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MIPS sequences: a promising molecular consideration
in angiosperm phylogeny and systematics
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Abstract

The diversity among myo inositol 1-phosphate synthase (MIPS) complete protein sequences, the essential inositol
synthesis regulatory enzyme, reported for almost 38 species representing 19 plant families (from Dicotyledons
and Monocotyledons), undoubtedly endorses its applicability in molecular systematics. The sequences retrieved
from GenBank and their potential application to angiosperm systematics has been emphasized here. Site-specific
amino acid residue signatures and their variation among angiosperm genera have been studied. Multiple sequence
alignment using Multiple Sequence Comparison by Log-Expectation (MUSCLE) and further manual analysis
exposed a major part of +510 aa residues that have been found to be highly conserved. Moreover, variations of
MIPS sequences are very informative in systematics and the phylogeny of angiosperm. The MIPS sequences
aligned based on the Maximum Likelihood method and the generated phylogenetic tree strongly support the
modern taxonomic hierarchy, especially the Angiosperm Phylogeny Group-IV (APG-IV, 2016) scheme.

Key words: angiosperm phylogeny, APG IV, cladogram, MIPS, multiple sequence alignment

Supplementary Fig. 1. Complete multiple sequence alignment performed using MUSCLE among MIPS amino acid sequences
and visualized with the help of Boxshade server
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QRNELIGGDDFKSGQTKMKSVLVDFLVGAGIKPTSIVSYNHLGNNDGMNLSAPQTFRSKE
KNNTLIGGDDFKSGQTKMKSVLVDFLVGAGIKPTSIVSYNHLGNNDGMNLSAPQTFRSKE
KKN@LIGGDDFKSGQTKMKSVLVDFLVGAGIKPTSIVSYNHLGNNDGMNLSAPQTEFRSKE
BIKN® L IGGDDFKSGQTKMKSVLVDFLVGAGIKPTSIVSYNHLGNNDGMNLSAPQTEFRSKE
(ORN®LIGGDDFKSGOQTKMKSVLVDEFLVGAGIKPTSIVSYNHLGNNDGMNLSAPQTFRSKE
KNNCLIGGDDFKSGQTKMKSVLVDFLVGAGIKPTSIVSYNHLGNNDGMNLSAPQTFRSKE
INRNSLIGGDDFKSGQTKMKSVLVDFLVGAGIKPTSIVSYNHLGNNDGMNLSAPQTFRSKE
KINN@LIGGDDFKSGQTKMKSVLVDFLVGAGIKPTSIVSYNHLGNNDGMNLSAPQTEFRSKE
KINN@LIGGDDFKSGOTKMKSVLVDFLVGAGIKPTSIVSYNHLGNNDGMNLSAPQTFRSKE

NMYLIGGDDFKSGQTKMKSVLVDFLVGAGIKPTSIVSYNHLGNNDGMNLSAPQTFRSK{E
OKN@®L.IGGDDFKSGQTKMKSVLVDFLVGAGIKPTSIVSYNHLGNNDGMNLSAPQTEFRSKE
KINN@LIGGDDFKSGQTKMKSVLVDFLVGAGIKPTSIVSYNHLGNNDGMNLSAPQTEFRSKE
KINNSLIGGDDFKSGQTKMKSVLVDFLVGAGIKPTSIVSYNHLGNNDGMNLSAPQTEFRSKE
KINN@LIGGDDFKSGOTKMKSVLVDFLVGAGIKPTSIVSYNHLGNNDGMNLSAPQTFRSKE
KINN@L I GGDDFKSGOTKMKSVLVDFLVGAGIKPTSIVSYNHLGNNDGMNLSAPQTFRSKE
KINN@LIGGDDFKSGQTKMKSVLVDFLVGAGIKPTSIVSYNHLGNNDGMNLSAPQTEFRSKE
KINN@LIGGDDFKSGQTKMKSVLVDFLVGAGIKPTSIVSYNHLGNNDGMNLSAPQTEFRSKE




Citrus
Nicotiana
Nicotiana
Glycine
Medicago
Solanum
Camellia
Gossypium
Sesamum
Ricinus
Medicago
Populus
Hevea
Passiflora
Gossypium
Actinidia
Jatropha
Citrullus
Trifolium
Actinidia
Actinidia
Theobroma
Morus
Suaeda
Brassica
Avicennia
Xerophyta
Cardamine
Triticum
Oryza
Arabidopsis
Phaseolus
Avena
Sporobolus
Oryza

Zea
Arthrocnemum
Lolium

357
357
357
357
357
357
357
357
357
357
357
357
357
357
357
357
357
357
358
357
357
357
357
358
357
356
357
357
357
357
358
357
357
357
357
357
360
357

ISKSNVVDDMVS SN gV EIRN GIRYNINRSAN T KY VP Y VASERNRAMDEY TSETFMGGKETIVL
ISKSNVVDDMVSSNAILYEPGEHPDHVVVIKYVPYVGDSKRAMDEYTSEIFMGGKNTIVL
ISKSNVVDDMVSSNAILYEPGEHPDHVVVIKYVPYVGDSKRAMDEYTSEIFMGGKNTIVL
ISKSNVVDDM SNAILYEPGEHPDHVVVIKYVPYVGDSKRAMDEYTSEIFMGGKETIVL
ISKSNVVDDM SNAILYEPGEHPDHVVVIKYVPYVGDSKRAMDEYTSEIFMGGKNTIVL
ISKSNVVDDM ‘SNAILYEEGEHPDHVVVIKYVPYVGDSKRAMDEYMSEIFMGGKSTIVI
ISKSNVVDDMVSSNAILYEPGEHPDHVVVIKYVPYVGDSKRAMDEYTSEIFMGGKETIVL
ISKSNVVDDMVSSNGILYEPGEHPDHVVVIKYVPYVGDSKRAMDEYTSEIFMGGKNTIVL
ISKSNVVDDMVESNGILYEPGEHPDHIVVIKYVPYVGDSKRAMDEYTSEIFMGGKSTIVL
ISKSNVVDDMVSSNGILYEPGEHPDHVVVIKYVPYVGDSKRAMDEYTSEIFMGGKETIVL
ISKSNVVDDMVNSNAILYQPGEHPDHVVVIKYVPYVGDSKRAMDEYTSEIFMGGKNTIVI
ISKSNEVDDMVSSNGILYEPGEHPDHVVVIKYVPYVGDSKRAMDEYTSEIFMGGKNTIVL
ISKSNVVDDMVESNGILYEPGEHPDHVVVIKYVPYVGDSKRAMDEYTSEIFMGGKNTIVL
ISKSNVVDDMVSSNGILYEPGEHPDHVVVIKYVPYVGDSKRAMDEYTSEIFMGGKETIVL
ISKSNVVDDMVSSNGILY@PGEHPDHVVVIKYVPYVGDSKRAMDEYTSEIFMGGKNTIVL
ISKSNVVDDMVSSNAILYEPGEHPDHVVVIKYVPYVGDSKRAMDEYTSEIFMGGKNTIVL
ISKSNVVDDMVSSNGILYEPGEHPDHVVVIKYVPYVGDSKRAMDEYTSEIFMGGKNTIVL
ISKSNVVDDMVSSNGILYEPGEHPDHVVVIKYVPYVGDSKRAMDEYTSEIFMGGKETIVL
ISKSNVVDDMVNSNAILYEPGEHPDHVVVIKYVPYVGDSKRAMDEYTSEIFMGGKNTIVI
ISKSNVVDDMVSSNAILYEPGEHPDHVVVIKYVPYVGDSKRAMDEYTSETIFMGGKNTIVL
ISKSNVVDDMVSSNAILYEPGEHPDHVVVIKYVPYVGDSKRAMDEYTSETIFMGGKNTIVL
ISKSNVVDDMVSSNGILYEPGEHPDHVVVIKYVPYVGDSKRAMDEYTSEIFMGGENTIVL
ISKSNVVDDMVIE@SNGILYEPGEHPDHVVVIKYVPYVGDSKRAMDEYTSEIFMGGINTIVL
ISKSNVVDDMVIASSNGILYEPGEHPDHVVVIKYVPYVGDSKRAMDEYTSEIFMGGKNTIVL
ISKSNVVDDM ASNGILEEPGEHPDHVVVIKYVPYVGDSKRAMDEYTSEIFMGGKNTIVI
ISKSNVVDDM ASNEILYEPGEHPDHVVVIKYVPE\/GDSKRAMDEYTSEIFMGGKSTIVI
ISKSNVVDDMVSSNAILYEPGEHPDHVVVIKYVPYVGDSKRAMDEYTSEIFMGGKETIVL

ISKSNVVDDMVESNGILYEPGEHPDHVVVIKYVPYVGDSKRAMDEYTSEIFMGGKNTIVI
ISKSNVVDDMVSSNAILYEPGEHPDHVVVIKYVPYVGDSKRAMDEYTSEIFMGGKETIVL
S

ISKSNVVDDMVSSNAILYE!GEHPDHVVVIKYVPYVGDSKRAMDEYTSEIFMGGK TIVL
B SKSNVVDDMVIRASNG I LEEPGEHPDHVVVIKYVPYVADSKRAMDEYTSEIFMGGKNTIVM
ISKSNVVDDMVINSNATILYEPGEHPDHVVVIKYVPYVADSKRAMDEYTSEIFMGGKNTIVL
ISKSNVVDDM ‘SNNILYEPGEHPDHVVVIKYVPYVGDSKRAMDEYTSEIFMGGKNTIVL
ISKSNVVDDMVSSNGILYEPGEHPDHVVVIKYVPYVGDSKRAMDEYTSEIFMGGKNTIVL
ISKSNVVDDMVSSNAILYEPGEHPDHVVVIKYVPYVGDSKRAMDEYTSETIFMGGKNTIVL
ISKSNVVDDMVSSNAILYEPGEHPDHVVVIKYVPYVGDSKRAMDEYTSEIFMGGKETIVL
ISKSNVVDDMVESNGILYEPGEHPDHVVVIKYVPYVGDSKRAMDEYTSEIFMGGENTIVL
ISKSNVVDDMVSSNATILEEPGEHPDHVVVIKYVPYVGDSKRAMDEYTSETFMGGKNTIVL




Citrus
Nicotiana
Nicotiana
Glycine
Medicago
Solanum
Camellia
Gossypium
Sesamum
Ricinus
Medicago
Populus
Hevea
Passiflora
Gossypium
Actinidia
Jatropha
Citrullus
Trifolium
Actinidia
Actinidia
Theobroma
Morus
Suaeda
Brassica
Avicennia
Xerophyta
Cardamine
Triticum
Oryza
Arabidopsis
Phaseolus
Avena
Sporobolus
Oryza

Zea
Arthrocnemum
Lolium

414
417
417
417
417
417
417
417
417
417
417
417
417
417
417
417
417
417
418
417
417
417
417
418
417
416
417
417
417
417
418
417
417
417
417
417
420
417

HNTCEDSLLAAPIILDLVLLAELSTRIQLKAEGEGKFHSFHPVATILSYLTKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIQLKAEGEGKFHSFHPVATILSYLTKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIQLKAEGEGKFHSFHPVATILSYLTKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIBKAENEGKFHSFHPVATILSYLTKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIQQKEEAENKFHEFHPVATILSYLTKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIQLKAEGEGKFHSFHPVATILSYLTKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIQLKAEGEGKFHSFHPVATILSYLTKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIQRKABGEGKFHSFHPVATILSYLTKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIQLKAEGEGKFHSFHPVATILSYLTKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIQLKAEGEGKFHSFHPVATILSYLTKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIQGKEERERKFHSFHVATILSYLEKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIQLKGEMEGKFHSFHPVATILSYLTKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIQLKAEGEGKFHSFHPVATIESYLTKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIQLKAEGEGKFHSFHPVATILSYLTKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIQLKAEGEGKFHSFHPVATILSYLTKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIQLKABGEGKFHSFHPVATILSYLTKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIQLKAEGEGKFHSFHPVATILSYLTKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIQBKAEGEGKFHSFHPVATILSYLTKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIQRKEERERKFEEFHPVATILSYLTKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIQLKABGEGKFHSFHPVATILSYLTKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELST@IQLKABGEGKFHSFHPVATILSYLTKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIQLKAEGEGKFHSFHPVATILSYLTKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIQEKAEGEGKFHSFHPVATILSYL@KAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIEBAKAEMERKFEEFHPVATILSYLTKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIQEKAEGEGKFHSFHPVATILSYLTKAPLVPRGT
HNTCEDSLLAAPIILDLVLLAELSTRIQLKAEGEGKFHSFHPVATILSYLTKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIQLKAEGE@KFHSFHPVATILSYLTKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELETRIOEUAEEGKFHSFHPVATILSYLEKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIQLKAEGERKFHSFHPVATILSYLTKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIQLKAEGE@KFHSFHPVATILSYLTKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIQPKEEGEGKFHSFHPVATILSYLTKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIQEKAEREGKFHSFHPVATILSYLTKAPLV
HNTCEDSLLAAPIILDLVLLAELSTRIQLKAEGE@KFHSFHPVATILSYLTKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIQLKWEGERKFHSFHPVATILSYLEKAPLVPPGT
HNTCEDSLLAAPIILDLVLLAELSTRIQLKAEG@KFHSFHPVATILSYLTKAPLVPPGT

HNTCEDSLLAAPTIILDLVLLAELSTRI




Citrus WPV VNALSKQRAMLENILRACVGLAPENNMILEYK

Nicotiana NNV VNALSKQRAMLENILRACVGLAPENNMILEYK]
Nicotiana NNV VNALSKQRAMLENILRACVGLAPENNMILEYK]
Glycine LYWV VNALSKORAMLENIMRACVGLAPENNMILEYK
Medicago NPV VNALSKOQRAMLENIMRACVGLAPENNMILEYK
Solanum NPV VNALSKOQRAMLENIMRACVGLAPENNMILEYK
Camellia LYWV VNALSKORAMLENILRACVGLAPENNMILEYK
Gossypium 477 PVVNALSKQRAMLENILRAEIGLAPENNMILEYK
Sesamum LYWV VNALSKORAMLENILRACVGLAPENNMILEYK
Ricinus NPV VNALSKOQRAMLENILRACVGLAPENNMILEYK
Medicago NPV VNALSKOQRAMLENIMRACVGLAPENNMILEYK
Populus LYWV VNALSKORAMLENILRACVGLAPENNMILEYK
Hevea LYWV VNALSKORAMLENILRACVGLAPENNMILEYK
Passiflora YNV VNALSKORAMLENILRACEGLAPENNMILEYK]
Gossypium NPV VNALSKOQRAMLENILRACEGLSPENNMILEYK
Actinidia 477 PVVNALS@QRAMLENILRACIGLSPENNMILEYK
Jatropha LYWV VNALSKORAMLENILRACVGLAPENNMILEYK
Citrullus LYWV VNALSKORAMLENIMRACVGLAPENNMILEYK
Trifolium LYEEPVVNALSKORAMLENILRACVGLAPENNMILEYK
Actinidia NNV VNALSKOQRAMLENILRACEGLSPENNMILEYK]
Actinidia NNV VNALSKOQRAMLENILRACEGLSPENNMILEYK]
Theobroma LYWV VNALSKORAMLENILRACEGLAPENNMILEYK
Morus LYWV VNALSKORAMLENILRACVGLAPENNMILEYK
Suaeda 478 PVVNALSKQRAMLEEHMRACVGLAPENNMILEYK
Brassica NPV VNALSKQRAMLENILRACVGLAPENNMILEYK
Avicennia NPV VNALSKQRAMLENILRACVGLAPENNMILEYK
Xerophyta 477 PVVNALEKQRAMLENIMRACVGLAPENNMILEYK
Cardamine LYWV VNALSKORAMLENILRACVGLAPENNMILEYK
Triticum LYWV VNATBMKORAMLENIMRACVGLAPENNMILEYK
Oryza NNV VNATINKORAMLENIMRACVGLAPENNMILE YK

Arabidopsis VRS PVIINALSKORAMLENIMRACVGLAPENNMIMEEK]
Phaseolus

Avena 477
Sporobolus 477
Oryza 477
Zea

Arthrocnemum 473
Lolium




