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B. The distance between the start and end position of exon is too short

Supplementary Figure S1. Typical problems in the display of the structures of
the cis-splicing genes. (A) The size of the intron is too small. The end position of the
upstream exon overlaps with that of the start position of the downstream exon. (B)
The size of the exon is too small. The positions of the start and end positions of the
exons overlap. Where they are too many exons, the problem further exacerbates.
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Case A

rpoC1 4NN 0 0 [] nton

' ' ' '
20251 21861 22653 23084

Original gene length (1) = x, - X5 = 23084 -20251 = 2833;

The critical distance (d.) = L,/8 = *2% = 154.125;

The length of the first exon (1,) = 21861 - 20251 = 1610 > 354.125 (d.),

Because of 1, > d,, the end position(21861) of the first exon does not need to modify.

Case B

atpF <l —
. ' '
The overlap of positions 12654 12798 . Exon
D Intron
atpF <4 |
' ' ' '
11529 11600 12654 12798

Original gene length (1,) = x, - x5 = 12798 -11529 = 1269;

1269
8

The length of the first exon (l;) = 11600 - 11529 = 71 <158.625 (d_);

The eritical distance (d.) = 1,/8 = = 158.625;

Because of 1, < d, the end position(11600) of the first exon needs to add p, (py = dy — d;), the
result is 11600 + (158.625 - 71) = 11687.625.

Supplementary Figure S2. The schematic depiction of the steps 1 and 2 in the

CSA algorithm to modify the end position of the exon 1.

(A) the length of the exon 1 is > d. and no change is needed. (B) the length of the

exon 1is < d.. The size of the exon is scaled.




Case A

IZ (The length of the second exon)

moc! 4NN 0000000 e o
D Intron

' ' [ [
20251 21861 22653 23084

Original gene length (1) = Xs - X, = 23084 -20251 = 2833;

2833

2. The critical distance (d.) =1,/8 = = = 354.125;

The separation distance (dgq) =22653 - 21861 = 792 > 354.125 (d.),

Because of d¢q > d,, the start position(22653) of the second exon does not

need to modify.

Case B

exonl [2

cipP < T

| ) ' ' |
69910 7070200 70859 71655 71882
J - Exon

L
\\ '
D Intron

N
The start position of exon2 is increased

\\.
cpP <N W I

[ [ [
70859 71655 71882

' ' '
69910 70000 70102

Original gene length (L) = x5 - x, = 71882 -69910 = 1972;

2. The critical distance (d.) = 1,/8 = -]% = 246.5;

The separation distance (dgy) = 70102 — 70156.5 = -54.5< 0,
Because of da < 0, the start position of exon2 needs to increase py (p2 = dq +

|ds1]), pz = 246.5 + 54.5 =301,
So, the start position of exon2 is 70102 + 301 = 70403.

Case C

14

15

I

yeis 4NN BN 0

' 0 '
44010 44354 44591 . Exon

\, D Intron

yef: 4NN 2NN 290 O

[ [ [ ' [
43401 43468 44010 44354 44591

0
42584

'
42584

Original gene length (L) = x5 - x, = 44591 -42584 = 2007;

2. The critical distance (d.) = 1,/8 = = = 250.875;

The separation distance (dg;) = 43468 — 43401 = 67 < 250.875,
Because of dgq > 0, the start and end positions of exon2 need to increase
p3 (p3 =d.—dy ), p3 = 250.875 - 67 = 183.875,

So, the start position of exon2 is 43468 + 183.875 = 43651.875

Supplementary Figure S3. The schematic depiction of the steps 4 in the CSA
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algorithm to adjust the start and end positions of exon 2.
In case A, no adjustment of the start and end positions of exon 2 is needed. In case B
and C, only the start position of exon 2 is needed.
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Ll_l‘\ I_‘_J
\
dz dg3
Y
A
The start position of exon3 is increased
\
(2) ndhe [ || | 4
1 1 1 1 n 1 1
141596 142001 142600 142800 1423000 143463 143819
—

M ags i
The evzdpos;tron of exon3 is increased

\
N
X

(3) ndhB I || I >
] 1 1 1 ] L] 1 1
141596 142001 142600 142800 142900  1431DB463 143819
\
A
The\start position of exond is increased
\\
(4) ndhe [ || I
1 ] 1 1 1 1 1 1
141596 142001 142600 142800 142900 143100 143463 143819

Supplementary Figure S4. The schematic depiction of steps 5 in the CSA
algorithm to adjust the start and end positions of the exon 3 and those after for
the ndhB gene. (1) After the scaling of exon 2, the positions of exon 2 and exon 3
overlap. (2) Adjust the start position of exon 3, resulting the overlap of the start and
end positions of exon 3. (3) Adjust the end position of exon 3, resulting in the overlap
of positions for exons 3 and 4. (4) Adjust the start position of exon 4, resulting in
well-separated positions.
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Supplementary Figure S$5. The mapping results of RNA-seq reads to the
exon/intron/exon boundaries of the rps12 gene on the Glycine max chloroplast
genome. These results exemplify a three-exon model of the rps12 gene. (A) A
bird’s-eye view of the read mapping result at the exon1/intron1 boundary. (B) A
base-level view of the read mapping result at the exon1/intron1 boundary. (C) A
bird’s-eye view of the read mapping result at the intron1/exon2 boundary. (D) A
base-level view of the read mapping result at the intron1/exon2 boundary. (E) A
bird’s-eye view of the read mapping result at the exon2/intron2 boundary. (F) A
base-level view of the read mapping result at the exon2/intron2 boundary. (G) A
bird’s-eye view of the read mapping result at the intron2/exon3 boundary. (H) A
base-level view of the read mapping result at the intron2/exon3 boundary. The
exon/intron/exon junctions are indicated with read lines.
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(A) Bird's-eye view of exon1/intron1 boundary

(B) Read mapping résult of exon1/intron1 boundary
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Supplementary Figure S6. The mapping results of RNA-seq reads to the
exon/intron and intron/exon boundaries of the rps12 gene on the Cicer
arietinum chloroplast genome. These results exemplify a two-exon model of the
rps12 gene. (A) A bird’s-eye view of the read mapping result at the exon1/intron1
boundary. (B) A base-level view of the read mapping result at the exon1/intron1
boundary. (C) A bird’s-eye view of the read mapping result at the intron1/exon2
boundary. (D) A base-level view of the read mapping result at the intron1/exon2
boundary. The exon/intron/exon junctions are indicated with read lines.
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Note:

Due to the large size of the supplementary figure S7-S37 (~300 MB), we could not
upload them to the journal’s server after trials for days. As a result, we uploaded the
supplementary figures to our server. They can be accessed from the following website:
http://www. Tkmpg.cn/cpgview/sfigures/index.html.

We apologize for any inconvenience this might cause, and we greatly appreciate your
understanding.

Supplementary Figure S7. The gene maps for the chloroplast genome of
Agrimonia pilosa generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.

Supplementary Figure S8. The gene maps for the chloroplast genome of
Fagopyrum dibotrys generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.

Supplementary Figure S9. The gene maps for the chloroplast genome of
Menispermum dauricu generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.

Supplementary Figure $10. The gene maps for the chloroplast genome of
Magnolia biondii generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.

Supplementary Figure S$11. The gene maps for the chloroplast genome of
Sanguisorba officinalis generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.

Supplementary Figure $12. The gene maps for the chloroplast genome of
Apocynum venetum generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.
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Supplementary Figure $13. The gene maps for the chloroplast genome of
Ligusticum sinense generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.

Supplementary Figure S$14. The gene maps for the chloroplast genome of Rosa
chinensis generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.

Supplementary Figure $15. The gene maps for the chloroplast genome of Aster
tataricus generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.

Supplementary Figure $16. The gene maps for the chloroplast genome of
Dianthus chinensis generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.

Supplementary Figure $17. The gene maps for the chloroplast genome of
Prunus japonica generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.

Supplementary Figure $18. The gene maps for the chloroplast genome of
Prunella vulgaris generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.

Supplementary Figure $19. The gene maps for the chloroplast genome of
Saururus chinensis generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.

Supplementary Figure $20. The gene maps for the chloroplast genome of
Achyranthes bidentata generated by CPGView.
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(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.

Supplementary Figure S21. The gene maps for the chloroplast genome of Salvia
officinalis generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.

Supplementary Figure $22. The gene maps for the chloroplast genome of
Celosia argentea generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.

Supplementary Figure $23. The gene maps for the chloroplast genome of
Euphorbia lathyris generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.

Supplementary Figure S24. The gene maps for the chloroplast genome of
Paeonia lactiflora generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.

Supplementary Figure $25. The gene maps for the chloroplast genome of
Schizonepeta tenuifolia generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.

Supplementary Figure $26. The gene maps for the chloroplast genome of
Gleditsia sinensis generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.

Supplementary Figure S27. The gene maps for the chloroplast genome of
Houttuynia cordata generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
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Supplementary Figure $28. The gene maps for the chloroplast genome of
Xanthium spinosum generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.

Supplementary Figure $29. The gene maps for the chloroplast genome of
Abelmoschus manihot generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.

Supplementary Figure $30. The gene maps for the chloroplast genome of
Euryale ferox generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.

Supplementary Figure S$31. The gene maps for the chloroplast genome of
Trichosanthes kirilowii generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.

Supplementary Figure S$32. The gene maps for the chloroplast genome of
Aristolochia tubiflora generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.

Supplementary Figure $33. The gene maps for the chloroplast genome of
Diospyros rhombifolia generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.

Supplementary Figure S34. The gene maps for the chloroplast genome of
Pachysandra terminalis generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.
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Supplementary Figure $35. The gene maps for the chloroplast genome of
Sassafras tzumu generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.

Supplementary Figure S36. The gene maps for the chloroplast genome of
Rumex acetosa generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.

Supplementary Figure S37. The gene maps for the chloroplast genome of
Chimonanthus praecox generated by CPGView.

(A) The cpgenome_r gene map; (B) The cis-splicing gene map; (C) The trans-splicing
gene map. Detailed descriptions of these maps can be found in the legends for Fig. 4,
5, and 6.
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