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ABSTRACT

The molecular cloning and nucleotlde sequence analysis of adult chicken
(3 globin mRNA is reported. DNA sequences derived from J_n_ vitro transcription
of globin mRNA were purified and amplified as recombinant DNA using the
plasmid pBR322. Sequence analysis of several clones coding for 3 globin
strongly suggests that transcription errors may be generated near the 5' end
of transcripts \n_ vitro by reverse transcription. The complete sequence of
the longest S globTn Tnsert containing 51 bases of the 5' untranslated region
as well as the complete coding and 3' untranslated regions has been determined.

INTRODUCTION

The globin gene system, in a variety of species, has become well

established as a model for extensive analysis of eukaryote gene expression

(3,1*)- This has been mainly due to the accessibility of the structural

sequences by mRNA isolation, and the availability of in vivo systems for

study such as cultured erythroblasts (5) and Friend erythroleukaemlc cells (6).

In view of the available data on the mammalian systems, similar studies

of the chicken globin genes will provide information concerning the divergence

of structural and putative control regions. Analysis of globin amino acid

sequences suggests that the chicken genes are relatively prlmatlve and lie

close on the genealogical tree to the time of separation of globin into a and

g chain types (7).

MATERIALS AND METHODS

Double stranded cDNA was synthesised from chicken globin mRNA (prepared

as previously described (8)), by sequential reverse t ranscri ptase reactions

(9). Following Si nuclease treatment to open the hairpin loop, the DNA was

made blunt-ended with E. col i DNA polymerase I (Klenow fragment) and ligated
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to synthetic linker DNA encoding the Hind I I I recognition site (9). This

material was then digested with Hsu I (an isoschizomer of Hind III) and

electrophoresed on a 6% polyacrylamide gel. DNA from the 5OO-7OO bp region

of the gel was electroeluted and ligated to Hind I I I digested, dephosphorylated

pBR322 (9). The recombinant molecules were transformed Into E. col i x 1776

as described (10).

Cells carrying recombinant plasmids were selected on the basis of their

ampiclllin resistance, tetracycline sensitivity and absence of the Hae I I I

digestion fragment of pBR322 containing the Hindi I I restriction site.

Plasmid DMA was prepared from those clones which gave Hae I I I fragment

patterns corresponding to HaeI I I digested double-stranded globin cONA.

The inserted DNA was isolated by Hind I I I cleavage and electrophoresls on

polyacrylamide gels. ONA fragments isolated for sequencing were end-labelled

by either incubation with Tk polynucleotide kinase and y- 3 2P-ATP or Klenow

fragment catalyzed exchange of the 3' residue (11).

Sequencing reactions and gel electrophoresis were as described by

Maxam and Gilbert (12).

All manipulations involving recombinant DNA were in accordance with NIH

(USA) or ASCORD (Australia) guidelines.

RESULTS

Restriction endonuclease digestion of double-stranded cDNA transcribed

from reticulocyte mRNA yielded information on the existence of cleavage

sites in the major species present. The Hae I I I digest gave two bands of

approximately 260 base pairs each. Miniscreening of the recombinant DNA

molecules with HaeI I I indicated the presence of either one or the other of

these two bands and suggested that these two fragments (and the clones

containing them) were derived from two different major cDNA species. The

cleavage patterns determined by digestion of the cDNAwith Hpa I I , Hha I and

AluI (Fig. l) were used in establishing the sequencing strategy shown in

Fig. 2. HpaI, Xma I and Kpn I did not cleave the cDNA, whereas the cleavage

site for PstI was subsequently found to lie in the g mRNA 31 untranslated

region. Sst I cleaved some of the cONA sequences but no site has yet been

determined in the 6 or a (13) cloned sequences.

Insert DNA isolated from several clones by Hind I I I digestion was labelled

with m polynucleotIde kinase and Y - 3 2 P - A T P , digested with HaeI I I restriction

endonuclease and the labelled fragments separated on (>% polyacrylamide gels

and subjected to sequence analysis (12). Sequences coding for adult 6 globin
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Figure I . R e s t r i c t i o n endonuclease d iges t i on o f chicken g lob in double-
stranded cDNA. 3 x 101* c .p .m. (Cerenkov) of 3 2 P-1abe l led cDNA were Incubated
w i t h each enzyme f o r 1 hour , e lect rophoresed on a (>% po lyacry lamide s lab gel
and autoradiographed. Molecular weight markers are Fd phage DNA HaeI I I
f ragments.

0 M and the p a r t i a l l y cha rac te r i zed a g lob in (15) were found. The longest

8 coding i n s e r t , pCGB-3, was complete ly sequenced ( F i g . 3 ) . In t h i s case

there was complete agreement w i t h the amino ac id sequence es tab l i shed by

Matsuda et a l . ( H ) . Wiere p o s s i b l e , both strands were sequenced and where

t h i s proved d i f f i c u l t one s t rand was sequenced several t imes .

In add i t i on to pCGB-3, f i v e o ther B coding i nse r t s have been p a r t i a l l y

sequenced. A l l o f these agree w i t h corresponding sequences in pCGB-3, except

fo r a few bases conf ined t o the 5' end o f each inser t (wi th respect to

the mRNA sequence). This suggests tha t i ncor rec t bases are inser ted by reverse

t ransc r i p tase dur ing the " l o o p " format ion or more l i k e l y arose dur ing the

repa i r process w i t h £ . c o l i DNA polymerase I in the b lun t -end ing r e a c t i o n .

I t fo l lows that several bases at the 5' end o f pCGg-3 may be I n c o r r e c t .
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Figure 2 . Sequencing s t r a t e g y o f pCG6"3- Only those r e s t r i c t i o n s i t e s used
in the a n a l y s i s are shown ( A - A l u l , H i - H h a l , H 2 - H p a l l , H 3 - H a e l l l , P - P s t l ) .
Arrows i n d i c a t e the d i r e c t i o n and e x t e n t o f sequenc ing .

C o n f i r m a t i o n t h a t these e r r o r s are due to j_n_ v i t r o r e a c t i o n s i s o b t a i n e d

by i n s p e c t i o n o f the sequence o f the 8 cod ing c l one pCGg-i) ( F i g s . 3 and 4)

which t e r m i n a t e s w i t h i n the coding sequence and has an i n c o r r e c t 5 ' ~ t e r m i n a l

sequence ( F i g . 3 and *() . A s i m i l a r r e s u l t has been o b t a i n e d f o r a cod ing

c lones (13) - A p o t e n t i a l model f o r the g e n e r a t i o n o f e r r o r s is diagrammed

in Fi gure 5 .

DISCUSSION

The n u c l e o t i d e sequence o f ch icken 6 - g l o b i n mRNA, as deduced from

the sequence o f the c loned cDMA, has a r e l a t i v e l y h i gh GC con ten t (57^

compared w i t h k]% f o r the genome ( l 6 ) ) . Th is i s p a r t i c u l a r l y ev i den t in

the redundant bases w i t h i n the cod ing reg ion in which ^9% o f codons are

NNC and 30% NNG (Table I ) . This s e l e c t i o n in the mRNA sequence f o r a

h igh GC con ten t ( a l s o found in growth hormone (17) and c h o r i o n i c somatomammo-

t r o p i n (18) mRNA) may r e s u l t in a more s t a b l e o v e r a l l secondary s t r u c t u r e

w i t h a h i g h degree o f nuclease r e s i s t a n c e . In a d d i t i o n , the s t a b l e

secondary s t r u c t u r e may be an e s s e n t i a l f e a t u r e o f p rocess i ng o f p recu rso r

mRNA. In one p o s s i b l e con fo rmat ion o f (3 mRNA, many o f the G and C res idues

in the t h i r d p o s i t i o n o f codons are i n v o l v e d in hydrogen bonding (13 ) .

Desp i te the h igh GC con ten t there is a r e l a t i v e l y low f requency o f the

1140

D
ow

nloaded from
 https://academ

ic.oup.com
/nar/article/7/5/1137/2384214 by guest on 24 April 2024



Nucleic Acids Research

5' start

pCGB-3 GCUCAGACCUCCUCCGUACCGACAGCCACACGCUACCC UCCAACCGCCGCC AUG

pCGB-2 . . .GGGAUAACACGCUACCC UCCAACCGCCGCC AUG

pCGB-1 . . . UAGCACGCUACCCCUCCAACCGCCGCC AUG

10 20

val hie trp thr ala glu glu lye gin leu He thr gly leu trp gly lye val aen val

GUG CAC UGG ACU GCU GAG GAG AAG CAG CUC AUC ACC GGC CUC UGG GGC AAG GUC AAU GUG

pCGB-4 GUG

30 40

ala glu eye gly ala glu ala leu ala arg leu leu He val tyr pro trp thr gin arg

GCC GAA UGU GGG GCC GAA GCC CUG GCC AGG CUG CUG AUC GUC UAC CCC UGG ACC CAG AGG

GCU GUC GGU GGG GCC GAA GCC CUG GCC AGG

5 0 60

phe phe ala eer phe gly aen leu ser eer pro thr ala He leu gly aen pro met val

UUC UUU GCG UCC UUU GGG AAC CUC UCC AGC CCC ACU GCC AUC CUU GGC AAC CCC AUG GUC

70 80

arg ala his gly lye lye val leu thr eer phe gly asp ala val lye aan leu aep aen

CGC GCC CAC GGC AAG AAA GUG CUC ACC UCC UUU GGG GAU GCU GUG AAG AAC CUG GAC AAC

90 100

He lys asn thr phe ser gin leu eer glu leu his eye aep lye leu his val asp pro

AUC AAG AAC ACC UUC UCC CAA CUG UCC GAA CUG CAU UGU GAC AAG CUG CAU GUG GAC CCC

110 120

glu aen phe arg leu leu gly aep He leu He He val leu ala ala hie phe eer lye

GAG AAC UUC AGG CUC CUG GGU GAC AUC CUC AUC AUU GUC CUG GCC GCC CAC UUC AGC AAG

130 140

aep phe thr pro glu eye gin ala ala trp gin lye leu val arg val val ala hie ala

GAC UUC ACU CCU GAA UGC CAG GCU GCC UGG CAG AAG CUG GUC CGC GUG GUG GCC CAU GCC

Stop

leu ala arg lys tyr his

CUG GCU CGC AAG UAC CAC UAA GCACCAGCACCAAAGAUCACGGAGCACCUACAACCAUUGCAUGCACCU

3'
GCAGAAAUGCUCCGGAGCUGACAGCUUGUGACAAAUAAAGUUCAUUCAGUGACACUC poly (A)

Figure 3. Complete nucleot ide sequence of the mRNA corresponding to pCG8~3-
Sequences of pCGB-1, pCGB-2 and pCG6-4 are included to show 5' terminal
heterogene i t y .

C - G doublet , normally cha rac te r i s t i c of eukaryot ic DNA (19) (19 C - G

compared w i th i»3 G - C).

Kafatos et a i . (20) have car r ied out an extensive analysis of the
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Figure ^t. Autorad iograph o f sequencing gel showing the 5 ' t e r m i n a l sequence
o f pCGB-'t. The r e l e v a n t sequence o f pCG8"3 is inc luded to show h e t e r o g e n e i t y .
The b racke t shows the base sequence from the s y n t h e t i c Hindi I I l i n k e r DNA.
The arrows mark s i t e s where C res idues are absent from the sequence due to
m e t h y l a t i o n o f EcoRI I s i t e s by E. c o l i .
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mRNA 5 1 CCCGATC AGCTGGG 3 '

s ing le -s t randed cDNA 31 GGGCTAG--- -TCGACCC S'

double-stranded ^—TCGACCC 5|

" h a i r p i n " cDNA I -PGG 3'

l i m i t e d SI 3 ' TCGACCC 5'

nTcGGG 3

polymerase I repair 3' CTAGCCC 5'
5' GATCGGG . 3'

deduced mRNA sequence 5 ' GATCGGG 3 '

c o r r e c t mRNA sequence 31 AGCTGGG 3 '

Figure 5. Po ten t ia l mechanism fo r generat ion of " e r r o r s " at the 5 ' -end o f
cDNA. L imi ted SI cleavage o f the h a l r p l n - l o o p generated dur ing syn thes is
o f dS cDNA resu l t s in a duplex molecule te rm ina t ing in two non-pa i red s t rands .
The unpaired 3 ' -end o f the s t rand complementary to the 5 ' - t e rm inus o f mRNA Is
then removed by the 3' " 5 ' exonuclease a c t i v i t y o f DNA polymerase I and then re -
syntheslsed using the o ther unpaired s t rand as templa te . This r e s u l t s In the
inco rpora t ion o f " I n c o r r e c t " sequences since t h i s p o r t i o n o f the cDNA is
der ived from sequences f u r t h e r towards the 5' end o f the mRNA.

homology between rabb i t and human 6 g l o b i n . Comparison o f the chicken

sequence w i t h those der ived from rabb i t (21,22,23) and human (22 ,2<t ,25) reveals

some I n t e r e s t i n g f ea tu res . In pCG8-3, o f the 51 bases in the 5 ' un t rans la ted

region (AUG not inc luded) there are at most 25 bases homologous w i t h rabb i t

and 30 bases homologous w i t h human (F ig . 6 ) . No more than four cont iguous

bases are found to be homologous in any par t o f t h i s region suggest ing that I f

a ribosome b ind ing s i t e e x i s t s , analogous to that In p roka ryo tes , then there

is l i t t l e s e l e c t i v e pressure to mainta in the s p e c i f i c i t y o f t h i s sequence. A

s i m i l a r conc lus ion has been p rev ious l y a r r i ved at by a comparison o f 5 ' " un-

t r a n s l a t e d regions from a v a r i e t y o f eukaryote mRNAs (26) . In the case o f both

human and rabb i t 6 mRNA there are s i x more bases (not shown in F ig . 6)

before the 7meG cap which suggests tha t pCGB-3 does not con ta in the complete

5 ' - u n t r a n s l a t e d region o f chicken $ g l o b i n .

Comparison o f respec t ive 3 ' - u n t r a n s l a t e d regions shows a s i m i l a r degree

o f homology as descr ibed fo r the 5 ' ends (F ig . 7 ) . Of the 108 bases in

the chicken sequence, 57 are homologous w i t h rabb i t and 52 w i t h human.

For rabb i t and human S g lob in mRNAs there Is a region Immediately a f t e r
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Table I. Codon utilization of chicken 6 globin mRNA. The Table shows the
preference for codons ending in G or C, and the discrimination against those
containing C-G.

- 5 0 - 4 0 - 3 0

R a b b i t G C U " [ u ] u G A C A C A A C U G U G U u [ u ] - - - - -

Human G C U U C U G A C A C A A C U G U G U U C - - - - -

C h i c l t e n G C U - C [ A ] G A C - c | u | c | c u | c | c | G n [ I ] c C G A C A

- 5 0 - 4 0

- - - A C U U

- - - A C u|A

G C C A C|

- 3 0

- 2 0 - 1 0 - 1
i—i i—i—i

A 0 GG C A A U C C C [ C J C A A A A C A G A C A |

G C A A - - C C U C - Z . A A C A G A C A C C A U G
1 — 1 I ~ ~ ' A A C [ C ] G [ C ] C [ G ] C C A U G

-10 -1
G C[UJA - C C C U C - [ £

-20

Figure 6. Comparison of the 5' untranslated regions of chicken, human (19,
20) and rabbit (21) 3 globin mRNA. Boxes show base changes between the three
sequences. Sequences have been aligned to show maximum homology.
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the termination codon of complete divergence and the same Is true for the

chicken sequence. This is followed by a region of homology, which contains

m deletions (or insertions) and 10 base changes (chicken compared to rabbit),

up to the highly conserved AAUAAA sequence. From this sequence to the poly(A)

tract there is only one deletion but 8 base changes (both in rabbit and human)

suggesting that the length is more critical than the sequence.

Comparison of the chicken and rabbit S chain coding regions shows 120

base changes. Of these, 66 are Involved In an amlno acid change at that

position, while the remaining 5^ conserve the protein sequence. The J2%

nucleotide sequence homology between the chicken and rabbit coding regions

is significantly higher than the homology between the non-coding regions

Ct9% 5' end; 5b% 3' end); a result consistent with selection at the amino

acid level being a significant factor In the maintenance of nucleotide

sequence.

Chicken

Rabbit

Human

440 ^_____C A G C A

U A A G CTAJC " C C A A A G A

U [ G ] A G | A | U C U U U U U C C C U C U G C C A A A [ A ] A

U A A G C U C .C U A A A - -

•55 b a s e s -

460 480

u c A [ C ] G G[A]G C A C C U A C A [ A ] C C A U U G C A [ U ] G C

U [ U ] A U G G G G - - - - - A C A U C - A U - G - A A G C

- C - U G G G G [ G ] - - - - A F U I A u f u l - A U - G - A A G [(3

e c u

e c u

e c u

500 520

- G C A G [ A ] A A U G C U C C G G A G C U G A C A G C U U [ G ] U G X

U G - A G C - A U - C - - - - - - - - U G A C - - - U U C U G G

U G - A G C - A U - C - - - - - - - - U G - [ G | A - - U U C U G

ClAl A A U A A A G

C U A A U A A A G

C U A A U A A AIA

C A U U | C | A | G | U | G | A | C A [ £ j u - C p o l y ( A )

X j A U U U A U U U U C A U U G C p o l y (A)

A C A U U U A U U U U C A U U G C p o l y ( A )

Figure 7- Homology in the 3 ' un t rans la ted regions o f ch icken, human (19,
20) and rabb i t (21) 8 g lob ln mRNA. Boxes show base changes between the three
sequences. Sequences have been a l igned to show maximum homology.
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