ of the shel ves P@rinfaseof thxhighttRrouplinf ecrobnibHeystbnDy0, @itoRlt bokigBes -8 21

.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.




12 chId?be,supported In regiStered positions on a single,one of the .~ '
shelves 23 and the array of LED s 30 positioned thereab%@@“9§“§0§§ by 6
array. In an exanple of the high-density stacking well plates 12 in the
rack 20, the |ow heat and small size of the LED s 30 allow the shel ves 23

to be vertically 5. stacked:t hIC ' fo S| {nches b
19 i nehes oaetpording BE SLLEER 0" ARy tRRE bpodsuR U Rirnd ibere ppsl 5
shel ves st aakieas thebkéCrl bplehich §ghidetutidnts, vahpleahé liguia o€ ohaof thpivellk, st or age

: room). A total of 3600 plates could thﬁ_ln be stored and_supplied wth |ight
in 101 cubilempeesomag oibe fisme samples diopbibe yfellsios seplace pmspde Wity such a

configurati | . g f be 10
required foa?lag]h\églﬂg%rr?@&hﬁpn%%fgggﬁ {hg é‘ﬁ%@@aﬂe\/ﬁ‘g%“ﬁggﬁg&? P’E%}eesglgtgﬁ %Ig%t i ng »
W t'h shel reicsgaheglale frotitsapeition andhd fegistadepresdign Bo.wel | pl ates. Furt her,
the low power requirenents of the LE 30 redyce the r.required to
light each plat éfhernr%%nhmxewt@ﬁ%@r%%a Wén-ﬁﬁww%fﬁlﬁ%ﬁﬂéﬁ tts with .
the LED s. BF 1 [ Sei ' i tioning
of tho LD i PUtey aeUE esk B ch FERI B CoplFeanflodsBic ool AR SBE ot
di st ri but i cheleés 2hef the givk 20rto be nivee tleBblg stabked. dvibeerclovetydsacked shelods t he _
I.i ght gener.ated bg/ t.he Ds geac es the tissu thaa in,  fluorescent

i ghting syRYEATES StPige PHICHECY BX UEEpe it sRrs B8°HPONFT 20 Dyr i ng” use
~of the1fi ghabqi-RUGBEN ofHE6RARIPEsIBS IS 1 Paitichlfly ipBRaiidE hibh- cont ai ni ng
arrays of LE?%1 SOBg}ryteo_sel ec?i_élg 50 as to %orresp}glndpto thehgg}lra s of 20
wel | s 14 ofthiohghpuk sereeninPopesaibns whehrthgesandnohapngies ane negded Pha dailycui t

boards 31 are gach.attached to a respectjve ong of,the card edge

" connectors Qﬂs'b@ O RGP R S_méel"1*08?!%{%%0%8&%0“%?%p{a%eemﬁ%“r"}@%oﬁ?’aI sl ot of -
t he respecishieasGOBGRCArRIs; thatiedve iaNERItdd @ﬂ%e &f B6fisn. ChichingGmalatignhbg t op and
bottom contact areas on the board with the tabs 33 allow ng power to be

suppl i ed 't of sadiplithewpllskd with g owadighbgmitting digssallays far eafibration ofner gi zed,

15 ar o T oadi L BeReh A8 By 205y RS HBt AR cRBvy Hiner R ek 'T, SETE S
i nto the wehlitsing diceiee 80 hhye losenpowdr raguiitciminecthay Sherscmeindgs a GENESI S

l'i quid handl er manufactured by TECAN_of Mannedor f. it zerl and. _The wel |
plates 12 CUAPSGSAETHGulbRerve Pokhi-3o7dis per %taw}ﬂr%é%\% dlite cgPPRYSdd and 30

posi ti oned yby 4thgisiBbRordskes AMBhRIHALEH 9Rehle WG 188 edminh IIHIRs r ack 20.

.As each of the well plates 12 is positiohed on its respective one of the
shel ves 2330thhvee theagiatage dfemitingiadnll 3gectmgesf fréquentbd anl thewforat 0 a :

centergd. p%gfntg LI XY \ﬂvla}lj? Sifforent 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 - }’
the teachings presented in the foregoing descriptions and the ‘aésociated‘“ 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 uséd-in a generic and descriptive sen's'el only
- and not for purposes of limitation. |
30

s _10_.




21 August: 2006 corregponding array of LED s 30. interval s necessary for
t he screening processt /such as the need to repl éni/sh |i gél BuGHst 20@ht s,
sanple the liquid of one of the wells, renove sone of the tissue sanples
fromthe wells or replace one plate with another, the robot 11 accesses the
appropriate |location on one of the shelves 23 and 5 retrieves the plate
fromits position on the register depression 26. The present invention has
several advantages. The use of LED s 30 that are | ess bulky and emt |ess
heat than fluorescent and incandescent bulbs allows the shelves 23 of the
rack 20 to be nore closely stBORSWHINHIIS COBMED: st acked shel ves increases
storage efficiency by reducing the ambunt of spaced need to house an 10

adequat e supply of; tiss anples 13. This is ticular impartant in :
‘high- throughput screer agsssglglgl'yat?’fg'f@l %WHQ@I@%%SW’%&W%%% g&é‘ needed
on a daily basipgportprokfititionOshid SREMbE Rdufsrisplge accessible to autonated

plate mani pul ators, such as robotic arns, that have a |limted range of
notion. Matching and aléRjegdatiningftheseinta pderatieofivetlisarranged inte walkaromyn

light-emtti ' { bration of 15 i he |ight. beam spread and
intensity fo? &gg‘%fﬁﬂngi’ﬂ’ﬁ S u(t;(vgpsogﬁﬁgt&ﬁ%lﬁt? %‘é?f"ffﬁ% P Sﬁtongé)ﬁﬁeﬁfsﬁ%e di odes 30
“have | ower pemaples;eqdi renments than fluorescent and incandescent bul bs, -
-averagi ng about 1.3 watts per standard 4 by 6 plate conpared to 4.4 watts
. for fluorescent and iné ‘Hé’éﬁ’é?fthgg%%%gd\MPﬁ@Tﬂqge%ingﬁﬂhttquﬁngD s 30
~ have the adv YT f g.g‘s,csg] r agl.es.and therefore
20 being usegigﬁggﬁgfgonlgﬁgy%%gé%ﬁ;% étuype o?HEqag%?cfl‘tﬁgﬂé‘L’ﬁ@ﬁ%%“% ition, the
. use of whi t ediod&Dspopitionet epositea osspedtiveone of thephélgoal teddie ifDimbt h its
~own cel | wel{. Van rmdif'lz_ﬁati ns and ot her enbodi nents., of the invention
will come tolFAIPePRyeHE %tj § Ve Rrpmolg profiferafian ot thefissus sippatiedn
. - pertains havihegid he 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

enmbodi ment s di sclgsed and t hat I ficati.ons an er. .enbadi nents are
intended to be i ng'l ude ?eﬁliﬂﬂygﬁgﬂaé@gpé"hgfm? ﬁ@%fgiﬁg%@ﬁ'eﬁlgﬁ“ 10G&F t hough
speci fic t eiskBntared abopd y adpditiveoe of theYwellze used in a generic and -

descriptive sense only and not for purposes of limtation. 30 _10 21
August 2006

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-




THAT WHICH | S CLAI MED,~]. An assenbly for pronoti growh of tissue
sanples requiring lig to support proliferationy./said a"é's%‘fﬁb’l%zow
conprising: a plate defining therein a plurality of wells arranged in a
wel | array, each of the plurality of wells configured to support and
isolate one of the tissue sanples; and a plurality of light-emtting

di odes arranged in a light-emtting diode array corresponding to the well
array such that each of _the.li -em t.1ing. diodes is posjtioned opposite a
respective one of the &P&al%ggwﬁ%ﬁmg“? e&qay?ﬁquogpfiéyﬂ&@g!gp?cﬁe one

~of the wells angeratingedspediively viei ebisepporls sb'ﬂl@atﬂiﬁﬁﬁﬁ'&n%h@ﬂﬂ(ﬂ&ﬁttiﬂgher ein. 2.
An assenbly % Claim1l; wherein each of the light-emtting diodes 1is

centered abovHo#¢ ¥rayethines into dheswellsyrt theplatgend promgotepgrongh effttieytissie Cl ai m 2,
wher ei n each é%Inﬁtléﬁec Haﬂ@itﬁ%%htéx{hg diodes is one inch or less fromthe
ec

ti ssue sanple | t's resp ve one of the wells. 4. An assenbly of Caim

1, wherein the |ight-end plutaliy off regieter detitesplocodl bl chdtO¥ithe PlurAftydgsenbl y
for pronoting growth of tissue sanples requiring light to support

prol i ferati orrUPRS) Whichairse the plate Fupporied therepn inta)a registsr psitionsuchdbath of t he
pl ates defi ni 0. . j : ' - el | ray,
each of the pellagl% g??l? ? glg% @r\l/lveiﬁu?gs&i(t:)%%] |%r1%)ﬁt%r§% g%%ﬂ?ﬁgaéﬁgmﬁls‘}gfo é’? e of

the tissue savglplgtesa rack including a plurality of supports spaced from

each other and configured to support at |east one of the plates; 21 August

2006 a plurality of light-emtting diode arrays supported by the rack and

cooper ating resped,i velan wsédibly e CIMRPS Wiferdf £ the APMt-difi

~kight-emtting di ode.arrai/ s_hllynes into thé WSHHSB(; (%‘é%;%&et é;)nﬁlgmeé&alﬁ%e pr onot es
growt h of théreysemeprissaapluedity oftightremittingatiedes;arrangedinphurayi ty of

register devi I ed on,each qf. the pluraljty. of upports, which urge
the plate syﬁ%g‘??gg‘%%%g? @8 N ein%"@yé’%ttléegl?qgtteéllab@é{ ‘E%Bﬁf Ekl?ilf’@g RBEMN8ach of the
||_|g|ht-|emttt| dipdesi o sRIohey Sphosite £ RisfERTFe QAP BBIHLSVdIlsS T espective one of the
wel | plates.

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-




6. An-aséenbly of -Clajm 5, wherein each of the |igRt-em tLi I arrays
conprises a pluralityiof light-emtting di odes ar(rg.gnged % Az;%ugerér@

. corresponding to the well array of the plate such that each of the |ight
~emtting diodes is positioned opposite a respective one of the wells. 7.
An assenbly of Caim5, wherein the support conprises a shelf and the
regi ster device is a register depression defined in the shelf 8. An
assenblly of Caimb5, wherein each of the light-emtting diode arrays
includes a circuit board and a plurality of light-emtting diodes carried

by the circuit bogrd. .@naﬁemﬁgsmwshﬂa@gfdlmréf%m%fﬁ&&Lﬁgﬁngﬁgﬁ@@t her

includes a plurality of card e€dge connec s ‘each config o"receive
the circuit Halpelitfof tisaee wimplese eadhgifitheplates defipivg toeciaaphyslirod welippor t

th i it h nd | i.ght - 1.0t i bo. t he, i f
the shel ves, gl LRy, Sh S RepRrdiey e SR SopRlineiRRof thathet ' °
conprises a Mble@ﬁsaidm%@@oh{prﬁmgi c feet defined by a length, a w dth,

and a height of the rack such that the rack supports the plurality of
pl ates in a hi gh- densi tyackinchdienepiucaity of supperts spacedfirmeach other and | east

about 288 wel|ls per culi . Al 006 1. ass Ly for
housing a plurality of gﬁq%{agg}%fnhcg%—ﬁé%t%g%ﬁ%féﬁs 5 y%@ﬁ?%f‘?ﬁﬁa tissue
sanpl es, - eaclhfiight-dmittiigdiedesdefanged it dnhefagicorraspohdinglth the wéll wedy s arranged
ina well array, .each of the plurality of wells-supporting one of the
tissue sanpMEETeiR sach of thehghtenutimgdiadepyrays s HpROTICY Y ile mepkopppsiteat i ty of

- supports spa . . 3 i . |4 —emttd ng di ode

. arrays each ?%?F%t{a?%gg?p efﬁha i%i/%g%h |tgégwgd&hﬁp%h@t%g’é%ﬁgﬁ&éfﬁged in an .
~-array corresphings mtp 3 spdvtiveeht ofitheawells whitreqilate edpporiadl ohhikee shietfht - emi tti ng

di ode arrays is supported by the rack opposite a respective one of the
‘shel ves so that light fromeach of the light-emtting diodes shines into a

respective one of 1phe WeldsSerfly o€ 1481AE 1€ wheRRPEIAR DL AL dHiR/eS 'I&eéo%.ﬁ%%edp‘n
~assenbly of Claim1l, wherein each of the shelves is configure to urge at

| east one of tawige pt lgagiione pf thie phiwaliyofiplates intorsewyigistarpogitisint i on. 13. An
assenbly of 'l aim11l, wherein each of the shelves defines a register
depression shaped to urge the plate into a register position.

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-




14. A system for- hi gh-throughput processing of tissue sa | es uiring
fight to support proliferation, said system conprising: ﬁWQF%F&@? of

pl ates, each plate defining therein a plurality of mells arranged in a

- well array, each of the plurality of wells configured to isolate and hold
one of the tissue sanples; a rack having a plurality of shelves vertically
spaced fromeach other, each of the shelves supporting at |east one of the
plates; a plurality of light-emtting diode arrays, each of the

l i ght- enlttlng di ode arrays positioned above a respective one of the

pl ur al i t Pla¢s A witadhe pnge of motiasinfee platg manipitatortané wieteingtheplatene pl at es;

d I t I t
i pul ar SAEG: SBDit @ L rmeh S B o PR SRRl s 1 ha
the - 13 pracepsinprdith@B6e sqpipd¢sewnmined ietdin.n t he range of motion of the plate

mani pul ator and wherein the plate manipulator is capable of supporting and
renovi ng each plate fromthe rack for autonated processing of the tissue

sanpl es aent aiAnaethbdef momotid@grotinBt e ampRs Q&ﬁhh&gmgﬁlﬂ!ﬂflg wRli Tldtc°ss ue
sanpl es %Pntalned inmultiple well plates haV|n ra S

arranged Wn%ﬁPB?@Q&OfWE%%%Fﬁg%HéﬁnﬂEﬁ%‘ﬂﬁﬁmaﬁ@b“@ﬁdméﬂgﬁ@ﬂwmmwﬂeon®f t he
tissue: S%P’Eﬂe%sue%ﬁi'nﬂlem’s%ﬂqg? ﬁr@gl yI oading the wells of the well

plates with the ti ssue sanple engagi ng each well plate with a
regi ster devi ediogdhecabtls ca“rﬂwgdhplmesmthﬂnﬂmpmampleﬁhe regi ster device being
configured to, ect the we to an operativ osition with '
" respect to thé eéﬂ%bp}.')gl?‘c{agmgp%tl“{)g tﬂﬁﬁe%slterl eI oRrRh! YB B2 and
di r ect i ngugpoghthe i-dfgtim&rtdaelcb b@h% c@iTighkddng disécd d@aw&maeﬁntm dp%ﬁaﬁe@t ive wells
of the well %g%l es 16. A nethod of Claim15, further conprising urging the

wel | pl aPestt respegt & 1BF SPPOR uIPpsilsn gy RElighispbiting diedes; adich
i ght tt Il's of
the et I p Lt SneRE Bghinfie e RCRRAN b T £ BRSNS B b MBI, 2 0

i ncl udespP&issomatically positioning each plate in the register device on
one of a plurality of vertically stacked supports. 18. A nethod of Caim
17, further conprising attaching a circuit board of the |ight-

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




emtting di ode arrays jopposite each of the verticaly. stacked supports.
19: A method of d ai m@, wher ei n | oadi ng, positi ng a@g’as‘@t}ﬁ'o% ng are
performed by an automated system 14 21 August 2006 O 20. An assenbly for
pronoting growmh of tissue sanples requiring light to support
proliferation, said assenbly conprising: a plurality of plates, each of the
pl ates defining therein a plurality of wells arranged in a well array,
each of the plural iy of, wells .canfigured to support and isol ate _one of
the tissue sanpl es;bb'a réé’l(ﬂsi“ﬂ’itﬂﬁ%?r@é Oﬁﬁl%grgﬁlﬁgpgﬁsug'ﬁ%? ESTeqREng ghtir al ity
of card edge to:m@peﬂbm&'eraﬁaﬁ,@aﬁ%éeﬁﬂﬁyu&h?ﬁﬁﬁé:l y spaced from each ot her

wi th each shelf supporting at | east one of the plates in a register

depr essi on whi ch urges 8plIrplitoéplates; ench of thyipdatey defng ihoreiam plusality of ar d

edge connecto il b respecti.ve.one of the shel ves; and
aplurality o@[lugg‘ﬁ%hgg?nﬂ%h%g%gﬁagfgxﬁ?ﬁk%ﬂgg%%ﬂ” 4 %@%m? {9 SUBRIt ves by
the card edgeambisolatt@ref leaiRuodanipks; | i ght-enmi tting di ode arrays
including a plurality of light-emtting. diodes and a circuit board, said

circuit board carryi ng? 4% sluding apfurelitigf shebirsnl @ pluraliyrofpariondgespondi ng
tothe well asdu¥ols, (8 shdlB\BrRtfiPshaldl sBRACRCR bll Fith! A RfF 111 N9 di odes

is positioned opposite a respective ~“one o e
respective weltppoitiag at feastipinaiof thegplates inhwregisteg depredstch Whish urges thedfllateAn

ool 11 at | o N CHHAAS EENPY Sediait ARG SPrpPabE Gol PoNBodHERET R o
plurality of reelecfivebicdraRésidlved; sal | array, each of the plurality of '

-~ wells configured to support and isolate one of the tissue sanples in a
‘I'iquid nedia; and a pl wplutaljy of light-ghittiegididde mgrags sppertad stavgelse i n a

Shi'ne whi te FRORE Do HEXeRePrE G Ao RE DR R UG A ho 1 ssue
supported t héneliding a plurality of light-emitting diodes and a circuit 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 .Ii'ght emitting diodes is positioned opposite a respective
one of the wells and centered 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 ' '
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.

-15-
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