Barcoding land plants:
Which loci and how many?
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So what are the characteristics of a good barcode?

CRL]

*High inter-specific, low intra-specific sequence divergence
Universal amplification/sequencing with standard primers
*Technically simple to sequence
«Short enough to sequence Iin one reaction
Easily alignable (few insertions/deletions)

*Readily recoverable from museum or herbarium samples and
other degraded samples
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Sloan/Moore Consortium

RBG Kew, RBG Edinburgh, NHM
(London) NHM (Copenhagen), Imperial
College, New York, BG, Mexico,
Colombia, Brazil, U Capetown, SANBI



Sloan/Moore Project — to develop a
universal approach to barcoding of all
landplants (450 my)

18 months in two phases

Phase 1: primer development (protein motifs);
complete genome sequences; problems: ferns;
96 pairs of sister taxa from mosses, liverworts,
hornworts, lycopods, ferns/fern allies,
gymnosperms, angiosperms — percent PCR
success & percent polymorphisms

Phase 2: trials of eight markers identified in
phase |, plus psbA-trnH (Kress eta, 2005).

What about rbcL, trnL, and nrITS?



Trial regions

Selected seven genes that represent the different
levels of universality and variability. Blue= high,
green = medium, yellow= low.
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Sampled groups by region

accD
Ind's bp's

Ind's

ITS
bp's

matK
Ind's bp's

Agave

25 302

25

653

22 913

trnH-psbA
Ind's bp's

Anastrophyllum

25 576

Araucaria

Asterella

Aulosepalum

Conostylis

11 836

Costa R Orchids

3 481

Crocus

74 1191 aligned

Cupressus

Dactylorhiza

Elaphoglossum

Equisetum

Hordeum

Inga

Labordia

Lauraceae

Liverworts

Pinus

Ptychomniales




matK
Barcoding Overlap
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Coding versus non-coding plastid
DNA

How much more variable is non-coding DNA?
Length variation: psbA-trnH, 200-1200 bp
Alignment

PolyA/T (plastid microsatellites)

Molecular evolution: psbA-trnH contains
pl22/rps19 in most monocots including orchids
and grasses



K2P Distances
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Coding versus non-coding plastid
DNA

How much more variable is non-coding DNA?
Length variation: psbA-trnH, 200-1200 bp
Alignment

PolyA/T (plastid microsatellites)

Molecular evolution: psbA-trnH contains
pl22/rps19 in most monocots including orchids
and grasses



trnH-psbA

. Variation in sequence length
- Agave — 576 bp
- Aulosepalum — 836 bp
- Conostylis — 481 bp
- Orchids — 1191 bp
- Equisetum — 250 bp
- Pinus — 606 bp



pPSbA-trnH

% PAUP* 4.0b10 - [C:\Jonathan\Workshop\Desktop 5-1-07\Nexus\orchids_trnh. nex]
File Edit ‘window Help

GAA----TATATGAATTTTTGARCATAGAARAG-CARTCCCCC-AATATCTTGTTCTT
GAR----TATATGAATTTTTGAACATAGAARG -CAATCCCCC-AATATCTTGTTCTT
-GAA----TTTATGAATTTATGAAGATCAGATAACAARTCCCCC-AATATAT

----GAARTTTTTGAAGATAG -
----GAATTTTTGAAGATAG -
----GAATTTTTGAAGATAG -
----GAARTTTTTGAAGATAG -
----GAATTTTTGAAGATAG -

--CARTCCCCC-AATATCTTGTTCTE

---ATCTAATATARTAGATGTATAT
CATGGTATATATGTATATGTATAT --

GGATTTTTGAAGATAG
----GAARTTTTTGAAGATAG -

CAATCCCCC-ARTATATT
--CARTCCCC--AATATATT -

----ATATTGATTTATATGTATAT -- ----GAATTTTTGAAGATAG-----CAATCCCCC-AATATATT ------

-------------- ATATGTATAT---------------------—-—-----—--—-—-----GAATTATTGAAGGTAG-----CAARTCCCC--------~-

—————————————— ATATGTGTAT-------------------------------——-——--GAATTATTGAAGGTAG - ----CAATCCCCC-ARTATCTTGTTCT -
---- --ATATGTATAT------- ----GAATTATTGAARAGTAG-----CAATCCCCC-AATATCTTTTTCTT
---- --ATACGTGTAT------- ----GAATTATTGAAGGTAG-----CAATCCCCC-AATATCTTGTTCT -
---------ATATGTATAT------- ----GAATTATTGAAGGTAG-----CAATCCCCC-AATATCTTGTTCTT
----- ATATAGATGTATAT------- ----GAATTTTTGAAGATAG-----CAATCCCCC-AATATATTG-----
----- ATATAGATGTATAT------- ----GAATTTTTGAAGATAG-----CAATCCCCC-AAKAGATTG----~-

-ACACATATAGATGTATATGTATAT -
-ACATATATAGATGTATATGTATAT -

----GAATTTTTGAAGATAG -
GAATTTTTGAAGATAG -
GAATATAG----GGATTTTGGAAGATRG

--CARTCCCC--AATATATT -
--CAARTCCCC--AATATATT -
CATCCCCC--AATAARTTG

GAATTATTGAAGATAT ----- AARATCCCCC-ARATATCTTGTTCTT
GAATTATTGAAGATAT -----ARATCCCCC-AATATCTTGTTCTT

GAATTATTGAARGATAT ----- AAATCCCCC-AATATCTTGTTCT -
GAATATAT----GAATTTTTGAACATAGAARG-CAATCCCCC-AATATCTC ------
GAATATAT----GAATTTTTGAACATAGARARG -CAATCCCCC-AATATCTC ------
-----GAATATAT----GAATTTTTGAARCATAGAARRG -CAATCCCCC-AATATCTTGTTCTT
-----GAATATAT----GAATTTTTGAACATAGAARG-CAATCCCCC-AARTATCTTGTTLT -
-----GAATATAT----GAARTTTTTGAACATAGARARG -CAATCCCCC-AARTATCTTGTTLT -
-----GAATTTAT----GAATTTTTGAAGATAARGATARCAATCCCCC -AAA - - ---

-GAATTTAT----GAARTTTTTGAAGATAAGATAACAATCCCCC -AART

R AARATTATTGAAGG ----- CAGCAATCCCC----TATTCT ------
-- ----ARATTATTGAAGG-----CAGCAATCCCC----TATTCT------
-- ----ARATTATTGAAGG-----CAGCAATCCCC----TATTCT----- -
-----GAATACAT ----GAATTTTTGARCATAGARAG -CAATCCCCC-ARTATCTTGTTCTT
-----GAATACAT ----GAATTTTTGAARCATAGAARAG -CAATCCCCC-ARTATCTTGTTCTT
-----GAARTETAT ----GAATTTTTGARCATAGARAG -CAATCCCCE -TATATCTTGTTCT -
------------------------------------------------ GAATCTAT----GAATTTTTGARCATAGAARAG-CAATCCCCC-ARTATCTTGTTCT -
———————————————————————————————————————————————— GAATAGAT ----GAATTTTTGARCATAGARAG -CAATCCCCC-ARTATCTTGTTET -

--CARTCCCCC-ARTATCTTGGTATTTT ---

--CAARTCCCCC-AATATCTTGGTATTTT ---
--CARTCCCCC-ARTATCTTGGTATTTT ---
--CARTCCCCC-AATATCTTGGTATTTT ---

AGAACARGATATTGGGGGATTGETTT
AGARCAARGATATTGGGGGATTGCTTT
GGGGGATTGTTAT -

-- -GAA----TTTATGARTTTTTGAAGATCAGAGARARAARTCCCCCCARTAT - ------ -~ - ---ACCARTATATTGGGGGATTTTTCT -
———————————————————————————————————————————————— GAR----TTTRATGAATTTTTGAAGATAGAARG -CAATCCCCC-AARTATCTTGTTCTT----------AGAACARGATATTGGGGGATTGCTTT - - - - - - - - - - - - —--—-------—-—-—-——--—-—~——~——~———
------------------------------------------------ GAA----TATATGAATTTTTGAACATAGAARG -CAATCCCCC-AATATCTTGTTCTT----------AGRACARGATAT TGGGGGATTGETTT- - - -~ - = === === - === - - - - m - m - m - m—m— - — - -
-GAA----TATATGARTTTTTGAACATAGAARARG-CAATCCCCC-AARTATCTTGTTCT - ------AAGAARCAAGATATTGGGGGATTGCTTT -
-GAG----TATATGAARTTTTTGAACATAGAARAG-CAATCCCCC-ARTATCTTGTTCT - ------AAGARCAAGATATTGGGGGATTGCTTT -
—————— GAA----TATATGAATTTTTGAACATAGARARG -CAATCCCCC-AATATCTTGTTCTT -- --AGARCAAGATATTGGGGGATTGCTTT -
GTATATGAA------ TRATGAATTTTTGAARGATAG-----CAATCCCCC-AATATATT ------ -- --GGGGGATTGCTAT -
ATATAGATGTATATGTTGTATATGT ---ATATG-ATATGAARTTTTTATATGAATTTTTGAAGATAG -----CAATCCCCC-ARTTTATT ------ -- --GGGGGATTGCTAT -
ATACATATGTATATGTTGTATATGTTGTATATGTATATGAA----TATATGGATTTTTGAAGATAG-----CAATCCCCC -AARTAAARTT ---- -~ -- --GGGGGATTGCTAT---------~-
ATATAGATGTATAT------------------GTATAT------------ GAATTTTTGAARGATAG-----CAATCCCC--AATATATT ------ -- --GGGGATTGCTATCTTATCTTATCTTGTTTCTTTCTTAT --—--—-- -~
ATATACATGTATATAT----------GTATATGTATAT------------ GAATTTTTGAAGATAG----- CAATCCCC--AATATATT----------------------------—— GGGGATTGCTAT-------------------—-—-—-"—-—"-——"——-——--
ATATACATATATAGAT----------------GTATAT------------ GAATTTTTGAAGATARG----- CAATCCCCC-ARTATATT -------------------~- GAARTATATTGGGGGATTGCTAT - - - - - - === === === - - - m - m - m oo mmm
ATATAGATGTATAT -- ----GAARTTTTTGAAGATAG-----CAARTCCCCC-AAGATATT------=--=-=-------—--—--—--—---—-- GOGGGATTGCTAT -
ATATAGATGTATAT -- ----GAATTTTTGAAGATAG-----CAATCCCCC-AATATATT - --GGGGGATTGCTAT -
ATATAGATGTATAT------------------GTATGT------------ GAATTTTTGAAGATARG----- CAATCCCCC-AAGATAGT ----------=--=--=-----—-—-—---——-— GGGGATTGCTAT---------=-=—-------— - - - - - mmmmm - - -
———————————— GAATTTTTGAAGATAG-----CAATCCCCC-AAGATAGT ------------------------—---——GGGGGATTGCTAT---------------------—-"-——-"-——-~--——~——~——~———
----GAARTTTTTGAAGATAG-----CAARTCCCCC-AARTATCTTGGTATTTT-------GAGARCAAGATATTGGGGGATTGLTAT -

--GAGAARCAARGATATTGGGGGATTGCTAT -
AAAATACCARGATATTGGGGGATTGCTAT -
--GAGAACARGATATTGGGGGATTGCTAT -
--GAGAARCAARGATATTGGGGGATTGCTAT -
--GAGAACARGATATTGGGGGATTGCTAT -

----GAATTTTTTAAGATAG-----CAATCCCCC-ARTATCTTGETATTTTT === - - - ~AGARCARGATAT TEEGGGAT TGETAT -
----GAATCCAACARGATAG--- - -CAATCCCCCEARATATATT - - === - == -m oo oo oo - GEEEGGATTGCTAT -
----GAATTTTTGAAGATAG-----CAATCCCCC-ARTATCTTGETATTTTTATAC - - - - - - -CAAGATATTEEGGGATTGCTAT -

----GAATTTTTGAAGATAG-----CAATCOCCE -AATATATT === === === === m oo oo e mm oo GEEGGATTGCTAT -
ATATAGATGTATAT - - ----GAATTTTTGAAGATAG-----CAATCCCCC-AAGATCTT - Rt GGEGGATTGCTAT -
—————————— ATATACAT GTATAT - === === === === === - ——— oo~ = - GAATTTTTGRAGATAG - - - - -CAATCCCEC -AATATATT === - === === ===~ - = —CAATATATTEGEGGGAT THETAT - - - - == === === — - —m - — oo oo oo

GAA---TATATTGGGGGATTGCTAT
GOGGGATTGLCTAT -
-GGGGGATTGCTAT -
GGGGATTGCT
AAGAACAARGATATTGGGGGATTGLT
---AGAARARGATATTGGGGGATTGET - -
-AAGAARCARGATATTGGGGGATTGLT - -

-TATATTGGGGGATTGCTAT -
GOGGATTGCTAT
--GGGGATTGCTATCTTAT
--GGGGATTGCTATCTTATCTTATCTTGTTTCTTATCTTATCTTGTTTET
GOGGATTGCTART
AGARCAAGATATTGGGGGATTT
--AGARCARAGATATTGGGGGATT - - -
-AAGAACARGATATTGGGGGATTT
ARGATATTGGGGGATTGCTTTCTTGTTGAARTTCAGGTTLT
AARGATARTTGGGGGATTGCTTTCTTGTTGAATTCAGGTTCT
--AGAARCAARGATATTGGGGGATTGCTTTCTTGTTGAARTTCAGGTTCT -
--AAGAACARGATATTGGGGGATTGCTTTCTTGTTGAATTCAGGTTLT -
--AAGAACARGATATTGGGGGATTGCTTTCTTGTTGAATTCAGGTTLT -

-AAGARTTCTTAGAATAGGGGATTGE - -
-AAGARTTCTTAGAATAGGGGATTGL - -
-AARGARTTCTTAGAATAGGGGATTGE - -

--AAGARACARGATATTGGGGGATTGCTTTCTTGTTGAATTC - -
AAGAACARGATATTGGGGGATTGCTTTCTTGTTGAATTE - - - === === === === === == —— -~
AAGAACARGATATTGGGGGATTGCTTTCTTGTTGAATTE

orchids_trnh.nex

TR




Coding versus non-coding plastid
DNA

How much more variable is non-coding DNA?
Length variation: psbA-trnH, 200-1200 bp
Alignment

PolyA/T (plastid microsatellites)

Molecular evolution: psbA-trnH contains
pl22/rps19 in most monocots including orchids
and grasses



trnH-psbA

| Aulosepalum  CR Orchids

Species
monophyletic

singletons

42.86%  90.24%




matK

Aulosepalum Conostylis Dactylorhiza Equisetum Hordeum

species
monophyletic
singletons

8 44 18 15
3 35 16 8
3 3 1 3

32
24
3

%mono

60.00% 85.37% 94.12% 66.67%

82.76%

Labordia Lauraceae CR Orchids Pinus

Combined

species
monophyletic
singletons

14 40 48 67
11 28 36 57
0 5 10 4

117
86
13

% mono

78.57% 80.00% 94.74% 90.48%

82.69%




Two options

« Three coding regions: rpoC1, rpoB, matK
(rbcL?)

« Two coding, one non-coding: rpoC1, matK ,
psbA-trnH (rbclL?)
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