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The objective of this project was to create and
image strains of c. elegans with markers on
previously unexplored early developmental
genes. The genes of interest included the
tbx-31, tbx-32, tbx-33, and tbx-39 tbox genes,
as well as the ceh-32 and ceh-76 homeotic
genes. Using state of the art imaging
software, the expression of these genes was
tracked in individual cells of developing
embryos from the 2 cell stage to the larval
stage of young C. elegans.

The new strains were created by crossing

Advised by Dr. John Isaac Murray, Elicia Preston, and Dr. Jonathan Rumley of the Department of Genetics

Viable strains were
created for the tbx-31,
tbx-32, tbx-39, and
ceh-32 genes through
multiple rounds of
backcrossing the
RFP-tagged genes of
Interest into a GFP
lineage reporter strain.

Pictured above is the expression data for a tbx-39 embryo. The
green lineage marker tracks all cell positions over time. The red
marker shows where tbx-39 was expressed in the developing

embryo.
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The development of these new worm strains
for the imaging of early developmental
regulators elucidates the temporal and spatial
expression of several early tbox and homeotic
genes. Specifically, the data gathered on
tbx-39 opens the door for further research
into its interactions with other genes, in the
hopes of understanding new signaling
pathways in development.

The other newly developed strains with RFP
tagged tbox and homeotic genes will need to
be imaged and an ancestral trees of gene
expression will be determined. Additionally,
mutants for these genes are in the process of

2l
| | -,\I o - Lo l
° ) ) ° ° ° H " I g " !
E3 3y s A L BT u non f ; - . 3 ] o
existing sStrains wi e requisiie il " ; il (LT LT N N
8 " k | "
il ! CEENRNNERN i i L] il el g eve Ope I‘Oug OCKOU S,
B o o o o o Q... ... -4 T ZTZTIMM MMM MMM OOO0 000000 On 0000000 RN
S T D D D T o o Do s D D D o G D B G D PDoDDO0DEDOP0OPODUN ST oL B S e Thss sy JeE T ey NG
JUOOUU L
e e FE-M-E&'«-&&‘ rﬂ&‘ﬁg&ﬁmfﬂ&‘ﬁ&&'m 11111111111111111111111111111111 === == S S S S S P S e 5 9999999993373 3333333333333 333 LML MDD DDODD00 Lo T apnpahehaguiuyalipellTyalilaliys] peysl T Tpulya i} VO - NONOLD o . . .
UL Lo o o UL g ipupupupelyayngelyuyuyu] B VTR VTR TR TR T T T T T TR T T Tl pepeip e eipnipupuyuipuyu DOQLLDODLDODDOODNL DN VMDD DOUOOUDODODDDDOLL LML LN LW YTy Thyupuyulpapepulpeyelynpnipuyuieignynyef T Ty pepnyeigel )Ty Tynyelyeysl Qg 000D LW UDDDO- - = = = = TUD 0D LD LD S AEME)
NN LMD OOUOOODUL DL LMD TDDTD oL DO UOUODOD LMY MDDV DDDDDOLNNN NN NDDDDOODDU0 UL oo O puyye) LN NUDDODDOODDTD DVODVODDDD VDD VLD DL WT DDOUUDOLN DD LT B BT T e e S Sy S oy S S o g
NN UUDDOD oo VOOOUN NUDDDD L oW NN UDDODLL MDDV OD UL DDOD L L oo oo [ g ayuyuyul [Tguyajgayn) gulupupe) puguguis} guyuipugel Q] pupuiyuyel UUTDODOD DL 0L T U0 LD VUDUDLUDUDUDUDUD VDR (nllngoglugegeyess i)
(T nyyn N Tgmpg T Typuyn i T Tpu iy § T Tpmpn T Upm iy U T iy T BT T g T Tl T T T e T T T Ty T Tpm i T T ym guys) guys) gein il Thuyn) oo VO UU0D0 LoD oo VOLLUOD0 LD o0 oo OO R O T = e e e e S S s s S s s R e S S SO S S R L D D o e e e ey L D O LS S S S TR O L0 0000033 ’ ’
UONDUDUDUD DD UD ADUD DD UDUITUNTUDUTDUDADUD UMD DUD DD DN TUD 0D LD o VUDLUDUDUD DUV UDUDUD DT LUD LD LD (gl Ul TpulipuliipnlyTynlTiys) o0 UDNTDLUD MDLUD MDD LT rrrteter et S0 00 O 00 00 oo o000
S o R o B T M e T A T T e M T B B R R T T = K= = Q= X e apm pec dn g g ot (o plw g g E= R m st Belmamglmn Kwpng ¥ o plomem g B Jpan il s (e e ooy mbynpn oo el WEIL TA T4 4440 ——
LD OV 00 QOO0 ROOOARAIMOOD OO0 OTIO OO OO NG bttt === 3 -
Hg HHHOOHOHCOOOONO 3 SOOI 3IOoNHHOOO -3 03 33 T3 T THI A OHHOOS S T35 TITm «:{Im{{cmx-mgu‘u AN UHOC OOMO0n 000 T mn:»bar;gvua'unv-coca.nmo 000000000 F<=<F+O003 00 00000Fd <FaO0ra0 oot reetet reeere sy 5 S S C I I S S R SS . .
o o o ° o CECCCmer e 20mo o mo o o= 0 X0 Mmoo C D RSSO0 00 QUM X mins-s %‘( HMUNO\NUMU\%%HKI‘D‘{% AWM L T 00 HDD D 00e0TT0 <00 0 C30- X WD LT 200200 M X DD D00 -0 T T oMo s O 0 et Do < 0= s - - C3333~- - H3333 ucccccCmm
nmuunun TDONTRO=T0L MY DU ro L o000 oo oL e 200 200 O o0n 20 =0 00N DLoD o ArCrracConn TVrNLDD O~~~ 0 H=puoumyn AN L 00T L e L 5 Bt LAV NUNELNED DS0O O< = e e i | ~_ 33333333 ___ _3JCCCC____~CCCC nuuuuuu
A0 INWN DN Oy it rt et SN NO Sttt ot o O 'g_})l"‘{o{mﬂ' n r 3_73 Tps ot RN et Srtrtsl  rtrtrt o ﬁﬁ?r‘* DO MO0t et et e At DSW_ T 3303303330V 50 'g_;aaaarraamaaammmmmmmm SoOQTUHUNITI_nnunm ~Aaannn
r ONP00" O FroI0OIT0I0TNIT OO0=r>Io =B |y 1 B TAENITHEET NN DD (L0 OO e U e i e = E!"II_SSI nSwoMman SN ST AT O E ATTIHPON TNOD SOHSWUOD S DCcCcoccuccoouy CCCHECCUWCCC- -~~~ ---'<<< nannl<snnnn o=~
XL == O 2 O 33 - DoS=r ~-= 20710 T T Do A O AN NN~ === a9 - ' o= ~~ 000 L 00 R e i ] ] ; e Ok 00— 1 QLUASSUWODSTNN NNy NND SN WDWNN NS0 WeeD g oo A0 A 0no<S A=~ - oo o000
Ak 97 DD EAalr o N Sor r e Kl S SR A R SRS S SIS Sty | v | =t VOW D L) et 0" | g C—n AT o 1oy e Jor Jor N =) 1 = | =t | I--U]J Cc~a9 <9993 _°773MCc 9 -:-<3m-::rmnn$nn- NnNN=== 300N E! ﬁﬁﬁﬁﬁﬁ 5 P HHEEEEE DOoo o O O o SRR
| = B | =X SO B b= T a mmmmmmmmmm FO0FOASUINIOUNDUNINEUNTIDAE OSSITX00r 000003 3530 He3330 =003 H-=0 Mmama:ﬂ-‘ OO HEIT3 :D-'CL%_ cm-:a-nmn_cm-a_ %%%%%%%%%%% = el S o SITITITITITINENOTT 7 7 e - o
SO HFIZ MO FO I HEDOHESS" 9399799 C0O0N0 IH9" 3 39H9 39 SRS 1MES0= =00 m gw:wxn. =<0 AT TN S IMS- KO == o= QI_UJIDID3U)‘<‘-<|DP$ — IZIM3- - M Bl R T W SAXMOOADOIMOOINT ISAMMO D0 _ D0 OID 00 ket rrrtrt rtrtrt [ - oo oUoT
W oy 5 OROSI=<F=33 NSRRI TAN S0<E WSS X<STD tr30 FT00 DEDDS = VEOOHOD O 200 oo ot A0 VoorAl OHOO o |/ L LT T L n oy [T = N TH o e e | R Ottt et | St | 3| (1 O O OO ) O - oooo oo Q000000
[ ) ° {nlls] S300g I OoOSrxKxK> S3I33J300Nrr0 I S350 3 U = ) 0 Daaruuaoueog ra r PUNUrnnortsS o< artre=000 TUuXDrho 0 LunEounNo D O = U)EI'PJJ:D-UBD SW- E o = o D, C | — TR o000 0000 “OoOoooo
wur QUOOLN _ Log A0 - - =UOXRKROWW I T K_ KK WOMHFO QUSNHNUEA SICHUICNL N30 AUy et DOo0 FNo HDS HEOD 0OF -t SWOT AUty ettt 30D D0 HHO T HEeQ L oot On- oooNonO oo 3 » OO oOu 0 OO OOt rtrt et rtet et wIoono o0 o0 e
[T 27w ) Su>Sw Lo g oSw- - W Tass I =T QY S eleS s st hl= vow O > TNE'I""""W"I""‘"J on THT) 3=t - 390 W et 9 RS-t T30 S 3= - 3500 W0 9x0r 3 000 O OrMOo0 _MOO03LNE O OO NOOT M OO HE HEHEHEE- s e 3 °
SO WSS000 oS0 SV So3 3 oo 9 a3 B_W_DO 2 <S<>Wwu>axn 0 = e e | A e e 3 0 - C w3333 <0~eET [V e i = Pl 0 - C uw 993 2D Ww - = oom o 2&3&! onhn 0 _o0oDHNO MOAOI3I333333 IO . £c333z3z3a3z
0" oo ST OUOSEUNDNE OQEe3NNNS FO NI X ISINI- OO0 = o > T 0 =0 3V AOEEO RS 0N -0 a3C a3 = X I W= SoalE-Ed DS NCr - M Trr 0 LM30V< et M 0ODW a0 < =<poo00o0m0® W 3333 4 3333 MCCCCCC
= W0~ 33 @0 -3 AIZAME < NS00I Han | T T T Ll e | L | e o= h-=C 00000 We 33 <“Cw<00 o UL == N L= | =000 we 33 mo<s 00 n_ oWt F30_ N> A0 M A_0 T__- - = = N§NCcCCC  CCCC nuuununnn
o no o o Oos QO=s oo =<HOWY" FPOCEeS<HAIr3 0 T0N00 - Ok 0 nnrCrHEANCHAD n X 0 TN Qo = 3 0923 C0F33 e 0L SDT0N Oy <S35t DaACTOODD- S 3 430 33 'g_}! >=33 N33 IATATIRT) nnmm\yw —MNanann
[ W) e Sl | T | = e = 71 o ] ® B e R S romp>o o < oS0 O~ 3 m oo 200m [agle (] H>IMo&A N0 oo \OSO.D.CICWON(OCID HOD0 & 00 O U)I'D""‘_ﬁ'.'ﬁﬂ. CI~ > W3 r<=ca oco CccDo = ACCH OC nnnn annan e
0L Q=0 o owm 0o K- = I uown 9 chg_.bc S_ W wmoD O 0 oo 8}3 0 oam MO N D0ZDd OO HIS DO =3 w ugm et 00 Zoct i o0 HS = Nyl ‘W3 Wk o\uop uun>eo nwykE- 0 ==~ === = DD D00
° ° ° WD O Ottt 0 el x> T <M 30x000 W - pal 0 XD A0 N O o oo, i oo omn> rcosIrnrop et 3 == _QO>=220m> OO NTDOOLNLNErhO QDU I LU= lO'O'Uﬂg “na N 2‘13‘ Unipn s ulcaly] ot [ (0 (00 0 00 0D = =
TU DD =35 IS5 S OSSN0l I=0 0> T = 5 > ST Ert0 ol N ~A-nnr ~Mo 20 o got330 ~ !DOU)D‘_}- oo = 00 p_pmu*rr OS50 W= 0 D003 HI3 5 =3 =N PI—-oocc ~—=n S o e o
ottt Tl M 9 D093 IOdedertunH SO0 o W= 20300 Do errtu et w - 20 - 00 ~—S30arng- T Lo Co3 39 < = - FOAEETTDDO A0 ST Ueas s 30K UL D o =33 XM Womo o o o
= =X ? = s DO <9t 3 S0 3009D0939 92 [ s 1T = nurrooWNrro 09 n = Pm T - - _< SOHC~ DO _dakE~ Fuo_ W o= = - po~ S C~ DX T M- a ~ KW= D9 - Qart [ ot oooor ooUooT O O o
) QH | H— o = = ST 0 _QEaLL I 3= = %ad =0 = rtrt OOt % e > oW et <3§—(0&DD — I m=oe Lo b m = > Wnnon ) rt <3 <o = = i e == W o w3 - w0 o000 0000 <= 0O o
SEs AruroauuNaarI>0-<0K3I 0" SO S NusSuS=ES00 HO = SIS = H nurrCnn O e o= 20300 _DOO3IH WrretCer o Qe 0ot 20030 ~n VSIS0 T N = » D> o> D o00 o000 ~ -
MO0 H FHErECRE D R = KO- 2= KE - MO 3T X 9XDX DX DOnrr L L (I (11T} w0 m Mo ZXetl) 3=~ CC<=H3- MOW = ODMuony am O U3 OC=H>" = M 10 ON3IHUNI X OO - 1 = oW o0uQg -~ e e 3
U= Z050 _ ro>3>_U>30 -~ 0 - J00ropn ¥ 3D%- = - - DuSH O ITrxC uwxCcun = R e rt o NOm3rr < EIG(\D Cnt s 1o R u] F D HOM3Irr < DS hN0 rtC s LS - o o = [ (= = 3
o Qonmo S OO0 O >3 rraon. NI CES0- o3 3 + St ] 20" rtrrOe rtrh =0 o ~ cCor=rc_ = < oW O030 00 [} Co™ =00 == poww_=r = - n o~ [ = . | - n === b 3333 W C
° ° ° SOrw W amar I _wrnm oo Wer=,030 o NXIXKIDVOATONO DHO w amr mr w rw= > W i S W= - X mSuAams - S > w s ;D W= FY 2ONSNANTDS = 0o o LMoo <O o o cccc cccc 0 un
Sk SomORECHE- 0O C OAr<sSm poart rin- = 33 = U S0 DHE- O SN > 0 un > =3l 0 unc -0 2SSl ARG MNOWa> =5 103k 0 uc ~TOE 2SRy DUOoNI ~3WD S0 3IC D +>w S0 3IC 0 RTRTAT) mipuwym ~ 0
SOOFESWINIU 9= orr<etnn o I = r_20n w> Ww=aa> Fu] > >0 Fu] 0> = 3 OSSN W3- O30 03 A 3 ZE 0 S D0 D0 2 WooL I oKL Cp o Swrr XN C - nnnn annan o~ -
HOKEY 3 S0~ 0OFE3 EBBUF" IS Wa<kxos M NWN=<3 3 9ctHAMOWOSE O = ST = = = gl ] o QANER-IS0O NS H3IS0 TCOTD =0 o OO 30 3 HaIOoO W= 2 W -ty o LR (= G O 1) o == i s 13
H S O 0 pnila} "o o= 30 Sk T O H <IN 303070 = T o ~ m M O>art < OOE0- T FN Ol m M D30 rt S rrE@E- - T B < HY > N 3 et > N 3 000 o 0@ 0 =
’ 200 0L =0 uwon- omr - N oDWE == 03 oo 2 OoOoo3- OO o o9 = o T HO r U] o o mo= O3~ = NS0t HO r {Tu] w 0 n_ 303 = O3S a3 ~— 0 =3 S —= 0O I SO o
rw oo Lo no e HH Qg oo e s g w o =" n Ok~ | o orw ) w (o Lo =30 Mo an S Ture ) w Lt ibr | tDlDJ’-BlDI'PJJDaan SOX_ I W ME- 0 AR WU e N o o o
SOUNN OSSO H N HD= L MOw oHO b Bp= s U o W 3DHSDOHOWOE- [} o> > w oaun> [ = T MO NUHrS X a r o329~ > n = > PON UMD D Py Q&'-'U% <10 - 3 = i R (e e i= i oooror ooUooT O O
2 WS O rhour e rws 9 WrED HOE- -t O3 <9 9 NSHO rw- > (ad mo 0 [ad 0 O s > HFUSS =< 00 0 HD 0k 00 'a] = SW33S=<_3Su0 T ) o 0 ot o 0 w0 o+ o000 o000 = 0O o
By 330 W 5 S THEANSKSLO0S O ry rosa I NS oNND Sns 0 e a =T o ) o ISO0OMng ARy Tre Ee g = ~ 0300 D00 rrEY DN B o r o m > HO An o o a00 o a0 o0 ~= ~
L4 = 8 Ta LY - 00 - 300 IJ0O0D o N30kEE = M OIS ISW 0300 = 30 ] o 3r | ek [ S Ve [T W B3I C CHPOOO X | o ALY w- 033 C C3rm3 o o NN T (allu] et e 3
[l juig po = S w 0 xn W3- SO OSI0 J0 3 90X UxK=s <=0 S< o mg w oo e = o o = <3 I3 73 3ISN_ Ce = > o o 0= =3 _voQnan3 acg«.o o0 an = 9 M SO o = = =
M Ho 0 =ib x o u_ w> = OO Cex <09 9 D033 0 0o (= > o — '] o o 0o aamn W = =210 = o0 0090 s o v ow aam@aﬂ SR R = no>o w>x <=3 =0 W => 2D 3333 3333 W C
0w e =00 =073 = Ooaw r_w ror S = ) mun> o 0 0 m O [} " un R u = o meo [} . >0l 5= mo =< SN DRE 2w 0 < Wb '] ccC cccc 0
° wrrrnow Itk TUEY WE o= m>a m W3 ZSZ L 9 Qax00 w n o m>r u] (2 T S m=mrt oo Q0 o aunt 320370 u] (2 S om=mrr IO e B Lo <= 3 ®Es =9 3 0 mnny -~
STW I Srow> D333 12 [T ie b = TR 1 ] HWKOUOS = WHEOO (2 n + g [T} = = Qorr_m ~30 QU Or QOFE 0 [} = = T OIDAD_ MO I00OoW < b O 3= C 9K O= C nnn [ ~
0 o0 = = rhg s N [t HLYr 5 H O =X =Zo5<0>5 S>30D 2r + =T L e | > = = um 0y MoNow> NkEX 39 7 = > un ox:ymmm: E- 3 KIS W et ®»3un ==~ ==
a3 o CLl= 5 2% > =i S _QakE- = W r_203mx Qo ~ o - Ok ) n JTOUD W Uy oSS 0RO R ] W W auNnD >S50 0 3 W o~ xK N 3 =K N oo
al-'-a O k- w0xX T = 0 ks A 3 0 X KW = by i | o ow> = n = W=EEESN o 50 o E w> A ) = X»=FkHF323 oo = wQa 1 - " -
[ ] e e | > v Sk o o = _ Wk n W H<s 0 e c — = —0 = o Fr>3309 - 0 = 0 S0 = 2 =030 rrs =. o AL 14 3 o
| ek ok HO0X I WOr> n gﬂ) lD"IlTlg = oo D3> T oz > g w g o x | r = 0o @ = o ow 0 x = A =< 0o ot o o D a I & -+
>l A a =0 + [} WEr 0o o o On |1l }lu] n un= 0 o S =" "~ = x> I D30 0 o S ] oy~ w = o X = =
IV} 0 - (o B ort >3 O I O Lo 1] o + o r_w x =t ~ rEOono W M DCkE- QO w x | et - OO0 L= = - T 3 (= pal
el e w= o oz LoarJuow w T3 (il ]ln] ol - e (= N = NN O SRR AN S S > ) N C AJDW=<30 m 0 [
[lullu] | e o B % T - L > B = TR T o e o T S _wow =0 3 nO330< ~ m 0 F"Tl-" 0= 3 OS50 0O~ = N0 w - o o
[T} JGa> W Q> 03 3% w393 = 233 ot 2 o= ) L L= R [ ) w = 0 = 3 = 0O = ol o > Ouoo A o0 = %
Al L7 BT B 1) o =S gmu:n--nns o =" 0 | | A | ek o7 R T P T r = (| lulra} | g - A e 20 o w
e = = o _ - - W T -~ -re - - _ v - Lo W AR - ~ T - e " n nt - - n Lo -

tree of cell lineages, highlighting the
individual cells in which the genes of
interest were expressed.

The ancestral tree below shows the results of the tbx-39 imaging. Cells highlighted in yellow showed
tbx-39 expression. The tbx-39 gene appears to be expressed exclusively in the AB cell lineage. It
appears that while tbx-39 is not tissue specific, the plurality of cells in which it is expressed become
pharyngeal cells.
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