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ABSTRACT

We have cloned overlapping segments of the human thyroglobulin gene
from a genomic cosmid library. Restriction mapping and electron microscopy
show that a region of 38 kb at or near the 3'-end of this gene encodes only
850 nucleotides or 10% of the messenger RNA (mRNA) sequence. The region con-
tains five exons of 130-210 nucleotides, split by introns of 1 to 15-17 kb.
This represents the lowest ratio of coding to non-coding DNA (2.2%) found
thusfar in any eukaryotic gene. Blot hybridization under non-stringent condi-
tions shows the presence of only one copy of this gene in the human genome
and the absence of other closely related sequences.

INTRODUCTION

Several studies in western countries indicate that, amongst humans,

about one in every 3000 newborns suffers from congenital hypothyroidism (1,2).

About five percent of these cases are due to inborn errors in the synthesis

of thyroglobulin (M.H. Gons and J.J.M. de Vijlder, unpublished observations).

Thyroglobulin (Tg) is the 19S thyroid glycoprotein from which thyroxine (T4)
and 3,5,3'-triiodothyronine (T3, the active thyroid hormone) are synthesized.

Native Tg contains two identical 12S subunits of molecular weight 330 kD C3,

4,5) , encoded by a 33S mRNA, which corresponds to 8.5-8.7 kb (6,7,8,9).

With the final aim of elucidating defects in the synthesis of Tg we are

studying the human Tg gene by molecular cloning. Here we describe the charac-

terization of genomic clones containing segments from the 3'-region of the Tg

gene, isolated from a human cosmid library. Our results show that this gene

is extremely large. In the segment analysed, five exons which code together

for only 850 nucleotides or 10% of the mRNA, lie dispersed over 38 kb of chro-

mosomal DNA, separated by introns of 1 to 15-17 kb. Our further results sug-

gest that the length of the entire human Tg gene may exceed 100 kb. Hybridi-

zation under conditions of different stringency indicates that this gene is a

single copy gene and that there are no closely related (pseudo)genes present.
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Fig.1. Cosmid vector and probes for thyroglobulin sequences.

A. Map of KOS I, a cosmid vector of 4.5 kb conferring tetracyclin resistance

(constructed by Peter Little, Chester Beatty Research Institute, London).

Cleavage sites for PstI(P), BglII(B), EcoRI(E), HindIII(H, see below) and

SalI(S) are indicated. The segment from EcoRI clockwise to PstI is derived

from MUA-5 (10), a cosmid vector constructed from pBR322. The 29-bp sequence

between EcoRI and HindIII is present as a duplication-inversion on both sides

of the EcoRI site (indicated with a connection line inside the circle). The

fragment between the PstI site and the HindIII site left of the EcoRI site

originates from pGA46 (11) and contains a BglII site, in which the partial

MboI fragments from chromosomal DNA were cloned.

B. Map location of human Tg (HT) cDNA PstI probes with respect to the Tg co-

ding sequence. The position of the PstI sites (P) and the EcoRI site in HT

0.54 (E) are indicated. This EcoRI site overlaps the PstI site for one nu-

cleotide (A.R. Stuitje, recent results). GT 0.7 indicates the map position

(relative to the goat Tg coding sequence) of a PstI fragment from a goat Tg

cDNA clone (12). This fragment was used as an additional probe for the 3'-

extremity of the gene.

MATERIALS AND METHODS

Construction of the cosmid library. Equal amounts of KOS I DNA (Fig.1A)

were cleaved with either HindIII or PstI, subsequently with S1-nuclease and

finally with BglII, to obtain fragments with a functional BglII site either

rightward or leftward of the cos sequence and a non-ligatable (blunt) end at

the other side (13). The fragments were electrophoretically purified (14) and

ligated in approximately fivefold molar excess to semi-randomly generated 30-

50 kb fragments of human DNA. These were made by partial digestion of human

fibroblast DNA with MboI and size fractionation on a sucrose gradient (the

fragments were kindly provided by Dr. Ed Fritsch). In vitro packaging in pha-

ge lambda-particles and transfection was carried out essentially according to

Grosveld et al (15), with some modifications. After determining the optimal

ratio of the packaging mix constituents, these were thawed batchwise, mixed

together at 0°C, refrozen in 50 pl aliquots in liquid N2 and stored at -70°C,

without loss of packaging efficiency. Optimal efficiency was obtained by li-

gating 0.2-0.4 pg inserts with 0.2 pg of both left and right vector arms in

5 pl, packaging 1 pl aliquots of this ligation in 6 pl of thawed packaging

mix (scaling up reduced the efficiency markedly, we used more reactions in-

stead), diluting each packaging with 100 pl of phage buffer and using this
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to infect 400 p1 of cells, diluted freshly 1:4 in 10 mM MgSO4. The host cells

E.coli 1046 (803 sup F, recA) were grown overnight in NZY medium containing

0.4% maltose, harvested and resuspended in the same amount of 10 mM MgSO4.

When stored at +40, the host cells could be used for 1-2 weeks without loss

of transfection efficiency. Dilution of the cells prior to infection was

found to increase transfection efficiency. In more recent constructions of

human, goat and bovine libraries, efficiencies of 0.7-1.8 x 10 clones/lg

insert DNA were obtained following this protocol (G.J.B. van Ommen en G. de

Martynoff, recent results). The infected cells were plated on 10 pg/ml tetra-

cyclin NZY plates. The screening was done according to Ish-Horowitz and

Burke (13), with a nick-translated mixture of four contiguous PstI fragments,

electrophoretically purified from three different human Tg cDNA clones in

pBR322 (16) (Figure 1B). To the (pre-)hybridization reactions of the scree-

ning steps (see below) 1-2 pg/ml of sheared, denatured vector DNA and 2-4

pg/ml sheared, denatured E.coli DNA were added. Cloned DNA was isolated as

in ref. 13.

Restriction enzymes, gel electrophoresis and hybridization. Restric-

tion enzymes were from Boehringer and New England Biolabs and were used as

stated by the supplier. S -nuclease was from Sigma. Gel electrophoresis was

through horizontal 0.6% agarose gels (Sigma, type I), 50 mM Tris-acetate,1 mM

EDTA (pH 7.7). Prehybridization was carried out in 0.9 M NaCl, 50 mM Na-

phosphate (pH 7.4), 5 mM EDTA, 50% formamide, 10 x Denhardt's solution (17)

and 100 jig/ml of sonicated denatured salmon sperm DNA, for 1-4 h at 42°C.

Hybridization was done under similar conditions, with 10% dextran sulphate

added, for 18 h, with a probe concentration of 10-20 ng/ml. The washes were

0.5-1 h each in 0.3 M NaCl, 0.03 M Na-citrate, pH 7.0 (2 x SSC), 0.1% Na-do-

decylsulphate at 50WC, 55°C, 60°C and 68°C, successively, The heterologous hy-

bridization with the GT 0.7 probe (Figure 1B) was washed only four times at

500C.

Restriction mapping techniques. All the clones were mapped indepen-

dently by cross-blot hybridization analysis of EcoRI-cleaved DNA versus both

HindIII- and BamHI-cleaved DNA. The maps were confirmed by multiple enzyme

digestions and hybridization with exon probes and sub-cloned fragments. The

overlap of different clones was verified by two-by-two crossblot analysis of

EcoRI-restricted clones. This will be reported in detail elsewhere (F. Baas

and G.J.B. van Ommen, manuscript in preparation).

Preparation of human 33S Tg mRNA and electron microscopy. Human 33S

Tg mRNA was purified from the goiter of a patient with hyperthyroidism, using
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the guanidinium extraction method (18), modified to contain two extraction

steps with an equal volume of chloroform directly after the homogenization in

guanidinium-HC1. All homogenizations were for 2 min at topspeed in a Sorvall

Omnimixer, followed by centrifugation for 10 min at 10.000 rpm and recovery

of the aqueous phase (19). Subsequently, the RNA was sedimented through CsCl

(18), poly(A)-RNA was isolated by poly(U)-Sepharose chromatography (12) and

33S RNA was isolated by elution of the appropriate fraction from agarose gel

(20). Electron microscopy was carried out as described by Arnberg et al (20).

The precise conditions are given in the legends to Fig. 5.

RESULTS

Restriction analysis of cloned DNA.

We have constructed a human cosmid library in the vector KOS 1 (Fi-

gure 1A)and screened this library with four adjacent PstI fragments of human

Tg cDNA. These fragments cover a total of 3.2 kb near the 3'-end of Tg mRNA

(Figure 1B). From 160,000 colonies, 2-3 times the haploid human genome, we

obtained several partially overlapping clones, with chromosomal insert sizes

of 40.9 to 47.2 kb. Three of these clones, cHT1O, cHT2 and cHT6, were detec-

ted by the 3'-proximal cDNA probe, HT 0.54. Of these, cHTlO and cHT2 also hy-

bridized with the 5'-adjacent probe HT 1.15. A restriction map was construc-

ted of these clones and their region of overlap is presented in Figure 2.Blot

hybridization of the cDNA probes using various restriction digestions of cHT2

and two subcloned exon-containing EcoRI fragments is shown in Figure 3. The

EcoRI restriction pattern of cHT2 is shown in lane 1. The HT 0.54 probe de-

tects EcoRI fragments of 12.5, 5.3 and 3.8 kb (lane 2). The 5.3 kb fragment

is 14.2 kb apart from the 3.8 kb fragment, with the 12.5 kb fragment mapping

in between the two (Figure 2).

The subcloned 5.3 kb fragment (Figure 3; lane 3) is cleaved by HindIII

into two fragments of 4.5 and 0.85 kb, both of which hybridize with HT 0.54

(lane 4). Since this cDNA probe itself lacks HindIII sites, the 5.3 kb frag-

ment contains at least two exonic regions, separated by an intronic HindIII

site. HT 0.54 contains an EcoRI site which overlaps the 5'-PstI site for one

nucleotide(Figure 1B) and should thus overlap a genomic EcoRI site without

being able to detect sequences 5' of it. The 5.3 kb EcoRI fragment is the

most 5'-located one detected with HT 0.54 (Figure 2). Immediately 5' of this

lies a 1.3 kb fragment which is only detected with the next cDNA probe, HT

1.15 (lane 18, 19; see below). The EcoRI site between the 5.3 and 1.3 kb ge-

nomic fragments thus corresponds with the EcoRI site in HT 0.54. In conclu-

2276



Nucleic Acids Research

A1.3, 53 12.5 i8

E EPP

H' H trHIIH T H i rH H H H H T H
B BB B B B BB B B B

OcHT10
cHT 2 cHT2

cHT6

5'
A

PE P

0 10 20 30 40 kb

Fig.2. Map of the 3'-proximal region of the human Tg gene. The upper bar
shows the restriction map for EcoRI(E), HindIII(H) and BamHI(B). The sizes of
the EcoRI fragments detected with cDNA probes are indicated. The position of
the (only) two sites for PstI (P) within the 3'-proximal 3.8 kb EcoRI exonic
fragment are shown. The regions which are detected by the cDNA probes HT 1.15,
HT 0.54 and GT 0.7 are hatched diagonally, horizontally and vertically, res-

pectively. The segments of the chromosomal DNA contained within clones cHT10,
cHT2 and cHT6 are underlined below the map. The restriction maps of the three
clones were constructed independently and confirmed by cross-hybridization
and hybridization of subcloned fragments to multiple restriction blots of all
three clones (F. Baas and G.J.B. van Ommen, manuscript in preparation). The
lower bar represents the map of introns (open) and exons (closed), derived
from correlation of electron microscopy and hybridization data. The spacing
of the five 3'-located exons, contained within cHT2, follows from the elec-
tron microscopy. The most 5'-located of these exons is aligned with the EcoRI
site separating the 1.3 and 5.3 kb fragments (see text) and the 3'-penulti-
mate exon is aligned with the 3'-end of the 0.75kb PstI fragment detected
with the HT 0.54 probe within the 3.8 kb EcoRI fragment (see text). This a-
lignment produces an exon map which is consistent with the homologous and
heterologous hybridization data. The exonic 4.0 kb EcoHindIII fragment of
cHT10 (Figure 3) has a 1.8 kb overlap with the 5'-end of cHT2 (F. Baas and
G.J.B. van Ommen, see above). This limits the position of this exonic region
to 2.2 kb immediately upstream of cHT2.

sion, the 5.3 kb EcoRI fragment begins within an exon at its 5'-end and con-

tains at least one more exon located more than 0.85 kb downstream, beyond

the HindIII site. The hybridization of the subcloned 3.8 kb EcoRI fragment

(lane 5) is limited to a 1.45 kb HindIII fragment, not cleaved by BamHI

(lanes 6,7) and further to a 0.75 kb PstI fragment, not cleaved by HindIII

(lanes 8,9). This PstI fragment is the most 3'-located region detected with

HT 0.54 (Figure 2). Since HT 0.54 is a PstI fragment itself, the 3'-end of

the genomic 0.75 kb PstI fragment lies within an exon. Upon cross-hybridiza-

tion (not shown), the HT 0.54 sequences were found to fall 200-300 bp short

of the 3'-end of a goat cDNA clone GT 0.7 (Figure 1B), which extends to with-

in 20 bp of the 3'-end of goat Tg mRNA (12). Thus, to search for exons down-

stream of those detected with HT 0.54, the GT 0.7 probe was hybridized with

the 3.8 kb EcoRI fragment. One additional hybridizing region was found on a

1.55 kb HindIII-EcoRI fragment (Figure 3, lane 10). This could be cleaved with

BamHI into a 0.95 kb HindIII-BamHI fragment (Figure 3, lane 11; Figure 2).
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Fig.3. Restriction analysis of cosmid clones and subclones. Samples of 300 ng
of cosmid DNA or 50 ng of subcloned DNA were restricted and electrophoresed
in parallel, according to the following scheme (in which E stands for EcoRI,H
for HindIII, B for BamHI, P for PstI and the subclones containing the 5.3 kb

or 3.8 kb EcoRI fragments of cHT2 in pAT153 have been denoted p5.3 and p3.8,
respectively): 1,2)cHT2 xE; 3) p5.3 xE; 4) p5.3 xE,H; 5) p3.8 x E; 6)
p3.8 xH; 7) p3.8 xE,H,B;8)p3.8 xE,P; 9,10) p3.8 xE,H,P; 11) p3.8 xE,H,P,B; 12,
15,18) cHTlO xE,H; 13,19) cHT2 xE,H; 14) cHT6 xE,H; 16) cHT2 xE,H,B; 17) cHT6

xE,H,B. The gel was blotted onto nitrocellulose (21). The strips correspon-

ding to lanes 2-9 and 12-14 were hybridized with HT 0.54 probe, those corres-

ponding to lanes 10-11 and 15-17 with GT 0.7 probe and those corresponding
to lanes 18-19 with HT 1.15 probe. After washing (see methods) the strips
were mounted in the proper order and autoradiographed. Lane 1 shows the to-

tal EcoRI fragment pattern of cHT2, stained with ethidium bromide with the

fragment sizes indicated. Lane m shows the marker fragments of X, A x HindIII
and Ut x HaeIII DNA. NB. Lane 1 was not run in the same gel, the fragments on

the autoradiogram should be compared with the marker lame m.

Digestion of the overlapping clones cHT10, cHT2 and cHT6 with EcoRI

plus Hind.II, followed by hybridization with HT 0.54, shows that cHT1O and

cHT2 share the 5'-exonic regions on 4.5 and 0.85 kb fragments (Figure 3,lanes

12,13; cf.lane 4) and that cHT2 and cHT6 share an exon fragment of 2.0 kb and

the 1.45 kb HindIII fragment discussed above (lanes 13,14; cf.lanes 6, 7).

The 2.0 kb fragment is cleaved by HindIII from the 3'-end of the 12.5 kb

EcoRI fragment (Figure 2). Hybridization of the overlapping clones with GT

0.7 produces a very similar pattern with the following differences. The goat

probe apparently does not see the most 5'-located exon (see above) on the 0.85

kb EcoRI-HindIII fragment (lanes 15,16; cf lanes 4,12 and 13) and it shows the

most 3'-located exon (see above) on the 0.95 kb HindIII-BamHI fragment (lanes
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15,16; cf lanes 11,13 and 14). (Cleavage of the samples 16 and 17 with BamHiI,

in addition to EcoRI and HindIII, allows resolution of the two 3'-proximal

exonic segments without altering the length of any other exon-containing Eco-

HindIII fragment, see Figure 2). Lane 17 shows that cHT6, which extends 24 kb

3'-ward of cHT2, lacks additional regions of homology whith GT 0.7.

The HT 1.15 cDNA probe which is 5'-adjacent to HT 0.54, does detectad-

ditional exonic regions upstream of cHT2 on cHT10. The exonic regions common

to cHT2 and cHT10 map within the 5.3 kb EcoRI fragment and at the junction of

the 1.3 kb and 5.3 kb EcoRI fragments (see above). Of this latter, HT 1.15 de-

tects the part on the 1.3 kb fragment (Figure 3; lane 18,19). An additional

exonic region on cHT10 is found on a 4.0 kb fragment (lane 18). The complete

identity of cHT10 and cHT2 over their region of overlap indicates that the 5'

end of cHT2 consists entirely of intronic sequences. This is confirmed by the

electron microscopy results (see below). These sequences span at least 15 kb.

Of the 4.0 kb EcoRI-HindIII fragment visible in lane 18, 1.8 kb are present at

the 5'-end of cHT2 (Figure 2). The exonic sequences on the 4.0kb fragmentthus

map within 2.2 kb from the 5'-end of cHT2, limiting the size of the 5'-intron

to 15-17 kb. Further study of the sequences upstream of cHT2 has thusfar been

hampered by the lack of overlapping clones from this segment of the Tg gene.

A more upstream region of at least 35 kb is present in overlapping clones as

well and is currently under study (see Discussion).

Restriction analysis of chromosomal DNA; number of Tg genes.

Hybridization of human chromosomal DNA with the HT 0.54 probe shows

the 12.5, 5.3 and 3.8 kb bands (Figure 4, strip 1). Low stringency wash gives

a background smear but no additional bands (strip 2).The GT 0.7 probe detects

the same bands (strips 3, 4). Although the heterologous hybridization has a

lower signal, it is well discernible after low stringency wash (strip 4). The

subcloned 3.8 kb EcoRI fragment detects its genomic counterpart, with very

faint additional bands showing up after low stringency wash (strips 5, 6).

The subcloned 5.3 kb EcoRI fragment contains repeated sequences and produces

a smear (strip 7). By raising the stringency, only the 5.3 kb fragment be-

comes detectable (strip 8). Other subcloned regions of cHT2, insofar lacking

repeated sequences, also show unique genomic localizations (F. Baas and H.

Bikker, unpublished data). From these results we conclude that the Tg gene is

present only once in the haploid genome. Related or pseudogenes, if present

at all, have a lower homology than the human-goat heterologous hybrids. In

support of this conclusion, we consistently find that 10 pg of chromosomal

DNA give a hybridization signal intermediate to that of 0.1 and 0.2 ng of

2279



Nucleic Acids Research

i' 1 2 3 4 5 6 7 8

TOP-

12.5-

53- _ -

38- _ ---

Fig.4. Restriction analysis of human chromosomal DNA. Human placental DNA was

digested with EcoRI to completion. Samples of 10 lig were electrophoresed in

parallel through 0.6% agarose gel in tris-acetate buffer (see Methods). The
gel was blotted onto a nitrocellulose filter and double-lane strips were hy-
bridized with the following probes (see text): HT 0.54 (1,2); GT 0.7 (3,4);
genomic 3.8 kb EcoRI fragment (5,6) and genomic 5.3 kb EcoRI fragment (7,8).
Strips 1,3,5,7 and 8 were washed four times at 650 for 30 min in 2 x SSC, 1
x SSC, 0.3 x SSC and 0.1 SSC, consecutively; strip 8 was washed for another
30 min in 0.1 x SSC at 75°. Strips 2,4 and 6 were washed once in 2 x SSC and
three times in 1 x SSC for 30 min at 650. The strips were autoradiographed
for 24 h except lane 1', which is a 4 d exposure of the left lane of strip 1.

cloned DNA (not shown). This yields a complexity difference between 0.5 and

1.0 x 10 , consistent with a single copy gene present either in a cosmid clo-

ne (50 kb) or in chromosomal DNA (3 x 10 kb).

Electron microscopy

We have carried out an electron microscopy analysis of hybrids of SalI-

linearized cHT2 and human 33S Tg mRNA. A typical example of the hybrids ob-

served is shown in Figure 5. Five short exons can be detected,with sizes,

from left to right, of 161 ± 44(n=6), 133 ± 36(n=9), 136 ± 19 (n=2), 203 +

27(n=20) and 211 ± 33(n=17) nucleotides. We interpret the short single-stran-

ded RNA tail, adjacent to the most rightward exon, as the poly(A) tail. Its

size varies between 33 and 213 nucleotides (n=12). The size of the introns,

from left to right, is respectively 2820 ± 210(n=6), 14,100 ± 660(n=9), 1580

± 105(n=22) and 1050 ± 105(n=18) nucleotides. These results are in good agree-

ment with the restriction-hybridization results and provide a more precise

map of position and number of exons in cHT2 (Figure 2, lower bar). In the

restriction map the leftmost and rightmost exons of cHT2 are about 22 kb a-
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DISCUSSION

We have constructed and isolated several cosmid clones overlapping the

3 '-proximal region of the human Tg gene. A segment of 44 kb, present in clone

cHT2, is covered by two other clones, cHT10 and cHT6, which overlap each other

for 1.5 kb in the middle of this region. This multiple overlap, coupled with

the identity of exonic restriction fragments in cloned and chromosomal DNA,

shows that the cloned region is authentic. Both restriction analysis and e-

lectron microscopy independently arrive at a remarkably dispersed map of the

exons in this part of the gene: Five exons of 130-210 nucleotides, in total

850 nucleotides or 10% of the entire Tg mRNA, are encoded in a 38 kb region

at or near the 3 '-end of the gene, which contains two giant introns of 15-

17 kb and three smaller introns of 1 to 3 kb. This exon content of 2. 2% is
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the lowest reported thusfar in any eukaryotic gene. Other genes have been

found to contain very large introns, such as the mouse dihydrofolate reduc-

tase gene (22) or the immunoglobulin heavy chain locus (23). In the first

case, the gene as a whole is much smaller, containing one 16.5 kb and four

smaller introns, which implies a lower overall complexity of posttranscrip-

tional processing. In the second case, the region actually consists of many

alternative gene segments, the organisation of which plays a functional role

in antibody class switching. This does not apply to the Tg gene. There is no

significant sequence reiteration within the Tg-coding region (4, 24, 25) and

cDNA segments, when hybridized with chromosomal or cloned DNA, show only

singly encoded positions (see above). Our current knowledge however does not

completely rule out the existence of minor variant 33S Tg mRNA species, which

may have followed alternative processing pathways and contain exons, alter-

native to those found in the present study. This will be studied using in

vitro labelled RNA.

Recent studies of the rat Tg gene have yielded very similar results.

An internal region was shown to contain approximately 1 kb of coding sequen-

ces, also split up into exons of 180-200 bp, and spread over 14 kb of geno-

mic DNA (26). Others (2 7,28) have shown that the exons of the rat Tg gene

are homogeneously sized (ca 200 bp) and more widely spread in the 3'-region

than in more internal segments. In all these cases, however, the lack of

overlap between the X-clones has interfered with a precise positioning of

the exons. The human genomic clones we have found using more upstream Tg cDNA

probes, show an overlap over at least 35 kb, containing several exonic re-

gions with restriction maps identical to chromosomal DNA. These exonic re-

gions once more are widely separated (F. Baas, H. Bikker and G.J.B. vanOmmen,

recent results). This segment has not yet been linked with the presently

described segment by overlapping clones. Between the two segments, approxima-

tely 30 kb of exon-containing EcoRI fragments are detected in chromosomal DNA,

using the cDNA probes HT 0.68 and HT 1.15 (data not shown and G. de Martynoff

pers. comm.). According to these findings, the portion of the gene which co-

des for about 3.2 kb at the 3'-end of the 8.5 kb mRNA, is already in excess

of 100 kb. Depending upon whether the 5'-half of the Tg gene has a similar

or different genomic organization, the entire human Tg gene might thus span

100-300 kb of chromosomal DNA. The Tg-coding sequence in the 3'-region and,

in view of the results from the rat gene,possibly more upstream as well, is

split up into many small exons of 130-210 bp. This remarkably dispersed gene

organization adds yet another level of complexity to thyroid hormone synthe-
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sis. A process which already appears to be surprisingly uneconomic: complete

degradation of an entire 19S glycoprotein, consisting of about 5600 amino-

acids, to yield at most four molecules of thyroid hormone (29,30).

It remains to be shown conclusively whether the most 3'-located exon

in cHT2 actually represents the 3'-end of the Tg gene. The following eviden-

ce is in support of this. First, the GT 0.7 probe, which extends to within

20 bp from the poly(A) tail of goat mRNA (12) and contains ca 200-300 bp of

Tg mRNA-coding sequences 3' of the HT 0.54 probe, does not detect additional

exons on clone cHT6, which extends 24 kb 3'-ward of cHT2. This result per se

would not rule out the presence of 3'-exons not detected with a heterologous

probe. A second argument, however, is that the electron micrographs consis-

tently show an RNA-tail of variable length (30-210 nucleotides),protruding

from the last exon of 210 bp in cHT2. This is precisely as can be expected

for the poly(A) tail of a cellular mRNA. The interpretation that the last

exon in cH12 is the end of the Tg gene, coupled with the absence thusfar of

introns found in 3'-untranslated sequences on eukaryotic mRNA's, suggests

that the Tg protein-coding region could extend to within ca.200 nucleotides

from the poly(A) tail. In support of this, the size of the unglycosylated Tg

subunit (300 kD or about 2800 aminoacids, requiring 8400 nucleotides of co-

ding sequence) indicates that there is little space for untranslated regions

on the 8.5-8.7 kb Tg mRNA.

Finally, it should be interesting to study the expression of giant

transcription units like the Tg gene in detail. For this, the availability

of animal model systems with Tg synthesis defects is of great help. We are

studying an inbred Dutch goat strain with congenital hereditary goiter, in

which Tg is absent due to a non-translatable Tg mRNA of normal size (12). At

present one can only wonder how (and why) nature performs the enormous task

of correctly composing these bits of information from such a vast excess of

non-coding sequences. For instance, does the splicing of the giant introns

follow the same mechanism as that of the smaller ones, or is there an early

compaction process, which removes large non-coding sequences from nascent

transcripts(31), generating intermediately-sizedhnRNAs for further processing?

A second question is that of transcriptional fidelity. On the basis of nucleo-

tide tautomerism, transcription should have no higher fidelity than one error

per 10 to 10 nucleotides (32). If so, it would be lethal for a gene to have

significantly over 10 nucleotides transcriptionally involved (in a cis-

fashion) with the emergence of the final gene product, whether protein-coding

or containing signals for processing, transport, translation or mRNA halflife.
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The extreme scarcity of polypeptides with sizes in excess of 300-400 kD (re-

quiring around 10 nucleotides of protein-coding RNA) is at least consistent

with this. The chances of introducing false processing signals, not at the

DNA level (33), but at the RNA level, should increase proportionally with to-

tal primary transcript size. The existence of giant transcription units there-

fore suggests the presence of processing failsafe systems we are currently

unaware of.
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