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Study on the Predicted mRNA Secondary Structures of Plant
Glycerol-3-Phosphate Acyltransferases

LIU Wei-Bo CAO Huai LIU Shi-Xi LIU Ci-Quan
Research Center for Modern Biology Yunnan University ~Kunming 650091 China

Abstract  3-nucletide sequence modes were extracted from the mRNA sequences of glycerol-3-phosphate
acyltransferases GPAT from different chill-resistance plants squash — Cucurbita moschata  pea  Pi-
sum satioum  cucumber  Cucumis sativus  Arabidopsis thaliana  redflow  Carthamus tinctorius
spinach  Spinacia oleracea  and figleaf gourd Cucurbita ficifolia . The mRNA secondary structures of
translation domains in the reported sequences were predicted using Zuker' s prediction respectively. All
the structural subunits including hairpin loops internal loops bulge loops 3-branch loops and 4-branch
loops were searched out. In the analysis of the distribution of codons which code proline we found that
most of these codons locate at the specific areas in the secondary structures such as the end of strands the
root of loops the bulge loops and the loops with 3 branchese or 4 branchese. The codons occuring in the
areas of 3D significant count up to the ratios from 69% to 97% and it is the case we found in the study
of other species.
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2000 84
2
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Table 1 3-nucletide modes frequently and rarely occuring in the mRNA sequences from seven
plant glycerol-3-phosphate acyltransferases
squash pea cucumber A. thaliana redflow spinach figleaf gourd
att 54 aaa 67 tte 76 aaa 61 tet 60 tet 57 aaa 39
tte 51 tte 59 ctt 60 gaa 54 aaa 50 ctt 49 ttg 37
tig 50 ctt 57 att 59 aca 48 cte 49 tte 49 gaa 34
acg 7 gcg 7 cgg 10 ggc 11 cga 10 ggc 8 gta
cgt 5 cgg 4 acg 9 ggg 11 gac 9 acg 5 gcg
gcg 3 acg 3 gcg 5 cee 10 acg 7 gcg 5 cgt
Cucurbita meschata Pisum sativum Cucumis sativus Arabidopsis thaliana

inifiglly dG = 313.18 CDS 1241314

initally dG = -334 .5 GOS8 4..1377

intially oG = 9745 CDS 1..1413

initislly dG = -418.4 CDS §8..1437

Carthamus tinctorius

initiglly dG = 428.2 CDS 76.,1467

Spinacia oleracea

initislly o3 = -4183 CDS 561473

Figleaf gourd

initallydG = 2580 CDS 1..1191

1 GPAT
F
Fig. 1

mRNA
G Zuker

B C
dG

Predicted mRNA secondary structures of plant GPATs with different chilling tolerance

D E

kcal/mol

where A is for squash B for pea

C for cucumber D for Arabidopsis thaliana E for spinach F for redflow and G for figleaf gourd. The unit of initial free energy

dG in the Zuker' s prediction is keal / mol.
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Fig. 2 Site schemes of the codons which code No 84 amino acid residues starting from the processing sites in the predicted mRNA

secondary structures of plant GPATs

F for redflow and G for figleaf gourd.

2 GPAT mRNA

Table 2 Comparisons of subunits in the predicted mRNA secondary structures of plant GPATs

where A is for squash B for pea C for cucumber D for Arabidopsis thaliana E for spinach

squash pea cucumber A thaliana redflow spinach figleaf gourd
1191 1374 1413 1380 1392 1419 1191

/ 18 24 21 23 22 20 17

4 / 5 3 4 6 4
5 / 6 3 4
/ 30 32 32 32 30 41 28
/ 21 11 12 16 12 15 14

/ 14 18 18 9 17 15 18

/ 0 2 1 2 1 1

2.4
GPAT
82.2%
1
aaa tet
tte ctt ttg
7 geg
acg cgt cgg cga
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Table 3 Location of proline-coded codons in the mRNA secondary structures of seven plant GPATs

3

GPAT

mRNA

mRNA Total SE LR BL BL3 BI4 Ratio
88 175 178 247 319 358 397 517 553 607
ccg cct cca cca cct cct cca cca cca cct
BL3 LR SE BL3 LR LR SE BL SE LM
619 679 775 79 802 823 829 86 901 931
cee cet cee ceg cce cca cce cet cce cet 25 6 8 2 84%
LR SM BI4 LR SM SE BI4 SM LR BL
934 937 1009 1051 1183
cct cce cct cct cct
SE LR LR SE BL3
79 91 112 136 355 427 499 538 616 697
ccg cct cct cct cct cce cct cct cce cca
LR BL3 SE BL3 SE LR BL3 BI4 SM SM
733 787 799 859 955 976 1003 1063 1066 1081
cca cet cee cca cca cca ceg cca cca cet 27 6 8 2 93 %
LR LR BL3 BL3 LR BL3 BI4 LR SE BL
1111 1114 1117 1189 1231 1342 1363
cct cct cca cca cct cct cca
SE BL3 LR LR SE SE BL3
52 64 67 82 118 121 163 184 187 202
cect cct cca cct cct cct cce cct cce cct
LR SE IR BL3 SM SE IM IM IR BL3
277 307 310 394 538 553 577 616 736 994
cce cca cct cct cct cca cct cca cca cca
BL3 IM LR LR LR SE SM SE LM B4
36 11 6 1 69%
772 826 838 898 1015 1021 1042 1048 1105 1120
cct cce cct cce ceg cca cca cce cct cce
SE BIL3 BL3 SE SM BL3 SE LM SE SM
1150 1153 1156 1228 1270 1402
ccg cct cct cct cct cct
IM SE SE BL3 SE LM
76 85 151 154 265 361 505 520 544 583
ccg cca ccg cct ccg cca cct cca cca cct
LR LR LR SM BL3 LR LM SE LR LR
739 793 805 85 961 982 988 1009 1015 1072
cet cet ceg cet cca  ceg cet cet cee cet 28 7 10 1 86%
SE SE SE SE BL3 LM SE BL3 LM BI4
1087 1117 1120 1123 1126 1195 1237 1369
cca cce cct cca cce cct cct cct
IR BL3 BIL3 LR LR BL LR SE
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3
mRNA Total SE LR BL BI3 BI4 Ratio
19 28 61 73 85 103 106 130 148 169
cct cct cct cct cct cct cct ceg ccg ceg
BL3 BL3 BL3 SE SM SE SE LR SE IR
220 226 256 361 433 505 520 544 583 703
ccg ccg ccg cca cct ceg cca cet cct cca
LR SE SE BL3 SE SE SE LR BL BL3
36 12 9 3 2 97%
739 793 865 964 985 991 1012 1018 1090 1120
cce cct cct cca cca cct ccg ccg cct cce
BL3 SE SE BL BI4 LR BIL3 LR BI4 IR
1123 1126 1198 1240 1351 1372
cct cct ccg cce cca cce
LR BL BL3 SE LR BL3
25 28 202 283 397 541 553 556 580 619
cca cce ccg cct cct cct cca ccg cct cca
LR BL LM BL3 LR BIL3 LR SE BL3 LR
739 829 841 901 997 1018 1045 1108 1123 1153
cee cet cee cee cee cca  ccg cet cca  cee 25 3 8 4 0 92%
BL3 BL3 BL SM LR SE BL3 LR LR SE
1156 1159 1231 1384 1405
cet cca cca ceg cct
LR BL BL BL3 BL3
88 175 178 247 319 334 358 397 433 517
ccg cct cca cca cct cca ccg cca cct cca
IR LR SE SM LR LR SM SE SE BL
553 607 619 679 775 796 802 823 829 886
cca cet cee cet cee ceg cet cca cee cet 26 6 9 1 77%
BL3 LM BI4 SE IR IR LR LR IM SM
901 931 934 937 1009 1051
cce ccg cct cce cct cct
BL3 BL3 SE SE  SM LR
mRNA 1 Zuker mRNA MFOLD
mRNA
mRNA SE SM
LR M BL3 Bl4 BL
Total SE IR BL
BL3 BL4 Ratio SE LR BL
BL3 BI4 Total
7 7 4
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