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rbcL
A: 3558
B: 3146

A: BOLD (2021)
B: Testo & Sundue (2016)

trnL-L-F A: 7
B: 2559

matK
A: 240

trnH-psbA
A: 42

PLASTOME
(most ferns)

trnL-L-F      ≥
matK >>
trnH-psbA ≥
rbcL

Variability

trnL-L-F    ~=
trnH-psbA ≥
rbcL >>
matK

Primer 
universality
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trnL-L-F rbcL matK
(1 primer set)

matK
(5 primer sets)

High Universality of trnL-L-F Primer Set 

Family trnL-L-F rbcL matK

Hymenophyllaceae 100.00% 100.00% 54.55%

Gleicheniaceae 100.00% 100.00% 100.00%

Plagiogyriaceae 100.00% 100.00% 50.00%

Lindsaeaceae 100.00% 50.00% 0.00%

Dennstaedtiaceae 100.00% 100.00% 80.00%

Pteridaceae 80.00% 60.00% 80.00%

Dryopteridaceae 100.00% 91.67% 16.67%

Polypodieaceae 100.00% 76.92% 7.69%

Aspleniaceae 100.00% 85.71% 14.29%

Thelypteridaceae 100.00% 22.22% 44.44%

Arthyriaceae 100.00% 90.91% 100.00%

(L) Multiple product
(R) Single product
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A new workflow adopting NGS platforms

$$ > Sanger’s $$ << Sanger’s $$ << Sanger’s 4



Sequencing Costs (incl. library)

Miseq PE 300 PacBio sequel, SMART

Min. per run 22,000 NTD—
1.66 M reads—
1 GB (1/10lane)

92,000 NTD—
0.75 M readsb—

15 GB (one flow cell)

Max. sample 
per run

16667 (50X)a

8333 (100X)a 15000 (50X)b

Coverage 50X
1.32 NTD per sample 6.13 NTD per sample

Coverage 
100X

2.65 NTD per sample 12.26 NTD per sample

aSeparate into two amplicons within ~1kb region
bCCS reading 20 times per DNA molecular

5



Selecting DNA
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PRIMER DESIGN

250 plastomes (2020/9/24)

A custom Python script finding 20-25bp conserved primering sites (Wu et al. 2022)

Target region ~1,000bp or < 540bp 

A custom Python script evaluate mismatches of 18+ 8bp-indexes at 5’ of primering
sites   

5’ 3’

3’ 5’

universal primer sites8bp-index
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18+ indexed 
primers
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primers
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~1000bp
amplicon
PacBio

>~600bp 
amplicon

Miseq

trnL 5’exon 3’exon trnF

rbcL

trnL’ 400-~600bp

trnL 600-700bp trnLF 300-400bp

trnLLF 700-1200bp

rbcL 1020bp

rbcLN 501bp
rbcLC 600bp

Primer sets & Amplicon Design
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target region

PCR 1

PCR 2

…
.
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=
PCR n

NGS platform adaptor 
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3k (92)

1.2k (80)

500 (67)

4k (18)

10-5k (28)

1.5k (34)

A  C  C B   D X B   B

bp (ng/µL)
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A pipeline:
https://github.com/PowerBarcoder
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