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ObjectiveObjective

• We have found 45 instances of ribose-base interactions mostly located in 
the ribosomal RNAs. 

• The helix-helix motif interactions, composed of WC base pairs forming an 
angle of ~60° between their corresponding planes, involve ribose-base 
interactions, which we named ribose-base type I (RI) and ribose-base type 
II (RII) interactions.

• Loop-loop interactions, mainly A-minor motif, produce parallel interactions. 
• Junctions with a high degree (5 or higher) of branching can be seen as 

composition of junctions of smaller degrees (3 or 4). 
• Smaller loop between helices are more likely to stack each other.
• High percentage of As in loop regions are due to the flexibility of junctions

• 5-way and higher junctions are often composed of a mixture of 3- and 4-way 
junctions locally. 

• To stabilize RNA structure, helix-helix motif arranges helices in perpendicular 
configuration.

• Prediction of motifs such as A-minor, coaxial stacking, helix-helix, at the 
secondary structure level can help predict 3D configuration
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RNA molecules can adopt well-defined three-dimensional structures of 
high complexity to carry out specific functions in a cell. However, even 
the most complicated RNA structures are composed of basic structural 
elements such as junctions. RNA junction is the hub of multiple helices 
involving various functional roles, i.e., self-cleavage, binding domain of 
protein. Because RNA junctions define main architectural features in 
RNAs, it is important to better understand how these elements are 
structured.

• Classify RNA junctions into a families
• Perform analysis over 2D & 3D RNA structure.
• Discover new tertiary RNA motifs and interactions.

• Compiled datasets containing high-resolution (≤ 3.0 Å) RNA crystal 
structures were collected from RCSB Protein Data Bank7.

• Canonical WC basepairs in single strand regions were searched using the 
program FR3D6 to obtain the secondary structure of RNA.

• Visual inspection was used to verify the correctness of our procedure and 
compared our search outcome to data available from the RNAJunction
database8.

• A total of 198 RNA junctions were analyzed based on coaxial stackings, and 
helical arrangement patterns.
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Int. P-interaction & Ribose-base type I Location Int. P-interaction & Ribose-base type I Location

P G549-U563 G17-C533 23S (1NKW) P G2688-U2677 G1644-C1655 23S (1NKW)

RI C550-G562 U18-A532 H2-H25 (10WJ) RI C2689-G2676 U1645-A1654 H60-H96 (3WJ-I. loop)

P G545-U611 C14-G529 23S (1S72) P G2744-U2735 G1704-C1714 23S (1S72)

RI C546-G610 C15-G528 H2-H25 RI C2745-G2734 C1705-G1713 H60-H96 (3WJ-I. loop)

P G539-U554 G17-C523 23S (2AW4) P G2709-U2698 G1628-C1638 23S (2AW4)

RI C540-G553 U18-A522 H2-H25 (10WJ) RI C2710-G2697 U1629-A1637 H60-H96 (3WJ-I. loop)

P G539-U554 G17-C523 23S (2J01) P G2709-U2698 G1628-C1638 23S (2J01)

RI C540-G553 C18-G522 H2-H25 (9WJ) RI C2710-G2697 U1629-A1637 H60-H96 (3WJ-I. loop)

P G610-U670 G634-C615 23S (1NKW) P G2702-U2666 G1678-C1982 23S (1NKW)

RI C611-G669 C635-G614 H27-H28 (3WJ) RI C2703-G2665 U1679-A1981 H61-H96 ( loop-4WJ)

P G684-U662 G657-C748 23S (1S72) P G2758-U2724 G1739-C2040 23S (1S72)

RI C685-G661 C658-G747 H27-H28 (5WJ) RI C2759-G2723 U1740-A2039 H61-H96 ( loop-4WJ)

P G600-U657 C623-G605 23S (2AW4) P G2722-U2687 G1661-C1999 23S (2AW4)

RI C601-G656 C624-G604 H27-H28 (4WJ) RI C2723-G2686 U1662-A1998 H61-H96 ( loop-4WJ)

P G600-U657 G623-C605 23S (2J01) P G2722-U2687 G1661-C1999 23S (2J01)

RI C601-G656 C624-G604 H27-H28 (4WJ) RI C2723-G2686 C1662-G1998 H61-H96 ( loop-4WJ)

P G659-U650 G645-C640 23S (1NKW) P G2320-U2270 C2358-G2353 23S (1NKW)

RI G660-G649 C646-G639 H29-H31 (3WJ) RI C2321-G2269 U2359-A2352 H83-H87 (4WJ)

P G740-U731 C695-G690 23S (1S72) P G2375-C2325 G2416-C2411 23S (1S72)

RI C741-G730 C696-G689 H29-H31 (5WJ) RI C2376-G2324 C2417-G2410 H83-H87 (4WJ)

P G649-U639 C634-G629 23S (2AW4) P G2341-U2291 G2379-C2374 23S (2AW4)

RI C650-G638 C635-G628 H29-H31 (4WJ) RI C2342-G2290 C2380-G2373 H83-H87 (4WJ)

P G649-U639 C634-G629 23S (2J01) P G2341-U2291 G2379-C2374 23S (2J01)

RI C650-G638 C635-G628 H29-H31 (4WJ) RI C2342-G2290 C2380-G2373 H83-H87 (4WJ)

P G544-C501 G35-C549 16S (2AVY) P G105-U62 G384-C379 16S (2AVY)

RI C545-G500 C36-G548 H3-H18 (5WJ) RI C106-G61 C385-G378 H6-H15 (5WJ-I. loop)

P G544-C501 G35-C549 16S (2J00) P G105-U62 G384-C379 16S (2J00)

RI C545-G500 C36-G548 H3-H18 (5WJ) RI C106-G61 C385-G378 H6-H15 (5WJ-I. loop)

Int. P-interaction & Ribose-base type II Location Int. P-interaction & Ribose-base type II Location

P G2844-U2822 G2697-C2671 23S (1NKW) P G950-U852 C829-G1205 23S (1NKW)

RII C2845-G2821 G2698-C2670 H96-H101 ( loop-I. loop) RII G951-C851 C830-G1204 H36-H38 (7WJ)

P G2892-U2864 G2753-C2729 23S (1S72) P G1038-U932 U909-A1296 23S (1S72)

RII C2893-G2863 G2754-C2728 H96-H101 ( loop-I. loop) RII G1039-C931 C910-G1295 H36-H38 (7WJ)

P G2869-U2847 C2717-G2692 23S (2AW4) P G939-U839 C816-G1191 23S (2AW4)

RII C2870-G2846 G2718-C2691 H96-H101 ( loop-I. loop) RII G940-C838 C817-G1190 H36-H38 (7WJ)

P G2869-U2847 G2717-C2692 23S (2J01) P G939-U839 C816-G1191 23S (2J01)

RII C2870-G2846 G2718-C2691 H96-H101 ( loop-I. loop) RII G940-C838 C817-G1190 H36-H38 (7WJ)

P G1861-U1856 G2388-C427 23S (1NKW) P G584-U757 G821-C879 16S (2AVY)

RII C1862-G1855 G2389-C426 H68-? ( loop-pseudoknot) RII G585-C756 U822-A878 H20-H25 (3WJ-4WJ)

P G1878-U1864 G2409-C414 23S (2AW4) P G584-U757 G821-C879 16S (2J00)

RI C1879-G1863 G2410-C413 H68-? ( loop-pseudoknot) RII G585-C756 C822-G878 H20-H25 (3WJ-4WJ)

P G1878-U1864 G2409-C414 23S (2J01) Int. P-interaction Location

RI C1879-G1863 G2410-C413 H68-? ( loop-pseudoknot) P G301-U296 G27-C556 16S (2AVY)

Int. Ribose-base type I Location H12-H3 (4WJ-pseudoknot)

RI G945-C1303 A1236-G1334 16S (2AVY) P G301-U296 G27-C556 16S (2J00)

RI G945-C1303 A1236-G1334 16S (2J00) 4WJ

RI G102-C112 G101-C111
Hammerhead (1HMH) 
3WJ

Int. Ribose-base type II Location

RII G1-C72 U67-A6 (2VAL) Helix-Helix

RNA family classification and correlation to higher order junctiRNA family classification and correlation to higher order junctionsons

Novel helix-helix motifs containing G/U receptors and ribose-base interaction 
arrange helices in perpendicular conformation. 

P-helix (blue)
Ribose I (Red)

Coaxial helix 182 
(30%)

A-minor motif 229 
(38%)

Ribose zipper 
121 (20%)

Pseudoknot 40 
(7%)

Loop-loop receptor 
16 (3%)

tRNA D-loop;T-
loop 7 (1%)

Kissing hairpin 6 
(1%)

AnalysisAnalysis

Anatomy of 4-way junctions Distribution of tertiary motifs

• From our previous work1, analysis of 54 high-
resolution RNA structures, 601 RNA tertiary 
interactions were found. Most of them occurred 
in the 16S and 23S rRNAs. 

• Coaxial helices and A-minor interactions are 
highly abundant.  

Distribution of sequence length between helices
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Size of loops between non-coaxial helices
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Short sequence size of a loop between helices shows high probability of forming coaxial stacks.  
Interestingly, high probability of non-coaxial helices were observed in a loop size of two.

Laing & Schlick, 2008 (submitted) 


