
Nucleotide position

Position
Repeat N 1 2 3 4 5 6 7 8 9 1011121314151617181920212223 24

LLR24-2, 4 2 C A T C G G A T A C C T C C C C C T C C G G G A
LLR24 part 1 - - - - . . . . . . . . . . . . . . . . . . . .

LLR24-1,3,5,6 4 . . . . . . . . . . . . . . . . . . . . . . . G
LHR24-
3,4,5,6 4 t . . a . . . . . . . . . . . . . . . . . . . G

LHR24-2 1 t . . a . a . N . . . . . . . . . . . . . . . G
LHR24-1 1 t . . a . t . . . . . . . . . . . . . . . . . G

Control region 24‐bp repeats

Repeat Length N 14 97 111 122 138 145 155 156 158 161
LLR161‐6 160 1 G T A A T A ‐ ‐ A ‐
LLR161‐2 161 1 . . . . . . ‐ ‐ G T
LLR161‐
1,3,4,5 161 4 . . . . . . ‐ ‐ . T
LHR161‐1,3,4 161 3 A . G G . ‐ T T . ‐
LHR161‐2 162 1 A C G G . ‐ T T . T
LLR161part 59 1 ‐ ‐ A A A . ‐ ‐ . T
LHR161part 47 1 ‐ ‐ ‐ G . ‐ T T . T

Control region 161‐bp repeats, polymorphic sites

Repeat N Sequence
LHR61-4,5,7,8, (8) GATAAACCATACTCCCGCAAACCATAGCGGGGATAAATAATACTCTAATTAATCATCAATG

11,12,13,14
LHR61-18 (1) ............................................................t
LHR61-17 (1) ...................................t.........................
LHR61-3,9,16 (3) ................a............................................
LHR61-1,2 (2) ................a............a...............................
LHR61-10   (1) .............t..N............................................
LHR61-6,15 (2) ................N............................................
LLR 61   (1) ................a....t....ta...ag...................a...ag..c
Consensus GATAAACCATACTCCCGCAAACCATAGCGGGGATAAATAATACTCTAATTAATCATCAATG

Control region 61‐bp repeats
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Lygus lineolaris 17027 bp
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Lygus hesperis 17747 bp
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Gene Direc. Anticodon Start Codon  (a.a.) Stop Codon
* Start/Stop 

codons 
L. lineolaris L. hesperis L. lineolaris L. hesperis T. dimidata

tRNAile F 1-65 1 - 65 GAT 31-33 31-33
tRNAgln R 63-131 63 - 131 TTG 101-99 101-99
tRNAmet F 131-198 131 - 198 CAT 162-164 162-164
ND2 F 199-1206 199-1206 ATT (I) TAA ATC / TAG
tRNAtrp F 1205-1269 1205-2169 TCA 1235-1237 1235-1237
tRNAcys R 1262-1324 1262-1324 GCA 1295-1293 1295-1293
tRNAtyr  R 1325-1390 1325-1390 GTA 1359-1357 1359-1357
cox1 F 1391-2929 1391-2929 ATG (M) TAA atg / TAA
tRNAleu  
(UUR) F 2925-2990 2925-2990 TAA 2955-2957 2955-2957
cox2 F 2991-3671 2991-3671 ATC (I) TAA ATA / taa
tRNAlys F 3672-3741 3672-3741 CTT 3702-3704 3702-3704
tRNAasp  F 3744-3808 3745-3809 GTC 3774-3776 3775-3777
ATPase8 F 3809-3970 3810-3971 ATT (I) TAG ATA / TAA
ATPase6 F 3964-4647 3965-4648 ATG (M) TAA
cox3 F 4634-5470 4635-5471 ATG (M) TAA
tRNAgly F 5418-5479 5419-5480 TCC 5449-5451 5450-5452
ND3 F 5480-5833 5481-5834 ATA (M) TAG atg / TAG
tRNAala F 5833-5894 5834-5895 TGC 5862-5864 5863-5865
tRNAarg F 5899-5966 5900-5967 TCG 5928-5930 5929-5931
tRNAasn F 5966-6030 5967-6031 GTT 5996-5998 5997-5999
tRNAser  
(AGN) F 6029-6093 6030-6094 GCT 6057-6059 6058-6060
tRNAglu F 6098-6161 6099-6162 TTC 6127-6129 6128-6130
tRNAphe  R 6160-6222 6161-6224 GAA 6191-6189 6192-6190
ND5 R 6226-7926 6205-7923 ATT (I) TAA GTG / taa
tRNAhis R 7927-7990 7924-7987 GTG 7958-7956 7955-7953
ND4 R 7962-9317 7959-9314 ATG (M) TAA
ND4L R 9311-9616 9308-9613 ATT (I) TAA ATG / taa
tRNAthr  F 9619-9684 9616-9681 TGT 9649-9651 9646-9648
tRNApro R 9685-9748 9682-9745 TGG 9718-9716 9715-9713
ND6 F 9750-10238 9747-10235 ATT (I) TAA
CytB F 10349-11479 10345-11478 ATG (M) TAA atg / TAG
tRNAser  
(UCN) F 11479-11545 11478-11544 TGA 11507-11509 11506-11508
ND1 R 11553-12479 11552-12478 ATT (I) TAA ATA / taa
tRNAleu  
(CUN) R 12480-12543 12479-12542 TAG 12515-12513 12514-12512
16S RNA R 12544-13791 12543-13790
tRNAval R 13792-13860 13791-13859 TAC 13830-13828 13829-13827
12S RNA R 13866-14709 13865-14708
Control  
region n/a 14710-17027 14709-14747

* the start and stop codon from Triatoma dimidata that are different from those in L. lineolaris and L. hesperis are listed. If only 
one of the codon varies, the conserved codon is indicated by lower case letters.
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The mitochondrial genome of Lygus lineolaris is 17027‐bp. The Lygus hesperusmt genome is 17747‐bp. 

Both genomes contain 13 protein coding regions, 22 tRNA genes, and two ribosomal RNA genes. 

The gene arrangement corresponds to the common order found among insect mtDNAs. 

Excluding the control region, the difference between the two genomes (14709 bp) is 3.3%. 

If only the ORFs (7450 bp) are compared, the sequence divergence is 1.4%. 

A 24‐bp was found in seven copies in L. lineolaris and six copies in L. hesperus. 
Two substitutions separate the 24 bp consensus sequences of the species. 

L. hesperus ‐ Eighteen  61‐bp repeats            L. Lineolaris ‐ One  61‐bp unit.
L. lineolaris 61‐bp unit differs by ten substitutions (16.4%) from the L. hesperus consensus. 

L. lineolaris ‐ 5 copies of 161‐bp;  one copy of 160‐bp;   partial copy  of  59‐bp.
L. hesperus ‐ 3 copies of 162‐bp; one copy of  161‐bp.  partial copy  of  47 bp.

The net 721 bp difference in genome lengths is completely accounted for by differences in the control regions. 

The control regions contain an array of repetitive sequences which could be a source of species diagnostic sequences. 

The overall A+T content for Lygus is 75%, somewhat higher than that of another Heteroptera, Triatoma, but slightly less than Orius. 
There are no significant differences between the two Lygus species. 
Coding region third positions have A+T of 84% compared to about 69% for second positions. 
The tRNAs range from a low of 64.6% A+T in Ser(AGN) to a high of 90.8% in Asp. 
Highest A+T is light yellow; lowest A+T is pink. 
Codon usage is also similar for the two Lygus. 
Among the species there is a tendency for the lesser used codon for each amino acid to be at a higher frequency in Triatoma.

Overall amino acid usage for Lygus,Triatoma & Orius
amino acid Total usage (%) amino acid Total usage (%)

Ll Lh Td On Ll Lh Td On
Gly 5.6 5.5 6.2 5.4 Ser 9.1 9.1 10.0 9.6
Glu 2.3 2.3 2.4 2.4 Lys 3.2 3.2 2.3 3.3
Asp 1.7 1.7 2.0 1.7 Asn 5.4 5.5 4.0 5.0
Val 4.4 4.3 6.2 4.9 Met 10.8 10.6 6.8 9.9
Ala 3.2 3.4 4.3 3.7 Ile 10.6 10.7 9.8 10.1
Trp 2.6 2.6 2.7 2.5 Thr 4.7 4.6 5.1 5.1
Cys 1.1 1.1 1.5 1.4 Arg 1.4 1.4 1.5 1.5
Tyr 5.1 5.2 4.5 4.6 Gln 1.4 1.4 1.5 1.4
Leu 12.7 12.9 14.2 12.9 His 1.9 1.8 2.1 2.0
Phe 9.1 9.1 9.1 9.0 Pro 3.6 3.5 3.6 3.5

Ll, Lygus lineolaris; Lh, Lygus hesperus; Td, Triatoma dimidiata (Reduviidae); 
On, Orius niger (Anthocoridae)

TrpMetGlnIle

Cys Tyr Leu-UUR Lys

Asp Gly Ala Arg

tRNA Stem‐Loop Structures

Asn Ser-AGN Glu Phe

His Thr Pro Ser-UCN

Leu-CUNVal

Truncated DHU arm

Typical tRNA cloverleaf 
folding secondary structure. 
The truncated or absent 
DHU arm of the tRNA‐
Ser(AGN) is not unusual for 
insects

Lygus amino acid usage by gene
L. lineolaris L. hesperis L. lineolaris L. hesperis L. l ineolaris L. hesperis L. l ineolaris L. hesperis L. lineolaris L. hesperis L. lineolaris L. hesperis L. lineolaris L. hesperis

Ala 2.1 2.1 5.5 5.7 2.2 2.7 0.0 0.0 4.8 4.8 2.9 2.9 1.7 1.7
Arg 0.6 0.6 1.8 1.8 2.7 2.7 0.0 0.0 0.9 1.3 1.1 1.1 1.7 1.7
Asn 7.8 7.5 4.7 4.7 8.9 8.4 11.3 11.3 5.7 6.2 2.9 2.9 2.6 2.6
Asp 0.0 0.0 2.7 2.7 3.1 3.1 1.9 1.9 0.4 0.4 1.4 1.4 2.6 2.6
Cys 0.6 0.6 0.0 0.0 0.9 0.9 1.9 1.9 0.4 0.4 1.1 1.1 1.7 1.7
Gln 1.5 1.5 1.6 1.6 3.1 3.1 1.9 1.9 1.8 1.8 2.2 2.2 0.9 0.9
Glu 1.8 1.8 2.1 2.1 5.3 5.3 0.0 0.0 2.6 2.6 2.5 2.5 4.3 4.3
Gly 2.4 2.4 8.8 8.8 3.5 3.5 0.0 0.0 4.8 4.4 7.2 7.2 2.6 2.6
His 0.9 0.9 2.9 2.9 2.2 2.2 0.0 0.0 1.3 1.3 5.8 5.8 0.9 0.9
Ile 13.4 13.4 11.5 11.7 12.8 12.8 15.1 15.1 9.3 8.8 8.6 9.4 17.1 17.9
Leu 9.3 9.6 9.8 10.0 10.2 10.6 3.8 5.7 14.5 15.0 10.8 10.4 10.3 10.3
Lys 6.0 6.0 1.4 1.4 3.1 3.1 9.4 9.4 2.6 2.6 3.6 3.6 6.0 6.0
Met 22.4 21.2 7.0 7.0 8.0 8.4 17.0 17.0 12.8 12.3 7.2 6.8 12.8 12.8
Phe 4.5 4.5 7.8 7.8 3.5 3.1 7.5 7.5 6.2 6.6 9.7 10.1 6.8 7.7
Pro 3.0 3.0 5.3 5.3 4.9 4.9 3.8 3.8 4.9 4.9 3.2 3.2 3.4 3.4
Ser 10.7 11.0 8.8 8.8 8.4 8.4 7.5 5.7 12.3 12.3 8.6 8.6 12.0 11.1
Thr 5.1 5.1 6.4 6.3 6.6 7.1 5.7 5.7 6.2 6.2 6.5 6.5 5.1 5.1
Trp 2.7 2.7 3.1 3.1 2.7 2.7 7.5 7.5 2.2 1.8 4.7 4.7 2.6 2.6
Tyr 3.9 3.9 2.9 2.9 4.0 4.0 5.7 5.7 3.1 3.1 4.7 4.7 1.7 1.7
Val 1.5 2.4 5.9 5.5 4.0 3.1 0.0 0.0 3.1 3.1 5.4 5.0 3.4 2.6

L. lineolaris L. hesperis L. lineolaris L. hesperis L. lineolaris L. hesperis L. lineolaris L. hesperis L. lineolaris L. hesperis L. lineolaris L. hesperis L. lineolaris L. hesperis
Ala 3.4 3.1 2.9 3.1 0.0 0.0 0.6 0.6 4.8 4.8 2.6 2.6 3.2 3.4
Arg 0.9 0.9 0.9 0.9 2.0 2.0 0.6 0.6 1.9 1.9 2.3 2.3 1.4 1.4
Asn 5.0 4.9 4.2 4.7 4.0 4.0 5.6 5.6 6.9 7.4 5.2 5.2 5.4 5.5
Asp 2.5 2.4 1.1 1.1 2.9 2.9 0.0 0.0 2.1 2.1 1.0 1.0 1.7 1.7
Cys 0.9 0.7 2.2 2.2 2.9 2.9 0.0 0.0 0.8 0.8 2.6 2.6 1.1 1.1
Gln 0.9 0.9 0.4 0.4 1.0 1.0 0.6 0.6 1.9 1.9 1.6 1.6 1.4 1.4
Glu 1.4 1.4 1.8 1.8 2.0 2.0 4.3 4.3 1.6 1.6 2.9 2.9 2.3 2.3
Gly 5.5 5.1 6.7 6.7 4.9 4.9 3.7 3.1 5.9 5.8 6.2 6.2 5.6 5.5
His 1.4 1.0 1.3 1.3 1.0 1.0 0.6 0.6 2.7 2.7 0.0 0.0 1.9 1.8
Ile 9.4 9.4 8.6 9.1 9.9 10.9 13.0 12.3 9.6 9.3 9.4 9.4 10.6 10.8
Leu 11.8 11.9 17.7 18.0 19.8 18.8 15.4 16.7 14.6 15.1 14.0 14.3 12.7 12.9
Lys 3.4 3.3 1.8 2.2 2.0 2.0 4.3 4.3 3.5 3.4 2.6 2.6 3.2 3.2
Met 12.4 12.4 8.9 9.1 7.9 7.9 18.5 18.5 8.2 7.7 6.2 6.2 10.8 10.6
Phe 12.9 12.9 12.0 12.2 13.9 12.9 6.2 6.2 7.4 7.2 14.0 13.6 9.1 9.1
Pro 2.3 1.9 2.4 2.4 0.0 0.0 1.9 1.2 6.1 6.1 2.9 2.9 3.6 3.5
Ser 9.7 10.3 10.4 9.8 5.9 5.9 9.9 11.1 5.6 5.6 7.8 7.8 9.1 9.1
Thr 3.2 3.5 1.3 1.1 4.9 4.9 6.2 5.6 4.5 4.2 3.6 3.6 4.7 4.6
Trp 1.4 1.4 1.8 1.8 1.0 1.0 1.9 1.9 3.5 3.4 2.3 2.3 2.6 2.6
Tyr 7.2 7.9 8.0 7.8 5.9 5.9 3.1 3.1 4.5 4.5 8.1 8.1 5.1 5.0
Val 4.6 4.5 5.5 4.4 7.9 8.9 3.7 3.7 4.0 4.5 4.9 4.9 4.4 4.3

ATPase6 cox3ND2 cox1 ND3

ND4L ND6 CytB ND1 Total

cox2 ATPase8

ND5 ND4

Lygus,Triatoma & Orius codon usage
a.a. Codon a.a. Codon

Ll Lh Td On Ll Lh Td On Ll Lh Td On Ll Lh Td On

Gly GGG 35 41 27 34 16.8 20.0 11.8 17.2
Ser 

(AGN) AGG 4 2 9 0 3.3 1.7 6.7 0.0
GGA 99 91 109 107 47.6 44.4 47.8 54.0 AGA 91 92 92 71 75.8 76.0 68.1 62.3
GGU 70 67 72 54 33.7 32.7 31.6 27.3 AGU 22 24 27 37 18.3 19.8 20.0 32.5
GGC 4 6 20 3 1.9 2.9 8.8 1.5 AGC 3 3 7 6 2.5 2.5 5.2 5.3

Glu GAG 14 13 26 12 16.3 15.1 29.9 13.8 Lys AAG 15 15 35 28 12.7 12.5 41.2 23.3
GAA 72 73 61 75 83.7 84.9 70.1 86.2 AAA 103 105 50 92 87.3 87.5 58.8 76.7

Asp GAU 57 56 48 52 91.9 90.3 65.8 85.2 Asn AAU 163 174 105 142 81.5 86.1 70.5 77.6
GAC 5 6 25 9 8.1 9.7 34.2 14.8 AAC 37 28 44 41 18.5 13.9 29.5 22.4

Val GUG 10 10 19 11 6.1 6.3 8.3 6.1 Met AUG 60 59 58 35 15.1 14.9 23.1 9.6
GUA 78 76 76 94 47.6 47.5 33.2 52.5 AUA 338 336 193 328 84.9 85.1 76.9 90.4
GUU 69 67 113 70 42.1 41.9 49.3 39.1 Ile AUU 304 308 281 331 77.4 77.6 77.6 89.2
GUC 7 7 21 4 4.3 4.4 9.2 2.2 AUC 89 89 81 40 22.6 22.4 22.4 10.8

Ala GCG 1 0 4 4 0.8 0.0 2.5 3.0 Thr ACG 3 3 5 1 1.7 1.7 2.7 0.5
GCA 60 63 61 67 50.0 51.6 38.1 50.0 ACA 81 80 69 113 46.8 46.5 36.7 60.8
GCU 48 46 60 53 40.0 37.7 37.5 39.6 ACU 57 53 77 64 32.9 30.8 41.0 34.4
GCC 11 13 35 10 9.2 10.7 21.9 7.5 ACC 32 36 37 8 18.5 20.9 19.7 4.3

a.a. Codon a.a. Codon
Ll Lh Td On Ll Lh Td On Ll Lh Td On Ll Lh Td On

Trp UGG 15 11 23 5 15.8 11.6 23.0 5.4 Arg CGG 6 1 4 5 12.0 2.0 7.1 9.3
UGA 80 84 77 88 84.2 88.4 77.0 94.6 CGA 32 37 33 31 64.0 74.0 58.9 57.4

Cys UGU 39 37 41 45 97.5 94.9 74.5 84.9 CGU 11 11 18 17 22.0 22.0 32.1 31.5
UGC 1 2 14 8 2.5 5.1 25.5 15.1 CGC 1 1 1 1 2.0 2.0 1.8 1.9

STOP UAG 1 1 1 2 11.1 12.5 12.5 22.2 Gln CAG 4 5 9 4 7.5 9.4 15.8 7.5
UAA 8 7 7 7 88.9 87.5 87.5 77.8 CAA 49 48 48 49 92.5 90.6 84.2 92.5

Tyr UAU 172 174 130 142 91.0 90.6 77.8 83.5 His CAU 52 49 49 46 75.4 73.1 62.0 63.0
UAC 17 18 37 28 9.0 9.4 22.2 16.5 CAC 17 18 30 27 24.6 26.9 38.0 37.0

Leu 
(UUR) UUG 84 93 95 33 23.0 24.8 30.3 9.2

Leu 
(CUN) CUG 5 4 10 7 5.0 4.0 4.7 6.2

UUA 281 282 219 326 77.0 75.2 69.7 90.8 CUA 59 59 81 49 59.0 59.0 38.4 43.4
Phe UUU 261 262 250 277 77.9 78.4 74.6 83.4 CUU 33 35 89 55 33.0 35.0 42.2 48.7

UUC 74 72 85 55 22.1 21.6 25.4 16.6 CUC 3 2 31 2 3.0 2.0 14.7 1.8
Ser 

(UCN) UCG 6 5 3 2 2.8 2.3 1.3 0.8 Pro CCG 7 4 4 1 5.3 3.1 3.0 0.8
UCA 119 122 76 105 55.3 56.2 32.3 44.1 CCA 68 66 41 59 51.5 51.2 30.8 46.1
UCU 80 77 130 124 37.2 35.5 55.3 52.1 CCU 44 45 67 60 33.3 34.9 50.4 46.9
UCC 10 13 26 7 4.7 6.0 11.1 2.9 CCC 13 14 21 8 9.8 10.9 15.8 6.3

frequency

frequency

usage (%)frequency

usage (%)frequencyusage (%)

usage (%)

Ll, Lygus lineolaris; Lh, Lygus hesperus; Td, Triatoma dimidiata (Reduviidae); On, Orius niger (Anthocoridae)

Lygus A+T content of coding regions and RNAs

Total 
A+T (%) Size

Total 
A+T (%) Size

Gene Ll Lh Ll Lh Ll Lh Ll Lh Ll Lh
tRNAile 73.8 73.8 65 65 76.1 67 70.3 64
tRNAgln 75.4 78.3 69 69 83.6 67 75.4 69
tRNAmet 71.6 71.6 67 67 75 72 76.5 68
ND2 83.3 82.7 72.9 72.6 86.0 88.4 80.8 81.2 1008 1008 82.0 999 73.7 999
tRNAtrp 84.6 84.6 65 65 84.8 66 78.8 66
tRNAcys 74.6 74.6 63 63 74.6 63 68.8 64
tRNAtyr  75.8 74.2 66 66 68.2 66 69.2 65
cox1 59.8 59.8 60.4 60.4 84.8 84.8 68.4 68.3 1539 1539 68.9 1534 62.9 1539
tRNAleu  UUR 72.7 72.7 66 66 80.3 66 72.9 70
cox2 67.4 66.6 68.3 67.4 81.1 83.3 72.2 72.4 681 681 69.5 679 66.7 685
tRNAlys 68.6 68.6 70 70 71.8 71 67.1 70
tRNAasp  90.8 90.8 65 65 86.8 68 82.8 64
ATPase8 92.6 92.6 74.1 75.9 85.2 87.0 84.0 85.2 162 162 82.7 159 87.0 159
ATPase6 71.9 72.4 63.6 64.0 89.9 87.8 75.1 74.7 684 684 73.8 684 64.5 684
cox3 65.2 65.2 64.9 64.9 85.7 81.0 71.9 70.3 837 837 70.7 785 64.7 785
tRNAgly 80.6 80.6 62 62 84.4 64 82.5 63
ND3 75.4 76.3 69.5 70.3 75.4 78.0 73.4 74.9 354 354 77.6 356 70.3 357
tRNAala 72.6 72.6 62 62 76.2 63 69.2 65
tRNAarg 72.1 73.5 68 68 75.4 65 70.3 64
tRNAasn 76.9 76.9 65 65 81.5 65 76.6 64
tRNAser  AGN 64.6 64.6 65 65 68.7 67 68.1 69
tRNAglu 84.4 84.4 64 64 85.9 64 81.3 64
tRNAphe  74.6 75.0 63 64 83.3 66 75.4 65
ND5 75.8 77.8 72.8 73.1 85.7 84.9 78.1 78.6 1701 1701 78.1 1712 72.1 1713
tRNAhis 81.3 82.8 64 64 81 63 65.6 64
ND4 75.0 75.8 71.5 72.2 84.1 82.9 76.8 76.9 1356 1356 78.5 1332 71.9 1332
ND4L 84.3 76.5 78.4 78.4 76.5 83.3 79.7 79.4 306 306 78.2 294 73.6 296
tRNAthr  78.8 77.3 66 66 83.3 66 82.8 64
tRNApro 79.7 79.7 64 64 68.7 65 73.5 68
ND6 79.1 80.9 75.5 76.1 82.8 85.9 79.1 81.0 489 489 80.6 504 67.7 504
CytB 65.0 64.3 67.1 67.5 82.0 80.7 71.4 70.8 1131 1134 72.3 1132 66.1 1134
tRNAser  UCN 80.6 82.1 67 67 82.9 70 79.7 69
ND1 74.4 74.1 69.9 69.9 82.8 82.5 75.7 75.5 927 927 76.6 924 72.6 924
tRNAleu  CUR 82.8 82.8 64 64 83.3 66 69.2 65
16S RNA 79.9 79.9 1248 1248 82.2 1256 74.5 1269
tRNAval 79.7 79.7 69 69 77.9 68 80.0 70
12S RNA 78.9 78.7 844 844 79.3 787 70.9 779
Control region 77.4 72.8 2218 3039 N/A N/A 66.0 2158
all coding 
positions        71.9 71.9 68.4 69.5 83.9 83.9 75.0 75.1 11085 11106 76.1 11018 70.3 11094

T. dimidataO. niger
Total

Codon A+T content (%)

Size1st Position 2nd Position 3rd Position

Amino acid use by gene is similar for L. lineolaris and L. hesperus.
There are no major differences in usage among the  four Heteroptera


