MICRODISSECTION AND MOLECULAR CLONING
OF EXTRA SMALL RING CHROMOSOMES OF
HUMAN

by
Yu-Yan Fang
(MBBS)

Thesis submitted for the degree of

Doctor of Philosophy

Department of Paediatrics
School of Medicine
The University of Adelaide

Australia

January, 1998



TABLE OF CONTENTS

Chapter |

Introduction and literature review.. ... ... e 1
1.1 Historical aspects of human genetics..........cocooiiininiecniioiin 1
1.2 Development of cytogenetics and molecular cytogenetics ....................... 4

1.2.1 Chromosomal structure and classification ...............oooiiinl 4
12,2 Banding ..o e 6
1.2.3 Molecular cytogenetics.............. e RO 8
1.3 Molecular BIolOEY ..o 9
1.3.1 The building blocks of molecular biology ..o 9
1.3.2 Molecular cloning. ... 10
1.3.3 Polymerase chain reaction .............ooiiiiinniiieien e 11
1.3.4 Combination microdissection with microcloning and PCR.......... 12
1.4 Chromosomes and diSEase ... ... i 14
1.4.1 Chromosome aneuploidies......... B U OO PPR 14
1.4.2 Extra structurally abnormal chromosomes...............ooooviiinins 15
1.4.2.1 ESACs and defined clinical syndromes.........c......... 16
1.4.2.2 Familial ESACs and de novo ESACs....................e. 18
1.4.3. Ring ESACs (small extra ring chromosomes).........c.c.coonnee 19
1.4.3.1 Characterization of ring ESACs with
conventional cytogenetics ............... S 21
1.4.3.2 Characterization of ring ESACs with molecular
CYLOZENEHICS .. o v e ciieaei et eee e e et r e 21
1.4.3.3 Origins of ring ESACs........ 22
1.4.3.4 Multiple ring ESACs............. B P 23
1.4.3.5 Clinical relevance of ring ESACs...........ooooiiiiinns 23
1.4.3.6 Mechanisms of ring formation.......... e 24
1.4.4 Chromosome Fearmangements ... ... ouueueeeirriraaeinaaeenaeeaiass 25
1.5 AImS OF the theSIS L. it e e 27

Chapter 2

Materials and Methods ... ... 32
2.1 Introduction .........ooveoeiinnn, RPN 32
2.2 Fluorescence in situ hybridization (FISH) ... 32

2.2.1 Preparation of metaphase chromosome spreads from
cultured 1ympPhoCYLes. ....ooooviiiiiiii 32
2.2.2 Preparation of slides for FISH............ PP 34
2.2.3 Solutions required for FISH........... 34
2.2.4 Nick translation of probes ... 34
2.2.5 In situ hybridization (ISH).....o 35
2.2.6 Analysis of FISH and photography ..........cooooooein 36
2.3 Molecular cloning ...... T U T OO 37
2.3.1 Materials required. ... ..o 37
2.3.2 Preparation of competent cells.... BSUURUR 38
2 33 TrANSTOTIIATION ... o oeeee e ee et ee e e e e 38
2.4 Polymerase chain reaction (PCR) ........... e 39
241 PCRTEAZENLS ... eiimte st 39
942 PCR CONAILIONS oottt eaenereeianmes ettt 39
2.5 Purification of PCR Products .........ooerairrmn e 40
2.6 RESIACHON QIESTS ... ... ov e e 40
2.7 Electrophoresis 0f DINA ..o 40
2.8 SOULREIT DIOTINE .- o e rs e s 41



2.8.1 Solutions required ..... OO P 41
2.8.2 Southern transfer......... 41
2.8.3 Megaprime labelling of oligonucleotides......................ooonn 42
2.8.4 Hybridization, post wash, and firm development..................... 43
2.9 Colony BIOMNG ...t 45
2.9.1 Materials required. ... 45
2.9.2 Inoculation and immobilization of colonies........................... 45
210 Isolation of DN A . e 46
2.10.1 Plasmid DNA and cosmid DNA ..., 46
2.10.2 Yeast artificial chromosome (YAC)DNA ..., 48
2.11 DNA sequencing, oligonucleotide synthesis and purification................. 49
2.11.1 DNA sequencing ..........cooooeveen... TP 49
2.11.2 Oligonucleotide synthesis and purification........................... 45

Chapter 3
Molecular characterization of two small accessory ring

chromosomes derived from chromosome 4 .. ... 50
3.1 Introduction .............. USSP 50
3.2 Patients, Materials and MethodsS. ... 51

3.2.1 Patients and chromosome materialS......ccooiniiini. 51
3.2.2 Microdissection and amplification of chromosomal DNA ........... 51
3.2.3 Cloning and analysis of microdissected products..................... 52
3.2.4 Screening of human chromosome 4 cosmid library .................. 53
3.2.5 Fluorescence in situ hybridization (FISH)..............oiiin 53
33 R ESUIES ottt 54
3.4 DISCUSSTON ..t iititeeeeeeeieciiinrnaeaanasar s B P, 58
3.5 SUITITIALY L oo ettt e e et et e e 61

Chapter 4
Characterization of marker chromosome 15s with

microdissection, mierocloning and FISH............... 62
A1 INEEOAUCHION . - oot e e e et e e 62
4.2 Materials and Methods............. e e e e et 64

4.2.1. Clinical details of patients..........oooeviiii s 64
4.2.2. Preparation of metaphase Chromosomes ..........o...ooeeeineenn 65
4.2.3. Microdissection and amplification of chromosomal DNA .......... 65
4.2.4. Molecular ClonINg. .. ..ot 66
4.2.5. Analysis of microdissected products ........ooooviiinn 67
4.2 6. Screening of genomic PAC Ibrary ... 68
4.2.7. Fluorescence in situ hybridization (FISH).............o 69
4.2.8. Combination of Distamycin A/DAPIwith FISH.................... 69
4.3 Results........ T PP PP PPNV P PP PPPEREPREY 70
43 1 Characterization of cloned, microdissected ring chromosome...... 70
432 Fluorescence in situ hybridization ... 71
433, Analysis of "inv dup(15)"s ..o 72
A 4 DS CUSSTON ettt ettt e s e ;g



Chapter S
Identification of small extra ring chromosome 1, 4 and 8 by

Reverse PAINTING......ooooiii 76
8] TIEEOQUCHION oo v v et e e e e e e et e s e et et e as s an e n e e 76
5.2 Materials and Methods. .. ..ove i 77
SR B T 1L DT TP PPPPT PRSPPI 77
5.2.2 Microdissection and degenerate oligonucleotide-primed-
polymerase chain reaction (DOP-PCR) ..........ooooviiiniiiininns 78
5.2.3 Fluorescence in situ hybridization (FISH)...............coiis 79
5.3 RESUIS . ..o e 79
oI S B T Yoy R S o ¢ DU ST R U SOURPPPRSSPRPYPPPPPP PP PP 81
5.5 SUMIIIATY ..ottt ettt et e et e oo et et 83
Chapter 6
Characterization of ring chromosome 1 and 20 with
Microdissection and molecular cloning.............. e 85
6.1 TRTOQUCHON - .. . sttt st et e e et e et e e e et 85
6.2 Materials and Methods. ..ot e 86
6.2.1 Patient desSCription .......o..euviiiiiiiinian et 86
6.2.2 Preparation of metaphase chromosomes ..............ocooeviniiiiin. 87
6.2.3 Microdissection, PCRand FISH ..., 87
6.2.4 Molecular cloning, isolation of unique DNA and mapping.......... 88
6.2.5 Sequence, synthesis of oligo and PCR amplification................. 89
6.3 RESULIES . oot ettt e e e e 90
6.4 DISCUSSIOM. . .ttt eireiieeeeerere e et e sar s e enae e eaa e seaitaeans 93
LTI V1 T o A O U PP RRRTER 96
Chapter 7

High resolution characterization of an interstitial deletion of less
than 1.9 Mb at 4p16.3 associated with Wolf-Hirschhorn

SYT AT OIILE ..ottt it et e i ettt e e e 97
T IROAUCHION . ottt e e e e 97
7.2 Materials and Methods. .........ooveniereriii e 98
7.2.1 CHOICAL TEPOIT ... ivuvivnereeeeiiieeeiie ettt ce e 98
7.2.2 Cytogenetic Analysis and FISH Study ......................on 99
7 R ESUIES . ettt e e e 99
T DISCUSSIOI . ottt et ii e it tee e e sttt e s 100
7.5 SUITIALY « oottt e e it et et ettt e 103
Chapter 8
General DISCUSSION. ... ... . it 104
8.1 Methodology for characterization of ring ESACs ... 104
8.1.1 Microdissection and FISH.....ccooovreiniiiiii s 105
8.1.2 Microdissection and molecular cloning............coccoeeiniinennes 106
8.2 Correlation between ring ESACs and patients phenotypes...................... 107
8.3 Relationship between ring ESAC and chromosome trisomy.................... 109
8 4 FULULE  QITECTIONS .. uernreeeeueeeeeemmimreee s st 109
8 4.1 CDNA  SElECtiON....eueeerreereererrseneee et cieai i arans 109
8.4.2. Cloning of breaKpoint .......cooooerrersmeiiiiiieeeen 110

Bibliography.... ..o



SUMMARY

The changes of the dosage of normal genes, either by addition or deletion, can
result in phenotypic abnormality. Constitutional small ring chromosomes accessory
to the normal diploid karyotype change the dosage of genes by partial trisomy and
such rings have been found in individuals with abnormal development. These small
ring chromosomes have been relatively poorly characterized. From most reported
cases, the ring chromosomes were identified by fluorescence in situ hybridization
(FISH) with specific-centromere probes. However, the exact origin of the

euchromatin of these ring chromosomes cannot be determined by this procedure.

To precisely identify their origins and genetic content and therefore provide a
better groundwork for genetic counselling, extra small ring chromosomes from nine
normal or abnormal carriers have been characterized by a combination of
microdissection, FISH and molecular cloning. With microdissection and reverse
hybridization, the origin of six ring chromosomes have been identified as from
chromosome 1 {one case), chromosome 4 (two cases), chromosome 8 (two cases),
and chromosome 15 (one case). All these ring chromosomes included the centromeric
region of their original chromosomes and in addition, the ring chromosome 1
contained the heterochromatic region of chromosome 1q12; one ring chromosome 8

contained 8p11 and ring chromosome 15 contained 15qtl.

A ring chromosome 4 was found to contain the centromere and portion of band
4q31 by reverse hybridization. Further investigation with molecular cloning revealed
that this ring also contained the 4p13-14 region. Using isolated cosmid DNA, a third
ring chromosome 4 was identified which contained a segment from the centromere to
band 4q12. Using the same method, a ring chromosome 15 was further confirmed to
contain the euchromtin from the most proximal area of long arm of chromosome 15
(15q11). Microdissected DNA from this ring chromosome 15 was used for FISH to

characterize two inv dup(15)s. One inv dup(15) was composed entirely of alphoid



centromeric heterochromatin and the other one probably included inverted duplication
of Prader-Willi syndrome (PWS)/ Angelman syndrome (AS) region (15q11->13).
Two other ring chromosomes, a ring chromosome 1 and a ring chromosome 20, were
also studied by microdissection and cloning of the products. However, this study
was unsuccessful as the initial microdissected products were contaminated with

chromosome 6 and chromosome 5, respectively.

The comparison of these results demonstrated that molecular cloning is an
effective method in the characterization of extra small ring chromosomes. With this
method, one small ring 4 was found to originate from three discontinuous regions of
chromosome 4 and this allowed us to hypothesize a new mechanism of ring
chromosome formation, i.e. ring chromosome may be formed from an initial largev
ring by subsequent interlocking, breakage and fusion occurring during cell division to

generate a smaller ring.

Another type of gene dosage change is chromosome deletion which forms a
partial monosomy and result in abnormality. Wolf-Hirschhorn Syndrome (WHS) is
caused by a deletion of the band 4p16.3 and patients with this deletion have growth
and mental retardation, characteristic facies and seizures. In the present study, a
subtle interstitial deletion of 4p16.3 in a patient has been characterized with FISH.
This small interstitial deletion of 4p16.3 contributed to the refinement of the critical

deletion region of WHS.





