
1,199 bp insert into pBluescript ll KS+

BamH l EcoR V

pSI01  (At rbcS-1A)

1,122 bp insert into pBluescript ll KS+

BamH l EcoR V

pSI02  (At rbcS-1B) 

1,091 bp insert into pBluescript ll KS+

Xba l Pst l

pSI03  (At rbcS-2B)

coding reagion

1,104 bp insert into pBluescript ll KS+

BamH l EcoR V

pSI04  (At rbcS-3B)

promoter 1,104 bp

primer RT_RBCS

1,012 bp insert into pBluescript ll KS+

Hind lll EcoR l

pNS10  (Nt rbcS)

primer T7DKS

promoter 981 bp

305 bp insert into pBluescript ll KS+

promoter 305 bp

Hind lII Pst l

pYY0847  (CaMV 35S promoter)

969 bp insert into pUC 19

Xba l Pst l

pYI0805  (At EF1Bα1)

CaMV 35S
Ex.2

Int.2
Ex.3

primer EF1Be2

NOS

primer RT_RBCS

primer RT_RBCS primer RT_RBCS

primer T7DKS

coding reagion

coding reagion

coding reagion

promoter 1,175 bp

promoter 1,056 bp

promoter 1,092 bp

Supplemental Figure S1.  Schematic representation of the plasmids used in this study. pSI01, pSI02, pSI03 

and pSI04 include Arabidopsis rbcS-1A, rbcS-1B, rbcS-2B and rbcS-3B gene promoter, respectively. pNS10 

include promoter from tobacco rbcS (Ntss23) gene. pYY0847 and pYI0805 include CaMV 35S promoter 

alone and CaMV 35S promoter fusing subset of coding region of At EF1Bα1. The other plasmids have been 

pablished in elesewhere (Stange & Beier, 1992; Fan et al., 1995; Yukawa et al., 1997; Yukawa et al., 2001; 

Yukawa et al., 2004; Yukawa et al., 2005; Yukawa et al., 2013).



AtNAP1_1      ---MSNDK--DSFNVSDLTAALKDE------------------DRAGLVNALKNKLQNLA 37
AtNAP1_3      ---MSNDK--DSFNVSDLTSALKDE------------------DRAGLVNALKNKLQNLA 37
AtNAP1_2      ---MSNDK--DSMNMSDLSTALNEE------------------DRAGLVNALKNKLQNLA 37
AtNAP1_4      ---MSNEENIKSDNKSGDSSDLPTIPA---------------LDIGAEECDLLAELKNLT 42
hNAP1         MADIDNKEQSELDQDLDDVEEVEEEETGEETKLKARQLTVQMMQNPQILAALQERLDGLV 60
                 :.*.:  .  :  .    :                     :       *  .*..*.

AtNAP1_1      GQRSDVLENLTPNVRKRVDALRDIQSQHDELEAKFREERAILEAKYQTLYQPLYVKRYEI 97
AtNAP1_3      GQHSDVLENLTPKIRRRVEVLREIQGKHDEIETKFREERAALEAKYQKLYQPLYNKRYEI 97
AtNAP1_2      GQHSDVLENLTPPVRKRVEFLREIQNQYDEMEAKFFEERAALEAKYQKLYQPLYTKRYEI 97
AtNAP1_4      LKRPFDVKKLSPKVTKRVLFLKDIQVTHDELEEKFLAEKSALEATYDNLYKPLFAKRYEI 102
hNAP1         ETPTGYIESLPRVVKRRVNALKNLQVKCAQIEAKFYEEVHDLERKYAVLYQPLFDKRFEI 120
                 .  ::.*.  : :**  *:::*    ::* **  *   ** .*  **:**: **:**

AtNAP1_1      VNGTTEVELAPEDD-----------------TKVDQGEEKTAEEKGVPSFWLTALKNNDV 140
AtNAP1_3      VNGATEVEGAPED------------------AKMDQGDEKTAEEKGVPSFWLTALKNNDV 139
AtNAP1_2      VNGVVEVEGAAEE------------------VKSEQGEDKSAEEKGVPDFWLIALKNNEI 139
AtNAP1_4      VNGVVEAE---------------------------------AEKEGVPNFWLIAMKTNEM 129
hNAP1         INAIYEPTEEECEWKPDEEDEISEELKEKAKIEDEKKDEEKEDPKGIPEFWLTVFKNVDL 180
              :*.  *                                    : :*:*.*** .:*. ::

AtNAP1_1      ISEEVTERDEGALKYLKDIKWCKIEEP--KGFKLEFFFDTNPYFKNTVLTKSYHMIDE-- 196
AtNAP1_3      ISEEITERDEGALIYLKDIKWCKIEEP--KGFKLEFFFDQNPYFKNTLLTKAYHMIDE-- 195
AtNAP1_2      TAEEITERDEGALKYLKDIKWSRVEEP--KGFKLEFFFDQNPYFKNTVLTKTYHMIDE-- 195
AtNAP1_4      LANEITERDEAALKYLKDIRSCRVEDTS-RNFKLEFLFDSNLYFKNSVLSKTYHVNDE-- 186
hNAP1         LSDMVQEHDEPILKHLKDIKVKFSDAGQPMSFVLEFHFEPNEYFTNEVLTKTYRMRSEPD 240
               :: : *:**  * :****:    :     .* *** *: * **.* :*:*:*:: .*  

AtNAP1_1      -------DEPLLEKAMGTEIDWYPGKCLTQK-ILKKKPKKGSK--NTKPITKLEDCESFF 246
AtNAP1_3      -------DEPLLEKAIGTEIDWYPGKCLTQK-ILKKKPKKGAK--NAKPITKTEDCESFF 245
AtNAP1_2      -------DEPILEKALGTEIEWYPGKCLTQK-ILKKKPKKGSK--NTKPITKTEDCESFF 245
AtNAP1_4      -------DGPVLEKVIGTDIEWFPGKCLTHKVVVKKKTKKGPKKVNNIPMTKTENCESFF 239
hNap1         DSDPFSFDGPEIMGCTGCQIDWKKGKNVTLKTIKKKQKHKGRG--TVRTVTKTVSNDSFF 298
                     * * :    * :*:*  ** :* * : **: :**    .  .:**  . :***

AtNAP1_1      NFFSPPEVP-----DEDEDIDEERAEDLQNLMEQDYDIGSTIREKIIPRAVSWFTGEAME 301
AtNAP1_3      NFFNPPQVP-----DDDEDIDEERAEELQNLMEQDYDIGSTIREKIIPHAVSWFTGEAIE 300
AtNAP1_2      NFFSPPQVP-----DDDEDLDDDMADELQGQMEHDYDIGSTIKEKIISHAVSWFTGEAVE 300
AtNAP1_4      NFFKPPEIPEIDEVDDYDDFDTIMTEELQNLMDQDYDIAVTIRDKLIPHAVSWFTGEALV 299
hNAP1         NFFAPPEVP------ESGDLD----DDAEAILAADFEIGHFLRERIIPRSVLYFTGEAIE 348
              *** **::*      :  *:*    :: :  :  *::*.  :::::*.::* :*****: 

AtNAP1_1      AEDFEIDDDEEDDIDEDEDE----EDEEDEE-DDDDEDEEE-----SKTKKKPSIGNKKG 351
AtNAP1_3      GEEFEIDNDDEDDIDEDEDEDEEDEDEDEEE-DDEDEEEEV-----SKTKKKPSVLHKKG 354
AtNAP1_2      ADDLDIEDDD-DEIDEDDDEEDEEDDEDDEEEDDEDDDEEEEADQGKKSKKKSSAGHKKA 359
AtNAP1_4      DE----------------------DDSDDNDDDDNDEKSD-------------------- 317
hNAP1         DD----------------------DDDYDEEGEEADEEGEEE----GDEENDPDYDPKK- 381
               :                      :*. ::: :: *:. :                    

AtNAP1_1      GRSQIVGEGKQDERPPECKQQ 372
AtNAP1_3      GRPQVTDD-QQGERPPECKQQ 374
AtNAP1_2      GRSQLAEG-QAGERPPECKQQ 379
AtNAP1_4      ---------------------
hNAP1         -----------DQNPAECKQQ 391

Supplemental Figure S2.  Alignment of Arabidopsis and human NAP1 amino acid sequences. The amino 

acid sequences of Arabidopsis NAP1;1, 1;2, 1;3 and 1;4, and human NAP1 are aligned by ClustalW. Amino 

acids region composing of the NES (nuclear export signal) and NLS (nuclear localization signal) are shown 

in orange and green, respectively. C-terminal acidic regions were shown as yellow. And C-terminal CKQQ 

motifs as potential PFT (protein farnesyl transferase) recognitin motif are boxed.

NES

NLS



AtISWI(CHR11)    MARNS----NSDEAFSSEEEEER-VKDNEEEDEEELEAVARSSGSDDDEVAAADESPVSDGEAAPVEDDYE-DEEDEEKA 75
AtISWI(CHR17)    MARASKREVSSDEAYSSEEEEQVNDQANVEEDDDELEAVARSAGSDEEDVAP-DEAPVSDDEVVPVEDDAEEDEEDEEKA 79
hISWI            MSSAAE-----PPPPPPPESAPSKPAASIASGGSNSSNKGGPEGVAAQAVASAASAGPADAEMEEIFDDAS----PGKQK 75
                 *:  :        . .. *.       .  .. .: .  . . *   : **.  .:  :* *   : ** .      ::   

AtISWI(CHR11)    EISKREKARLKEMQKLKKQKIQEMLESQNASIDADMNNKGKGRLKYLLQQTELFAHFAKSDGSSSQKKAKGRGRHASKIT 154
AtISWI(CHR17)    EISKREKARLKEMQKMKKQKIQQILDSQNASIDADMNNKGKGRIKYLLQQTELFAHFAKSDPSPSQKKGKGRGRHSSKLT 159
hISWI            EIQEPDPTYEEKMQTDRANRFEYLLK-QTELFAHFIQPAAQKTPTSPLKMKPGRPRIKKDE----KQNLLSVGDYRHRRT 150
                 **.: : :  ::**. : :::: :*. *.  :   ::  .:   .  *: .   .:: *.:    :::  . * :  : *

AtISWI(CHR11)    EEEEDEEYLKEEEDGLTGSGNTRLLTQPSCIQG-KMRDYQLAGLNWLIRLYENGINGILADEMGLGKTLQTISLLAYLHE 233
AtISWI(CHR17)    EEEEDEECLKEEEGGIVGSGGTRLLTQPACIQG-KLRDYQLAGLNWLIRLYENGINGILADEMGLGKTLQTISLLAYLHE 238
hISWI            EQEEDEELLTESSK--ATNVCTRFEDSPSYVKWGKLRDYQVRGLNWLISLYENGINGILADEMGLGKTLQTISLLGYMKH 224
                 *:***** *.*..   . .  **:  .*: ::  *:****: ****** **************************.*::.

AtISWI(CHR11)    YRGINGPHMVVAPKSTLGNWMNEIRRFCPVLRAVKFLGNPEERRHIREDLLVAGKFDICVTSFEMAIKEKTALRRFSWRY 313
AtISWI(CHR17)    YRGINGPHMVVAPKSTLGNWMNEIRRFCPVLRAVKFLGNPEERRHIREELLVAGKFDICVTSFEMAIKEKTTLRRFSWRY 318
hISWI            YRNIPGPHMVLVPKSTLHNWMSEFKRWVPTLRSVCLIGDKEQRAAFVRDVLLPGEWDVCVTSYEMLIKEKSVFKKFNWRY 304
                 **.* *****:.***** ***.*::*: *.**:* ::*: *:*  : .::*:.*::*:****:** ****:.:::*.***

AtISWI(CHR11)    IIIDEAHRIKNENSLLSKTMRLFSTNYRLLITGTPLQNNLHELWALLNFLLPEIFSSAETFDEWFQISGENDQQEVVQQL 393
AtISWI(CHR17)    IIIDEAHRIKNENSLLSKTMRLFSTNYRLLITGTPLQNNLHELWALLNFLLPEVFSSAETFDEWFQISGENDQQEVVQQL 398
hISWI            LVIDEAHRIKNEKSKLSEIVREFKTTNRLLLTGTPLQNNLHELWSLLNFLLPDVFNSADDFDSWFDTNNCLGDQKLVERL 384
                 ::**********:* **: :* *.*. ***:*************:*******::*.**: **.**: ..  .:*::*::*

AtISWI(CHR11)    HKVLRPFLLRRLKSDVEKGLPPKKETILKVGMSQMQKQYYKALLQKDLEAVNAGG--ERKRLLNIAMQLRKCCNHPYLFQ 471
AtISWI(CHR17)    HKVLRPFLLRRLKSDVEKGLPPKKETILKVGMSQMQKQYYKALLQKDLEVVNGGG--ERKRLLNIAMQLRKCCNHPYLFQ 476
hISWI            HMVLRPFLLRRIKADVEKSLPPKKEVKIYVGLSKMQREWYTRILMKDIDILNSAGKMDKMRLLNILMQLRKCCNHPYLFD 464
                 * *********:*:****.******. : **:*:**:::*. :* **:: :*..*  :: ***** *************:

AtISWI(CHR11)    GAEPGPPYTTGDHLITNAGKMVLLDKLLPKLKERDSRVLIFSQMTRLLDILEDYLMYRGYLYCRIDGNTGGDERDASIEA 551
AtISWI(CHR17)    GAEPGPPYTTGDHLVTNAGKMVLLDKLLPKLKDRDSRVLIFSQMTRLLDILEDYLMYRGYQYCRIDGNTGGDERDASIEA 556
hISWI            GAEPGPPYTTDMHLVTNSGKMVVLDKLLPKLKEQGSRVLIFSQMTRVLDILEDYCMWRNYEYCRLDGQTPHDERQDSINA 544
                 **********. **:**:****:*********::.***********:******* *:*.***:*.* ****:********

AtISWI(CHR11)    YNKPGSEKFVFLLSTRAGGLGINLATADVVILYDSDWNPQVDLQAQDRAHRIGQKKEVQVFRFCTESAIEEKVIERAYKK 631
AtISWI(CHR17)    YNKPGSEKFVFLLSTRAGGLGINLATADVVILYDSDWNPQVDLQAQDRAHRIGQKKEVQVFRFCTENAIEAKVIERAYKK 636
hISWI            YNEPNSTKFVFMLSTRAGGLGINLATADVVILYDSDWNPQVDLQAMDRAHRIGQTKTVRVFRFITDNTVEERIVERAEMK 624
                 **:*.* ****:********************************* ********.* *:**** *:.::* :::***  *

AtISWI(CHR11)    LALDALVIQQGRLAEQKT--VNKDELLQMVRYGAEMVFSSKDSTITDEDIDRIIAKGEEATAELDAKMKKFTEDAIQ-FK 708
AtISWI(CHR17)    LALDALVIQQGRLAEQKT--VNKDELLQMVRYGAEMVFSSKDSTITDEDIDRIIAKGEEATAELDAKMKKFTEDAIQ-FK 713
hISWI            LRLDSIVIQQGRLVDQNLNKIGKDEMLQMIRHGATHVFASKESEITDEDIDGILERGAKKTAEMNEKLSKMGESSLRNFT 704
                 * **::*******.:*:   :.***:***:*:**  **:**:* ******* *: :* : ***:: *:.*: *.::: *.

AtISWI(CHR11)    MDDSKGADFYDFDDDNKDENKLDFKKIVSDNWNDPPKRERKRNYSESEYFKQTLRQGAPAKPKEPRIPRMPQLHDFQFFN 788
AtISWI(CHR17)    MDDS--ADFYDFDDDNKDESKVDFKKIVSENWNDPPKRERKRNYSEVEYFKQTLRQGAPAKPKEPRIPRMPQLHDFQFFN 791
hISWI            MDTE--SSVYNFEGEDYREK----QKIAFTEWIEPPKRERKANYAVDAYFREALRVSEPKAPKAPRPPKQPNVQDFQFF- 777
                 ** .  :..*:*:.::  *.    :**.  :* :******* **:   **:::** . *  ** ** *: *:::***** 

AtISWI(CHR11)    IQRLTELYEKEVRYLMQTH-----QKNQLKDTIDVEEPE-----GGDPLTTEEVEEKEGLLEEGFSTWSRRDFNTFLRAC 858
AtISWI(CHR17)    IQRLTELYEKEVRYLMQAH-----QKTQMKDTIEVDEPEE----VGDPLTAEEVEEKELLLEEGFSTWSRRDFNAFIRAC 862
hISWI            PPRLFELLEKEILFYRKTIGYKVPRNPELPNAAQAQKEEQLKIDEAESLNDEELEEKEKLLTQGFTNWNKRDFNQFIKAN 857
                   ** ** ***: :  ::      :: :: :: :.:: *      .:.*. **:**** ** :**:.*.:**** *::* 

AtISWI(CHR11)    EKYGRNDIKSIASEMEGKTEEEVERYAKVFKERYKELNDYDRIIKNIERGEARISRKDEIMKAIGKKLDRYRNPWLELKI 938
AtISWI(CHR17)    EKYGRNDIKSIASEMEGKTEEEVERYAQVFQVRYKELNDYDRIIKNIERGEARISRKDEIMKAIGKKLDRYRNPWLELKI 942
hISWI            EKWGRDDIENIAREVEGKTPEEVIEYSAVFWERCNELQDIEKIMAQIERGEARIQRRISIKKALDTKIGRYKAPFHQLRI 937
                 **:**:**:.** *:**** *** .*: **  * :**:* ::*: :********.*: .* **:..*:.**: *: :*:*

AtISWI(CHR11)    QYGQNKGKLYNEECDRFMICMIHKLGYGN---WDELKAAFRTSSVFRFDWFVKSRTSQELARRCDTLIRLIEKENQEFDE 1015
AtISWI(CHR17)    QYGQNKGKLYNEECDRFMICMVHKLGYGN---WDELKAAFRTSPLFRFDWFVKSRTTQELARRCDTLIRLIEKENQEFDE 1019
hISWI            SYGTNKGKNYTEEEDRFLICMLHKLGFDKENVYDELRQCIRNSPQFRFDWFLKSRTAMELQRRCNTLITLIERENMELEE 1017
                 .** **** *.** ***:***:****:.:   :***: .:*.*. ******:****: ** ***:*** ***:** *::*

AtISWI(CHR11)    RERQARKEKKLAKSATPSKRPLGRQASESPSS-TKKRKHLSMR---------- 1057
AtISWI(CHR17)    RERQARKEKKLSKSATPSKRPSGRQANESPSSLLKKRKQLSMR---------- 1057
hISWI            KEK-AEKKKRGPKPSTQK-----RKMDGAPDG-RGRKKKLSMR---------- 1057
                 :*: *.*:*: .*.:* .     *: . :*..   ::*:*.: 

DEXDc

HELICc

HAND

SANT

SLIDE

Supplemental Figure S3.  Alignment of Arabidopsis and human ISWI amino acid sequences. The amino 

acid sequences of Arabidopsis ISWI (CHR 11 and CHR17) and human ISWI are aligned by ClustalW. Amino 

acids region composing of the DEXDc (DEAD-like helicases superfamily), HELICc (Helicase superfamily 

c-terminal domain), HAND (HAND domain), SANT (SWI3, ADA2, N-CoR and TFIIIB) and SLIDE (SLIDE 

domain) are shown in red, green, blue and purple, respectively.



Table S1. Clone list

plasmid gene origin region vector PE primer reference

pSI01 rbcS-1A Arabidopsis -1149 to +50 pBS ll RT_RBCS – 

pSI02 rbcS-1B Arabidopsis -1063 to +59 pBS ll RT_RBCS – 

pSI03 rbcS-2B Arabidopsis -1006 to +86 pBS ll RT_RBCS – 

pSI04 rbcS-3B Arabidopsis -1064 to +40 pBS ll RT_RBCS – 

pAtU2.2 U2 snRNA gene Arabidopsis -381 to +10 pBS ll T7DKS Yukawa et al. (2013)

pAtU3CP U3 snoRNA gene Arabidopsis -558 to +17 pBS ll T7DKS Yukawa et al. (2013)

pBAU6 U6 snRNA gene Arabidopsis -449 to +28 pBS ll T7DKS
Fan et al. (1995)

Yukawa et al. (1997)
Yukawa et al. (2004)

pAt7SL 7SL RNA gene Arabidopsis -319 to +14 pBS ll T7DKS Yukawa et al. (2005)

pYI0805 EF1Bα-1 (Int2) Arabidopsis -303 to +2 pUC19 T7DKS -

pGNPS β-1,3-glucanase
gene tobacco -1470 to +23 pBS ll T7DKS

Fan et al. (1995)
Yukawa et al. (1997)
Yukawa et al. (2004)

pNS10 rbcS tobacco -981 to +31 pBS ll T7DKS – 

pNtYI tRNATyr rustica tobacco -140 to +270 pUC19 PTYR

Stange & Beier. (1992)
Yukawa et al. (2001)
Yukawa et al. (2004)
Yukawa et al. (2005)

pRBC-1657 rbcS tomato -1657 to +44 pBS ll T7DKS Fan et al. (1995)

pYY0847 35S promoter CaMV -303 to +2 pBS ll T7DKS – 

pBS ll : pBluescript II



Table S2. Primer list

primer name primer sequence (5' to 3') usage

RT_RBCS gaggtcgacggtatcgataagcttgatatc (30 mer) Primer extension (RT)

EF1Be2 gctagcattgggaaaaccatcacctg (26 mer) Primer extension (RT)

T7DKS gggcgaattggagctccaccgcggtggcggccgctctaga (40 mer) Primer extension (RT)

PTYR tccgacctaccggattcgaaccagtgacc (29 mer) Primer extension (RT)
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