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Introduction

We know there are some genes responsible for the body segmentation through
research done with Drosophila melanogaster. Some examples of these genes are engrailed
and wingless, that belong to the segment-polarity genes class, and even-skipped, hairy and
fushi-tarazu belonging to pair-rule gene class (Davis, G. k. and Patel, N. H., 1999).
Engrailed is conserved among arthropods and has been shown to function like a segment
formation gene in annelids. The expression of segment-polarity genes has been
characterized in few annelid species and the expression patterns vary among the species
characterized (Seaver, E. C. and Kaneshige, L. M., 2006).

I intended to compare the development of segment formation among three annelid
species, Boccardia proboscidea, Notomastus sp. (Capitellidae family) and Spirorbid sp.
Beyond the comparison of segment development, I intended to see if they have similar
expression patterns, or vary among the species.

These three species has the same form of embryo development, all have trochophore
larvae although they have different methods of feeding. Notomastus sp. has planktotrophic
larvae, feeding on plankton, while the Spirorbid sp. has lecithotrophic larvae, or, in other
words, Spirorbid sp. eats its own yolk (Shanks, A., 2001). Boccardia proboscidea has
‘poecilogony phenomenon’, which means that the Boccardia proboscidea has more than
one strategy of reproduction (Handley, S. J., 2000). The larvae can be lecithotrophic or
planktotrophic, depending of environment conditions. I worked with larval stage of all three
species.

Materials and Methods
Collecting specimens

Each species was collected on San Juan Island. Boccardia proboscidea was
collected in False Bay, Spirorbid sp. on the Friday Harbor Laboratories dock and the
Notomastus sp. was provided by Bruno Pernet from laboratory 1.

All specimens were placed in tanks on laboratory 4. I could not find any eggs or
larvae from B. proboscidea so 1 was not able to examine this species.



Molecular data

DNA and RNA were extracted with DNeasy blood & tissue and RNease® project
mini kit from Qiagen from 30mg of tissue of each adult species following the protocol
provided by the manufacturer. Engrailed was amplified with polymerase chain reaction
(PCR) using the promega Taq polymerase. cDNA was made following the Retroscript® kit
protocol. I used three different forward primers and one reverse primer. EnEH2, enl-1 from
Seaver, E. C. and Kaneshige, L. M. (2006) and Mollusc-5, mollusc-3from Kevin’s Kocot
data, respectively. First I followed the following temperature cycles: initial denaturation of
4min at 94°C, 35x (1 min at 94°C, 30 sec at46.5°C, 1min at 72°C) and a final extension of
10 min at 72°C. However this did not work, so I tried a touchdown PCR temperature: initial
denaturation of 1min at 94°C, 35x (30 sec at 94°C, start annealing temperature of 60°C for
30 sec decreasing 0.3°C per cycle , Imin at 72°C) and a final extension of 10 min at 72°C.
DNA and cDNA were run on 2% agarose gel.

Phylogenetic analysis

Alignments of protein sequences from mollusks and annelids engrailed sequences
were made on MegaS. Gene trees were made on Mega5 also with Maximum Likelihood
with a 100 bootstrap.

Phalloidin staining

Notomastus sp. larvae at eleven and forty days were relaxed with MgCl, for one
hour and then fixed with 4% paraformaldehyde overnight. After overnight in
paraformaldehyde, I washed with 50% ethanol and 80% ethanol and stored in the freezer.

Phalloidin Staining was conducted as follows. First the embryos were rehydrated,
returning to 50% ethanol and washed 3 times with phosphate buffered saline (PBS). Then I
incubated the embryos in 200uL PBST solution with SuL. phalloidin for one hour. After
incubation I washed three times with PBS.

For the slides I put one drop of Vectashield Mountin Medium for Fluorescence and
one drop with the embryos in PBS and covered with a cover slip.

Results

The alignments of engrailed in annelid and mollusk and the primers succeeded in
showing a conserved area where the primers were aligned (figure 6). However the PCR
amplifications for engrailed and a positive control (18S, a ribosomal gene) did not work
with DNA, even with cDNA (figure 7). The tree don’t have significant bootstrap values,
but shows Drosophila how an external group, annelids on a clade as mollusks (fig 8).



If I had more time I would do the alignments again and pick another primers for
engrailed and do in situ hybridization with the larvae to see the difference of expression of
engrailed in segments among these three species.
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Fig 1: Adult of Boccardia proboscidea.

http://www.nwmarinelife.com/htmlswimmers/n_tenuis.html

Fig 2: Adult of Notomastus sp.



http://www.biology.ualberta.ca/palmer/People/People.htm

Fig 3: Adults of Spirorbid sp.



1. qi|4249763|gb|AF118E30.1] Tlyenasse 0... [-==-=-====ccccccccccceccccccccccccscscscscsssssssssesesesnan.
2. gi123036875319b16Q241736.11 Pinctads ... -HENEAE-HEHG---RUBERNGEREEY

3. gi|99576011gb|AF181095.1] Euprymna $¢... [r-==-------=-sccccccccccccsccccccccssecccos—ssososse-

4. qi1924707gb|U23433.1110023433 Llyana. .. -BABAREREB80xEy
5. gil924705|gb|U23432.11 10028432 Llyana. .. -BABAREEEBE0xEy

6. gilB41335 gb| 1234311 NPU23431 Nautil. . -BAEAREREAH0xEv
7. ga 841308 b 121857 . 1INPU21857 Nawesl... |--
8. gil8413331gb 23212 1| TTU28212 Transe... |-
9. gil841331|gb023213. 1| PMU28213 Placcp... |-
10. i 8413291 gb|UZ3214.1 | CVU23214 Crasso... |--
1L. gi18413231gb|UZ8163.1|CEUZ31S3 Cadulu... |--
12. gi18413251gb|UZ3154.1 (DEUZ3LSH Dental... |-===-====-=====mmmmmmmmmmmemmemene
. 9117908871 gb| UA1675.1 | LCUZLETS Lepido...
. 3gilLotgil|127262 e gul.57.295.1
. gi1209757591gb|AF440096.11 Patells vu...

i|Lotgil |150761|fgenesh? kq.C sea ...

. gi|196045235|db] |AB379968.1] Saccostr...
. gi|865607471gb|DQ36EEA0.11 Nereis wix...
. gil145856881gbIAY036064.1] Chaetopter...
. gi|496597451gb|AYS78983.1 Capitella ...
N e F

. mollusc- o BABHABRERBH o B ARV RN HR |- -
26. eni-1 Mariana e FTTTETTEL T [ [0 [ [ N S
25. mollusc-3 reverse complimented (EnZ-2)  fr-====--mmsmmmmmmmm e S Semssssssssessssccccscccccccc oo

gil42497511gb|AF118830.1]1 I1Yanassa O... |- === — == === - m oo o -
gi|2909657591gbIGR241736.11 Pinctada ... |- == m - - - oo mmm o e o e o
- gil|9957601|gb|AF181095.1] Euprymna SC... |-=— - - - - - - - - - - - e e e e e e e e e mm—m e ——————— =
. gil924707|gb|U23433.1|I0U23433 Tlyana... |- ————— == === = oo
. gil924705|gb|U23432.1|I0U23432 Ilyana... |~ ——— === === === === -
. gil841335|gb|U23431.1|NPU23431 Nautil. .. |- —— - oo oo oo oo oo
. gil841305|gb|U21857.1INPU21BST Naubil. .. |- === - - - mm oo oo o o o -
. gil841333|gb|U23212.1|TTU23212 TESASE... |- === === = = = m o oo o m o -
. gilB841331|gb|U23213.1|BMU23213 Placop... |- == === === === == m - o e oo
0. gilB841329|gb|U23214.1|CVU23214 Crasso...
11. gi|841323|gb|U23153.1|CFU23153 Cadulu...
12. gi|841325|gb|U23154.1|DEU23154 Dental...
13. gi|7505871gb|U21675.1|LCU21675 Lepido...
14. jgilLlotgil|127262|e gwl.57.295.1

15. gi|20975759|gb|AF440096.1| Patella wvu...
16. jgilLotgil|1507¢6l|£fgenesh2 kg.C sca S5...
17. gill1644544791dbj|AB331395.1| Lymnaea ...
18. gil|1960459295|dbj|AB379968.1| Saccostr...
15. gi|86560747|gb|DR366680.1| Nereis wvir...
20. gi|l4585688|gb|AY036064.1| Chaetopter...
- gil49659745|gb|AY¥Y578983.1| Capitella ...
- EnEH2

- mollusc-S

. enl-1 Mariana

- mollusc-3 reverse complimented (en2-2) |- - - - - - - - - - - - - - - - - —————— - -

Dl R S O (U RO [ LR

MR
LN EN [ (S

1. gil42497511gb|AF118830.1| Ilyanassa o...
2. gil2909657591gb|GR241736.1| Pinctada ...
3. gil9957601|gb|AF181095.1| Euprymna sc...
4. gi|924707|gb|U23433.1|I00U23433 Ilyana...
]
3
£l

- gil824705|gb|U23432.1|I00U23432 Ilyana...
- gilB841335|gb|U23431.1|NPU23431 Nautil...
7. gilB841305|gb|U21857.1|NPU21857 Nautil...
8. gil841333|gb|U23212.1|TTU23212 Transe...
- gilB841331|gb|U23213.1|PMU23213 Placop. ..
10. gil841329|gb|U23214.1|CVU23214 Crasso...
11. gil841323|gb|U23153.1|CFU23153 Cadulu...
12. gi|841325|gb|U23154.1|DEU23154 Dental...
13. gi|7905971gb|U21675.1|LCU21675 Lepido...
14. jgilLotgil|l27262|e gwl.57.295.1
15. gil209757591gb|AF440096.1| Patella wvu...
16. jgilLotgil|150761|£fgeneshZ2 kg.C sca 5...
17. gil1644544791dbj|AB331395.1| Lymnaea ...
18. gil196049295|dbj|AB379968.1| Saccostr...
19. gi|B86560747I1gb|DRP366680.1| Nereis wvir...
20. gi|14585688|gb|AY036064.1| Chaetopter...
21. gi|49659745|1gb|A¥578983.1| Capitella ...
22. EnEH2
3. mollusc-5
24. enl-1 Mariana
25. mollusc-3 reverse complimented (en2-2)

Fig 4: DNA alignments made on Mega5 with the primers, mollusks and annelids sequences
for engrailed. Circulated in red are the annelids, in black the primers and the respective
annelids sequences.
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Fig 5: 2% Agarose gels with no band for either engrailed or 18S. These results show that
my positive central (18S) was not working. Unfortunately, I was not able to get a band for
engrailed.
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Fig 6: Trochophore larvae of Notomastus sp. with 11 day post fertilization in A and B. On
B we see the Prototroch staining with phalloidin.
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Fig 7: Trochophore larvae of Notomastus sp. with 40 day post fertilization in A and
B. On B we see the muscles staining with phalloidin.
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Fig 8: The six first animals are annelid in a single calde and the dthers, exépt Drosophila
melanogaster, are mollusks.
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