Nort hern hybridi zati on

Soybean poly(A)+ RNA (5 pg/lane) and RNA markers (4 pg/l ane
RNA M || enni um Mar kers, Anbion, Austin, Texas) were

el ectrophoresed on agarose gel (1% agarose in NorthernMax-
Ay kit, Anbion). The poly(A)+ RNA was transferred to a

nyl on nmenbrane (BrightStar-Plus Positive Charged Nyl on
menbr ane, Anbion). The RNA was downwardly transferred for
one hours and thirty mnutes with a stack assenbly

(TurboBl otter, Schleicher & Schuell, Keene, NH) and
transfer buffer (Transfer Buffer in NorthernMax-Ay kit,
Anbion). The blotted poly(A) + RNA was crosslinked with W
light (120 nj/cnf). The crosslinked RNA was hybridi zed
(63°C, overnight) with DIG | abeled RNA probe (0.1 nM in a
hybri di zation solution (hybridization solution in

Nort hernMax-dy kit, Anmbion). The nenbrane with hybridized
RNA and probe was washed twice in a | ow stringent solution
(63°C, 5 mnutes each tinme, #1 Washing Solution in

Nort hernMax-dy kit, Anbion) and twice in high stringent
solution (63°C, 15 m nutes each tinme, #2 Washing Solution in
Nort hernMax-Ady kit, Anbion).

DI G | abel ed RNA probes were synthesized according to the
manuf acturers’ protocol (Strip-EZ RNA T7 Strippabl e Probe
Synthesis Kit, Anbion, Austin, Texas). The transcription
mx (60 pl) included transcription buffer, ATP (500 uM,
nodi fied CTP (200 pM, GIP (500 pM, UTP (400 pM, DG 11-
UTP (100 pM, tenplate (23 to 45 nM and enzyne m xture (60
U . The transcription was carried out at 37°C for 2 hours.
The tenpl ate DNA was renpbved by RNase-free DNase | (6 U) at
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37°C for 15 mn. Heating at 75°C for 5 mn destroyed the
DNase.

The Large Subunit A probe (305-bp RNA) was synthesized wth
the tenplate, the 3" untranslated regi on of the cDNA
encodi ng Large Subunit A Unlike the translated regi on, or
the coding region, the 3" untranslated region usually does
not have significant honol ogy with other cDNAs encodi ng a
honol ogous protein. Therefore, the Large Subunit A probe
shoul d hybridize only to Large Subunit A nRNA w t hout cross
hybri di zation to other RNR | arge subunit nRNAs. For the
sane reason, the small subunit RNA probe (285-bp RNA) was
synthesized with the tenplate, the 3" untranslated region
of the cDNA encoding the small subunit.

Det ecti on of hybridized nucleic acid

Hybri di zed to nucleic acid, D G| abel ed probe was
recogni zed and conbi ned by an anti body (Anti-DI G AP, 37.5
mJ m , Boehringer Mannheim |Indianapolis, IN) conjugated to
al kal i ne phosphat ase. The al kal i ne phosphat ase hydrol yzed a
chem | um nescent substrate (0.25 mM CDP-Star, Tropi X,
Bedford, MA). Indicating the |location and quantity of
targeted DNA or nRNA, the hydrol yzed substrate was detected
by exposure to film (Bi omax MR, Kodak, Rochester, NY) for
20 mn to 1 hour according to the different anount of
nucl eic acid detected. The relative anmount of nucleic acid
detected were neasured, calcul ated and displayed with a
digital imging system (Al phal mager, Al pha Innotech
Cor poration, San Leandro, CA)
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Resul ts

Cl oni ng and sequence of the cDNA encoding the small subunit
of ribonucl eotide reductase in soybean

A mddl e fragnment of the cDNA encoding the small subunit of
RNR i n soybean was first anplified, which had 770 bp, the
expected size according to the prinmer positions (Figure 9).
This fragnment encoded a sequence of amno acids simlar to
the mddle region of the small subunits of RNR in other
organi sns (Figure 14).

The 3' ends of the cDNA anplified by 3" RACE had sizes
around 650 bp (Figure 10). They encoded a sequence of am no
acids simlar to the carboxyl-term nal of the snal

subunits of RNR in other organisns (Figure 14).

The 5' ends of the cDNA anplified by 5 RACE had sizes

bet ween 300 and 440 bp (Figure 11). The 5 ends varied in
si ze, because the reverse transcriptase may have paused and
the synthesis nay have term nated prematurely. They encoded
a sequence of amno acids simlar to the am no-term nal of
the small subunits of RNR from ot her organisns (Figure 14).

A cDNA fragnent containing the conplete coding region of
the small subunit of RNR had 1227 bp, the expected size
according to the priner positions (Figure 12) . It was
anplified with soybean cDNA tenpl ate, the downstream stop-
codon priner and the upstreamstart-codon priner (Table 3).
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The cDNA encodi ng the small subunit of RNR in soybean

i ncluded a conpl ete open reading frame of 1020 bp, a 5
untransl ated region of 78 bp, and a 3' untransl ated region
of 247 bp plus a poly(A) tail (Figure 13). The smal

subunit of RNR in soybean had 339 am no acids and a

predi cted nol ecul ar mass of 39 kDa

Two characteristics of this sequence showed conpl eti on of
the I ong open reading frame at its 5 end. First, two
successi ve stop codons were found upstreamfromthe start
codon and in frame with the open reading frane (Figure 13).
Second, the amno-termnal (N-termnal) residues between
the small subunit of RNR in soybean and that in Arabi dopsis
were simlar (Figure 14).

Two characteristics of the cDNA sequence i ndicated that
this cDNA encoded a small subunit of RNR in soybean. First,
the predicted am no acid sequence of this cDNA had
significant overall simlarities to the small subunits of
RNR i n diverse organi sns, which represent five kingdons
(Table 7). Second, the am no acid residues essential for
catalytic activity and for enzynme structure of the small
subunits of RNR were conserved in the predicted am no acid
sequence of this cDNA. The snmall subunit of RNR has 17
extrenely conserved am no acid residues (Nordlund and
Ekl und 1993) (Chaboute et al. 1998). Al these 17 am no
acid residues were preserved in the predicted am no acid
sequence of this cDNA as well as in the small subunit of
RNR from5 ot her organi sns, which represent 5 ki ngdons
(Figure 14).
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770k

Figure 9. An anplified mddle fragnent of the cDNA encodi ng
the small subunit of RNR in soybean. Ri ght |ane shows a

m ddl e fragment (770 bp) of cDNA encoding the small subunit
of RNR in soybean. The fragnment was anplified by PCR with
soybean cDNA as tenplate and with degenerate priners. 10 ul
PCR product was | oaded. Left |ane shows a DNA nmarker (100
bp | adder, G bco BRL).
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Figure 10. Anplified DNA fragnents containing 3' ends of
the cDNA encoding the small subunit of RNR in soybean

Left |ane shows DNA fragnents (around 640 bp) containing 3
ends of cDNA that encodes the small subunit of RNR in
soybean. They are PCR products from 3' -rapid-anplification-
of - cDNA- ends techni que. Right |ane shows a DNA narker (100
bp | adder, G bco BRL).
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Figure 11. Anplified DNA fragnents containing 5 ends of
the cDNA encodi ng the small subunit of RNR in soybean

Ri ght | ane shows DNA fragnents (between 300 and 440 bp)
containing 5 ends of the cDNA encoding the small subunit

of RNR in soybean. They are PCR products from5'-rapi d-
anplification-of-cDNA-ends technique. Left |ane shows a DNA
mar ker (100 bp | adder, G bco BRL).
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Figure 12. The anplified cDNA encoding the entire snall
subunit of RNR in soybean. Right |ane shows a cDNA (1227
bp) encoding the entire small subunit of RNR in soybean.
The cDNA was anplified with soybean cDNA, the downstream
st op-codon priner and the upstream start-codon priner
(Table 3). Left |ane shows a DNA marker (100 bp | adder,
G bco BRL).

46



GTTTTGGGTGTCTTGGATCAGCGTGCTTTCTGATAGATAAGGGGTTTTTGTAGGGTTTAT

I Loxox % % % x L

* %
TCTATTCATCCAAAAACAATGGGGTCTTTGGAAAATAATGGAGTAGACAAAGCAAGGGAT

M G S L E N N G V D K A R D

GAACAAGAACCAATTCTAATGGAGCAAAGCCAGAGGTTTTGCATGTTCCCCATTCGCTAC

E 0 &E P I L M E QS QQRF CMF P I R Y

AAGCAAATTTGGGAGATGTACAAGAAGGCTGAAGCCAGTTTCTGGACTGCTGAAGAGGTT

K o I w E M Y K K A E A S F W T A E E V

GATCTCTCTTATGATGTACAACATTGGGAGACCTTGTCTGTCTCTGAGAAGCACTTCATA

b L S YDV QQHWE T L S V S E K H F I

ACACATGTCCTAGCTTTTTTTGCTGCTTCTGATGGAATTGTCTTGGAGAATTTGGCTGCA

T H vV L A F F A A S D G I vV L E N L A A

AGGTTTCTGAGTGATGTTCAAATTCCCGAGGCTCGGGCATTTTATGGGTTTCAGATAGCA

R F L S DV Qo Il P E AR AF Y G F Q I A

ATGGAGAATATTCATTCAGAGATGTACAGCTTGCTGCTGGAGACGTATATTAAAGATTCA

M E N T H S E M Y S L L L E T Y I K D S

AGAGAAAAACATAAATTATTCAATGCAATCGAAAATTTGCCTTGTGTTGCAAGGAAGGCA

R E K H K L F N A I E N L P C V A R K A

GAATGGGCATTGAGTTGGATTCATAGTTCCACTTCATTTGCAGAGAGACTTGTTGCTTTT

E W AL S W I S S T S F A E R L V A F

GCATGCGTTGAAGGGATATTTTTCTCAGGAAGCTTCTGTGCCATATTCTGGCTTAAAAAG

AA-C Vv B G I F F & G S F C A I F W L K K

AGAGGATTGATGCCAGGTTTGACATTCTCAAATGAGCTAATCTCTAGAGATGAGGGCCTT

R ¢ L M P GL T F S NE L I S R D E G L

CATTGTGATTTTGCTTGTCTTCTGTACAGTTTGTTACGGAAGCCGCTAATTTCTGATCAG

H ¢ D F A CL L Y S L L R K P L T § D Q

GTTCATAAGCTTGTACACGAAGCTGTTGAAATTGAAACTGAGTTTGTGTGTGACGCCCTC

vV H K L VvV H E A V E I E T E F VvV C D A L
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CCCTGTGCATTGATTGGCATGAACTCAGTGCTCATGAGCCAGTACATAAAATTTGTTGCT

900
pC AL I GM N S V L M S Qo Y I K F V A

GACAGGCTGTTGGTTGCCTTGGGGTACCAAAGAAAGTACAATGTGGAAAATCCCTTTGAT

960
bR L L V AL GY QR K Y NV E N P F D

TGGATGGAGTTTATTTCTTTGCAAGGAAAGGCCAACTTTTTCGAGAGAAGGGTGGGTGAT

1020
w M E F I § L Q0 G K A NF F E R R V G D
TATCAAAAA@CGTCTGTGATGTCAAGCCT?CAAGATGCC9GGAAAAACTTTGTTTTCAA9 1080
Yy o K A S VvV M s S L QD A G K N F V F K
CTTGATGAGGACTTCTAATTATGATTTATCTGTTTCAGCTTCAATTATTCTGCGRATATA
L D EDEF
CTGAATTAGGCATCGGAAATTTCATTTACTATTTTTTTTTCAGTAACATGTTTAGTCTAC
e et 11200
ACACATAACTTAAGTGATTCCTAGCCGCTGGTATCTATETGCACTCAGRTCACTTETATA
ATATGTTTCGTTATATTCCTAATGGCATGTAATATTTGTAACGGTAGCCARRACGBCCTA

GTCATAGTCATTAGTGATTAAGGAGAAAAAAAAAAAAAAAA
L 1 1 Il L 1 L 1 1361

Figure 13. Sequence of the cDNA and predicted am no acid of
the small subunit of ribonucleotide reductase in soybean
Two asterisks show two successive stop codons (TGA and TAG
upstream fromthe start codon and in frane with the | ong
open reading frame, indicating conpletion of the open
reading franme at its 5 end.
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Table 7. Percentage identity between the amno acid
sequence of the small subunit of ribonucl eotide reductase
in soybean and that in other organi sns

Organi sm Ki ngdom | dentity
represented

Ar abi dopsi s Pl ant ae 77.0 %

Human Ani mal i a 64.9 %

Baker's yeast Fungi 60.2 %

Di ctyostelium Protista 64.8 %

E. coli Moner a 19.5 %
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Soybean
Arabidopsis
Human

Baker®s yeast
Dictyostelium
E.coli

Soybean
Arabidopsis
Human

Baker®s yeast
Dictyostelium
E.coli

Soybean
Arabidopsis
Human

Baker®s yeast
Dictyostelium
E.coli

Soybean
Arabidopsis
Human

Baker®s yeast
Dictyostelium
E.coli

Soybean
Arabidopsis
Human

Baker®s yeast
Dictyostelium
E.coli

Soybean
Arabidopsis
Human

Baker®s yeast
Dictyostelium
E.coli

MLSLRVPLAP ITDPQQLQLSPLKGLSLVDKENTPPALSGTRVLA
MPKETPSKAAADALSDLE IKDSKSNLNKELETLREENRVKSDMLKEKLSK

MGSLENNGVDKARDE-QEP I LMEQSQRFCMF-PIRYKQIWEM
MGSLKEGQGRDMEEGESEEPLLMAQNQRFTMF-PIRYKS IWEM
SKTARRIFQEPTEPKTKAAAPGVEDEPLLRENPRRFVIF-PIEYHD IWQM
DAENHKAYLKSHQVHRHKLKEMEKEEPLLNEDKERTVLF-P IKYHE ITWQA
MEEINKKDTFIEP ILKENKDRFVLF-PIKYPD IWRM
MAYTTFSQTKNDQLKEPMFFGQPVNVARYDQQKYD I FEKL

49 59
YKKAEASFlITAEEVDLSYDVQHWE-TLSVSEKHF I THVLAFFAASDG I VL
YKKAEASFWNTAEEVDLSTDVQQWE-ALTDSEKHF I SHILAFFAASDGIVL
YKKAEASFWMTAEEVDLSKD 1 QHWE-SLKPEERYF I SHVLAFFAASDGIVN
YKRAEASFWTAEE IDLSKD IHDWNNRMNENERFF I SRVLAFFAASDGIVN
YKKALASHWVAEE IDLGNDNVDWEYKLTDNERHF I SHVLAFFAASDGIVN
IEKQLSFFWRPEEVDVSRDRIDYQ-ALPEHEKHIFISNLKYQTLLDSI1QG

116 119 123
ENLAARFLSDVQIPEARAFYGFQIAMEN IHSEMYSLLLETY IKDSREKHK
ENLA-RFLNDVQVPEARAFYGFQIAMEN IHSEMYSLLLETF I1KDSKEKDR
ENLVERFSQEVQITEARCFYGFQIAMEN IHSEMYSLLIDTY IKDPKEREF
ENLVENFSTEVQIPEAKSFYGFQIMIENIHSETYSLLIDTY IKDPKESEF
ENLATRFMSEVQIPEARCFYGFQIAIENIHSETYSLLIETY IKDKQTKDK
RSPNVALLPLISIPELETWVETWAFSET IRSRSYTHI IRNIVNDP---SV

LFNAIENLPCVARKAE - - ————————————— 7Y E— SWIHSSTS-FA
LENATETIPCISKKAK === ——————o oo — WCL--—-- DWIQSPMS-FA
LENATETMPCVKKKAD === ———————————— 7Y E— RWIGDKEATYG
LENAIHTIPEIGEKAE-—————————————— 7Y E— RWIQDADALFG
LENATETIPCIKKKAE-—————————————— 7\ E— RWINDSDS-FA
VEDDIVTNEQIQKRAEG I SSYYDEL I EMTSYWHLLGEGTHTVNGKTVTVS

178 182 186 208
ER-———————- LVAFACVEG I FESGSECA I FWLKKRGLMPGLTFSNELNS
VR-———————- LVAFACAEG I FESGSECA I FWLKKRGLMPGLTFSNELS
ER-———————- VVAFAAVEG I FESGSFAS I FWLKKRGLMPGLTFSNEL IS
ER-———————- LVAFASIEGVFESGSEAS I FWLKKRGMMPGLTFSNELMC
ER-———————- LVAFAAVEG I FESGSECS I FWLKKRGLMQGLTFSNEL S
LRELKKKLYLCLMSVNALEAIREYVSEACSFAFAERELMEGNAKT IRL{IA

210 212 215

Soybean
Arabidopsis
Human

Baker®s yeast
Dictyostelium
E.coli

GLHCDFACLLYSLLRKPLISDQVHKLVHEAVEIETEFVCDALP----
GLHCDFACLLISLLQLHVPLEKVYQIVHEAVEIETEFVCKALP----
GLHCDFACLMFKHLVHKPSEERVREI I INAVRIEQEFLTEALP----
GLHATDFACLLFAHLKNKPDPAIVEKIVTEAVEIEQRYFLDALP—----
GLHCDFACLLYTKLQRKLDPKV IEENDKSAVECEKEFICESLP----
LALTGTQHMLNLLRSGADDPEMAE I AEECKQECYDLFVQAAQQEKD
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292

Soybean = ==0———————- CALIGMNSVLMSQY IKFVADRLLVALGYQRKYNV-ENPFDWM 296
Arabidopsis @ ---———-—- CDLIGMNSNLMSQY IQFVADRLLVTLGCERTYKA-ENPFDWM
Human  ———————- VKL IGMNCTLMKQY IEFVADRLMLELGFSKVFRV-ENPFDFM
Baker"s yeast ----—---- VALLGMNADLMNQYVEFVADRLLVAFGNKKYYKV-ENPFDFM
Dictyostelium --————-—- VDL IGMNSRSMSQY IEFCADRLVVSLGYKKIFNS-SNPFEWM
E.coli WADYLFRDGSMIGLNKDILCQYVEY ITNIRMQAVGLDLPFQTRSNPIPWI
309 315

Soybean E--F1SLQGKANFFERRVGDYQKASVM---SSLQDAGKNFVFKLDEDF 339
Arabidopsis E--FI1SLQGKTNFFEKRVGEYQKASVM---SNLQNGNQNYEFTTEEDF 340
Human E--NI1SLEGKTNFFEKRVGEYQRMGVM-———--— SSPTENSFTLDADF 389

Baker"s yeast E--NISLAGKTNFFEKRVSDYQKAGVMSKSTKQEAGA----FTFNEDF 399
Dictyostelium E--MISLQRKSNFFEGKVAEYAKTGVAIQGNNQQKNNQSRTLVLDEDF 338
E.coli NTWLVSDNVQVAPQEVEVSSY ----LVGQIDSEVDTDDLSNFQL 376

Figure 14. Alignnment of the predicted am no acid sequence
of the small subunit of ribonucleotide reductase in soybean
with that in other organisns. The 17 nost conserved am no
acid residues essential for catalytic activity and for
enzyne structure are highlighted: the iron Iigand residues

and their environment ([iEEESNNCHINEIGINHISITTONNCINI7eN
ASENZITNCHIIN2I2NEISN2ES) . the tyrosyl radical and its
environment (TyFII28;Phe 182, Ser 185, Phe186;I1er208) ,

the residues for the binding of the | arge subunit (Asp 59,
Arg 210, du 309, Tyr 315) and the residue for a helix

turn (Pro 292). The nunbering is based on the amno acid
sequence of the small subunit of RNR in soybean. Soybean,
accessi on nunber AAD32302; Arabi dopsis, P50651; Human,
PRRM2; Baker's Yeast, P09938; Dictyostelium P42521; and
E.coli, P00453.
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Cl oni ng and sequence of the cDNA encodi ng Large Subunit A

of ribonucl eotide reductase in soybean

The sanme strategy used to clone the small subunit of RNR in
soybean was used to clone the large subunits (Figure 8).
Three different |arge subunits of RNR in soybean were

cl oned; they are designated Large Subunit A, Large Subunit
B and Large Subunit C.

A mddl e fragnment of the cDNA encodi ng Large Subunit A of
RNR i n soybean was first anplified, which had 530 bp, the
expected size according to the priner positions (Figure
15). This fragnment encoded a sequence of am no acids
simlar to the mddle region of the large subunits of RNR
in other organisns (Figure 21).

The 3' ends of the cDNA anplified by 3" RACE had sizes

bet ween 540 and 800 bp (Figure 16). They encoded a sequence
of amno acids simlar to the carboxyl-term nal of the

| arge subunits of RNR in other organisns (Figure 21).

The 5' ends of the cDNA anplified by 5° RACE had vari ous
sizes (Figure 17). The 5 ends varied in size, because the
reverse transcriptase nmay have paused and the synthesis may
have term nated prematurely. A cDNA of about 2.4 kb was
cloned. It encoded a sequence of amno acids simlar to the
am no-term nal of the |arge subunits of RNR from ot her
organi sns (Figure 21).

A cDNA fragnent containing the conplete coding region of
Large Subunit A of RNR had 2542 bp, the expected size
52



according to the priner positions (Figure 18). It was
anplified with soybean cDNA tenpl ate, the downstream stop-
codon priner and the upstreamstart-codon priner (Table 4).

The cDNA encodi ng Large Subunit A of RNR in soybean

i ncluded a conpl ete open reading frame of 2430 bp, a 5
untransl ated regi on of 287 bp, and a 3' untransl ated region
of 314 bp plus a poly(A) tail (Figure 19). Large Subunit A
of RNR in soybean has 809 am no acids and a predicted

nol ecul ar mass of 91 kDa

Two characteristics of this sequence showed conpl eti on of
the long open reading frane at its 5 end. First, a stop
codon was found upstreamfromthe start codon and in frane
wth the open reading frame (Figure 19). Second, the am no-
termnal (N-termnal) residues between Large Subunit A of
RNR i n soybean and the | arge subunits of RNR in other
eukaryotic organisns were simlar (Figure 21).

Two characteristics of the cDNA sequence i ndicated that
this cDNA encoded a | arge subunit of RNR in soybean. First,
the predicted am no acid sequence of this cDNA had
significant overall simlarities to the I arge subunits of
RNR i n diverse organi sns, which represent five kingdons
(Table 8). Second, the am no acid residues essential for
catalytic activity of RNR were the sane between Large
Subunit A of RNR in soybean and the |arge subunits of RNR
in six other organisnms, which represent five kingdons
(Figure 21).
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Figure 15. An anplified mddle fragnment of the cDNA
encodi ng Large Subunit A of RNR in soybean. Right | ane
shows a mddle fragnent (530 bp) of cDNA encodi ng Large
Subunit A of RNR in soybean. The fragnment was anplified by
PCR wi th degenerate priners and soybean cDNA as tenpl ate.
Left | ane shows a DNA marker (100 bp | adder, G bco BRL).
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Figure 16. Anplified DNA fragnents containing 3 ends of
the cDNA encodi ng Large Subunit A of RNR in soybean

Ri ght | ane shows DNA fragnents (between 540 and 800 bp)
containing the 3' ends of cDNA encodi ng Large Subunit A of
RNR i n soybean. They are PCR products from5' -rapid-
anplification-of-cDNA-end technique. Left |lane shows a DNA
mar ker (100 bp | adder, G bco BRL).
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Figure 17. Anplified DNA fragnents containing 5 ends
the cDNA encodi ng Large Subunit A of RNR in soybean

Ri ght | ane shows DNA fragnents containing the 5 ends
cDNA encodi ng Large Subunit A of RNR in soybean. They
PCR products from5' -rapid-anplification-of-cDNA-ends
techni que. The band of about 2.4 kb was cloned | ater.
| ane shows a DNA marker (500 bp | adder, G bco BRL).
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Figure 18. The anplified cDNA encoding entire Large Subuni't
A of RNR in soybean. Left |ane shows a cDNA (2542 bp)
encodi ng entire Large Subunit A of RNR in soybean. The cDNA
was anplified with soybean cDNA as tenplate, the
downst ream st op- codon priner and the upstreamstart-codon
primer (Table 4). Ri ght | ane shows a DNA marker (500 bp

| adder, G bco BRL).
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ACTCACTATAGGGCTCGAGCGGCCGCCCGGGCAGGTCTCCCACAATTCATTTAATTCAAG

*
TTCTGAATTCCAAATGCAACGTTCTCGCGGGAAAATTTCGAAATTGCACACATTTGCGAG

GGAACCCTCATTATTCAGCCGGCAAAATAAAAAAAAGAAATCTTTCACATATCCCAACCC

CTCAGCACACAAACACTCTATTTATACCCTCGCGCCTGCGCCAAAACTGTTCGACGAAAT

TCTCCACTGAGAGACATAGAAAACCGAGAAAAAGAAAAAAAGACAATATGTATGTGGTGA

MY VvV Vv

AGAGAGATGGGAGGCAAGAGACGGTGCATTTTGATAAAATCACCGCGCGTCTCAAGAAAC

K R DGR QE T V HF D K I T A R L K K

TTAGTTACGGTTTAAGCACCGAACACTGTGACCCTGTTCTGGTGTCTCAGAAAGTGTGCG

L § Yy 6L & T E H CD P Vv L vV S Q0 K V C

CTGGCGTCTACAAAGGCGTCACCACTAGCCAGCTCGATGAGTTGGCGGCGGAAACCGCCG

AAG vV Y K G Vv T T § 0 L D E L A A E T A

CGGCTATGACCGCCAACCACCCTGACTATGCTTCTTTGGCTGCGAGGATTGCCGTTTCAA

AANAM T A NH P DY A S L A AR T A V S

ATCTGCACAAGAATACGAAGAAGTCATTTTCTGAAACGATTAAGGTTATGTATTACCATT

N L H K N T K K S F § E T I K VM Y Y H

TTAATGAGAGATCTGCGATGAAGGCTCCTCTGATTGCTGATGACGTCTATGAAATTATCA

F NE R S A MK A P L I A DD VvV Y E T I

TCAAGAATGCTGCTCGATTGGACAGTGAGATAATCTATGATAGGGACTTTGACTATGATT

I K N AANAR L D S E I I. Y DR D F D Y D

ACTTTGGTTTCAAAACTCTTGAGAGGTCATACCTCTTGAAGGTTCAAGGAAAGGTTGTGG

Y F G F K T L E R S Y L L K VvV Q@ G K VvV V

AAAGGCCTCAGCACATGTTGATGAGGGTTGCTGTTGGAATTCATAAGGATGACATTGATT

ER P QHML MRV AV G I H K D D I D
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CTGCTGTCAGAACATACCACATGATGTCTCAGAGATGGTTCACTCATGCATCTCCAACAC

900
S AV R T Y HMMSQRWFTHASPT
TTTTCAATGCAGBAACACCTAGBCCTCAGTTGAGTAGTTGCTTCCTTGTGTGEATARAE
L FNAGTPRTPOQLSSCFLUVCMEK
ATGATAGTATAGAGGGAATATATGACACTTTGAAGGAGTGTGCAGTCATTAGCAAATCAG
11020
D DS 1 EG I YDTLKETCAUVISK:S
CTGGAGGAATTGGTGTTAGTGTTCACAACATTCOTBCCACAGGAAGTTACATCCGTRGEA |
AG G 1 &V SV HNTIRATGSY I RG
CAAATGGGACATCARATGETATTGTTCCAATGCTGCGTGTGTTCAACGATACTECTCRET
T NG T S N G T VvV P ML RV F ND T AR
ATGTTGATCAAGGGGGAGOCAAGAGGARAGGTGCATTTECTGTGTACCTGBAGCCATGEE
Yy vb a GG 6 G K R K G A F A V Y L E P W
ATGCTGATATATTTGAATTFTTGGATTTA%GGAAAAACCATGGAAAGGAAGAGCATCGAQ 1960
H A D I F E F L D L R K N H G K E E H R
CTCGAGATTTGTTTTATGCTCTTTQGGTGTCTGATCTCTTTATGGAAAG%GTTCAGAGC% 1390
ANMR DL F Y A L WV S DL F M E R V Q S
ATGGGCAAT?GTCTTTGTTTTGCC?CAAT@AAGCgCCAG?TTTGGCTGATTGCT@GGGT@ 1380
NG Q w S L F C P N E A P G L A D C W G
AAGAATTTG%GAAATTGTAFACTCAATAT@AAAGAGAAGGAAAAGCAAAGAAGGTTGTTF 110
EEF E K L Y T QY ERE G K A K K V V
AGGCACAGA%TCTCTGGTTTGAAATTTTG%AGTC?CAGATAGAAACTGG%ACTC?TTAC% 1500
A Q NLWFETILILTEKSGO aQTIETGTP Y
TGCTTTTTAAGGACACTTGCAATARRARAAGCAACCARCAGAATTTGGBCACAATCARGT
M LF KDTTCNSKTEKS SN QGOQNTLTGT I K
CATCARACTTGTGCACTGAGATAATTGAGTATACAAGTCCAACAGARACGECTETETGCA

s s N oL C T E T I E Y T S P T E T A V C
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ACTTGGCATCGATTGCCCTGCCGCGATATGTAAGAGAGAAGGGTGTGCCCATGGAATCTC

1680
N L A S I AL P R Y V REK GV P ME S
ATCCATCTAAGCTTGTTGGAAGCAGAGGCTCAAAAAACCGATATTTTGACTTTGACAAAC
L 1 I 1 L 1 1 1 I 1 L 1 ‘]740
H P S K L V G § R G S K N R Y F D F D K
TGGGAGAGGTTACTGCAATAGTGGCAACAAACCTCAATAAAATAATTGATGTTAATTACT
L 1 I 1 L 1 1 1 I 1 L 1 ‘]800
L G E Vv T AT v A T N L N K I I D V N Y
ACCCAGTTGATACTGCTAGAAGATCAAACATGCGACACCGACCCATTGGTATTGGAGTTC
L 1 L 1 L 1 L 1 1 1 L 1 ‘]860
Y p v 0o T AR RSNMRHHRP I G I GV
AGGGTCTTGCCGATACCTTCATACTACTAGGTGTGGCATTTGATTCACCAGAGGCTCAGC
L 1 L 1 1 1 L 1 1 1 L 1 1920
a G L. ADTF I L L GV A F D S P E A Q
AGTTGAACAAGGATATATTTGAGACTATATACTATCATGCACTAAAAACTTCATCTGAAT
L 1 L 1 1 1 L 1 1 1 L 1 1980
a L N K D T F E T I Y Y HA L K T S S E
TGGCTGCAAAAGAAGGTCCCTATGAAACATATAGTGGTAGTCCTATAAGCAAGGGAATTC
L 1 L 1 1 1 L 1 1 1 L 1 2040
L ANA K E GP Y E T Y S G S P I § K G I
TTCAGCCAGACATGTGGGGTGTGATGCCCTCAAGTCGTTGGGATTGGGATGCACTTCGGG
L 1 L 1 1 1 L 1 1 1 L 1 2’]00
L a P DMWGV MP S S R W D WD A L R
AGATGATAGCAAAGACGGGTGTGAGGAACTCACTTCTTGTTGCCCCTATGCCAACTGCAT
L 1 L 1 1 1 L 1 1 1 L 1 2’]60
EM I A K T GV RN S L L V A P MP T A
CAACTAGCCAGATTCTTGGCAATAATGAGTGTTTTGAGCCATATACTTCTAATATCTACA
L 1 L 1 1 1 L 1 1 1 L 1 2220
s T s a I L G NN E CF E P Y T S N I Y
GCCGCAGAGTTCTAAGTGGTGAATTTGTTGTAGTGAACAAGCATTTACTTCATGACTTGA
L 1 I 1 L 1 L 1 I 1 L 1 2280
S R R VvV L S G E F V V V N K H L L H DL
CTGAAATGGGACTTTGGTCTCCTACAATCAAGAATAATATTATCTATGAGGATGGTTCAG
L 1 1 1 1 1 L 1 1 1 I 1 2340
T EMGL W S P T I K NNT I Y E D G S
TTCAGAAAATCCCAGAAATACCTGATGATCTGAAAATCATATACAAGACTGTTTGGGAGA
L 1 I 1 L 1 L 1 I 1 L 1 2400

v a K I p E I P D DL K I T Y K T V W E
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TTAAGCAAAAGACATTGGTTGATATGGCTGTTGATAGAGGATGCTACATAGACCAGAGTC

2460
Il Kk a K T L VvV DMAV DR G C Y I D Q S

AGAGCTTGAATATTCACATGGATCAACCCAACTTTGGAAAGTTAACTTCTTTGCATTTCT

2520
a s L N I H M D QP NF G K L T S L H F

ATGCATGGTCAAAGGGTTTGAAGACTGGGATGTATTATCTGCGATCACGTGCCGCAGCAG

2580
Y A W S K G L K T 6 M Y Y L R S R A A A

ATGCTATCAAGTTTACTGTTGATACCTCTATGCTCCATGAAAAACCTATGGCAGAGGAAG

2640
b A I K F T vVvDTSMULHEK P M A E E

AGGATGATAATACCAAGATGGCACAGATGGTGTGCTCTTTAACAAACCGAGAAGAGTGTT

2700
EDDNTKMAOQMV CSL T NR E E C

TGGCTTGTGGAAGTTGAAAGCATTCCAAGTTGCATTTTCCCGGATTGATTTTGGGCCTAA

2760
L A C G S

AAACCCTTAATAAGTGCAAACCTCAAAAATTTGTTTTAGGCCTTAATGATATAAGGTTCA

2820

ACTCATACATGATAATCTTAAGCATTCTAAATTATCTTTAGAGCTTTGTATAGTACTTAT

2880

GGTGTTAATTTCATTTGTACCTGTTTATGTATTGTATGTTAAATAGTTGAAAGATGTCAT

2940

TGTTGGTAGCATGTCAACTGTCCAGTGAGATTCTTTATTTCCTACATTTAAATGTTACTA

3000

TTTGCTTATCTATTCCTTCTAAAATTTTAGCAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

3060

> 3061

Figure 19. Sequence of the cDNA and predicted am no acid of
Large Subunit A of ribonucl eotide reductase in soybean

An asterisk shows a stop codon (TAG upstreamfromthe
start codon and in frame with the | ong open reading frane,
i ndi cating conpletion of the open reading frane at its 5
end.
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Tabl e 8. Percentage identity between the amno acid
sequences of |arge subunits of ribonucleotide reductase in
soybean and that in other organisns

Organi sm Ki ngdom ldentity with ldentity with
represented Soybean Large Soybean Large
Subunit A Subunit B
Tobacco Pl ant ae 90.6 % 89.2 %
Human Ani mal i a 68.9 % 67.8 %
Fi ssi on yeast Fungi 65.6 % 65.1 %
Pl asnodi um Protista 64.7 % 63.2 %
E. coli Moner a 29.0 % 28.1 %
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Cl oni ng and sequence of the cDNA encoding Large Subunit B
of ribonucl eotide reductase in soybean

The cDNA encodi ng Large Subunit B of RNR in soybean

i ncluded a conpl ete open reading frame of 2427 bp , a 5
untransl ated region of 39 bp, and a 3' untransl ated region
of 164 bp plus a poly(A) tail (Figure 20). Large Subunit B
of RNR in soybean has 808 am no acids and a predicted

nmol ecul ar mass of 91 kDa. Large Subunits A and B of RNR in
soybean share 92. 3% identity of am no acid sequence.

The am no-termnal (N-term nal) residues between Large
Subunit B of RNR in soybean and the |arge subunits of RNR

i n other eukaryotic organisns were simlar (Figure 21),
suggesting that the |ong open reading frane was conpl ete at
its 5 end.

Two characteristics of the cDNA sequence indicated that
this cDNA encoded another |arge subunit of RNR in soybean.
First, the predicted amno acid sequence of this cDNA had
significant overall simlarities to the | arge subunits of
RNR i n diverse organi sns, which represent five kingdons
(Table 8). Second, the am no acid residues essential for
catalytic activity of RNR were the sane between Large
Subunit B of RNR in soybean and the |arge subunits of RNR
in six other organisnms, which represent five kingdons
(Figure 21).
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CCTGTTCTCACTTCACACTCCATCACCAGATATCACAAAATGTATGTCGTAAAGAGGAAC

M Y Vv v K R N

GGGCGGCAAGAGACGGTTCACTTCGACAAAATAACCGCGCGCCTCAAGAAGCTTAGTTAT

G R ¢ E T VvV HF DK I T A R L K K L §Y

GGCCTCAGCTCCGATCACTGCGACGCCGTTTTGGTCGCTCAGAAAGTCTGCGCCGGCGTT

G L S D HCODAV L V A QK V C A G V

TACAAAGGCGTCACCACCAGCCAACTTGACGAATTGGCCGCCGAAACTGCTGCCGCCATG

Y K. 6 v T T S 0 L D E L A A E T A A A M

ACCGCCAACCATCCCGACTACGCTTGCTTGGCTGCTAGGATTGCCGTTTCGAATCTGCAC

T ANNH P DY A CL A AR T A V § N L H

AAGAACACCAAGAAGTCGTTCTCGGAGACGATCAAGATCATGTACTATCATTTTAATGAG

K N T K K § F S E T I K I M Y Y H F N E

AGATCTGGGCTGAAGGCTCCTCTGATCGCCGATGATGTTTATGAAATAATTATGAAGAAT

R § 6 L K AP L I A DDV Y E I I M K N

GCTGCTCGTCTAGACAGCGAGATAATCTATGACAGGGACTTTGACTATGATTATTTTGGA

ANMA R L D S E I I Y DR D F D Y D Y F G

TTCAAAACCCTTGAGAGGTCTTACCTCTTGAAGGTTCAAGGGCAGGTTTTGGAAAGGCCT

F K T L E R S Y L L K VvV o G o VvV L E R P

CAACACATGTTGATGAGGGTTGCTGTTGGGATTCACAAGGATGACATAGATTCTGCTGTC

a H ML MRV AV G I HK DD T D S AV

AAAACTTACCACATGATGTCTCAACGATGGTTCACCCATGCATCTCCGACACTTTTCAAT

K T Yy H MM S QR W F T H A S P T L F N

GCTGGAACACCTAGGCCTCAACTGAGTAGTTGCTTCCTTGTGTGCATGAAAGATGATAGT

ANG T P R P QL S S CF L Vv C M K D D S

ATAGAGGGGATATATGAAACTTTGAAGGAGTGTGCTATCATCAGCAAATCAGCTGGAGGA

I £ 6 1 vy E T L K E C A I I S§ K S A G G
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ATTGGTGTCTCTATTCATGACATTCGTGCTACAGGCAGTTATATTCGTGGGACAAATGGG

840
I ¢ v 8 I H DI R AT G S Y I R G T N G
ACAT;CAAT?GCATTGTCC?GATGTTGCGTGTGTTCAAT?ATACTGCCC?CTATQTTGAT 900
T s N GG I vP ML RV F NDT AR Y V D
CAGGGGGGA?GCAAAAGGA%AGGTgCATTTGCTGTGTACTTGGA@CCAT?GCATQCTGAT 960
a 6 G G K R K GA F AV Y L E P W H A D
ATGTTTGAATTCTT@GATTTAAGGAAAAATCATGgGAAGgAAGAQCATCgTGCT;GAGAT 1020
M F E F L DL R K NHG K E EH R A R D
CTGTTTTAT@CTCT;TGGGTGCCTQATCT?TTTATGGAA%GAGTTCAGA@CAATQGCCA% 1080
L F Y AL wW Vv P DL F MEIR V Q S N G Q
TGGTCTTTGTTTTGTCCCA@TGAAGCACC?GGTTTGACA@ATTGTTGGG@TGAGAAATTT 140
w s L F C P S E A P G L T D C W G E K F
GAGGAGCTTTATCTTCAAT%TGAAAGAGA%GGAAAAGCA%TGAAQGTTGTCCAGQCACA@ 1900
EE L Y L QY E R E G K A MK V V Q A Q
AGCCTCTGGTTCGAAATTCTGAAGTCACAGATAGAAACC9GAAC?CCCT$CATG?TTTTT 1960
s L wF E T L XK S a9 E T G T P Y M L F
AAGGATACTTGCAATAGGA%AAGCAATCA%CAGAATTTGGGTACAATTAQATCGTCAAAF 1390
K b T C N R K S N QQQNL G T I K S S N
TTGTGTACTgAGATAATTGeATATTCAAGTCCAA;TGAA%CTGCTGTGT?CAATFTGGC% 1380
L. ¢ T &1 I BE Y S S P T E T A V C N L A
TCAATTGCA?TACCACGAT%TGTAAGAGA%AAGGGTGTA?CAAT@GAGT?CCAT?CATCF 110
s I AL PR Y V R EK GV P ME S H P S
AAGCTTGTT?GAAG?ACAT?CTCTQGAAATCGGTATTTT?ACTTTGATA%ACTAQCAGAQ 1500
K L v 6 s 1T ¢C S G NIR Y F D F D K L A E
ATTA?TGCA?TGGT?ACAA?AAAC?TGAA?AAAGTAATT?ATGTTAATT%CTAC?CAGTT 1560

I T AL v T T N L N K V I DV N Y Y P V
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GAAAATGCAAAACGGTCAAACTTGCGGCACAGACCAATTGGTATTGGAGTACAGGGTCTT

1620
ENAK R SN L R HRP I G I G V Q G L
GCTGATACTTTCATACTCCTTGGCATGGCATTTGATTCACCAGAGGCTCAGCAGTTAAAC
L 1 1 1 L 1 L 1 I 1 L 1 ‘]680
AA-D T F I L L G M AF D S P E A Q0 Q L N
AAGGAGATATTTGAGACTATATATTATCATGCTCTAAAAACTTCATGTGGTTTGGCTGCA
L 1 I 1 L 1 1 1 I 1 L 1 ‘]740
K & I F E T I Y Yy H A L K T &§ C G L A A
AAGGAAGGTCCCTATGAAACATACAGTGGTAGTCCTATAAGCAAGGGAATTCTTCAGCCG
L 1 L 1 L 1 L 1 1 1 L 1 ‘]800
K & G P Y E T Y S GG S P I § K G I L QP
GACATGTGGGGTGTGGCACCCTCAAATCGTTGGGATTGGGATGCACTTCGGGAGATGATA
L 1 L 1 1 1 L 1 1 1 L 1 1860
b Mmw GV AP S NIRWD WD AL R E M I
TCAAAGAATGGTGTGAGAAACTCACTTCTCGTGGCCCCTATGCCTACTGCATCTACTAGC
L 1 L 1 1 1 L 1 1 1 L 1 1920
S K NG V R N S L L V AP M P T A S T S
CAGATTCTTGGAAATAACGAGTGTTTTGAACCATATACTTCAAACATATACAGTCGTAGA
L 1 L 1 1 1 L 1 1 1 L 1 1980
a I L G N NECFE P Y T S N T Y S R R
GTTTTAAGTGGTGAATTTGTTGTTGTGAACAAGCATCTTCTTCATGACTTGACTGAAATG
L 1 L 1 1 1 1 1 1 1 1 1 2040
v . s G E F V V V N K H L L H DL T E M
GGACTGTGGTCTCCTACATTAAAGAATAAGATTATCTATGAAGATGGCTCAGTTCAGAAA
L 1 L 1 1 1 L 1 1 1 L 1 2’]00
G L w s P T L K N K I I Y E D G S V O K
ATTCCAGAAATACCTGCTGACCTGAAGAATATATACAAAACTGTTTGGGAGATTAAACAA
L 1 L 1 1 1 L 1 1 1 L 1 2"60
I P E I P A DL K N T Y K T V W E I K Q
AGGACATTGGTAGATATGGCTGCTGATCGAGGATGCTACATAGATCAGAGCCAAAGCTTA
L 1 L 1 1 1 L 1 1 1 L 1 2220
R T L VvV DMAADIR G C Y I D Q S Q S L
AATATTCACATGGATCAACCCAACTTTGGAAAACTGACTTCCTTGCAGTTTTATGCATGG
L 1 1 1 1 1 L 1 1 1 I 1 2280
N T H M D QP NF G K L T S L Q F Y A W
TCCAAGGGTCTAAAAACTGGAATGTATTATCTTCGATCACGTGCTGCAGCTGATGCTATT
L 1 I 1 L 1 L 1 I 1 L 1 2340

s K 6 L K T 6GM Y Y L R S R A A A D A I
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AAGTTCACCGTTGACACCTCTGCTCTCAGAGAAAAATCCAATGTGGAGGATGATGATAAT
L 1 1 1 L 1 L 1 I 1 L 1 2400

K F T Vv D T S A L R E K S N V E D D D N

ACAAAAATGGCACAGATGGTGTGCTCTTTAACAAACCGTGACGAGTGCTTAGCTTGTGGG
L 1 1 1 1 1 L 1 I 1 L 1 2460

T K MmAQCQ MV CS L T NRDETCL A C G

AGTTGAAATGTTTCAAAAGTAATGCTTTCATTAGAGGCGACAAAGATAAATCACGTGTTA
L 1 I 1 L 1 L 1 I 1 L 1 2520

S

ATCTATAGCTTTTTCAAAGCTTTGAACATAGTTGTCATCAATATCATTTGTATTCTTGCA
L 1 I 1 L 1 L 1 I 1 L 1 2580

TATCCTTGTATCAGATTTATTTACTCAGTAGTATAAATACCAAGTCAGTTAAAAAAAAAA
L 1 I 1 L 1 L 1 I 1 L 1 2640

AAAAAAAAAAAAAAAA

656

Fi gure 20. Sequence of the cDNA and predicted am no acid of
Large Subunit B of ribonucl eotide reductase in soybean
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Soybean A
Soybean B
Tobacco
Arabidopsis
Human

Fission yeast
Plasmodium
E.coli

Soybean A
Soybean B
Tobacco
Arabidopsis
Human

Fission yeast
Plasmodium
E.coli

Soybean A
Soybean B
Tobacco
Arabidopsis
Human

Fission yeast
Plasmodium
E.coli

Soybean A
Soybean B
Tobacco
Arabidopsis
Human

Fission yeast
Plasmodium
E.coli

Soybean A
Soybean B
Tobacco
Arabidopsis
Human

Fission yeast
Plasmodium
E.coli

MY ----VVKRDGRQETVHFDKI TARLKKLSY---GLSTEHCDPVLVSQKV
MY ----VVKRNGRQETVHFDKI TARLKKLSY ---GLSSDHCDAVLVAQKV
MY ----VVKRDGRQEAVHFDKI1 TARLKKLSY ---GLSPDHCDPVLVAQKV
MY ----VVKRDGRQETVHFDKI TARLKKLSY ---GLSSDHCDPVLVAQKV
MH----VIKRDGRQERVMFDKITSRIQKLCY---GLNMDFVDPAQITMKV
MF----VYKRDGRQEKVAFDKI TARVSRLCY---GLDSDHVDPVEITQKV
MY ----VLNRKGEEED ISFDQILKRIQRLSY---GLH-ELVDPARVTQGV

MNQNLLVTKRDGSTERINLDK1-HRV--LDWAAEGLHN--—-- VSISQ--
CAGV-—=————- YKGVTTSQLDELAAETAAAMTANH-PDYASLAARIAVS
CAGV-—=————- YKGVTTSQLDELAAETAAAMTANH-PDYACLAARIAVS
CAGV-—=————- YKGVTTSQLDELAAETAAAMTANH-PDYACLAARIAVS
CAGV-—————-- YKGVTTSQLDELAAETAAAMTCNH-PDYASLAARIAVS
IQGL--——-——- YSGVTTVELDTLAAETAATLTTKH-PDYAILAARIAVS
ISGV--—————- YPGVTTIELDNLAAETAATMTTKH-PDYAILAARIAVS
INGM-——————- YSGIKTCELDELAAQTCAYMATTH-PDFSILAARITTD

---VELRSHIQFYDGIKTSDIHET I IKAAADL 1SRDAPDYQYLAARLAIF

NLHKNTKKSFSE-T IKVMYYHFNERSAMKAPL 1IADDVYE 1 I IKNAARL -~
NLHKNTKKSFSE-TIKIMYYHFNERSGLKAPL 1ADDVYE I IMKNAARL -~
NLHKTPKKSFSE-T IKDMYYHVSERSGLKAPLVSDEVYE I IMKNAARL -~
NLHKNTKKSFSE-T IKDMFYHVNDRSGLKSPL 1ADDVFE 1 IMQNAARL -~
NLHKETKKVFSD-VMEDLYNY INPHNGKHSPMVAKSTLD I'VLANKDRL -~
NLHKQTEKVFST-VVQQLHDYVNPKTDKPAPMISDK1YD I'VMKHKDEL -~
NLHKNTSDDVAE-VAEALYTYKDVR-GRPASL I SKEVYDF I LLHKDRL--
HLRK---KAYGQFEPPALYDHV-—--—-—-- VKMVEMGKYD—----~- NHLLE

—————————— DSE11YDRDFDYDYFGFKTLERSYLL--KVQGKVVERPQH
—————————— DSE11YDRDFDYDYFGFKTLERSYLL--KVQGQVLERPQH
—————————— DSE11YDRDFDYDYFGFKTLERSYLL--KI1QGKVVERPQH
—————————— DSE11YDRDFEYDYFGFKTLERSYLL--KVQGTVVERPQH
—————————— NSAT1YDRDFSYNYFGFKTLERSYLL--KINGKVAERPQH
—————————— DSAI11YDRDFTYNFFGFKTLERSYLL--RIDGKVAERPQH
—————————— NKEIDYTRDFNYDYFGFKTLERSYLL--RINNKI IERPQH
DYTEEEFKQMDTF IDHDRDMTFSYAAVKQLEGKYLVQNRVTGE 1 YESAQF

MLMRVAVGIHKD---—===—==———~ DIDSAVRTYHMMSQRWFTHASPTL
MLMRVAVGIHKD---—===—==———~ DIDSAVKTYHMMSQRWFTHASPTL
MLMRVSVGIHKD---—======———=~ DIESVIKTYHLMSQRWFTHASPTL
MLMRVAVGIHKD---—===—==———~ DIDSVIQTYHLMSQRWFTHASPTL
MLMRVSVGIHKE---—===—==———- DIDAAIETYNLLSERWFTHASPTL
MIMRVAVGIHGE------=—==———- DIEAAIETYNLMSQRYFTHASPTL
LLMRVSIGIHID--—==—===————- DIDKALETYHLMSQKYFTHATPTL
LYILVAACLFSNYPRETRLQYVKRFYD---AVSTFKI-=---- SLPTPIM

68

43

84
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Soybean A
Soybean B
Tobacco
Arabidopsis
Human

Fission yeast
Plasmodium
E.coli

Soybean A
Soybean B
Tobacco
Arabidopsis
Human

Fission yeast
Plasmodium
E.coli

Soybean A
Soybean B
Tobacco
Arabidopsis
Human

Fission yeast
Plasmodium
E.coli

Soybean A
Soybean B
Tobacco
Arabidopsis
Human

Fission yeast
Plasmodium
E.coli

Soybean A
Soybean B
Tobacco
Arabidopsis
Human

Fission yeast
Plasmodium
E.coli

217 218
FNAG--TPRPQLSSEFLV-CMKDDSIEGIYDTLKECAVI---SKSAGGIG
FNAG--TPRPQLSSEFLV-CMKDDSIEGIYETLKECAI 1 ---SKSAGGIG
FNAG--TPRPQLSSEFL 1-CMKEDSIEGIYDTLKECAVI---SKSAGGIG
FNAG--TPRPQLSSEFLV-CMKDDSIEGIYETLKECAVI---SKSAGGIG
FNAG--TNRPQLSSEFLL-SMKDDSIEGIYDTLKQCAL I ---SKSAGGIG
FNAG--TPRPQLSSEFLV-TMKDDSIEGIYDTLKMCAMI ---SKTAGGIG
FNSG--TPRPQMSSEFLL-SMKADSIEGIFETLKQCAL1---SKTAGGIG

--SGVRTPTRQFSSEVL 1EC--GDSLDS INAT--SSAIVKYVSQRAG-IG

VSVHNIRATGSY IRGTNGTSNG IVPMLRVFNDTARYVDQGGGKRKGA---
VSIHDIRATGSY IRGTNGTSNG IVPMLRVFNDTARYVDQGGGKRKGA---
VSVHNIRATGSY IRGTNGTSNG IVPMLRVFNDTARYVDQGGGKRKGA---
VSVHNIRATGSY IRGTNGTSNG IVPMLRVFNDTARYVDQGGGKRKGA---
VAVSCIRATGSY IAGTNGNSNGLVPMLRVYNNTARYVDQGGNKRPGA---
INITHNIRATGSY TAGTNGTSNGIVPMIRVYNNTARYVDQGGNKRPGA---
VAVQDIRGONSY IRGTNG ISNGLVPMLRVFNDTARYVDQGGGKRKGS---
INAGRIRALGSP IRGGEAFHTGCIPFYKHFQTAVKSCSQGGV-RGGAATL

FAVYLEP-WHAD I FEFLDLRKNHGKEEHRARDLFYALWVSDLFM-ERVQS
FAVYLEP-WHADMFEFLDLRKNHGKEEHRARDLFYALWVPDLFM-ERVQS
FAVYLDP-WHAD I FEFLDLRKNHGKEEHRARDLFYALWVPDLFM-QRVQS
FAVYLEP-WHADVYEFLELRKNHGKEEHRARDLFYALWLPDLFM-ERVQN
FAIYLEP-WHLD IFEFLDLKKNTGKEEQRARDLFFALWIPDLFM-KRVET
FAAYLEP-WHADVMDFLELRKTHGNEDFRAREMFYALWIPDLFM-QRVER
FAVY 1EP-WHSD I FEFLDLRKNHGKEELRARDLFYAVWVPDLFM-KRVKE
F--Y--PMWHLEVESLLVLKNNRGVEGNRVRHMDYGVQ INKL-MYTRLLK

NGQWSLFCPNEAPGL----- ADCWGEEFEKLYTQYEREGKAKKV-VQAQN
NGQWSLFCPSEAPGL----- TDCWGEKFEELYLQYEREGKAMKV-VQAQS
NGQWSLFCPNEAPGL----- ADCWGEDFEKLY INYEKEGKAKKV-VQAQN
NGQWSLFCPNEAPGL----- ADCWGAEFETLYTKYEREGKAKKV-VQAQQ
NQDWSLMCPNECPGL----- DEVWGEEFEKLYASYEKQGRVRKV-VKAQQ
NEQWTFFCPNEAPGL----- ADVWGDEFVALYEKYEKENRGRRS-LPAQK
NKNWTLMCPNECPGL----- SETWGEEFEKLYTKYEEENMGKKT-VLAQD

GEDITLFSPSDVPGLYDAFFAD--QEEFERLYTKYEKDDS IRKQRVKAVE

427 429 431
LWFEIL-KSQIETGTPYMLFKDTCNKKSN-QQNLGT IKSSNLETEIIEYT
LWFETL-KSQIETGTPYMLFKDTCNRKSN-QQNLGTIKSSNLETEIIEYS
LWFEIL-KSQIETGTPYMLYKDTCNRKSN-QQNLGT IKSSNLETEIIEYT
LWYEIL-TSQVETGTPYMLFKDSCNRKSN-QQNLGT IKSSNLETEIIEYT
LWYAT1-ESQTETGTPYMLYKDSCNRKSN-QQNLGT IKCSNLETEIVEYT
VWYATL-QSQVETGNPFMLYKDSCNRKSN-QKNVGTIRCSNLETEIVEYS
LWFATL-QSQIETGVPYMLYKDSCNAKSN-QKNLGT IKCSNLECET1EYT
L-FSLMMQERASTGRI1Y IQNVDHCNTHSPFDPATAPVRQSNLELE I ---A
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388
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Soybean A
Soybean B
Tobacco
Arabidopsis
Human

Fission yeast
Plasmodium
E.coli

Soybean A
Soybean B
Tobacco
Arabidopsis
Human

Fission yeast
Plasmodium
E.coli

Soybean A
Soybean B
Tobacco
Arabidopsis
Human

Fission yeast
Plasmodium
E.coli

Soybean A
Soybean B
Tobacco
Arabidopsis
Human

Fission yeast
Plasmodium
E.coli

Soybean A
Soybean B
Tobacco
Arabidopsis
Human

Fission yeast
Plasmodium
E.coli

444 459
SPT-==- e ETAVENLASIALPRYVR-EKGVPMESHPSKLVGSRG
SPT-=—— e ETAVENLASIALPRYVR-EKGVPMESHPSKLVGSTC
SPA-—————————- ETAVENLASIALPRYVR-EKGVPSESQPSKLVGSRG
SPT-=—— e ETAVENLASIALPRFVR-EKGVPLDSHPPKLAGSLD
SKD-——==—=———- EVAVENLASLALNMYVT—=== === m e ——
SPD-——-——————- EVAVENLASVALPTFIK--—=====———————————
SPD-—————————- EVAVENLASIALCKFVDLEK---KE--=-=====—--
LPTKPLNDVNDENGETALE@TLSAFNL-—======———————————— GAIN

478
SKNRYFDFDKLGEVTATVATNLNKI IDVNY--YPVDTARRSNMRHRPIGI
SGNRYFDFDKLAEITALVTTNLNKV IDVNY--YPVENAKRSNLRHRPIGI
SKNRYFDFDKLAEVTALVTTNLNKI IDVNY--YPVETAKRSNLRHRPIGI
SKNRYFDFEKLAEVTATVTVNLNKI IDVNY--YPVETAKTSNMRHRPIGI
SEHTY-DFKKLAEVTKVVVRNLNKITIDINY--YPVPEACLSNKRHRPIGI
-DGKY-NFQKLHDVVKVVTRNLNK I IDVNY--YPVPEARRSNMRHRPVGL
————— FNFKKLYEITKIITRNLDKIIERNY--YPVKEAKTSNTRHRPIGI
—————— NLDELEELAILAVRALDALLD--YQDYPIPAAKRGAMGRRTLGI

GVQGLADTFILLGVAF--=—==——-- DSPEAQQLNKDIFETI-YYHALKT
GVQGLADTFILLGMAF--——=—=——-- DSPEAQQLNKEIFETI-YYHALKT
GVQGLADTFMLLGMAF--=—==——-- DSREAQQLNKDIFETI-YYHALKA
GVQGLADAFILLGMPF--=—==—=-~ DSPEAQQLNKDIFETI-YYHALKA
GVQGLADAFILMRYPF--——==——-- ESAEAQLLNKQIFETI-YYGALEA
GVQGLADAFFALRLPF--=—==—--- ESAGAKKLNIQIFETI-YHAALEA
GVQGLADTFMLLRYPY-=====—=-- ESDAAKELNKRIFETM-YYAALEM
GVemmmm e INFAYYLAKHGKRYSDGS-ANNLTHKTFEAIQYYL-LKA

SSELAAKEGP---YE--TYSGSP I SKGILQPDMWGVMPSSR---—--—-—~
SCGLAAKEGP---YE--TYSGSP I SKGILQPDMWGVAPSNR---——-——~
SSELAAKEGP---YE--TYAGSPVSKGI 1QPDMWGVTPSDK--=-—==——~
STELAARLGP---YE--TYAGSPVSKGILQPDMWNVIPSDR---—--—-—-
SCDLAKEQGP---YE--TYEGSPVSKGILQYDMWNVTPTDL--=—=-——~
SCEIAQVEGT---YE--SYEGSPASQGILQYDMWNVNPTDL--=-—==——~
SVELASIHGP---YE--SYQGSPASQG I LQFDMWNAKVDNKY == —=-——~
SNELAKEQGACPWFNETTYA--——- KGIL--—==——- PIDTYKKDLDTIA

————— WDWDALREMIAKTGVRNSLLVAPMPTASTSQILGNNECFEP---Y
————— WDWDALREMISKNGVRNSLLVAPMPTASTSQILGNNECFEP---Y
————— WDWVALREMITKNGVRNSLLVAPMPTASTSQILGNNECFEP---Y
————— WDWAVLRDMISKNGVRNSLLVAPMPTASTSQILGNNECFEP---Y
————— WDWKVLKEKTAKYGIRNSLLIAPMPTASTAQILGNNESIEP---Y
————— WDWAELKEKTAKHG IRNSLLVAPMPTASTSQILGFNECFEP---Y
————— WDWDELKAKIRKHGLRNSLLLAPMPTASTSQILGNNESFEP---Y
NEPLHYDWEALRES IKTHGLRNSTLSALMPSETSSQISNATNGIEPPRGY
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TSNIYSRRVLSGEFVVVNKHLLHDLTEMGLWSPT IK-NNTIYEDGSVQKI
TSNIYSRRVLSGEFVVVNKHLLHDLTEMGLWSPTLK-NK I I'YEDGSVQKI
TSNIYSRRVLSGEFVVVNKHLLYDLTEMGLWSPALK-NR I IYEDGSVQKI
TSNIYSRRVLSGEFVVVNKHLLHDLTDMGLWTPTLK-NKL INENGSIVNV
TSNIYTRRVLSGEFQIVNPHLLKDLTERGLWHEEMK-NQI FIACNGSIQSI
TSNMYQRRVLSGEFQI'VNPWLLKDLVERDLWNEDMK-NKLVMLDGSI1QAI
TSNIYYRRVLSGEFFVVNPHLLKDLFDRGLWDEDMK-QQL IAHNGSIQY1

VS o IKASK----DGILRQV
PEIPD--DLKIIYKTVWE--—————————— IKQKTLVDMAVDRGCY 1DQS
PEIPA--DLKNIYKTVWE--—————————— IKQRTLVDMAADRGCY I1DQS
PE1PD--ELKE I YKNVWE-——————————— IKQRTLVDMAVDRGCY I1DQS
AEIPD--DLKAIYRTVWE-——————————— IKQRTVVDMAADRGCY I1DQS
PE1PD--DLKQLYKTVWE--—————————— 1 SQKTVLKMAAERGAF 1DQS
PE1PQ--DLKDLYKTVWE--—————————— 1SQKTV IDYAADRGPFIDQS
SEIPD--DLKELYKTVWE--—————————— IKQKN I IDMAADRG I FIDQS
~-VPDYEHLHDAYELLWEMPGNDGYLQLVG IMQK--———————~— FIDQS
756 757

QSLN IHMDQPNF-~GK -~ === ===~ LTSLHFYAWSKGLKTGMYYLRSRA
QSLN IHMDQPNF-~GK -~ === ===~ LTSLQFYAWSKGLKTGMYYLRSRA
QSLN IHMDQPNF-~GK -~ === ===~ LTSLHFHTWSRGLKTGMYYLRSRA
QSLN IHMDKPNF - ~AK -~ === ===~ — LTSLHFYTWKKGLKTGMYYLRSRA
QSLNIHIAEPNY--GK--———————- LTSMHFYGWKQGLKTGMYYLRTRP
QSLNIHLKDPSY--GK--——====—~- 1 TSMHFYGWKKGLKTGMYYLRTMA
QSLNIY IQKPTF--AK-————————- LSSMHFYGWEKGLKTGAYYLRTQA
1 SANTNYDPSRFPSGKVPMQQLLKDLLTAYKF—--—- GVKT-LYYQNTRD
AADATKFTVDT----SMLHE-————————— KPMA=—————- EEE--———-
AADAIKFTVDT----SALRE-————————— 6|V — ED-—————-
AADATKFTVDT--—~AMLKE-————————— g E—— AVD-—————
AADATKFTVDT---~AMLKE-————————— KPSVAEGDKEVEEE------
AANPIQFTL-———— e NKEK----LKD-KEKVS----KEE-
ASAAIKFTVDP----VALRARNEESNEENKKPV IKNGKAE I SAEPTKEEI
ATDAIKFTVDTHVAKNAVKLKNADG————————————— VQITREVSRETI
]| — 5
-—--DDNTKMAQMVCSL--TNREECL--ACGS 809

----DDNTKMAQMVCSL--TNRDECL--ACGS 808

----DD-TKMAQMVCSL--TNREDCL--SCGS 808

----DNETKLAQMVCSL--TNPEECL--ACGS 816

---EEKERNTAAMVCSL--ENRDECL--MCGS 792

DIYNEK--—-- VLACS1--KNPEACE--MCSA 811

ST----ESTVTQNVCPLRRNNDEQCL--MCSG 806

——-DD--————- LVPS1Q---DDGCESGACKI 761
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Figure 21. Alignnent of the am no acid sequence of the

| arge subunits of ribonucl eotide reductase in soybean with
that in other organi sns. Soybean A = Soybean Large Subunit
A. Soybean B = Soybean Large Subunit B. The ami no acid
resi dues essential for the catalytic activity of RNR are
hi ghl i ghted: the cysteines for the reduction of the ribose
of the substrate (CYSH2ISINA20044%), the tyrosines for the
transfer of the free radical fromthe small subunit (Tyr
756, 757), and the am no acid residues for binding and
transformati on of the ribose noiety of the substrate (Ser
217, Asn 427, GQu 431) (Uhlin and Eklund 1994). A notif of
20 am no acids (from Gy 459 to Asn 478) unique to plants
is also highlighted. The nunbering is based on the am no
aci d sequence of Soybean A. Soybean A, accession nunber
AF118784; Soybean B, AF118785; Tobacco, CAA71815;

Ar abi dopsi s, AAD20398; Human, P23921; Fission's Yeast,
P36602; Pl asnodi um P50648; and E.coli, P00452.
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Cl oni ng and sequence of the cDNA encoding partial Large
Subunit C of ribonucl eotide reductase in soybean

When the 3' end of the cDNA encodi ng Large Subunit B of RNR
i n soybean was anplified and cl oned, a cDNA fragnent
encodi ng part of another |arge subunit (Large Subunit C) of
RNR was unintentionally cloned. The cDNA fragnent includes
an open reading frame of 390 bp (Figure 22). The open
reading frame is probably inconplete at its 5 end. The
cDNA has a 3'" untranslated region of 138 bp plus a pol y(A)
tail.

The open reading frane encodes a partial protein of 129

am no acids. It shares 88.4% and 94. 6% i dentity,
respectively, with the sane region of Large Subunit A and B
of RNR in soybean. This region of Large Subunit A and B
share 88.4% identity. The am no acid residues essential for
catalytic activity of RNR are conserved in this parti al
protein as in other |large subunits of RNR (Figure 23).
Accordi ng to above evidences, this cDNA cl one probably
encodes the C-termnal part Large Subunit C of RNR in
soybean.
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TATGAAGATGGCTCTGTTCAGAAAATTCCAGAAATGCCTGCTGTACTGAAGAGTATATAC

. 60
Y E DG S V QK I PEMPAVLKSSIY
AAAACTGTTTGECAGATTAAACAAAGGACATTGETAGATATGC TECTGATCBAGGATEE
K T Vv WwWE 1 KaQRTLVDMAATDT RTE:?®CE
TACATAGATCAGAGCCAAAGTTTAAATATTCACATERATCAACCCAACTTTGEARGETS
Y 1 basas L NIHMDO GPNTFGK.L
ACTTCCTTGCATTTCTATGCATGGTCCAAGGRTCTAAAGACTERAATETATTATCTTCOA
T S LHF Y AWSKGLEKTG®GMY Y LR
TCGCGAGCTGCAGCCGATGCTATTAAGTTCACCGTTGACACCTCTGCTCTCAAAGAAAAA
: R e . e ~ 300
S R AAADATILIKTFTVDTSALKEK
TCCAATGTAGAGTATGATGATAATACAAAAATGGCACAGATGGTETGCTCTTTAACARAE
S NV EYDDNTIKMAGGHMV CS L TN
CGTGAAGAGTGCTTAGCTTGTOGGAGTTGAACTRTTTCAARAGTAATGCTTCTTTAGABA
R EECLACGS
TGGCAAAGATAAATGTTTCAAGATAARTCACBTGTTAATCTATARCTTTCTGEAACGATT
TCAAAGCTTTGTTCATATTTGTCATTAATATCATTTGTATCTTTECTAMAAAAARARA
AAAAAAAAAAAAAAA
: : 555

Figure 22. Sequence of the cDNA fragnent and predicted
am no acid of partial Large Subunit C of ribonucleotide
reductase i n soybean
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Soybean
Soybean
Soybean

Part YEDGSVQKIPEIPDDLKITYKTVWEIKQKTLVDMAVDRGCY IDQSQSLNI 729
Part YEDGSVQKIPEIPADLKNIYKTVWEIKQRTLVDMAADRGCY IDQSQSLNI
Part YEDGSVQKIPEMPAVLKSIYKTVWEIKQRTLVDMAADRGCY IDQSQSLNI

O W >

756 757
Part HMDQPNFGKLTSLHFYAWSKGLKTGMYYLRSRAAADAIKFTVDTSMLHEK 779
Part HMDQPNFGKLTSLQFYAWSKGLKTGMYYLRSRAAADAIKFTVDTSALREK
Part HMDQPNFGKLTSLHFYAWSKGLKTGMYYLRSRAAADAIKFTVDTSALKEK

Soybean
Soybean
Soybean

O W >

785
Part PMAEEEDDNTKMAQMVCSLTNREECLACGS 809
Part SNVED-DDNTKMAQMVCSLTNRDECLACGS
Part SNVEY-DDNTKMAQMVCSLTNREECLACGS

Soybean
Soybean
Soybean

O W >

Figure 23. Alignnent of the am no acid sequence of C
termnal regions of Large Subunit A B and C of

ri bonucl eoti de reductase i n soybean.

The residues essential for catalytic activity of RNR are

hi ghlighted: the tyrosines for the transfer of free radi cal
fromthe small subunit (Tyr 756, 757). A m ssing am no acid
residue (Gu 785) in Large Subunit B and Cis also

hi ghl i ghted. The nunbering is based on the amno acid
sequence of Large Subunit A
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The gene or gene famly encodi ng the subunits of
ri bonucl eoti de reductase i n soybean

In order to determ ne whether a single gene or a gene
famly encodes the large and small subunit of RNR in
soybean, Southern analysis was perfornmed with different
restriction digests. The results inply that a gene famly
of at least three nenbers encodes different |arge subunits
of RNR, and that a single gene encodes the snmall subunit of
RNR i n soybean.

Sout hern anal ysis of the genes encoding the | arge subunits
of RNR showed three restriction fragnents di gested by
either Bou | or Bgl Il (Figure 24). The three restriction
fragnments obtai ned by Bbu | digestion and detected by

Sout hern analysis were 7.7, 9 and 14 kb. The 9-kb fragnment
probably represents the Large Subunit A gene, because it
showed t he strongest hybridization intensity anong the
three fragnents. The probe was a 401-bp Di g-| abel ed DNA. |t
had the sequence from 1467th to 1867th nucl eotide in the
codi ng region of Large Subunit A cDNA. The probe shoul d
hybri di ze to Large Subunit A gene with the strongest
intensity due to perfect nmatches of the sequences. The
probe shoul d hybridize to other RNR | arge subunit genes
with weaker intensity than to Large Subunit A gene due to
m smat ches of the sequences. For exanpl e, between the probe
and the cDNA of Large B Subunit, there were m snatches of
11. 2% of the nucl eotides (45 out of 401 nucl eotides did not
mat ch) .
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The three restriction fragnents obtained by Bgl |

di gestion and detected by Southern analysis were 4.9, 5.8
and 6.6 kb. The 5.8-kb fragnment probably represents the
Large Subunit A gene, because it showed the strongest
hybri di zation intensity anong the three fragnents.

Sout hern bl ot anal ysis of the gene encodi ng the snal

subunit showed a single restriction fragnent digested by
Bou I, Bgl Il or EcoR | (Figure 25). This result inplies
that a single gene may encode the only small subunit of RNR
i n soybean. The probe was a 448-bp DI G| abel ed DNA. It had
the sequence from 84th to 531st nucleotide in the coding
region of the small subunit cDNA

The restriction enzynes used in this study were sel ected
based on two reasons. First, these restriction enzynes did
not have restriction site in the probed regions of the cDNA
according to the sequence analysis. Therefore, these
enzynmes mght lack restriction site in the probed regions
of the genom c DNA. However, if there were unknown introns
within the probed regions of the genom c DNA extra
restriction sites were still possible and would result in
mul tiple hybridizing fragnents. Second, based on
prelimnary results, these restriction enzynes conpletely
or nearly conpletely digested soybean genom c DNA (Table
9). Sone restriction enzynes can not conpletely digest
soybean genom ¢ DNA, because different restriction enzynes
have different sensitivities to site-specified nethylation
of DNA, and because nethylation of DNA is nore extensive in
hi gher plants than in animals (Zhu et al. 1994).
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Figure 24. Southern bl ot analysis of genes encoding the

| arge subunits of ribonucl eotide reductase in soybean
Soybean genom c DNA (5 pg/lane) was digested with
restriction enzyne Bbu | (Bb) or Bgl Il (Bg),

el ectrophoresed t hrough an agarose gel, and transferred to
a nenbrane. A 401-bp DI G| abel ed DNA probed the nenbrane.
The probe DNA had the sequence of a part coding region in
the cDNA that encodes Large Subunit A of RNR in soybean.
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Figure 25. Southern bl ot analysis of genes encoding the
smal | subunit of ribonucleotide reductase in soybean
Soybean genom c DNA (5 pg/l ane) was digested with
restriction enzyne Bou | (Bb), Bgl Il (Bg), or EcoR I (E).
The di gested DNA was el ectrophoresed through an agarose gel
and transferred to a nenbrane. A 448-bp DI G | abel ed DNA
probed t he nenbrane. The probe DNA had the sequence of part
coding region in the cDNA that encodes the snmall subunit of
RNR i n soybean.

79



oo w>

Table 9. Digestibility of Soybean Genom c DNA by
Restriction Enzynes

Enzyme Ef f ect
BanH |
Bou | = Sph |
Bgl 11
EcoR |
Kpn |
Sal |
Xba |
Xho |

O 0 o O >» T O

conpl ete digestion

smal | anmobunt of undi gested genom ¢ DNA renai ned
noder at e anount of undi gested genom ¢ DNA remai ned
| arge anount of undi gested genonm c DNA remai ned
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Cene expression of ribonucl eotide reductase in soybean

In order to determne if light influences RNR gene
expression, relative levels of RNR nRNA in prinordia
shoots of young soybean seedlings were estimated with
Nor t hern hybri di zati on.

RNR mRNA was detected from soybean seedlings grown in the
dark and fromthose exposed to light. The relative |evel of
Large Subunit A nRNA in prinordial shoots in seedlings
exposed to light was 23% | ess than that in seedlings grown
in the dark (Figure 27). The relative |evel of the snal
subunit nRNA in seedlings exposed to Iight was 33% 1| ess
than that in seedlings grown in the dark (Figure 28). The
anount of the RNA | oaded was the sane for the two gel |anes
that represent two growmh conditions (Figure 26).

When the Large Subunit A probe was used, a transcript of
approximately 2.9 kb was detected. Fromthis result one can
concl uded that the Large Subunit A clone of the 3.06 kb-
long cDNA is nearly a full-length cDNA cl one.

When the small subunit probe was used, a transcript of
around 1.4 kb was detected. Fromthis result one can
concluded that the small subunit clone of 1.36 kb-long cDNA
is nearly a full-length cDNA cl one.
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Figure 26. El ectrophoresis of nRNA from soybean

Pol y(A)" RNA was isolated fromthe prinordial shoots of 4-
day ol d soybean seedlings. After soybean seeds germ nated
for four days in the dark and the seedlings energed from
soil, the seedlings were grown for additional three hours
in the dark (D), or in the light (L). The sane anount of
pol y(A) RNA (5 pg per |ane including remmant ribosomal RNA)
fromthe prinordial shoots under these two growh
condi ti ons was el ectrophoresed through an agarose gel and
stained with ethidiumbrom de. The RNA was subsequently
transferred to a nenbrane for nRNA | evel analysis. Left

| ane shows a RNA nar ker .
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Figure 27. Northern blot analysis of the nRNA encodi ng
Large Subunit A of ribonucleotide reductase in soybean.

Pol y(A)" RNA was isolated fromthe prinordial shoots of 4-
day ol d soybean seedlings. After soybean seeds germ nated
for four days in the dark and the seedlings energed from
soil, the seedlings were grown for three additional hours
in the dark (D), or in the light (L). The poly(A RNA (5 ug
per | ane including remant ribosomal RNA) was separated on
an agarose gel and transferred to a nenbrane. The nenbrane
was probed by a 305-bp DI G| abel ed RNA, which hybridized to
the nMRNA encodi ng Large Subunit A of RNR in soybean.
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Figure 28. Northern bl ot analysis of nRNA encodi ng the
smal | subunit of ribonucleotide reductase in soybean.

Pol y(A)" RNA was isolated fromthe prinordial shoots of 4-
day ol d soybean seedlings. After soybean seeds germ nated
for four days in the dark and the seedlings energed from
soil, the seedlings were grown for three additional hours
in the dark (D), or in the light (L). The poly(A RNA (5 ug
per | ane including remant ribosomal RNA) was separated on
an agarose gel and transferred to a nenbrane. The nenbrane
was probed by a 285-bp DI G| abel ed RNA, which hybridized to
the nMRNA encodi ng the small subunit of RNR in soybean.



Mul tiple poly(A) sites in nmRNAs encodi ng ri bonucl eoti de
reductase i n soybean

Anmong the six sequenced cDNA cl ones encodi ng Large Subunit A
of RNR in soybean, five different poly(A) sites were found
(Figure 29). These poly(A) sites resulted in five different
| engths of the 3° untranslated regions of the cDNAs. The

| ength of these 3 untranslated regions, or the distance
fromthe stop codons to the poly(A) tails, varied from 289
to 314 nucleotides. The two far away poly(A) sites were 26
nucl eoti des apart. The two cl osest poly(A) sites were next
to each ot her.

Simlarly, three different poly(A) sites were found from
three clones encoding the small subunit of RNR in soybean
(Figure 30). The two far away poly(A) sites were 63

nucl eoti des apart. To the contrary, only a single poly(A)
site was found fromthree clones encodi ng Large Subunit B
of RNR in soybean (Figure 31). Polyadenyl ation signal
AAUAAA sequence was not di scerned upstreamthese pol y(A)
sites in the nRNA encodi ng Large Subunit A, Large Subunit B
and the small|l subunit.
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MMOoOO W > MTmMOoOO W > MTMOoOO W > MmMOO W > MmMmMoO O W >

MmMmMoO O W >

AAGCATTCCAAGTTGCATTTTCCCGGATTGATTTTGGGCCTAAAAACCCT

AACCCT
AAGCATTCCAAGTTGCATTTTCCCGGATTGATTTTGGGCCTAAAAACCCT
AAGCATTCCAAGTTGCATTTTCCCGGATTGATTTTGGGCCTAAAAACCCT
AAGCATTCCAAGTTGCATTTTCCCGGATTGATTTTGGGTCTAAAAACCCT
AAGCATTCCAAGTTGCATTTTCCCGGATTGATTTTGGGCCTAAAAACCCT

TAATAAGTGCAAACCTCAAAAATTTGTTTTAGGCCTTAATGATATAAGGT
TAATAAGTGCAAACCTCAAAAATTTGTTTTAGGCCTTAATGATATAAGGT
TAATAAGTGCAAACCTCAAAAATTTGTTTTAGGCCTTAATGATATAAGGT
TAATAAGTGCAAACCTCAAAAATTTGTTTTAGGCCTTAATGATATAAGGT
TAATAAGTGCAAACCTCAAAAATT-GTTTTAGGCCTTAATGATATAAGGT
TAATAAGTGCAAACCTCAAAAATTTGTTTTAGGCCTTAATGATATAAGGT

TCAACTCATACATGATAATCTTAAGCATTCTAAATTATCTTTAGAGCTTT
TCAACTCATACATGATAATCTTAAGCATTCTAAATTATCTTTAGAGCTTT
TCAACTCATACATGATAATCTTAAGCATTCTAAATTATCTTTAGAGCTTT
TCAACTCATACATGATAATCTTAAGCATTCTAAATTATCTTTAGAGCTTT
TCAACTCATACATGATAATCTTAAGCATTCTAAATTATCTTTAGAGCTTT
TCAACTCATACATGATAATCTTAAGCATTCTAAATTATCTTTAGAGCTTT

GTATAGTACTTATGGTGTTAATTTCATTTGTACCTGTTTATGTATGGTAT
GTATAGTACTTATGGTGTTAATTTCATTTGTACCTGTTTATGTATTGTAT
GTATAGTACTTATGGTGTTAATTTCATTTGTACCTGTTTATGTATTGTAT
GTATAGTACTTATGGTGTTAATTTCATTTGTACCTGTTTATGTATTGTAT
GTATAGTACTTATGGTGTTAATTTCATTTGTACCTGTTTATGTATTGTAT
GTATAGTACTTATGGTGTTAATTTCATTTGTACCTGTTTATGTATTGTAT

GTTAAATAGTTGAAAGATGCCATTGTTGGTAGCATGTCAACTGTCCAGTG
GTTAAATAGTTGAAAGATGTCATTGTTGGTAGCATGTCAACTGTCCAGTG
GTTAAATAGTTGAAAGATGTCATTGTTGGTAGCATGTCAACTGTCCAGTG
GTTAAATAGTTGAAAGATGTCATTGTTGGTAGCATGTCAACTGTCCAGTG
GTTAAATAGTTGAAAGATGTCATTGTTGGTAGCATGTCAACTGTCCAGTG
GTTAAATAGTTGAAAGATGTCATTGTTGGTAGCATGTCAACTGTCCAGTG

AGATTCTTTATTTCCTACATTTAAATGTTA 280
AGATTCTTTATTTCCTACATTTAAATGTTA 280
AGATTCTTTATTTCCTACATTTAAATGTTA 280
AGATTCTTTATTTCCTACATTTAAATGTTA 280
AGATTCTTTATTTCCTACATTTAAATGTTA 279
AGATTCTTTATTTCCTACATTTAAATGTTA 280

86

50
50
50
50
50
50

100
100
100
100

99
100

150
150
150
150
149
150

200
200
200
200
199
200

250
250
250
250
249
250



Clone A CTATT-GCTC——m—mmm—mmmmmmmmmmm e 289(290)
Clone B CTATTTGCTC————mm———mmmmmmmmmmm e 290(290)
Clone C  CTATT-GCT=-ATC-————————m—mmmm—m = 291(293)
Clone D CTATTTGCTTATCTATTCCTTC———————————- 302(302)
Clone E  CTATTTGCTTATCTATTCCTTCT-—————————- 302(303)
Clone F CTATTTGCTTATCTATTCCTTCTAAAATTTTAGC 314(314)
Clone A AAAAAAAAAAAAAAAAAAAA
Clone B AAAAAAAAAAAAAAAAAAAA
Clone C  AAAAAAAAAAAAAAAAAAAA
Clone D AAAAAAAAAAAAAAAAAAAA
Clone E  AAAAAAAAAAAAAAAAAAAA
Clone F  AAAAAAAAAAAAAAAAAAAA

Figure 29. Heterogeneity of 3 untranslated regions in
MRNAs encodi ng Large Subunit A of ribonucl eotide reductase
i n soybean. The conplete 3' untranslated region of six

cl ones encodi ng Large Subunit A of RNR in soybean are shown
(part of Cone Bis mssing). The nunbers w thout

parent heses indicate the nucl eotide position downstream
fromthe stop codon. The nunbers in parentheses indicate
the nucl eotide position referring to the consensus
sequence. M ssing nucleotides in the sequences caused the
di fference between the two nunbers.
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TTATGATTTATCTGTTTCAGCTTCAATTATTCTGCGGATATACTGAATTA 50
TTATGATTTATCTGTTTCAGCTTCAATTATTCTGCGGATATACTGAATTA 50
TTATGATTTATCTGTTTCAGCTTCAATTATTCCGCGGATATACTGAATTA 50

Clone
Clone
Clone

O w>

GGCATCGGAAATTTCATTTACTATTTTTTTTT-CAGTAACATGTTTAGTC 99
GGCATCGGAAGTTTCATTTACTATTTTTTTTTTCAGTAACATGTTTAGTC 100
GGCATCGGAAATTTCATTTACTATTTTTTTTT-CAGTAACATGTTTAGTC 99

Clone
Clone
Clone

Ow >

TACACACATAACTTAAGTGATTCCTAGCCGCTGGTATCTATCTGCACTCA 149
TACACACATAACTTAAGTGATTCCTAGCCGCTGGTATCTATCTGCACTCA 150
TACACACATAACTTAAGTGATTCCTAGCCGCTGGTATCTATCTGCACTCA 149

Clone
Clone
Clone

O W >

GGTCACTTGTATAATATGTTTCGTTATATTCCCGT-——==—===—==——~ 184
GGTCACTTGTATAATATGTTTCGTTATATTCCTAATGGCATGTAATATTT 200
GGTCACTTGTATAATATGTTTCGTTATATTCTTAATGGCATGTAATATTT 199

Clone
Clone
Clone

O W >

------------------------------------------------ 184
GTAACGGTAGC— === = === ——m oo oo 211
GTAACGGTAGCCAAAACGGCCTAGTCATAGTCATTAGTGATTAAGGAG 247

Clone
Clone
Clone

O W >

AAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAA

Clone
Clone
Clone

O W >

Figure 30. Heterogeneity of 3 untranslated regions in
MRNAs encoding the small subunit of ribonucl eotide
reductase in soybean. The conplete 3" untranslated regions
of three clones encoding the small subunit of RNR in
soybean are shown. The nunbers indicate the nucl eotide
position downstream fromthe stop codon.
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Clone
Clone

Clone
Clone
Clone

Clone
Clone
Clone

Clone
Clone
Clone

Clone
Clone
Clone

Figure 31. Uniformty of 3
encodi ng Large Subunit B of
soybean.

The conplete 3
encodi ng Large Subunit B of RNR in soybean are shown. The
nunbers indicate the nucl eotide position downstream from

O W > O W > O w> O w>

O W >

AATGTTTCAAAAGTAATGCTTTCATTAGAGGCGACAAAGATAAATCACGT
AATGTTTCAAAAGTAATGCTTTCACTAGAGGCGACAAAGATAAATCACGT
AATGTTTCAAAAGTAATGCTTTCATTAGAGGCGACAAAGATAAATCACGT

GTTAATCTATAGCTTTTTCAAAGCTTTGAACATAGTTGTCATCAATATCA
GTTAATCTATAGCTTTTTCAAAGCTTTGAACATAGTTGTCATCAATATCA
GTTAATCTATAGCTTTTTCAAAGCTTTGAACATAGTTGTCATCAATATCA

TTTGTATTCTTGCATATCCTTGTATCAGATTTATTTACTCAGTAGTATAA
TTTGTATTCTTGCATATCCTTGTATCAGATTTATTTACTCAGTAGTATAA
TTTGTATTCTTGCATATCCTTGTATCAGATTTATTTACTCAGTAGTATAA

ATACCAAGTCAGTT 164
ATACCAAGTCAGTT 164
ATACCAAGTCAGTT 164

AAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAA

t he stop codon.
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Di scussi on

cDNA cloning of large and small subunits of ribonucleotide
reductase i n soybean

In this study, cDNAs encodi ng Large Subunit A, Large
Subunit B, Large Subunit C (partial), and the small subunit
of RNR in soybean were anplified, cloned and sequenced.

Two characteristics of these sequences show conpl eti on of
the open reading franes in these cDNAs at their 5 ends.
First, stop codons were found upstreamfromthe start
codons and in frane with the | ong open readi ng franes
(Figure 13, 19). Therefore the start codons are the nost
upstream anong the possible start codons in the open
readi ng franmes. Second, the amno-termnal (Ntermnal)
resi dues between these subunits of RNR in soybean and those
in other eukaryotic organisns are simlar (Figure 14, 21).

Two characteristics of these sequences indicate the
identity of these cDNAs. First, the predicted amno acid
sequence of these cDNAs have significant overal
simlarities to the subunits of RNR in diverse organisns,
whi ch represent five kingdons (Table 7, 8). These sequences
of RNR subunits in soybean show a hi gh honology (77.0%to
90.6% identity) to those in other plant species, a high
honol ogy (60.2%to 68.9% identity) to those in the

organi sns representing other eukaryotic kingdons, and a
honol ogy (19.5 %to 29.0 %identity) to those in E. coli.
Second, the am no acid residues essential for catalytic
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activity and for enzyne structure of these subunits of RNR
are conserved in the predicted am no aci d sequences of
these cDNAs. Al the 17 conserved am no acid residues
featured the small subunit of RNR are conserved in the
smal | subunit of RNR in soybean (Figure 14). Likew se, al
the 8 conserved residues featured the |arge subunit are
conserved in the |arge subunits in soybean (Figure 21).

A recogni zabl e fragnent, or a notif, of 20 am no aci ds was
found in both Large Subunit A and B of RNR from soybean
(Figure 21). Al the known five RNR | arge subunits in
plants (two from soybean, two from tobacco, and one from
Ar abi dopsis) have this notif (Chaboute et al. 1998) (Lin et
al. 1999). However, it is absent in the RNR | arge subunits
in the organisnms belonging to other kingdons (Figure 21).
Furt her searched wth Basic Local Alignnent Search Too
(BLAST) progranms (Altschul et al. 1990), this notif could
not be found from any known am no acid sequences of
proteins fromanimls, fungi, protista or bacteria. Al so,
it could not be found from plants except the sequence of
the RNR | arge subunits. Therefore it appears to be specific
for the RNR | arge subunit in plants.

Proteins often use notifs as building blocks to organize
secondary and tertiary structures and to perform functions
(Unger and Sussman 1993). If a notif is well known it can
be used to predict a protein function (Bork and Koonin
1996). Because this notif is little known, three possible
functions are hypothesized as fol |l ows.

91



This notif may not be directly involved in catalytic
functions of RNR because it can not be found fromRNR in
organi sns other than plants. Al the class | RNR in

di fferent kingdons have the sane catal ytic functions and
cofactor, so they should have simlar well-conserved notifs
involved in the catalytic functions.

The first possible function of this notif is binding

anot her subunit of plant RNR Unli ke aninmals and proti sta,
pl ants have multiple large subunits of RNR This notif may
bind different | arge subunits and contribute to formng a
RNR conpl ex.

The second possible function of this notif is targeting to
a particular subcellular location in plant cells. The
subcel | ul ar conpartnents and internal nenbranes that are
unique in plant cells may require this notif to | ocate RNR

The third possible function of this notif is binding to a
regul atory nol ecule, and the regulatory nolecule could in
turn influence the activation or life span of the enzyne.
Pl ants have to stand harsh environnents, such as
ultraviolet light and extrene tenperature, instead of
avoiding themas animals do. Plant cells also need to
regul ate cell division according to light condition.
Therefore, this plant-specific notif may be beneficial to
pl ants for regul ati ng RNR

For understanding the function of this plant-RNR-specific
nmotif, one approach could be X-ray crystall ography; another
approach could be site-specific nutagenesis. X-ray
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crystal | ography woul d show the position of this notif on
the three-di nensional structure of a plant RNR, and the
position may reveal the notif’s function. A site-specific-
mut ant gene encoding the |arge subunit wi thout this notif
coul d be constructed by deleting the rel evant nucl eoti des.
The mutant | arge subunit gene could be delivered in plant
cells, or large anounts of the nodified | arge subunit
protein could be produced in E. coli, so the function of
the |l arge subunit protein without the notif could be

st udi ed.

The gene or gene fam |y encodi ng ribonucl eoti de reductase
i n soybean

Based on the Southern hybridization results it appears that
a small gene famly encodes at |east three different |arge
subunits of RNR in soybean, whereas a single gene encodes
the small subunit of RNR These Sout hern hybridi zation
results are consistent with the sequenced cDNAs in this
study. These cDNAs encode three different |arge subunits
and one small subunit of RNR in soybean. These results are
al so consistent with the report that a small gene famly
encodes different large subunits of RNR in tobacco
(Chaboute et al. 1998), and a single gene encodes the only
smal | subunit of RNR in tobacco (Chaboute et al. 1998) and
i n Arabidopsis (Philipps et al. 1995).

How coul d different |arge subunits of RNR conpose the

enzyne conplex? One possibility is that the different |arge

subunits could make up the sane enzyne conplex (i.e. L,LgSS,
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L,LSS or LgLSS). This would nean that the RNR conplex in
pl ants has non-honodi ner structures. Alternatively, the
different |arge subunits could nake up different enzyne
conpl exes, but the sane |arge subunits conpose each enzyne
conplex (i.e. L,L,SS, LgLgSS and LL.SS). This would nean

pl ants have different RNR i sozynes.

It is not clear why plants may have non- honodi mrer RNR or
different RNR isozynes; in other words, it is not clear why
sone plants need different |arge subunits of RNR Four
hypot heses are suggested; they are spare-part rescue, non-
honmodi mer, tissue-specific and environnent-specific.

First, spare-part rescue of RNR could be advantageous in
pl ants, because RNR is a indi spensable enzyne for de novo
DNA synt hesi s, and because plants are exposed to nuch nore
sunlight than animls and fungi due to requirenent for
phot osynthesis. It is well known that ultraviolet radiation
in sunlight causes various kinds of DNA damage incl uding
formation of thymne diners. If a RNR gene in a plant cel

i s damaged by sunlight, another spare-part RNR gene woul d
be crucial for the cell to survive. In fact, a cell under
ultraviolet radiation needs not only at | east one norma
RNR gene to survive, but also nore RNR gene expression to
repair damage on its genonmic DNA (Filatov et al. 1996).

Second, non-honodi nrer RNR nmay function better than

hormodi mer RNR in plants. Evol ution procession nay have
refined the large subunits of RNR in plants, fromthe
honmodi mer to the non-honodi nmer, therefore inproved the
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subunit binding, active-site efficiency or allosteric

regul ation.

Third, different cell-types, tissues and organs in a pl ant
may use different RNR to adapt their differentiation. The
fourth hypothesis is that plants nmay use environnent -
specific large subunit of RNR For exanple, under nornal
condition plant cells could use one kind of RNR to prepare
for cell division. Under ultraviolet radiation, the cells
coul d use another kind of RNR to repair damaged DNA.

Di fferent approaches could be used to understand the reason
for multiple |Iarge subunits. One approach coul d be
evaluating the nRNR | evels of the different |arge subunits
by Northern hybridization or in situ hybridization.
Different |arge subunit nRNAs coul d be distinguished with
gene specific probes. These nRNR levels in different cell -
types, tissues and organs under different environnments
woul d reveal the relationship and change of the gene
expression of the large subunits of RNR in plants. Another
approach could be evaluating the protein | evels of
different large subunits by Western blotting or
fluorescence m croscopy. Different |arge subunits could be
di stingui shed fromeach other w th nonocl onal anti bodi es.

Based on am no acid sequences, two evol utionary
rel ati onshi ps anong the three | arge subunits of RNR in
soybean can be specul ated. First, Large Subunit B and C are
closer to each other than to Large Subunit A in terns of
phyl ogeny. The counterparts of Large Subunit B and C share
94. 6% sequence identity with each ot her, whereas both of
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them share 88.4% identity with the counterparts of Large
Subunit A. Both Large Subunit B and C | ack the sanme am no
acid (GQu 785) conpared to Large Subunit A (Figure 19).
Second, Large Subunit A may be the nost basal |ineage anong
the three large subunits. This lineage is supported by the
fact that Large Subunit A has a higher honol ogy to the

| arge subunits of RNR in other organisns than Large Subunit
B does (Table 7).

Cene expression of ribonucl eotide reductase in soybean

In this study Northern hybridization results show that RNR
| arge and smal |l subunit genes in soybean are expressed both
in the dark-grown and |ight-grown seedlings, and that |ight
does not increase the nRNA | evels. When the sanme anount of
pol y(A) RNA (5 pg) was anal yzed, the Northern hybridization
intensity of RNR nRNA in prinordial shoots grown in the
light was | ess than that grown in the dark (23%to 33%

| ess). However, the total amount of poly(A) RNA from
prinmordi al shoots grown in the |ight was nore than that
grown in the dark (about 18% nore, data not shown).
Therefore, the RNR nRNA | evel in shoots grown in the |ight
was just slightly less than that grown in the dark (10%to
20% | ess).

Contrary to expectation, light did not increase RNR nRNA
I evels in prinordial soybean shoots. The expected increase
of RNR nRNA | evel s was based on the fact that when young
soybean seedlings are grown in the dark, the prinordial
shoots remain yellow and in bud form after transfer to
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light for a couple of hours, the shoots begin to green,
grow and devel op. Because RNR is a key enzyne for DNA
synthesis, one could predict that [ight would turn on or
i ncrease RNR gene expression for cell division.

To explain why |ight does not increase RNR nRNA | evel s, one
coul d speculate that light increases RNR enzyne activity by
post-transcriptional regulation w thout increasing RNR nRNA
| evel s. Evaluating the RNR protein levels with Wstern
blotting could test this specul ation.

Mul tiple poly(A) sites in nmRNAs encodi ng ri bonucl eoti de

reductase i n soybean

Mul tiple poly(A) sites and different |lengths of the 3
untransl ated regi ons were found in cDNAs encodi ng sone
subunits of RNR in soybean. The sane cis-acting el enents
may i nprecisely |ocate sone poly(A) sites and cause
different poly(A) sites in different nRNR

Mul tiple poly(A) sites were found in nRNAs encodi ng Large
Subunit A and the small subunit of RNR in soybean. Five
different poly(A) sites were found in six Large Subunit A
cl ones sequenced; three different poly(A) sites were found
in three small subunit clones sequenced. The hi gh frequency
of clones with different poly(A) sites suggests that even
nmore poly(A) sites will be found if nore clones are

sequenced.
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Pol yadenyl ati on si gnal AAUAAA sequence was not found
upstreamthese poly(A) sites. This finding is not
surprising because the pol yadenyl ation signals in plants
differ between nNnRNAs and are hard to di scern by sequence
i nspection alone (Wi et al. 1995).

The RNA poly(A) sites are close to each other. Anobng the
five poly(A) sites in nRNAs encodi ng Large Subunit A of

RNR, the farthest two poly(A) sites are separated by 25
nucl eoti des; the closest two poly(A) sites are separated by
only one nucl eoti de.

Sone researchers consider nultiple cis-acting el enents as
the cause for nultiple poly(A) sites in plants (Li and Hunt
1997). They suggest that in a pea gene, four near-upstream
el ements and four dinucleotide Y(= Cor T)A elenents result
in four poly(A) sites, respectively. They al so suggest that
a far-upstreamelenent results in three of the four poly(A)
sites, and that a second far-upstreamelenent results in
the fourth poly(A) site.

Al t hough Li’s hypot hesis can explain the basis for four
poly(A) sites in a plant gene, it can not explain the basis
for many nore poly(A) sites in other plant genes; also it
can not explain why sonme poly(A) sites are close to each
ot her. For exanple, 14 different poly(A) sites were found
from 22 clones encodi ng a chl oropl ast RNA-bi nding protein
in tobacco (Klahre et al. 1995). Anpbng these 14 pol y(A)
sites, the farthest two poly(A) sites are separated by 94
nucl eoti des; the closest two poly(A) sites are separated by
only one nucl eotide. Because these 14 poly(A) sites are so
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close to each other, it is alnost inpossible that there are
di stingui shabl e 14 near-upstreamand nultiple far-upstream
el enments to |locate these sites respectively.

One coul d specul ate that the sane cis-acting el enents may
| ocate a poly(A) site at an approxi mate position, instead
of a fixed position. This inprecise |ocation would cause
different poly(A) sites in different nRNA nol ecul es
encodi ng the sane RNR subunit, and cause cl ose poly(A)
sites.

| npreci se |l ocation of poly(A) sites by the sane cis-acting
el ements can explain other researchers’ results (Kl ahre et
al. 1995), so inprecise |location of poly(A) sites may al so
occur in plants other than soybean and in nmRNA encodi ng
genes other than RNR In the past, nobst researchers have
sequenced only a few cDNA cl ones encodi ng the sane pl ant
protein, because sequencing was tine consum ng; their focus
was on the coding regions instead of 3 untranslated region
of the cDNA. More and nore sequence data of 3 untransl ated
region of plant cDNA may reveal that nultiple poly(A) sites
in plant "RNA are nore conmon than previously thought.
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Sunmary

In sunmary, cDNAs encodi ng Large Subunit A, Large Subunit
B, Large Subunit C (partial), and the small subunit of RNR
i n soybean were anplified, cloned and sequenced. The RNR

| arge subunits in soybean contain a notif with 20 am no
aci ds, which appears to be specific for the RNR | arge
subunits in plants.

Sout hern hybridization results inply that a small gene
famly encodes at |east three different |arge subunits of
RNR i n soybean, and that a single gene encodes the snal
subunit. The presence of three different |arge subunits of
RNR i n soybean suggests that the RNR conplex in plants may
have a non-honodi ner structure. Alternatively, plants may
have different RNR i sozynes.

Nort hern hybridi zation results show that RNR | arge and
smal | subunit genes in soybean are expressed both in dark-
grown and |ight-grown seedlings, and that |ight does not

i ncrease RNR nRNA | evel s.

Mul tiple poly(A) sites and different |lengths of the 3
untransl ated regi ons were found in cDNAs encodi ng sone
subunits of RNR in soybean. The sane cis-acting el enents
may i nprecisely |ocate sone nultiple poly(A) sites in

pl ants.
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