
Cloud lab notes 
 
As my switch diary got crowded, I decided to start a separate doc just for the cloud labs. Also 
most of the cloud labs are non switches. The idea however is the same. It is more about asking 
questions and wondering than getting it totally right first time. I will plot some of my thoughts in 
along as I watch the lab designs. I hope this will be inspirational for you to go and make your 
own lab data observations and find out things about RNA. Check here if you want an idea on 
how to get started with analysing the lab data?  
 
Some of my analysis will be in the main doc here and not in the single lab docs I linked in below. 
I separated them out to make it a bit easier to find stuff on a specific lab. However if I get an 
idea while watching a lab, sometimes data from other labs will land in this document, as I go 
and explore from where I’m at.  
 
Lately I have started adding pics of the main lab structure and link directly to the lab results. 
That way it is much easier to find the lab I’m interested in. Lab overview - clicking the link 
attached to the picture, will take you to the lab results in that lab. Later I will try link analysis for 
the labs below the pics, for the lab where it belongs. Note that I have a lot of my analysis in this 
main doc.  
 
Also see my Switch diary & Switch diary 2. 
 
Eli Fisker 
 

Cloud lab - first batch 
 
 
Cloud lab 2 - Triangle of Doom 
Cloud lab 4 - Random 
Cloud Lab 5 - The nonesuch 
Cloud lab 6 Cross 
Cloud Lab 7 - 5 fold radial Asymmetrical Starfish Level 0 by Jieux 
Cloud Lab 9 - Final Countdown 
Cloud Lab 10 - Random Shape 2 
Cloud Lab 12 
Cloud Lab 13 - Alien party glasses 
Cloud lab 15 - Trilloop buffet 
Cloud lab 16 - Section from Water strider 
Cloud Lab 17 - Oryza sativa 8 Elements Part 2 by merryskies 
Cloud Lab 18 - Anaconda 
Cloud lab 19 - Big hairpin Loop 
Cloud lab 20 - Random 4 
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Cloud lab - 4th batch 

 
Labs published the 27 June 2013 
 
X-1 bulge testing 
EzFold 
Single to switch try 
Short stack 
Quad Loop Test 
The GAAA Loop 
Simplify 
2-2 and 3-3 loops 
RNA Bridge (updated)  
RNA Bridge 
Two stacks 
  

 
Cloud lab - 5th batch 

 
Cloud Labs published 17 July 2013 
 
Probing notes 
Reversed G-C notes 
Lonely Base Pair - 3-3 notes  
Lonely 2-2 notes​  
Relaxed multiloops 2 
 
1-1-1-1-1-1 Multiloop 
 
Switch labs 
 
Bistable notes 
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22 Mar, 2013 

 

Cloud Lab 2 - Triangle of doom 

 
Written after the new updated data for Cloud lab. Again a pressurized lab. Short strings of not 
too different length and only two winners.  
 
Here is ViennaUTC’s Design. This one of the winners had 79% GC-pairs.  
 

 
 
 
The other winner also had an overweight of GC-pairs. 71% 
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All the high scorers had a relatively high GC-content, with a few exception. 61% is a rather 
normal GC-content in other designs.  
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+B17ut lower than 61 % GC-pairs and there is no real high scorer among.  
2 
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23 Mar, 2013 

 

Cloud Lab 5 - The nonsuch 

 
Seems sequence can vary but structure remains. Or in other words, different sequences can 
give the same structure. However there is a slight pattern for that closing base pairs remains the 
same, but just gets swapped around, so a C is interchangeable with a G and opposite. So for a 
particular base the alternating in the winning designs will most often be between a G or a C. 
Also middle of string section there seem to be the pattern that A is interchangeable with U and 
opposite. So for a particular base in middle string, it can be either A and U. G can be 
interchangeable with A and U or C can be interchangeable with A and U at that position too. 
Also A and U could interchangeable with a G and C at closing base pair position. But this is 
rarer than the other way around.  
 
So though there are some differences there also are some overall similarities. Not for every 
base pair and in every case. But there seem to be a pattern.  
 
Can I say that a base itself is sort of alternated to itself? So that base in a winning design if a U 
in one winner, can be also an A in another winner. Same if a base is G it will often be C in 
another winner and opposite.  
 
I also find these two interesting. The top one scored 96% and the other one 93%. They are quite 
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[Unusual 27 july 2013] different in sequence.  

 
 
Apparently the new data for Cloud lab 3 tells that it don’t mind having 1nt bulges closed by just 
one GC-pair. 
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This one has green at bottom of 1 nt bulges in an extreme. Only closing base pair at hook end 
and pentaloop (5 nt loop) is mispaired according to the SHAPE data.  

 
 
 

27 Mar 2013 

Cloud Lab 4 - Random 

 

31 Mar, 2013 

 
I see a tendency for the lowest melt temperatures for a lab (below 97) turning up along low 
scores too.  
 

13 May, 2013  

 

Cloud lab - round 2 

 
Another thing I have noticed is that there is a surprising number of the winners that stay in the 
97-107 melt temp range. There are also few 87. But they are rarer. I’m waiting to see if this is 
the overall pattern of all the cloud lab.  
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14 May, 2013 

 
Cloud lab 20 is an exception from the above mentioned pattern. The absolute top scorer lands 
on a melt point of 77. And there are more 77 among the better designs. Cloud lab 19 is also an 
exception from that. Cloud lab 14 is an exception too. I look at designs on 94% and over as my 
cutting line. For labs with no winners, I look at designs on 90% and over.  
 
Labs that doesn’t follow pattern 
Lab 20 
Lab 19 
Lab 14 
Lab 12 
Lab 8 
Lab 5 
Lab 3 Very different from pattern. Lower melt point in general 
 
Labs that do follow pattern  
 
Lab 18 
Lab 17 
Lab 16 
Lab 15 
Lab 13 
Lab 11 
Lab 10 (fits with one exception, ViennaUTC) Wonder if this is usual bot pattern. So perhaps this 
pattern trace we leave us for now, cant be used as I thought.   
Lab 9 (fits except ViennaUTC) 
Lab 7 
Lab 6 
Lab 4 (except for ViennaUTC) 
Lab 2 (Vienna kicks in 1 outlier)  
Lab 1 
 
Funny that the labs that we have a harder time making winners in, seem to more often having 
meltplot below 87 too.  
 
ViennaUTC almost always comes up with different melt temp to ours.  
 
 

20 May, 2013 
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Find this one fascinating. I knew double red was strong too, and that double green seems 
stronger in lab than both double red or a mixture at bottom of the bulges. 
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Its green bottom bulge twin does look more solid in the shape data, though they score the 
same.  
 

  
 
 
 
 
 

14 



 
 
 

Bulges 

 
Looks like the bulge pattern I mentioned for 3 Nt bulges, continues to be pretty typical, though 
other are possible.  
 
https://getsatisfaction.com/eternagame/topics/_strategy_market_2_and_3_nt_bulges 
 

 
 
 
Testing various loop designs 
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25 May 2013 

 
Brings memory of horse shoe pattern in puzzles and 1nt bulge pattern for lab, that shows a 
preference to have the green on the bottom of the bulge. Shaky shape pattern on the outside 
G’s though. 
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The lowest scoring had reversed the pattern. However the reversed pattern with green on top 
went real fine. 
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And there was a winner with a mixed pattern. 
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16 June 2013 

 
Interestingly enough this one went 100% and not even a single boost. 
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So far it looks like green on the inside of the bend wins. Lets take a look at the rest. The second 
highest follows pattern, no loop boost and a majority of the green on the inside. 
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And the green on the inside continues. When looking at the RNA lab results for the inside 
stretch base 6-27, it is quite clear that there is a tendency towards green. 
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Text from my winner: 
 
Here was the test I set out to find out with my design: 
 
I generally have an idea that asymmetric internal loops likes to have their closing GC-pairs with 
the C on the inside of the bent. Also I think that asymmetric loops like to have their boost on the 
inside too. Perhaps except for 1-2 loops. But bigger and up. But for above size until perhaps 
really big. For really big assymettric loops, perhaps the picture seems to be turning a little when 
I watch the result from the lab Shape Test. From CC's on the inside towards GG's on the inside. 
I bought this a bit further this time. As this lab might qualify as an energetically pressured lab, 
due to it's many short and similar length strings, it makes it extra exciting. The difference is that I 
don't know how it will behave with this many big loops. I look forward to the results from this lab. 
With constraints too this time. 
 
And I no longer believes that this lab qualifies as pressured. I shall mention more on that later. 
But in general it seems that internal loops do have a sort of stabilizing effect on a design, so a 
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design that would be otherwise viewed as pressured, due to short stem lengths, isn’t as hard to 
get a winner in as expected. As example here is a short stacked one with 1-1 loops in between. 
It even solves with a way to repetitive pattern. Fascinating. And watch that barcode hairpin!  
 

 
 
 
 
 
So do boost want to be on the outside or inside? Ok this lab clearly showed that it would do all 
together fine without. But checking anyway. 
 
 
 

25 



 

26 



 
 
 

Riboswitch-based 

 
Tendency for green on the inside of bend in this design too. Also general tendency for lab, but 
not in all of the winners. Some of the winners show a tendency for red.  
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The same seems to be the case for the lab Thursday, base 59-54. Of cause this is partly 
created by there being 1nt bulges present, which in themselves like green on the inside of the 
bend.  
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However the lower scoring show the same preference for green on this stretch, indicating that it 
was probably hard getting it stable in the energy mode, solving it differently.  
 
 

Huffman 

 
The new cloud lab data for the lab Huffman also quite clearly demonstrates that adjacent stacks 
on a multi loop in themselves can be a problem. This lab is otherwise unpressured due to long 
stems. But there are only two winners proving the lab to be quite hard to solve. This one is 
stable. Note the two double GC-pairs in the pressured multiloop. 
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An arm and a leg 
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Text from my experiment: 
 
I haven't seen much proof on it, but I have an idea that multiloops with adjacent stacks, have a 
tendency to behave slightly different to more symmetric multiloops. I think that GC-pairs facing 
each other instead of following orientation of GC-pairs in the multiloop, will be more prevalent 
here. I have seen both G and G facing each other in Kudzu that had a multiloop with adjacent 
stacks. And G and G. Both with success, as they held the near area together and the multiloop 
were stable. 
 
Red facing red in adjacent stacks in multiloops turns out to be more successful than green 
facing green. I tried both and green facing green failed. The overall tendency is that red facing 
red and usual orientation in multiloops overall goes quite well. 
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I think I see a tendency for multiloops with a mixture of adjacent and non-adjacent stacks. While 
the closing base pairs for the adjacent stacks can follow usual orientation or have red facing 
each other and green too, the closing base pair for the non-adjacent stem seem to be following 
usual orientation.  
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Also if they occur as closing base pair in a neck. A place where the closing base pair have a 
tendency to be allowed to be flipped both ways. The lab An arm and a leg, is an example of a 
lab where the neck is also the non adjacent stem in a multiloop with adjacent stems.  
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Simplify 

 
Tendency for 1 nt bulges continue. Double green at bottom = favorite, double red at bottom, not 
bad and then a mixture.  
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I like that Tesla’s experiment succeeded. I doubt this will be possible in a more pressured 
design. However it went perfect in this easy to make happy lab. There was almost no loosing 
designs in this lab. All except 9 designs made it to the winners. Only 3 scored in the lower end. 
And those were in the category Cub scouts and optical illusion.  
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28 June 2013 

 
Here is a classic example on uneven energy distribution. Take note of the design score:  
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Notice that the 3 top stems have mainly AU and the bottom ones have GC-pairs. [Mainly GC for 
the barcode hairpin too]. The top ones are too weak to stay together, while the bottom one 
forms.  
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2 July 2013 

 
And it really looks like that adjacent stacked multiloops causes problems or make things hard to 
solve. In particular if they are small. There wasn’t as many high scorers as for a usual good 
average lab. 
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17 July 2013 

 

30 July 2013 

 
I’m still thinking about the neck area. Apparently our new cloud lab data says it doesn't need 
those special patterns that arose a lot with our old synthesis method. I still think it is to some 
degree behaves differently. It is still there I have seen lowest energy compared to the main 
design. I mean, I have it is there I see uneven energy distribution, if I see it. Most commonly an 
rather AU filled neck, compared with a rather GC-heavy main design. Still this combo is getting 
rarer that it was before. I find it interesting and I’m also confused.   
 
Player project notes 
 

31 July 2013 

Mixed adjacent multi loops 

 
Generally it looks like adjacent multiloops like to hit most negative energy positive 
 
There are different ways to lower energy in an adjacent multi loop.  
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One way to do this is to have single non adjacent stem, follow usual GC-pair orientation. Another way that 
also lowers energy, as it is built into our energy model is to have red face red in the closing basepairs of 
two adjacent stems. That is what lowers energy most.  
 
Sometimes  other solutions can get stable, though they will get higher energy, those can be following 
usual orientation 
​
Also Green facing green, will be used, and sometimes stable. But will have a higher energy than red 
facing red, and usual orientation.  
 
I’m thinking that small adjacent multiloops will be more dependant on having the most negative energy 
than the bigger ones, like in huffman with many single bases between some of the stems. However, I’m 
still not certain with the 0-0-0 and 0-0-0-0. They seem to be able to tolerate not having absolute lowest 
energy. 
 
Trying to explore how an adjacent multi loop behaves if given the best possible conditions. In the lab 
Switch to try, the multi loop is big and has several single bases. and the stems are long. I know that I 
might not see true behaviour as less optimal solves will be allowed to pass, given that the lab is relaxed 
elsewhere, a local bad solution will not put as much strain on the design as the overall structure adds to 
stability in even a bad solve.  
 
 
Yet the low energy causing multiloop stand out, GG version. Closely followed by usual orientation, but 
also more unusual two of the opposite orientation and a lonely CC among the top scorers.  

42 
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Also note the fine mirroring between the adjacent stems.  

 
 
However many of the designs that had A’s at the backing basepairs (10+13) didn’t score too well.  
 

 
 
 
 
Where does GU-pairs makes least harm? What stem type needs GU the most? (Other than the switching 
area in a bound shape in a switch puzzle)  
 
Also I found this design interesting. Apparently one can get stems to form without a defining/closing 
GC-pairs. But does double same turning AU pairs at closing position signals splitting? 
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Estimate 
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Another thing I have noticed is that the biggest ring part of a multiloop seem to get help staying open, by 
having U’s there or sometimes C’s. Also out of boost spot position. I think using AU’s and sometimes 
GU’s at closing base pair position in a multiloops helps create the conditions for making a bigger 
multiloop. And the same for internal loops.  
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I think this GU (Base 8+66) helps enable opening up this stem. Because of the lining up with the GC-pair 
and the weak ankering of the stem with the AU’s.  
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This one scores surprisingly well given its uneven energy distribution. Is relaxed designs more careless 
with energy distribution? 
 
This one too: Do really long stems really not need GC-pairs to form? Is it more the smaller stems that 
more dependant on it? I have also seen some small form without GC-pairs.  
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Stablest of huffman’s 
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Except for this one, I see an interesting amount of double sameturning GC quads in the other solves.  
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Huffman numbers 
 
 

3 Aug 2013 

 
Actually now I think about it, I think the big multi loop ring side helped get winners in the lab 
series by Brourd, with Lonely Base Pair: 1-1, 2-2, 3-3. Those did had a distance of 4 single 
basepairs between the multi loop closing basepairs. When I add up the average for these labs, 
Bulged star, The star and Multiloop: 3 Branches, 12 unpaired Bases, I get a rather high solving 
rate (44.16%) compared to our usual overall average solving percentage. Now this is based on 
a rather small data sample. It will be great to have more data on how differently sized multiloops 
behaves.  
 
I have earlier been speculating about that orientation of GC-pairs as closing basepairs in a 
multiloop, were handles that could be adjusted according to the situation. What if the size of the 
multiloop is one of the situations that calls for different solutions? And what if the other closing 
basepairs than GC-pairs, play a role in this game too? Also I have been seeing well placed 
boost in multiloops, that seems to help the multiloop form. I think there is an optimal energy 
range for each size and type of multiloop. If the energy inside a multi loop is either too negative 
or too positive for its size, the multi loop fails. Similarly if the energy in the quads surrounding 
the multiloop gets overall too negative or don’t have energy enough, it will also break. There is a 
whole lot more to be found out here.  
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5 Aug 2013 

 
I thought perhaps I could see something from the melt temperature when watching different kind 
of structures.  
 
Another interesting tendency I see when I compare the melt plot for the winners in different labs 
is that designs with a stem average below around 2.8 basepairs, seems to have less melt temps 
of 107 degrees. There are a few labs having 2-2 loops that behaves as exceptions. Designs 
with longer stems have a higher amount of 107 degree. It is actually very logical. Designs with 
longer stems gain power by hydrogen bonding and are as such harder to make melting. 
However the many short stem designs, also have a general high amount of GC-pairs, that are 
the hardest ones to melt. I think we might be able to use our knowledge about what melt will be 
typical for a certain design. This is nice knowing when designing.  
 

9 Aug 2013 

 
Here is a fascinating misfold. It has the same zigzag like quality with asymmetric mirroring.  
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10 Aug 2013 

 
Interesting enough there is a tendency for having CC at this spot, but GG at the other.  
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And given that many of the designs are unstable around the area of the adjacent hairpin 
barcode and stem on the hook, and the numbers on my spreadsheet for adjacent stems on the 
hook, I should probably have designed my experiment with a distance between the stems on 
the hook on at least one single base between.  
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Similar it looks like this spot is favorite for GG in this lab 
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And this spot for CC. This design even have both patterns present at once.  
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For the SARS lab that is another bent shape, there seems to be a little overweight of red on the 
inside of the bend. However a short stretches is actually mainly green. Most of the designs 
agree on this. This was a lab with heavily locking of bases, so it is not too surprising. As it 
limited the numbers of ways to solve, without making the energy model too unhappy. Most still 
follow quite close to what Vienna says.  
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Interesting enough there was actually quite a lot of binding signal in the lab experiment FMN 
binding site chemical footprint, by Brourd. I think that means he hit bingo with his experiment, 
since it shows that there is actually quite a lot of reactivity, even though there shouldn’t be 
anything to bind up with. Interesting.  
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It also looks like Nando’s pseudoknot experiment didn’t went too bad. Looks pretty well for the 
binding between the loop and the loop ring as intended.  
 
 

10 Aug 2013 

 
I was looking at my old spreadsheet and was thinking about how bigger multiloops behaved 
because I see a tendency of bigger multiloops being in designs with overall higher score. And I 
was playing with big multiloops in the puzzle maker.  
 
https://docs.google.com/spreadsheet/ccc?key=0AhJGPGrJ3fkKdFFLbm5OelE5dDBOVEM1RW
FjNUozZ3c#gid=0 
 
 
When JandersonLee was hacking the energy model for multiloops, I remember him saying 
something about there being no penalty if here were more than 2 bases between the stems. 
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There is literally no changes to the energy in the multi loop, if one prolongs the ring loop, if the 
orientation stays the same. So this has the same energy as the multi loop with only 2 bases 
between. Not why it is so. But the guys with Vienna decided that the amount of bases between 
stems didn’t matter much, as long as there were 2 or more between. I agree with them on that. 
I’m not sure to what extent though. I mean how big the loop will get before it gets a problem, if it 
does.  
 
This is from my article on hard designs and the numbers:  
 
Designs with number of single bases between the stems.  
0<1 = winner average of 9.62% 
1<2 = winner average of 19.96% 
2<3 = winner average of 25.84 % 
3<4 = winner average of 44.16% 
Bigger = even more relaxed? 
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Optimal multi loop stem distance 
 
I have no idea how far this tendency continues.  
 
 

Shape threshold 

 
Brourd was talking about SHAPE threshold today and mentioned RMDB. (Chat log on SHAPE 
threshold, also see SHAPE lessons.) This thing with Shape min, max and threshold is that I 
have a hard time understanding, so till now I have ignored it. I got curious and went and looked.  
 
I was checking into SHAPE threshold to see if I could make something from the numbers. I 
checked out this batch of Cloud labs: 
 
http://rmdb.stanford.edu/repository/detail/ETERNA_R74_0000 
 
I was looking at these labs:  
 
http://eterna.cmu.edu/game/browse/2892143/ 
http://eterna.cmu.edu/web/lab/2892143/ 
 
.....(((((((((((((....))))))((((((....))))))((((((....))))))))))))).(((((((....))))))).................... 
 
The designs with a high score generally has a low shape threshold. It looks like one feature that 
causes higher SHAPE threshold than the average for a lab is uneven energy distribution. I was 
checking the lab Tetraloops and 0-0-0-0 Multiloop Phase 1. I wonder if it is the same for the 
other labs.  
 
I think that lots of red in end loops causes high signal to noise numbers. Not totally. There are 
exceptions. But there seems to be a high rate of non yellow bases. I think a high rate of GU’s 
can also disturb the signal to noise. Actually it looks uneven energy distribution is both 
disturbing shape threshold and signal to noise ratio. Perhaps even similar with lots of GU’s. Yes, 
I think GU’s have the power to disturb both SHAPE threshold and signal to noise ratio. Does 
many double same turning pairs cause lower signal to noise? There could be something to it. 
Yep, definitely seems to be something to it. Interesting. I would usually count many same turning 
pairs bad. But since this is a long stemmed design. Ok, is bad. Those designs with a signal to 
noise ratio much below 1 overall scored bad. And they had many double same turning or triple 
pairs.   
 
This one also has a very low signal to noise ratio. It has lots of same turning pairs and it is 
almost 100% GC. So very low threshold values aren’t necessarily good, neither low signal to 
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noise.  
 

 
 

 
 
This design is a winner, yet it has a high signal to noise ratio. It also do have GU’s, something 
that I think disturbs and causes higher signal to noise ration. Usually the winner has a lower 
signal to noise ratio. Also they often has a low SHAPE threshold. 
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Some design only has signal to noise ratio go high. What characterizes them? What about 
perhaps lots of red in the end loops? Yes, looks like there is something to it.  
 
I think also bases of the same kind in line might add disturbance to shape threshold and signal 
to noise ratio. Is this so? 
 
Uneven energy distribution doesn’t always disturb signal to noise ratio - like make it go high, 
neither with SHAPE threshold. This one has a weak, but holding middle and it rather have lower 
than usual values than high 
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This should be useful for us when we make lab designs.  
 
I have started to see what I could dig up on SHAPE threshold from my chat logs:  
 
 

Getting hold of the shape numbers 

 
Brourd showed how to call shape data from the server. That way you can get those that are not 
uploaded yet.  
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http://eterna.cmu.edu/get/?type=solutions&randvar=0.21552102267742157&puznid=2858258 
 
2858258 = Lab ID 
 
You can add in any lab id on that numbers place.  
 
And yes, they do artificially scale the SHAPE threshold (the divide between paired and 
unpaired) in order to enhance the structure that folded the most in the population  
Brourd 
 
Blasted all A-U stacks should fail, but it just so happens they have a reactivity around 0.6, well 
within range :) It's only *okay* when the rest of the design is similar otherwise, the threshold will 
be adjusted to low.  
Brourd 
 
I guess that I am saying something similar to Brourd, with that uneven energy distribution 
messes designs up.  
 
The higher the threshold, the more amplified structural motifs in loops will become, the lower the 
threshold, the loop reactivities are less amplified, and the tendency for base pairing is a bit more 
amplified.  
Brourd 
 
Also see SHAPE lessons 
 
 

11 Aug 2013 

 
I was looking for a zigzag element candidate for the lab Two bulge zigzag - both conformations, 
when I found this one. Notice the mirror pattern from the multiloop and out. Many of the lower 
scoring designs in this lab, had the two long arms fold pair up, as they were quite similar. This 
one found an alternative way around it, by mirroring the multiloop, which actually lowered the 
negative energy inside it. Yet it is a total winner. It did break in the multiloop, but the arms didn’t 
mispair. There were one more of them among the winners, and a few more among the top 
scorers. Indicating that it is helpful to get around this similar arm problem.  
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But generally it is still the best strategy of going with the more optimal orientation of the gc pairs 
in the multiloop. 
 
I found some interesting when I looked at modeled impossible. It looks like both these single 
base pair closing the triloop has a want for a certain orientation. When one look for the 
successful closings in the shape data, it appears they want C to be on the inside of bend. Not 
too surprising given that 1 nt bulges often have a preference for green on the inside of the bend. 
Still, I like it. :) I love when there is some consistency between what works. That means one got 
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a better chance of hitting it right and repeat it elsewhere.  
 
I knew that triloops had a love for uracil and green, but it looks like they have an even higher 
love for green than blue.  

 
 
Here is a number of the stable ones. Interesting enough working ones among the top scorers 
are in agreement on the orientation of the backing AU base pair at base 16-25. This backing 
base pair if a GC, is flipped opposite the closing base pair of the long stem.  
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Oh, interesting. This one has the second strongest 1nt bulge formation, and no C at the bottom. 
This pattern seem to turn up more among the lower scoring designs. 
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It also appear in general that base spot 20 and 22 have biggest influence of the bulge and 
triloop forming. Often one of these spots is of same nature C/U or color as the bottom bulge 
base (23,49) [As often before U and C are quite interchangeable]  
 

 
 
And one more with G on the inside 
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This one got both working, but isn’t scoring high. 
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I have noticed that where bulge misfolds occur spontaneously there is often same, but crossed 
bases in a stem.  
 
Brourd mentioned that the motor protein labs might have some shape threshold problems in the 
areas of the adjacent multi loop due to the short stems. I’m still not totally sure how to read the 
shape raw numbers, but it looks like there is a raised SHAPE mix in exactly that area. Which 
also means the SHAPE threshold is raised.  
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http://eterna.cmu.edu/get/?type=solutions&randvar=0.21552102267742157&puznid=3071343 
 
 

12 Aug 2013 

 
I wonder if this is always the case with designs that has short stems or areas with short stems. 
And if so, can we really see how short stems fold? I mean, if the SHAPE data method won’t let 
us see.  
 

13 Aug 2013 

 
Loose thought. Since the designs with longer stems in connection to adjacent multiloops do 
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better, like single to switch. Also the chicken/frog leg series did better than the shorter motor 
protein series. I’m thinking perhaps that the probe might have trouble gaining access to these 
short and sharp angled adjacent multiloops. So it could be that the less winners I’m seeing for 
the adjacent multiloops with short stems, is due to problems detecting a bind. Hower, nature 
also seems to find them hard, since Nando couldn’t find a 5 branches one. So I think there is 
still something about adjacent stems being hard. Backbone doesn’t like to be close to itself in 
space. But a weakness in the shape detection method for this specific area, might also play in.  
 
 

16 Aug 2013 

 
Again there is this funny tendency for really long stemmed design, that many of the best scoring 
have a rather high amount of GU-pairs. 4 of 5 of the highest scoring designs, have GU’s and 
more than one. It could really look like longer stems crave GU’s. What a weird world. :) 
 
Also notice the overall high melt point. That is also often following longer and very long stems.  
 

 
 
The winner doesn't have a GU, but most of all the other high scoring designs does. And the 
main part of the GU’s are not just placed in the hairpin barcode.  
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And it generally looks like it is energetically better to form a big end loop, than to form two small 
stems with each a loop.  
 
Same pattern here. Lots of GU’s in the long stem of the winners and high scorers. 
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The GU overweight doesn't happen in the Chicken lab splayed lab. It seemingly favor 
happening in labs with extremely long stems.  
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26 August 2013 

 

Teeny tRNA 

 
Interesting enough it looks like this adjacent spot is more than content with following usual 
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orientation. Though I have earlier seen adjacent multiloops have a like for Red facing red. I think 
it must have to do with this design being relatively relaxed in shape. Stems are not too short.   
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I think this pattern in a 4 nt stem, opens up to misfolding. I saw it misfold in other designs too.  
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Estimate 
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I also see this pattern being involved in trouble regularly (for 4 nt stems). In particular if this blue 
green line is connected to the multiloop.  
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Brourd mentioned in chat that this lab  
Brourd: http://prntscr.com/1nevq9  
Brourd: weird, the barcode in that lab was exposed for many designs, hmm 
 
It could look like the barcodes is generally unstable for the whole batch. Interesting.  
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Location dependant chemical Footprints Part 6 

 
I also find the results of this experiment interesting. Notice the marked/locked bases area.  
 

 
 
Now look at the SHAPE data for this area (marked with orange) It is different for these locked 
area though they are identical. Backing basepairs do have effect.  
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It is the same for the others in the same series.  
 
However there is a problem with the lab data in general. Brourd noticed:  
 

Chatlog 25 Aug 2013 

 
Brourd: http://prntscr.com/1nevq9 - Unlucky, as per usual [0:42 AM] 

 

Brourd: weird, the barcode in that lab was exposed for many designs, hmm [0:44 AM] 

 

Eli Fisker: And it looks like it is not just that one lab you mentioned that got troubles with the 

barcodes. Those I checked, look more shaky than usual [2:01 AM] 

 

Brourd: @ Eli - exposed barcodes were common in this round, not sure why though. Nando probably still 

has his theories [2:05 AM] 

90 

http://prntscr.com/1nevq9


Eli Fisker: Hi Mat, checking [2:06 AM] 

Brourd: I'm slightly more interested in the CGGAAACG tetraloop now though [2:06 AM] 

Nando: nope, I'm completely baffled actually [2:07 AM] 

Nando: hi guys [2:07 AM] 

Brourd: Could be experimental noise in the barcode, but at this level and number of designs? [2:08 AM] 

Nando: very strange, yes [2:08 AM] 

Eli Fisker: I don't know what is causing it either [2:09 AM] 

Nando: I observed a case that just doesn't make any sense [2:09 AM] 

Eli Fisker: Mat, mail back [2:09 AM] 

Eli Fisker: Let us see, Nando [2:09 AM] 

Nando: and I'm pretty sure that's not the only one [2:09 AM] 

ElNando888: http://eterna.cmu.edu/sites/default/files/chat_screens/49507_1377475834.png [2:10 AM] 

Nando: the Us pair, but not the CGs?? [2:11 AM] 

Brourd: indeed [2:12 AM] 

Eli Fisker: Ah, in the barcode [2:12 AM] 

Nando: yes [2:12 AM] 

Eli Fisker: I have noticed for this batch that it is often at the bottom and top of the barcode the split 

happens [2:12 AM] 

Eli Fisker: This is a more extreme case of that, I'm guessing [2:12 AM] 

Nando: wow, it's global in that lab it seems [2:14 AM] 

Brourd: hmmm [2:14 AM] 

Nando: many similar cases [2:14 AM] 

Brourd: according to the rmdb, the reactivity error is only around .15 [2:15 AM] 

Eli Fisker: http://prntscr.com/1nffsi [2:15 AM] 

Eli Fisker: also many of the GC's in trouble [2:15 AM] 

Brourd: could be a temperature spike [2:16 AM] 

Eli Fisker: From what I see so far it is the whole batch that has some trouble in the barcode [2:16 AM] 

Eli Fisker: That could explain why it happened at the same spot in all designs [2:17 AM] 

Eli Fisker: Lucky that it wasn't in the main design then [2:17 AM] 

Brourd: Well, I have no clue :) [2:17 AM] 

Eli Fisker: But nice guess [2:18 AM] 

Nando: melting points all very high in that lab, incomplete denaturation? [2:19 AM] 

Brourd: hmmm [2:20 AM] 
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Eli Fisker: It is typical with high melt [2:20 AM] 

Eli Fisker: for long stems [2:20 AM] 

Eli Fisker: So labs with long stems have a higher frequency of the 107 melt ones [2:20 AM] 

Eli Fisker: than average [2:20 AM] 

Nando: longer stacks are more stable, usually [2:21 AM] 

Eli Fisker: And that doesn't explain why the barcodes also looks shaky in the other labs. (Though this lab 

is real bad) [2:21 AM] 

Eli Fisker: Yes [2:21 AM] 

Brourd: I'm slightly more interested in this though http://prntscr.com/1nfh06  [2:21 AM] 

Eli Fisker: I'm interested in this:  [2:22 AM] 

Eli Fisker: http://prntscr.com/1nfh94 [2:22 AM] 

Brourd: The barcode overall is a rather nasty score changer, one of you should send Rhiju an email, since 

this is more in their realm of investigation [2:22 AM] 

Nando: mysterious as well [2:22 AM] 

Eli Fisker: The further to the right, the more shaky the data becomes [2:23 AM] 

Eli Fisker: I will send him our chatlog discussion [2:23 AM] 

Brourd: Even better Nando - http://prntscr.com/1nfhe0 - happened twice :) [2:23 AM] 

 
 

I looked through the labs again, in order, when I found this oddity. It almost looks like they grow worse 

and worse. But not quite. However It do looks like that each series of lab has its own error pattern in the 

barcode. I marked the visible stretch of the barcode hairpin with orange. Teeny tRNA is the only lab with 

normal looking barcode.  
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28 Aug 2013 

 

Intersecting stacks 2 

 
Looks like I found a quite certain way to create a double multiloop.  
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Estimate 
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So not one of each of those.  
 
As expected, red facing red in the adjacent spots, did do rather well. Even a pure green facing 
green did quite well. (only one yellow base in the SHAPE colors) 
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 Else usual orientation was also quite regular.  
 
Vinnie made it quite well with a mixture of GC’s and AU’s. 
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Redspah almost made it with all AU’s 
 

  
 
One base (45) is often in trouble in the SHAPE colors. It looks like it demands to have C. 
However it won’t be a guarantee. So can it be that it is more important to have these red facing 
red, in the first part of the RNA? I see several designs do fine with just one of these formations. 
Two can sometimes be overkill.  
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31 Aug 2013 

 

Things that trigger the error values 

 
This is a few things that I stumbled on while playing with Omei’s tool. It is funny seeing these 
patterns trigger error values. Many of them I already knew was bad, but seeing that they actively 
triggers error values, is something different.  
 

Frog leg - Electric 

 

Billy Reuben’s design Rana 3 
 
Totally GC-pair and them shifting among each other, also send the error rate high 

GCGCGC 
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Frog leg - relaxed 

 

 

FMN Binding Site Chemical Footprint 

 

It is both the high GC content and the dinucleotides that triggers the error rate. 

 

 

Double CC gives real strong signal, double/tripple UU and AA not so much. 

 

 
I couldn’t help notice that high content of G’s among A in this internal loop gave of high error 

signal. From the lab Modeled Impossible: 31+ Nucleotide Internal Loops. The mixed A and U 

ones are much calmer. 
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I wonder if that is the same in the big end loops too.That it is the error values that 

 
Here are some examples of A and U overuse from the (Reversed G-C Multibranch Loop Closing 

Base Pairs Lab. With many of the same color in line. 

 

 

G-U Closing Base Pairs 2 

 

AUAU and lots of it also seems to trigger the error values 

 

 

Hmm, there is high error values in the bigger end loop in the two bulge zigzag labs. I wonder if 

that continues. 
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11 Sep 2013 

 
More thoughts about the barcode hairpin problem.  
 

I wonder if the length of the cloud lab designs designs on 63 nucleotides had something to do 

with where the strain appeared. I mean that the problem mainly turned up in the barcode in 

certain labs. 

 

Will this pattern with bad barcodes move elsewhere or get weaker in the RNA design if the 

design sequence gets longer. I think it might.  

 

Which reminds me that the SHAPE data overall did look different in the player projects where 

the designs were often shorter in sequence length. Many of the labs had more shaky overall 

lighter blue color for the whole of the stems - compared to pre-cloud and cloud labs. It happened 

in particular with the labs with shorter stems. I can't see wgat the barcodes looks like for the 

player projects. But I'm guessing that they will be more overall dark blue, and thus pushing the 

backbone strain back into the main design. Because the barcode has a better shot at getting 

stable, due to it being relatively long compared to the few other stems. Like Nando's idea.  

 

Another thing that might have added to the difference in player project SHAPE data is that many 

of the designs are blunt ended in the neck. I think I see a tendency for labs with blunt end doing 

worse than designs that have 1 or 2 single bases between the barcode and the main design. 

 
26 Sep 2013 

 
Relaxed multiloops 2 
  

27 Sep 2013 

 

Semicircle - 3 Bends 

 
Again I see this funny pattern with this rather long stemmed design and the winners in particular 
having most of the blue on the 5’ end of the two long strands. Actually here the red is also 
clearly distributed on the 5’ side, and the yellow and green, mostly distributed on the 3’ side. I 
usually see this reversal with blue on the 5’ side in long stemmed designs, but here the 
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distribution of colors might also have to do with the bend. Bending designs also have a 
tendency for a skewed color distribution. And like in other real long stems the red is on the 5’ 
side too. (Reversal of the GU orientation bias) 
 

 
 
13 bp in stems 

 
 
Blue and red bias to the left side, green and yellow to the right side. (for top scorers). 13 bp in 
stems
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And true to it’s sibling labs and other very long stemmed designs (anaconda lab excluded) this 
lab has kind of crappy barcodes. 
 
And the designs that went real well, had high amount of AU’s. 
 
However the Semicircle - 4 bends does not at all show this excess U’s on the 5’ side of the two 
long stems, rather they end up on the 3’ side. The Excess G’s are still on the 5’ side  
 
11 bp in stems 
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It was similar with the two other semicircle labs before that. One showed excess U’s on 5 prime 
side and the the other not. Since they have different number of bulges/semicircle building parts, 
can this be the explanation? 
 
11 bp in stems 

 
 
I thought the bulge length was involved and now I think it was only indirectly. Rather it is the 
effect of different stem length. So I think what I see is an effect of stem length and fascinating 
enough I can see the U and G on the 5’ strand getting more clear in the designs that has 
longest stems. (See Orientation bias). I find it fascinating that I can see a beginning shift with 
such a small stem prolongation.  
 
 

12 Oct 2013  

Five adjacent stem multibranch loop 

 
Interesting that three each follow same orientation, after each other and two goes in the 
opposite direction, for the multiloop. The same happens in several of the other top scorers that 
follows that pattern. Having all follow same orientation as usual won’t do as well. The ones with 
3 one way and 2 the other looked much better in the shape data.   
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I’m not too surprised. 4 ways usually like a 2 / 2 each way, though the do allow same orientation. 
However this one can’t do coaxial stacking for all the stems and thus is harder to make happy. 
Probably same reason why the 3 ways are also hard to make happy. Also see what I wrote on 
the results on the Relaxed multiloop lab. 
 

Short stacks 3 

 
In this lab we got the task of placing one base in one color in 3 different end loops. What 
characterizes the top scorers to a higher degree than the lower scoring designs, is that the base 
placement isn’t at the same spot in each loop, but rather has variation to them. This is just as I 
expected. Generally variation helps. 
 

112 

https://docs.google.com/document/d/1_oYUQeAad9dVe0nDIxHWH5EldklNxm0Jg8h_XqhMRH4/edit


 
A pattern that to a higher frequency characterizes the loop patterns for the absolute top scorers, 
compared to the lower scoring designs 
 
It is also noticeable that the among the highest scoring is one that has two different bases other 
than yellow. A mixture of bases helps in bigger loops. 
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Another interesting pattern for that lab was the presence of 3 G’s in a row (like base 14-16 
above)  for one of the short stems. I know that some of it comes from the presence of 3 very 
short stems and that variation is needed. But there seems to be a need for this pattern. In 
particular for the first stem (14-15). 
 
 

20 Oct 2013 

 

Don quixote 

 
When I was looking at this lab while voting, one thing stood out. I was expecting most designs to 
have a melt temp around 107 as this design have real long stems. However that was not the 
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case.  
 
This is similar to what I mention under Melt plot.  
 
“If I add just two GU-pairs – even at places where they would be best tolerated, the curve rises 
quicker at the middle.“ 
 
Now the difference is that the design I play with in my melt plot investigation (The branches lab) 
has relatively short stems. GU’s seems to have a rather destabilizing and thus melt temp 
lowering nature.  
 
Then I thought about another feature that is important for stems as long in this Don Quixote 
design. And that is GU. However in long stem designs GU’s seem to have a relaxing effect.  
(Lab designs that crave GU...) 
 
The designs that has a high melting point, has a low amount of GU’s. 
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While the designs with a lower melt temp, has a higher amount of GU. 
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It is a general tendency, but not totally overlapping.  
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25-10-2013 

 

Robot serial killer 2 

 
This is a lab that has generally few GU pairs. There are a few high scorers with a couple. But I 
generally think that designs with an on average shorter stems will have fewer GU-pairs, 
whereas GU will be more needed in long stem designs.  
 
Now this lab doesn’t have totally short stems. However it is pressured due to two closely placed 
adjacent multiloop. Also worth noting is the general high GC-content.  
 

 
 
Another thing I found interesting is that the melt point is this high. That is more usually the case 
in the long stem designs. However it is most likely partly due to the high GC content.   
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Again this pattern in adjacent multiloops.  

 
 
 
The winner had this pattern and 1 multi loop with usual multi loop pattern 
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Robot serial killer 1 

 
 
Another thing I found interesting is that in both labs C was turning opposite direction to usual 
generally prefered hook orientation of the closing GC-pair. I find that very interesting, if there is a 
tendency for where it happens.  (2 cases in Robot serial killer 2 and 1 in Robot serial killer 1) 
 
Dimer B also has a high tendency of C’s there. This lab has more winners and is less pressured. 
It do has an adjacent multiloop.  
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In teeny trna most of the 69 bases are C’s as the general locking of bases in the rest of the 
puzzles will make the red bases at position 1 and 2 pair up with  
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28-10-2013 

 

Even energy + CSE style 

 
(From discussion between Mat and I yesterday.) 
 
mat 
one day i would like to see a CSE style script used a starting point for solving player puzzles 

 
Eli 
Ah, that is a fine idea 
Sort of an elements catalog 

 
mat 
a very old idea 

 
Eli 
It won't work for everything 
as there is interaction between elements, but 
it could still be a help 
To locate successful patterns 

 
mat 
yes that is the same for the lab too 

 
Eli 
yes 
getting access to all solves, will be the first step for the programmers 
I think it was Dennis that showed interest for this kind of a catalog in the forum recently 

 
mat 
but remember CSE is a tool used to help design, but not make the design. a design is more 
than just a bunch of parts 

 
Eli 
true 

 
mat 
that where the lab or puzzle strategies are used to solve/design 

 
Eli 
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Yes, there will be needed strategies for choosing what to sew together 
 

mat 
yep 

 
Eli 
I still see even energy very much in play. Necks still can go different. And small stems have 
higher energy concentration than longer ones. But still 
If not this is taken into account, it doesn't matter if the separate parts are the best 

 
mat 
what would you define as short/small stems 

 
Eli 
3 nt stems 
and below 
I see those get maxed out GC wise more often than the 4 nts 
Though they often do like something like 75% GC, if there are many short stems 
For stems longer than 4 nt, I see a more 50% distribution of GC and AU. And real long stems 
gets grumpy if they have a high GC content, whereas they better tolerate an excess of AU 
And for 2 nt stems I almost always see 100% GC. 

 
mat 
as you know i would see 3 nt as a shared element 

 
Eli 
ah, I forgot, but I like that perspective a lot 
 
Mat added: And last night were talking about CSE and the design side of CSE and i was thinking of other 

ways to explains. 

Its like ego blocks. Just because those pieces fit together didn`t mean they go together. 
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29 Oct 2013 

 
I was looking at some old designs. I find it interesting that exactly this stem that is all GC’ed out 
is the one breaking and folding up elsewhere.  
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And though I know that I can’t read too much into the estimate fold, I still find it interesting that 
so big amount of the repeat bases, end up in the loop (or otherwise single base) area in the 
estimate.  
 
Target​ ​ ​ ​ ​ ​           Estimate 

 
 
And that is not a single case. 
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30 Oct 2013 

Adjacent stems attached to the hook 

Still the overall pattern for hook nucleotides is red first and then green for closing base pair 
attached to the hook. And green facing green is also still doing well for these adjacent stacks. 
They are very calm blue in the shape data.  
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Find Z - 6 nt bulge 

 
I was also in particular interested in the bulge area. I focused on the inside bend of the bulge, 
for GC-orientation. CC are there in a high rate, followed by regular orientation (G-pattern) and 
then GG pattern.  
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It does look like CC’s are particularly calm. The GG’s doesn’t always go well, actually one of 
them very often is non binding. So CC at the inside of a bulge this size seems to be best or 
have it follow G-pattern.  
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However there seem to be a reverse relationship between the inside bases of the bulge being 
stable compared to the outside bases (closing base pair) and opposite.  
 
This one has stable both places.  
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What these designs particular has in common is the double GC block at the  
I wonder if this is common for bigger bulges.  
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So according to these, G-pattern orientation is best in bulges. Or is it perhaps the double 
GC-block at the start of the bulge? 
 
These didn’t all go well in the Aires lab. Here is one of the best of this type. Actually it was this 
labs all time best bulge. So some merit goes to this same turning GC quad pattern.  
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The best and stablest bulge in this lab had the double GC-pair after the bulge. Note this was 
also the case in the 2 bottom examples from Find the Z! lab. 
  

   
 
Though this one isn’t darkest blue shape data, it isn't doing bad. And it is stable.  
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So crossed GC’s at both sides of the bulge is doing surprisingly well.  
 
For the bigger bulges (4 nt+) it seems to be the fewest that are totally stable, however a certain 
pattern do seem to have merit.  
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31 Oct 2013 

 

The making of a triloop 

 
Jieux made some lab designs with a GU as closing base pair end and GC’s in the loop. He 
pointed my attention to them, before the lab was synthesized. It looks like he found a way to 
cause a triloop to form. As half the G’s and C’s snap together and form stem.  
 
Target 
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Estimate 

 
 
As Jieux said about his designs with these loops: it was a steal from drake with some mutations 
i the loop to cause.  
 
In particular these crossed GC-s at closing base pair and triloop tip seems to be happy to create 
triloops. Watch the top loop, which is folding as it should. Where as the bottom pentaloop 
becomes a triloop with the same pattern. And I seen this triloop pattern work elsewhere in this 
lab.  
 
Estimate 

136 



 
 

Barcode differences causing scores and SHAPE data differences 

 
I found another thing I find interesting. Mat made a mod of one of my designs. Only difference is 
in the barcode (the section marked orange in Mat’s design). Mine scores 94, Mat’s scores 100. 
What is most different is that his has less negative energy and contains a GU - the later is 
something that have proved to relax a design and improve the shape data. Especially if it has 
longer stems. And there are two longer in here. One more time pointing out that GU’s has a 
special potential. See Lab designs that crave GU’s and A backbone strain hypothesis for 
interpreting SHAPE data. 
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Also these designs have difference in their SHAPE colors in the main design, as I have earlier 
pointed out here.  
 

 
 

On repeat bases in line 

 
By the way, the discussion about if mRNA folds stronger than our kind of RNA, caused me to 
rethink something I have been saying earlier. I sort of have been split about, seeing double 
same turning pairs as sort of both weak and strong. Weak, because I often saw them split in our 
lab designs, where we wanted to have them binding but also strong because I saw them at a 
higher rate in short stemmed and strongly pressured designs and involved in the switching area 
in switches. Since the discussion and the paper Omei dug up, it is clear that repeat bases do 
necessarily give a weaker overall fold. Rather I think I will have to shift perspective from what I 
think of as weak to what is actually forming and strong. I think I might be able to give an early 
example here.  
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Here is a typical example of what I will think as weak.  
 

 
 
Now lets focus on one of them (Only two of them split) 
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A new double block (a quad of two same turning basepairs) is created.  
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But what I think is the main cause of all this happening, besides the weakness of the AU’s is this 
new double block forming:  
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So to sum up, I sort of still think AU’s in line are weak, and they are the ones making way for 
other misfolds to happen. But it is because the GC-blocks are stronger. Here it seems, even 
strong enough to make this mostly AU neck happen.  
 
So this new way of seeing things might also explain something that I had a real hard time 
understand. Why ribosomal RNA and really huge RNA’s had so many repeat basepairs 
compared to ours. Now it kind of makes sense. So repeat lines of bases, can be quite strong, 
but somehow they have a tendency to want to fold alternatively to seek out alternative partners, 
in a way that I don’t understand. So they are not being weak, because they are breaking, they 
are being strong because they fold somewhere else. And there must be some rules about why 
they prefer elsewhere, that we just don’t understand.  
 
And somehow twisting basepairs so there is less repeat, seems to diminish that problem. 
Reducing the amount of potential elsewheres.  
 
I have most likely not finished thinking this through.  
 
Again this double GC-pair block forming, seems to have a very strong influence of the wanted 
structure not forming:  
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Target 

 
 
Estimate 
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10 Nov 2013 

 

AU’s in adjacent multiloops 

 
For the high scoring designs there was a tendency of having C’s in particular on each end of a 
stem. However there also was a few U’s at the one side. 
 
When I looked at the sequences something stood out. I was already expecting a high amount of 
GC-pairs in the short 3 nt stacks in general. I wasn’t either surprised seeing them in particular in 
the 3 nt stack adjacently attached to a multiloop. 
 
I have earlier seen short 3 nt stacks with a tri loop end having a higher tendency of same turning 
pairs. 
 

 
However I in particular find it interesting that there is a high presence of designs which has AU 
at a particular spot in the adjacent multiloop. It seems like an AU here is a legal way of letting 
steam out and take off some of the pressure that the adjacency causes. It could look like this AU 
favors a particular spot and orientation too. Is this so? 
 
Ok, only the two of Brourd’s designs were actually holding. The others didn’t hold. So I will have 
to check some other labs. 
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I also have an idea that this only works in these “T” types of multiloops. 
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Starry made even two adjacent multiloops with alternative closings. The alternative pair ended 
up in same position (interesting!), however with different orientation and it was a GU instead of 
an AU. 
 

 
 
 
 
 
 
 
 
 
 
 

147 



Same orientation of AU’s 
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This is getting interesting. One more. :)
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Yet another
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And even one more. This one does not hold in the middle stem. But is stable in the AU part. 
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A related one here, and a very strange neck. :) But true to the weird nature of necks. (third 
closing base pair in row is AU again) 

 
 
So this thing with AU’s seem to particular to turn up when designs has 3 or more adjacent stems 
- and them being in line. I think JL mentioned something about it being less penalized, when he 
reverse engineered Vienna’s energy model. 
 
Note that most of the designs in these above labs, do have GC-pairs for all basepairs in the 
multiloops. I just find it very interesting that it goes well and is stable. They are a rarity, but still 
ends up among the highest scoring. And I find it particularly interesting that there seems to be a 
pattern in where the AU’s like to turn up, and there might be a favored orientation. 
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Motor protein labs 

 
It seems that length of stem had everything to do with adjacent multiloops being hard. :) Real 
nice to know.  
 
There was a fine amount of winners in all the labs with different kind of adjacent multiloops, as 
soon as I prolonged the stacks.  
 
For the high scoring designs there was a tendency of having C’s in particular on each end of a 
stem. However there also was a few U’s at the one side. 
 
When I looked at the sequences something stood out. I was already expecting a high amount of 
GC-pairs in the short 3 nt stacks in general. I wasn’t either surprised seeing them in particular in 
the 3 nt stack adjacently attached to a multiloop. 
 
I have earlier seen short 3 nt stacks with a tri loop end having a higher tendency of same turning 
pairs. 
 

 
However I in particular find it interesting that there is a high presence of designs which has AU 
at a particular spot in the adjacent multiloop. It seems like an AU here is a legal way of letting 
steam out and take off some of the pressure that the adjacency causes. It could look like this AU 
favors a particular spot and orientation too. Is this so? 
 
Ok, only the two of Brourd’s designs were actually holding. The others didn’t hold. So I will have 
to check some other labs. 
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I also have an idea that this only works in these “T” types of multiloops. 
 
Starry made one too. The alternative pair ended up in same position (interesting!), however with 
different orientation and it was a GU instead of an AU. 
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Same orientation of AU’s 
 

156 
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This is getting interesting. One more. :)
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Yet another
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And even one more. This one does not hold in the middle stem. But is stable in the AU part. 
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A related one here, and a very strange neck. :) But true to the weird nature of necks. 
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So this thing with AU’s seem to particular to turn up when designs has 3 or more adjacent 
stems. I think JL mentioned something about it being less penalized, when he reverse 
engineered Vienna’s energy model. 
 
Note that most of the designs in these above labs, do have GC-pairs for all basepairs in the 
multiloops. I just find it very interesting that it goes well and is stable. They are a rarity, but still 
ends up among the highest scoring. And I find it particularly interesting that there seems to be a 
pattern in where the AU’s like to turn up. 
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Reverse motor 4 (24 af 40 winners) 
 

 
And again I see that the facing bases in the adjacent multi loop likes to turn up in a specific spot. 
(Base 10-11 rather than 26-27) Usual orientation also do well. 
 

163 



 
There are much more instabilities for the the latter than the first orange box, though and growing 
instability in the design. I’m thinking on strain on the backbone. LIke Omei mentioned earlier. 
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Reverse motor 3 (27 winners of 40) 
 
This one seemed to like facing pairs between the adjacent multi loop stem, much less. Is it so 
that this is most useful in designs where the non hairpin stem is adjacently attached? 
 

Reverse motor 2 (29 af 40) 
 
There wasn’t nearly as big a difference in the amount of winners as I suspected would be the 
case in relation to adjacent multiloops and the adjacent spots positioning in relation to the neck 
as I expected. I expected reverse motor 2 and 4 to do worse than 3.  
 
Here is a design of a similar nature to the reversed motor ones, except isn’t adjacent. Stems are 
a bit longer and there is a 2-2 loop in the neck. Still I think the fate of the multiloop could be 
useful for comparison. This lab has a slightly lower number of winners, if compared the ones 
with adjacent multiloops,. 20 out of 40. Actually it could seem that this one fare worse than the 
ones with adjacent stem. So can adjacent stems actually be an advantage sometimes? 
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This one also goes even more unstable, the longer in the sequence it comes.  
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T.thermophilise 

 
This one has the AU’s/GU’s built into the multi loop by default 
 

 
 
Again the first closing base pair in the multi loop is generally more stable than the last.  
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Similar in this one 
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Closing basepairs marked.  
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Loose note 
 
Here is one more of the designs with a real low amount of GC-s in the long stem. And this one I 
can’t totally call this the neck. So real long stems are surprisingly tolerant to AU’s 
 

    
 

 

13 Nov 2013 

Single switch to try - Mirror version 
 
I refound found a tendency I noticed have earlier. It might matter to which side an adjacent stem 
is to on the neck, for what bases like to face each other most. Though usual multi loop 
orientation works too.  
 
Green facing green if adjacent to the left and red facing red if adjacent to the right. 
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The facing bases in the multi loops adjacent spot had a bit higher likelihood of being CC’s. 
compared to the nonwere less likely to turn up in the mirror version. 
 

171 



 

 

17 Nov 

 
I was checking the results from the mismatch labs as I wanted to see what did overall best on 
these. However I only got to the hall of fame, when one name stood out in particular. One that 
did particularly well on these designs was Nando’s robot ViennaUTC.  
 
I checked one of the results and was really surprised. This is regularity and repeat of the most 
extreme kind. Notice that U’s and G’s are on the top strand, while G’s and A’s are on the bottom 
strand. Not always, but it is the overall tendency.  
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That brought up a memory of a tendency I mentioned earlier, with bias in base orientation. I see 
that very clear here. I wonder if it is the same for the rest of Vinnie’s winners in the mismatches 
labs. Also if this is common for the winners, it should stand out in the sequence section in the 
lab list. Checking now. :) 
 
Oh, yeah!  

 
There is more Cs and A’s at bottom. However those that scores had an overall higher (and one 
lower) amount of GC -pairs and thus an even more extreme version of the pattern. 
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I wonder how much the locked nucleotides has got to do with this? 
 
Ok, they do have a lot to do with it. They are the first starting the pattern. However Vinnie’s 
pattern enhances it and don’t try break it.   
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25 Nov 2013 Christmas three 

 
 
 
I found this beauty. I’m fascinated it passed. I know this lab isn’t very hard (had a high winning 
percentage) and what I will call unpressured. But still almost GC, except from a GU and fine 
SHAPE data. I notice that there are at least one, often two same turning GC-pair blocks pr. 
stem. Is this similar for other successful almost totally christmas tree designs? I know it turned 
up more often for the designs, that was pressured and had a generally  high GC ratio. 
 

 
 

 

2 Dec 2013 

Happy barcodes 

 
I noticed that some of the happiest barcodes actually didn’t follow the more usual crossed 
GC-pairs at opposite ends of the stem. But actually have G at one end and G at the other end of 
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the strand or similar but with C. Interesting.  
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Barcode next right to design 
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I wanted an idea about which bases that would be best to have at these two spots I’m looking at 
as I like Mat consider closing basepairs extra important to stability, compared to basepairs in the 
middle of a stem.  
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One base between main design and stem 
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Ok, it doesn’t look like my CC or GG pattern is overall favorite. But it does well and that is nice 
to remember when one wants alternative good barcodes.  

 

11 Dec 2013 

Improving the Nearest Neighbor Energy Model Using Eterna 

 
See start of discussion here. 
 

Location Dependent Chemical Footprints Part 4 

This lab has two equal length stems and some of them have same tetraloop and closing base 
pair + next pair. For the designs that has same base sequence in the tetraloop and two bases to 
each side, there is a tendency for that the stem around the second tetraloop is more unstable. It 
isn’t huge, but it is there. 
 
http://eterna.cmu.edu/web/browse/3105062/
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Also here is a link to some of my earlier thoughts on stability of multi loop closing basepair. 
 
Reversed Motor 4 
 
 
I am wondering about the SHAPE data bias I see in our Cloud labs, with the data grow more 

unstable over the middle and towards the end of the sequence. Typical example: 

 

  

 

  

 

I have been looking at the Eterna Classic data. And I am not sure it there to the same 

degree, though I can find it in some labs. A few labs do even show a different pattern. 

More instability at first 
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Now this biased SHAPE data instability for Cloud labs shows up most clear in labs with long 

stems though and Classic eterna is mostly very short stemmed.  

 

As we don't have too much data in the old labs, for me to see what I'm really after, I am thinking 

188 



about proposing some labs with the same shapes of some of the Classic Eterna labs + added 

current barcode. I will like to compare the SHAPE data picture between Classic and Cloud and if 

bias is extra strong in Cloud, for the long stem designs in particular. As I suspect it is. However 

that is of cause not helping on getting enough data in the old labs for comparison. So I'm 

thinking about picking the labs there that has most data.  

 

14 Dec 2013 

 
I can even show with the new version of JL’s tool that the closing basepairs of this multiloops of 
this design go more unstable later in the sequence.  
 

 
 
For search 
(((.(((!))).(((!))).))) 
NNXNXNN!NNXNXNN!NNXNXNN 
 
 
Notice how right side generally becomes a little more unstable than the left 
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14 Dec 2013 

Relaxed multiloops 
 
I decided to take a look at bigger multiloops with 3 stacks with JandersonLee’s tool. 
 

5-5-5 
In this loop usual orientation ranks highest, but reverse orientation doesn’t do much worse. 
Aloop with a non GC closings as AU and GU does nearly as well as the highest ranking.  
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6-6-6 
The 6-6-6 multiloop shows a changed pattern. Solely GC-s as closing basepair for the top 
ranked. But a changed pattern of orientation. Usual orientation as we know it from many 
multiloops isn’t the top ranked.  
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7-7-7 

 
Closing GC-basepairs seems to become more and more crucial. Usual orientation is ranked 
third highest 
 
Interesting enough it is opposite of what I though. The bigger the loop the more crucial 
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GC-closing basepairs seem. I do see a lot of GC-closing basepairs in the huge ribosomal RNA. 
However it seems like orientation change much more. Usual orientation often isn’t followed. And 
some of the multiloops are really huge.  
 
 
I also checked a few smaller multiloops to compare to the bigger multiloops.  

3-3-3 
 
Here I see Brourd’s labs with locked GU and AU’s at closing basepairs in multiloops, hit through. 
Some of them did very well. Another thing I find interesting, is first and last position. in the 
colored sequence. Those bases are for the neck area. These shows a particular tolerance for 
AU and GU basepairs. Where as the stem bases is generally, but not always, more conservative 
GC-basepairs. The 3-3-3 loop seem to be the multiloop size, that is the one most large with 
alternative closing basepairs, than GC.  
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2-2-2 loop 
 
Here most of the top ranked closing basepairs are GC-pairs. with one single exception.  

 
 
 

1-1-1 loops 
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4 way 
 
Here is a shot of one of my absolute favorite 4 way multi loop patterns. It scores high. Here is 
my forum post on it. 
 
 
Best

 
 
Now I will try out the same pattern but in different orientation. It’s siblings were popular, now I 
might be able to find out which is best. 
 
Second best
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Third best
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Fourth best
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Ok no big surprise here. The highest ranked is my favorite and the second highest is the 180 
degree version. 
 
However with Janderson’s tool it will now be much easier to dig up all the alternative ways of 
solving that is also there.  
 

15 Dec 2013 

 
Continuation... 
 
I have earlier been discussing Multiloops with Mat. 
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Mat. We were talking/kicking a few idea around like the idea of the size of the multiloop have an 
effect. 
Eli: I expected the bigger multiloops to be more forgiving. But it seems like they really like their 
GC-pairs. 
Mat: I think the bigger size the less the same turned GC`s has 
Eli: I thought that they would be more tolerant of other closings than GC-pairs but that was not 
what happened.The most forgiving seems to be the 3-3-3 multiloop 
  
Thats exactly what happened. 
 

16 Dec 2013 

 
Continuation...  
 
This also fits well with what I see in big multiloops in ribosomal RNA. (Huge RNA) I also found 
an article, Choreographed origami – Folding ribosomal RNA requires paired tagging sequence, 
that I found interesting in relation to the folding of the ribosome.  
 
“An important step in building ribosomes – the cell’s protein factories – is like a strictly 
choreographed dance, scientists at the European Molecular Biology Laboratory (EMBL) in 
Heidelberg, Germany, have discovered. To build these factories, other ‘machines’ inside the cell 
have to produce specific RNA molecules and fold them into the right shape, then combine the 
folded RNA with proteins to form a working ribosome. Like a budding origami artist pencilling in 
the folds, the cell uses tags called methyl groups to help mark where and how an RNA molecule 
should be folded.”  
 

19 Dec 2013 

 
I have been playing with JandersonLee’s LabDataMiner and its new function RankBy.  
 
Update on multiloops 
 
I have added the main conclusions in this forumpost 
 

 

22 Dec 2013 

 
I have earlier mentioned that it seems to be that G’s did better in the multi loop ring, that blue 
that usually does quite well in end loops.  
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I think I can better show that this is happening now. I took a look at a 7-7-7 multiloop. Here I 
rank the single bases highest and only watches for +90% scoring designs and watch which 
designs that has highest ranking multiloop ring. Result is that Red makes for the most calm multi 
loop ring content. Followed by Green and at bottom Blue.  
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It could even look like there is some frequency preference,. Too close “dirty bases” lower overall 
ranking. Well except for the Uracils. Mixed colors don’t seem to doo as well either.  
 
 
Looking at the 6-6-6 loop in the same manner, something similar happens. And it seems like 
that “dirty bases” too close, isn’t popular. Not even if red.  
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5-5-5 multiloop 
 
In this slightly smaller multiloop U’s seem to do better. I wouldn’t be surprised if optimal filling 
pattern will change with size of multiloop.  
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27 Dec 2013 
 

How RNA folds 

 
I am reading a paper on RNA folding. It said that RNA folded up in the secondary structure first. 
And then it made tertiary interactions afterwards.  
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http://matisse.ucsd.edu/itp-bioinfo/rnafolds.pdf


The folding of RNA is hierarchical in that secondary structure is much more stable than tertiary 
folding.  
 
Metal ion concentration is important for how much tertiary structure there was made. And the 
bases in the loops too as those primarily were the ones ending up making tertiary interactions 
with other areas, like other loops, bulges and in the case of making pseudoknots, also with stem 
area.  
 
But most of the secondary structure did not change, when the tertiary level formed. I mean base 
pairing in secondary structure didn't change much. Most changes occurred with high 
concentration of metal ions. 
 
But sometimes tertiary interactions did change the base pairing of the secondary structure. But 
as I understand it, mostly in loop and bulge area.  
 
If the scientists are right, it makes solving the folding problem easier. They think that the 
secondary folding problem was already mostly solved. (Paper is from 1999) I don't agree on 
that. Neither did Mat. I have had many a structure prediction tool at hand and most often they 
did not fully predict the shape of the harder of the RNA design structures we have been playing 
with in lab and have had SHAPE data for that can give us an idea about their structure.  
 
However I like their line of thought here:  
 

 
 
Seems to work. :) 
 
 

30 Dec 2013 

 
 
I’m interested in comparing designs with identical shapes, made with the classic and current 
labs method with with barcodes. For more about why, see intro here.  
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I have compared two player projects that were close matches to two of our Eterna classic 
shapes. Brourd mentioned two eterna labs that was made with the new method. I had forgot 
about those. I earlier checked them but dumped them as the data didn’t matched up with the 
originals. I decided to take a deeper look into things this time.  
 
The backwards C 
 
Classic

 
 

 
Redone 
 
The results don’t line up. It is not the same sequence, though the title claims it to be. 
 
 
 
Original
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http://eterna.cmu.edu/game/solution/3281145/3281146/seeresult/


 
http://eterna.cmu.edu/game/puzzle/535658/ 
 
Redone
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http://eterna.cmu.edu/game/puzzle/535658/
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http://eterna.cmu.edu/game/solution/3281145/3281146/seeresult/ 
 
Notice the many discrepancies. My question is why. 
 
This is the main reason I have been ignoring a lot of the results from the scientist labs. They 
simply don’t make sense. Even though I wanted to compare classic Eterna designs to remakes 
with the new method. So what I compared was player projects since they don’t have this 
problem. 
 
I decided to look through the results of this lab anyway and I think I discovered the reason for 
the problem. The tail, beginning sequence from the original, were taken along and making the 
tail sequence become double in the new redone version. No wonder things doesn’t make sense. 
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http://eterna.cmu.edu/game/solution/3281145/3281146/seeresult/
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Remake

 
 
Original

212 



 
 
Now it also makes sense why the designs score negative and we can’t get all the normal data 
on them. (I still haven’t figured out why we can’t get melt, etc data, as other labs that doesn’t 
have this particular problem, also lacks data too) One more thing that makes a lot of sense, is 
that the estimate mode looks more like the intended shape than the target. Of cause the RNA 
prefers to form more like it already showed it did in our old results, than a not very favorable 
mainly non complementary version. 
 
The other Eterna Classic lab redone 
 
This one got old beginning tail + new beginning tail included. Also notice how the yellow SHAPE 
data for single bases is pushed into the stem area, continuously.  
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http://eterna.cmu.edu/web/browse/3376322/ 
 
Original
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http://eterna.cmu.edu/web/browse/3376322/
http://eterna.cmu.edu/web/browse/3376322/


http://eterna.cmu.edu/game/solution/669347/669610/seeresult/ 
 
Remake

 
 
 

2 Jan, 2014 

Ensemble diversity 

 
Mat mentioned a joint post by him and Dimension9. I looked at the numbers again and 
commented below. 
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http://eterna.cmu.edu/game/solution/669347/669610/seeresult/
http://eterna.cmu.edu/game/solution/669347/669610/seeresult/


https://getsatisfaction.com/eternagame/topics/labs101_to_104_base_pair_percentages_and_rn
afold_results 
 
High ensemble diversity - like real high. That happens for the designs that has real many GU's 
and one of the 100% GC. Half of the winning designs have GU'pairs. 
 
What if the GU's are partly helping raising the ensemble diversity out of that thought of sweet 
spot of 0.05? 
 
It isn't a clear cut case but I think it is a tendency. That presence of GU's might raise ensamble 
diversity but yet GU’s have a stabilizing effect if placed right 
 
 

28 Jan, 2014 

 

I was watching some designs in this lab : Modeled Impossible: 1 Nucleotide Bulge/Triloop 
Lonely base pair V2, when I got a thought about my old idea on GU placement. Now I have 
through the time learned that GU’s can be placed any place imaginable. But I still think it has 
favorite positions. Below the design has two almost mirroring stems. The top one folds fine 
while the bottom one doesn’t. The GU’s are orientated different, the Guanine is up on the 5’ 
side of the first stem and down on the 3’ side of the last stem.  
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https://getsatisfaction.com/eternagame/topics/the_gu_challenge_or_the_watch_theory


 
http://eterna.cmu.edu/game/solution/3009955/3185857/seeresult/ 
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Now most of the bottom stem actually sticks together and it is not like no GU’s will ever be found 
turning different. For really long stems there are other patterns occurring, like GU’s turning one 
way in start of stem, opposite in middle and again reverse at last. And more patterns. But there 
variations seems more needed.  
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Now the basepair from the hook in the second stem, could be what cause the second stem to 
break. But notice that the GU’s with the G on 5’prime does well, while the ones on second stem 
3’prime doesn’t. 
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One of these GU’s went fine, and the other not. The one 3 bases from hook area in second 
stem is likely what makes the stem break in the above design.  
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Yes, it is really this GU (marked that makes this stretch unstable.  
 
However the other GU’s that are orientated like in the top stem do seem happier than the 
opposite orientated one in the bottom stem.  
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19 Feb 2014 - Bulges 

 
I find it fascinating how badly this bulge want green in particular for the beginning of the bulge. 
As earlier big bulges, it took a liking to double same turning basepairs at bulge start. Be they 
green (in particular) but red also.  
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However C’s are the most liked at this position. And there werent many fully stable closing 
quads for the bulge.  
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I also find it interesting that two of the closing bases was A and they worked well. Except for 
next base being not fully working.  
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In the other one the C’s at closing basepair rules  

 
 
I wonder why there was so high error rate in this data. It wasn’t the same for the controlled one. 
Is it the locked A’s provoking this? 
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Nope, not the case. This earlier lab didn’t have as high error rates, despite the A’s being locked.  
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I was originally starting this lab to see if the continuous bluish coloring of the A bases that 
happened in long stretches with single As would happen here as well. It didn’t happen as totally 
lining up, but some of the bases did become inaccessible to the SHAPE probe.  
 

 
 
Where as this was not as much the case for the control lab. At least not for most of the designs 
where the designer put in other than A bases in the bulge ring.  
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Early bulge lab had U’s and C’s at best for closing base pair and not many. Apparently it is the 
first stretch on a bulge that is hardest solving, for all of the labs. On the other side G is a clear 
winner for closing base.  

 
 

 

 

230 



Intrinsically 

 
Those that did best particularly had more C’s than G’s on the 5’end of the barcode.

 
 

 
 
Frequency 8. Here green C dominates for making the A’s accessible to the SHAPE probe.  
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I guess that each frequency might have a base that more than another helps break line of un 
probeable A’s.  
 
In this one some of the mess seems to land at last in the sequence, instead of the beginning as 
with the all A’s fourty section A’s that went bluish.  
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A mixture is not working as in my Big hairpin loop lab and in Leontis Intrinsical lab. I simply think 
the bases are too far apart for them to be able to work their trick in making the bases 
accessible. 
 
 
Intrinsical frequency 7 
 
Actually the C’s tendency only grow stronger here. And as can be seen from the better score, 
the C’s have much better luck, making the single bases accessible to the SHAPE probe.  
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Yep, lot less mess, but still a repeat pattern, just like with the all A’s pattern after a base of a 
different color added.  

 
 
But here the mess starts both before and after the letter other than A’s. But stil way better than 
Intrinsical frequency 8.  
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Triloop patterns 

 

I find the high prevalence of U’s at next base before the triloop interesting. It happens both 
before third pair base, C, G and A. Earlier I showed that a preferred triloop pattern was an next 
pair A followed by closing base C for a triloop. Notice that my winner (first design) do carry this 
pattern. However I now do realize that the U pattern might be caused by the original design 
having such a preference. 
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But to sum up the new overall pattern for this lab is that Pyrimidines (C and U are high at the 5’ 
side of the triloop. And in the loop as well 
 
Also take note of the high prevalence of U’s in the triloop among the highest scoring. 
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I also find it interesting that while only barcode and orange marked boxes are shifted, some of 
bases in stem area going unprotected, are at the same spot. (Blue marking) 

 
 
Like other of its siblings, this longer stemmed design has generally more crappy barcodes. 
 

Triloop + 1-1 loops 

 

I find RedSpah’s winner rather curious. Mine didn’t hold in the tips. 
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What I see for his loops is a phenomenon I have seen before for loops attached to multiloops. 
By turning down the energy in the 1-1 loop (Opposite having full power by using two GC closing 
basepairs for the 1-1 loop) it seems to bring relief to the small triloop. This compares to having 
closing base pair energy turned down for Multi Loop with an internal loop attached. Mainly it was 
the multi loop closing base pair that was adjusted on. But it generally seem to help to not go full 
power in these attached loops. 
 
So these holding tips have the rather low energy -1 for a 1-1 loop. Mine had an energy of -1,7. 
Not as high as could be. I will go through them to see if this pattern continue. That very high 
negative energy = breaking, middle holding and really low breaking too. 
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I will shoot pictures of the designs that holds in the triloop tips according to the estimate. 
 
These ones doesn’t look too strong, but estimate says they hold. They are close in energy for 
1-1 loop in RedSpah’s winner. Also these employ an AU closing for the 1-1 loop. 
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Actually one of my tips holds. The top one holds in estimate, though not looking too stabile. So 
-1,7 flies in some cases. However the bottom one with more negative energy breaks. As did the 
ones with very low negative energy or positive energy in the 1-1 loop, in an earlier design. 
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It is the same in this one. Top one holds, bottom one breaks. It looks like my U in the triloop tip 
made it more unstable than the all A’s in this one. 
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Top one is holding
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However here is one low energy one. Top one is holding. That was rather a surprise. 
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Top one is holding. Actually it is mainly the top one that is holding. Only RedSpah’s winner has 
both tips holding. 
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Top one holding. 
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Top one folds
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Hmm, this high negative top one is holding too. There went my theory. Still the ones around -1 
and -1,1, seems to be safest. And to some degree -1,7
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These has a good energy range, but the GU spit things. 
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I noticed that the designs that had rather stable SHAPE data around the notorious hard to make 
all blue 1-1-1 multiloop, had a rather high GC content. Usually multiloops prefer not having too 
heavy GC-pairing around them at next pair also. Meaning that having two GC-pairs at each 
closing quad in a multiloop most times will be unnecessary most of the time. (one is often fine) 
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Here it stands much more out, that the ones that are most stable (dark blue) around the 
multiloop (marked in orange boxes) are the ones that are having G and C’s there. This is an 
unusual pattern for a multiloop as the multiloops most often does best without this extra GC 
backup behind the closing base pair and to sometimes go wrong if that is added.  
 

 
So this stubborn multiloop seem to wanting them is sort of poetic justice. Checking old labs to 
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see if this is also the case there. 
 
And the answer is yes. :) 
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There is a very high degree of GC’s also for next pair after the multi loop closing base pair, in 
the highest ranked 1-1-1 multiloops. Not always, but a rather high tendency still. 
 
They also seem to have a certain like for double same turning basepairs.  
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23 Feb 2014 

 

Really big loop coil 

 
Now there is a high error rate for the data. 
 

 
 
Actually this was not what I expected at all. The lower scoring designs got fully protected in the 
loop. And for some of the designs that did carry the typical early A protection pattern, it was 
actually reversed, so they were reactive. Another thing. This time there was a different cut off 
pattern. It was later than with the shorter sequences. Here it was around 45 base length 
whereas for the slightly shorter big loops was around 40 bases. So this pattern changes length 
depending on length of the stretch of single A’s too. 
 
The SHAPE data is having the wrong colors due to the error rate. Yellow becomes squeamish 
yellow and blue becomes real blue and nothing else. 
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Hyphema: hows perusing your lab results going? [2:32 PM] 
Hyphema: sounds like the error rate is too high [2:32 PM] 
Nando: err, is it? :P [2:32 PM] 
Hyphema: : ) [2:32 PM] 
Nando: I didn't have that many projects in the runs, so it's kinda ok, but still annoying [2:35 PM] 
Eli Fisker: morning Hyph hi Nando [2:36 PM] 
Eli Fisker: Yes, error rate is high for most labs I have looked at this far [2:36 PM] 
Eli Fisker: So I'm not sure how much the results are to be trusted [2:37 PM] 
Nando: I would say, they are on the bad-smelling side of the untrustworthiness [2:39 PM] 
Eli Fisker: Yes, I'm leaning to that side too [2:39 PM] 
Eli Fisker: I can even see it in the SHAPE colors [2:40 PM] 
Eli Fisker: I mean I noticed some time back that some designs looked special [2:40 PM] 
Eli Fisker: and those happened to be those with high error rate [2:40 PM] 
Eli Fisker: They gets squeamish yellow and strong blue [2:40 PM] 
Eli Fisker: not much in between [2:40 PM] 
Eli Fisker: so they sort of look like SHAPE data with advanced mode turned of [2:40 PM] 
Nando: yes [2:40 PM] 
Eli Fisker: And I see this a lot [2:41 PM] 
Eli Fisker: In particular for my intrinsical frequency [2:41 PM] 
Eli Fisker: Plus the pattern that turns up in my Big loop coil lab, is actually reversed, compared 
to what I expect [2:41 PM] 
Eli Fisker: I mean, the pattern turns up where I do expect it, but the shape colors are reversed 
between blue and yellow [2:45 PM] 
 
 

26 Feb 2014 
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Note on the high error rate in the lab data or Perfect recipe for Bad RNA 

 
On Feb 25, 2014, Eli Fisker wrote 
 
Quest for RNA resonance contamination 
 
Hi Rhiju! 
 
Nando and I have started wondering if it was my intrinsical frequency labs with the long 
stretches of single A's + frequencies, that made the error rate for the latest lab batches 
explode? 
 
(Chatlog from 23 Feb 2014) 
Hyphema: hows perusing your lab results going? [2:32 PM] 
Hyphema: sounds like the error rate is too high [2:32 PM] 
Nando: err, is it? :P [2:32 PM] 
Hyphema: : ) [2:32 PM] 
Nando: I didn't have that many projects in the runs, so it's kinda ok, but still annoying [2:35 PM] 
Eli Fisker: Yes, error rate is high for most labs I have looked at this far [2:36 PM] 
Eli Fisker: So I'm not sure how much the results are to be trusted [2:37 PM] 
Nando: I would say, they are on the bad-smelling side of the untrustworthiness [2:39 PM] 
Eli Fisker: Yes, I'm leaning to that side too [2:39 PM] 
Eli Fisker: I can even see it in the SHAPE colors [2:40 PM] 
Eli Fisker: I mean I noticed some time back that some designs looked special [2:40 PM] 
Eli Fisker: and those happened to be those with high error rate [2:40 PM] 
Eli Fisker: They gets squeamish yellow and strong blue [2:40 PM] 
Eli Fisker: not much in between [2:40 PM] 
Eli Fisker: so they sort of look like SHAPE data with advanced mode turned of [2:40 PM] 
Nando: yes [2:40 PM] 
Eli Fisker: And I see this a lot [2:41 PM] 
Eli Fisker: In particular for my intrinsical frequency [2:41 PM] 
Eli Fisker: Plus the pattern that turns up in my Big loop coil lab, is actually reversed, compared 
to what I expect [2:41 PM] 
Eli Fisker: I mean, the pattern turns up where I do expect it, but the shape colors are reversed 
between blue and yellow [2:45 PM] 
 
Nando: @Eli: maybe this all simply means that the current technology in our pipeline just cannot 
deal with poly(N) [2:48 PM] 
Eli Fisker: Nando, yes, that could very well be [2:48 PM] 
Nando: and maybe we should just leave that topic aside, until it does handle it properly [2:48 
PM] 
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Eli Fisker: So the longer they get, they might actually cause trouble to the other labs too? [2:49 
PM] 
Eli Fisker: This is what I guess [2:49 PM] 
Nando: not sure Eli, but it could be I think [2:50 PM] 
Eli Fisker: RNAions [2:50 PM] 
Eli Fisker: like Prions [2:50 PM] 
Nando:​
 the one thing I got back from the Dimers labs is that there are ​
interactions between separate and unrelated sequences [2:50 PM] 
Eli Fisker: RNA that makes other RNA turn bad :) [2:50 PM] 
Nando: but then, it's all a matter of concentration, how strong the effect will be [2:51 PM] 
Eli Fisker: I wish there was an easy way to see which lab was in which batch [2:51 PM] 
Eli Fisker: Because then it would be easier to come with a qualified guess on what may have 
caused the trouble [2:51 PM] 
Nando: that should be priority number 1, yes, totally agree [2:51 PM] 
 
All my intrinsical frequency labs had relatively crappy barcodes and low scores. Well 
except for one (Intrinsical Frequency). This lab let people pick frequency and colors 
themselves. While the others had locked frequencies. This one does not either have 
crazy high error rates. (It is the first of them I suggested. Only there is some error on the 
lower scoring designs. But I'm thinking what could be the cause of the trouble in the 
other labs and explain why this one is rather untouched, is not just the length of A's, but 
also the repeat frequencies could interfere.  
 

Another loose thought, if my labs are interfering with the other labs, perhaps part of the 
barcode issues may come from this. Both Mat and I have from the start suspect that the 
barcode would cause trouble. So I still very much thinking the barcode itself is causing 
trouble, but perhaps there is an additional reason.  
 
I have some proof of that growing length of single bases/single A's is causing increasing 
amount of barcode distress: 
 
I made 3 "relaxed multiloops with 5, 6 and 7 single bases between the stems. They 
scored fine results in lab, as folks were able to break the A's pattern in the multiloop 
ring, however there still was a growing barcode distress with increase in multiloop ring 
size. My latest lab Very relaxed Multiloop, had 9 single locked A bases between the 
stems. Result, not a single winner and crappy scores and real crappy barcodes. And 
what is interesting for all of these labs, is that they do not have long stems, like the 
usual labs with crappy barcodes.  
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I posted a report on my Very Relaxed Multiloop lab the other day.  
 
https://docs.google.com/document/d/1M1og8eWGlnMNvumXYNpd9W5P_s9PJTJhvFSf6xMp3
Oc/edit# 
 
Eli 
 
 
To Eli, 25 Feb 2014 
 
Yes, we noticed this independently. In our current order we have filtered out any sequences with 
polyC or polyG, and will impose a hard constraint on future labs. 
 
By the way, we are also retaking all the data from the last 3 rounds to get lower error rates. 
However that will not correct for any sequences whose RNA folds are disrupted by other 
sequences! 
 
Rhiju 
 
 
To Rhiju, 25 Feb 2014 
 
Ah, that makes totally sense. These Poly C and G beasts are anxious to bind anywhere. I see 
them as likely prion suspects.  
 
I'm happy the data gets retaken. Ok. So most of my intrinsically labs are still in there. If it is only 
the Poly C and G's causing trouble, then we should get much better data. However if it is also 
the frequency of my other labs that also causes trouble as I suspect it might too, then there will 
still be a rather high error rate. Since the Intrinsical lab with mixed frequency went fine. No 
matter what it should makes us wiser on what really happened.  
 
Eli 
 
 

9 Mar 2014 

 

JR’s Lets Break the barcode - Adjacent barcode version 

 
I think that each nucleotide difference between barcode and main design, makes the design 
take a slightly different barcode.  
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If you notice closely there is a difference between 2 and 3 nt dangling ends. Notice that the C’s 
comes earlier in the barcode in the 2 nt dangling lab than in the 3 nt dangling lab. And there is 
more of them in the first than the latter. So for the lab with 0 distance between barcode and 
main design, I predict even more green and earlier. [Looks like my prediction held.]  
 
And just like GU’s helps barcodes relax in designs with long stems, Brourds experiments with 
non canonical pairs the same places, did real well too.  
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Even Watermoon’s crossed GU’s fly:  
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For my lab experiments for the barcode and main design adjacent in this lab series, I reused a 
stable barcode from high scoring designs in one of the sibling labs. The intention is that I will like 
to know how the same design will do with the same barcode, so the only variance between 
them is the size of the dangling end. That should give me a good shot at getting data on that the 
the distance means something. If these experiment goes as I expect, this designs will score 
lower than the one I borrowed from, as I think that barcodes next to the main design can have a 
negative effect, causing more misfolds than if design and barcode is distanced a bit. This time I 
picked from the 2 nt distanced lab, over the 3 nt lab, as I think the closer in shape the design is, 
the more likely the transfer is to work. However I think that each of these labs will have a 
difference in preference of barcode, just based on the distance the barcode has to the main 
design. I think the closer they are, the more likely to interfere with each other they is, and thus 
they call for different solutions to avoid that. 
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FMN Binding Site Chemical Footprint - Round 2 

 
Another thing I found curious when looking at the lab in this round where the aptamer is 
reversed, is the clear bias for C’s in particular or U’s on the one side of the stem. And as a 
natural consequence, red on the other side of the stem.  

 
 
Here is Nando’s winner with an unusual biased distribution of GC-s.  
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It might make sense that the Gs are the longest away from the part of the aptamer that has 
most G’s. However I’m surprised about how much this is actually biased. I wonder if the same 
bias will occur with the reversed aptamer or it will be reversed also.  
 
The other thing I also found striking was the high prevalence of U’s on the other side of the 
aptamer as for using a (base 16) With a preference for this being either a U if a AU pair was 
used or a or a C, if a GC pair was used. I would have expected a GC-pair to be first pick as 
closing basepair as the other one was an AU. Interesting. 
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29 Apr 2014 

 
Return of the boost 
 

8 May 2014 

 
I put up my lab notes for the one paper lab Unconventional RNA Structure and Sequence 
Design:  
 
Analysis for mismatch lab 
 

13 May 2014 

 

JR's Let's Break the Barcode  
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Actually here is rather an interesting result. I have earlier predicted that designs would do worse 
with a barcode adjacent to the main design than if they kept a distance. Because I saw 
barcodes do bad and sometimes fold up with the design itself. (Particular if the neck was short) 
Something which I disliked. Now this lab has overall long stems and the design was already a 
winner. So I suspect that we might not see the worst case scenarios for barcodes gone bad 
when close to a short neck in a design of a winner, and the same lab setting.  
 
Think this is an idea for a pilot project. That could be a way of showing that barcodes actually 
affects designs differently depending on the main design. So take a 100 % design with generally 
short stems and neck. Freeze it, make lab versions with different gaps and just add different 
barcodes. I think it will look worse for the lab with least distance between barcode and design. 
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But the lab with adjacent barcode has 18 winners, against 18 winners in the one with two base 
distance and 14 for the 3 base distance. And actually the SHAPE data is much more calmer for 
the main design in the ones with zero or small distance. Well, thats except for the barcode.  
 
Earlier I have said that designs with generally long stems often has a crappy barcode. This is 
the case here too, even if the starter design was originally scoring 100%.  
 
The overall picture for these labs is the following. The closer the barcode is to the main design, 
the worse it fares. (Barcode gets yellow, right side in the pictures) So perhaps the bad barcode 
is a price worth paying for nicer data in the main design?  
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http://eterna.cmu.edu/web/lab/3534130/ 
http://eterna.cmu.edu/web/lab/3534128/ 
http://eterna.cmu.edu/web/lab/3534058/ 
 
There are growing error rates on the lab with a bigger gap.  
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I know these labs are just a mood of one single design which gets varied its barcode. My 
question is which set of the data can we best trust. The ones with the stabler barcode, high error 
rates and the more messier main design or the ones with crappy barcodes, calm main design 
and lower error rates.  
 
As I have noted, the distance between barcode and design has an effect on what color mode 
the barcode is in. It looks like my prediction from earlier held. I was predicting that the adjacent 
version of the lab would have more of its green move to the first strand of the barcode.  
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So the gap will affect which barcode a certain design needs. This is just one design, but I 
imagine that the sequence of another design, will crave a slightly different type of barcode. As 
what really is needed for the barcode to do is to not be complementary with the main design to 
avoid binding up. But rather it is to be the lightning conductor, taking all the stress from the main 
design away.  
 
 

14 May 2014 

 
The attempt to break the barcode in JR’s lab on a 100% design. Generally the barcodes that 
looks most unstable in the SHAPE data, are the ones with most repeat bases or mainly AU 
basepairs for the whole barcode. One barcode with almost only UU’s do end up high on the 
scoring total. But doesn’t look too stable itself. 
 
http://eterna.cmu.edu/web/browse/3376325/ 
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Both the specific barcode and the distance of the barcode to the main design, affects which 
bases go unstable in the SHAPE data, of the main design.  
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I suspect that the old lab UI runs on legacy scaling and the new on absolute scaling. Same lab 
and very different. [Rhiju says that it is most certainly a case of legacy scaling versus absolute 
scaling] 

 

 
 
I think the closer the barcode is to the main design, the more it needs to be a negative mirror. 
So the locked G in the closest stem is turning their backs on the C’s in the barcode.  
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18 May, 2014 

Thoughts on Huge RNA  

 
(From discussion with Mat 18 May, 2014) 
 
Eli: I think what RNA designing is really about is frequencies. Patterns change with frequencies, 
in relation to design size, design structure 
So like the double sameturning GC's and AU's are most often bad in small designs, but needed 
in bigger designs. The bigger designs, the more weird patterns will be allowed. Also I believe 
that RNA designs are split into sections, so one section is locked of, like a smaller puzzle. And 
sealed with a rather strong pattern, so it has peace to find itself and not misfold with all the rest 
of the coming design 
Mat: yes size does make a different 
Eli: So the bigger design, the longer sameturning sections we will see and I think also a little 
less even energy distribution 
Mat: more chance of interaction i guess too 
Eli: Yes, that too.  
Mat: About the "The bigger designs, the more weird patterns will be allowed". I have thought 
about that sometimes, a big guess about that, that weird patterns may help with making 
sequence less complimentary, there would be another reason as well i guess. 
Eli: I agree, with you on weird patterns making things less complementary. Lets say you have 4 
U's in line and only one sections of them and have no stretches of 4 A's. Then they are more 
likely to stay unpaired 
What matters is how many stretches are potentially complementary to each other 
Mat: yep 
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Eli: The higher frequency of the same complementary fragments, the higher chance of an 
accident 
Mat: the lengths of sections/fragment could get bigger too, as a ratio to the overall design/lab 
size too 
Eli: Yes, thats what I think will happen 
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5 June, 2014 

 
I was looking at some of my old lab data from the first cloud lab. I made changes in winners 
from first round to see what would happen if I tested out different things.   
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Original 

 
http://eterna.cmu.edu/game/solution/2333227/2389657/seeresult/ 
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Mod 

 
http://eterna.cmu.edu/game/solution/2333227/2600643/seeresult/ 
 
I even managed to snatch the same barcode. Only difference is this area. 
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However their SHAPE data are strikingly different with instabilities spreading far from the area of 
change.  
 
Original  
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Mod 

 
 
I think this illustrates nicely Omei’s talk about strain on the backbone. And as I have said that 
some long stemmed designs crave GU for making the long stemmed designs relax, a GU the 
wrong place can also have the opposite effect. I suspect we will find that a GU’s positioning in a 
stem and its orientation will matter for if it is relaxing or putting further strain on a structure.  
 
I also did a second mod of Janelle’s design, this time following the new constraints and putting 
in a U in the bulge ring. This showed to have a relaxing effect and the design scored a bit better. 
However I had to change the barcode. But the SHAPE data shows a lot less instability.  
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http://eterna.cmu.edu/game/solution/2333227/2600662/seeresult/ 
 

283 

http://eterna.cmu.edu/game/solution/2333227/2600662/seeresult/


I successfully interchanged the exact GU and GC bulge closing in another design. Also here I 
managed to snatch the original barcode, only difference this section:  
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Original 
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http://eterna.cmu.edu/game/solution/2333227/2333463/seeresult/ 
 
Mod 
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http://eterna.cmu.edu/game/solution/2333227/2600686/seeresult/ 
 
Identical structure element from bulge:  
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Exact same bulge closing for both design and this is the only difference. So the stability of the 
rest of the design will also decide if a certain bulge closing will work. And instabilities can be 
induced far away from the zone of change.  
 
Mat also made a near mod of jandersonlee’s winner 
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Only difference.  
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Yet there are several differences in SHAPE data, not just on changing side, but at opposite end 
of stem and even further away. 
 
Original 

 
 
Mod 
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Stevetclark did a similar mod of his round 1 winner. Added two red “boosts” for the bulge, with 
dramatic decrease in score. 96 against 87%. His barcode was different though.  
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Generally the bulges that did best didn’t have other than A at first or last base of the bulge ring.  
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Mat did another experiment where he just added one single G boost at the tetraloop.  
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Again it caused disturbances and stabilization in the SHAPE data far away.  
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He did the exact same experiment for his first winner with the same result for the mod.  
 
Dennis did an experiment where he added one boost base in his winner + plus an U in the bulge 
ring.   
 
1. round 
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2. round 
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I think bases at first spot in structures with single bases can have a quite big effect, if changed, 
compared to bases inside the middle of a stem. Here this additional base reveals the inherent 
weakness in the barcode. There is too few GC-pairs among all the AU basepairs in general, not 
enough to hold the colored tetraloop in check, when it is tempted by other matches.  
 
 

24 June 2014 

 

Thoughts about Long stems, GU and short stems 

 
Notice the high prevalence of GU’s in the the highest scoring ones.  
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There is a much prevalence of GU basepairs for the lower scoring designs, except for those 
which have way too many.  
 
Neither did this left end with short stems, want to stay in target shape. There are simply certain 
shapes which are more likely finding in RNA. RNA don’t mind short stems, but is more likely to 
have certain lengths over another and certain configurations over another.  
 
Longer stems like this neck, are likely an anomaly which passes because of the GU’s added. 
But I think it really prefers having shorter stems. But not too short stems either, if these are put 
on a multiloop. Time and further experiments will tell on this one.  
 
 
15 Oct 2014 Robot Killer labs - and T-multiloops.  
 
I was looking for good multiloop candidates for the new kissing loop lab.  
 
There is this interesting pattern for the T cross multiloop that the C’s want to have a particular 
orientation with the C’s out towards the single A’s in the loops. In particular for the second 
multiloop. It is a little less outspoken for the first one which is connected to the neck.  
 
The tendency is the same for all 3 robot killer labs. However I shot from lab 3 as it has a little 
better S/N data compared to the first two. They don’t have too good data quality. 
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24 Oct 2014 

 
I was looking at one of the old switch labs while preparing for the current round of mimics. I 
mentioned the following in the forum post Switch Types. 
 
- If a whole hairpin in the unbound state is involved in the switching area, it is a bad idea of boosting the 
end loop too effective. Making it less negative however, can help the switch on the way. It has to break so 
it can get moving.  
 
Since there is a small hairpin involved in the switching area I was thinking about what would be 
the best closing base pair for the hairpin loop, if I made it a GC. 
 
My first thought was to use the opposite pattern to what I think is really the most effective (if not 
overused) for stabilizing a hairpin loop. (Besides the G boost) As to not make it too stable, so it 
can break for a switch.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    My favorite​ ​ ​        My second favorite 
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Also notice that there is a lower energy in the loop to the left.  
 
I did a query in the LabDataMiner. I kicked classic eterna results out as I knew that all A’s 
tetraloops were favored way too much in that dataset.  
 
Favorite 
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Second favorite 

305 



 
 
My favorite pattern did best 
 
Then I decided to look up the past switch lab, which I knew had a breaking hairpin. 

306 



  
And interestingly enough the switch designs which score highest seems in favor of the slightly 
less stable closing.  
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Highest scoring designs have a higher prevalence of G’s of this closing base spot and the 
reverse pattern get more prevalent for the lower scoring designs. And that is despite that most 
haven’t even boosted the tetraloop.  
 

 
 

 

20 Dec 2014 

 
I noticed something while designing for Cody’s second round of Kissing Hairpin Loops. 
 
I copy pasted the first kissing hairpin from each of Cody’s labs and pasted the sequence beside 
the results.  
 
This time I sorted them after amount of C’s in the first kissing hairpin loop, from highest to 
lowest.  
 
From what I see to now, it seems like C’s help best if placed mainly at the first kissing hairpin, 
whereas red helps best in the second.  I wonder if the trend continues like this for kissing 
hairpins.  
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S1-KL1 / S2-KL1 
 

   
 
 
 
S1-KL1_noGU / S2-KL1_noGU 
 

  
 
S1-KL_newA / S2-KL_newA 
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S1-KL_1S72 / S2-KL_1S72 

 
 
 
S1-KL1_negative / S2-KL1_negative 
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S1-KL_newB / S2-KL_newB 
 
 

  
This one actually did a little better than the S1-KL1_negative / S2-KL1_negative, that did not have 
a single C.  
 
 
New b with 3 G’s reds and 0 C in first hairpin loop, actually did a little better than the negative 
one with 3 G and one 1 C. I think C’s at both ends of the kissing loop sequence is helping make 
the kiss happen, even if there are fewer strong bases like G and C in the kissing loop sequence. 
If a kiss could be made this way, I see it as preferable, as it would help insure that there are 
fewer potential complementary kissing loop sequences in the stems.  
 
More notes on my lab designs  
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