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. PHAN LOAI DOT BIEN NHIEM SAC THE.

1. Hinh thai nhiém sic thé.
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Phuwong phap lap bo Karyotype.

- DUng cac té bao dang phan chia

- S ly té bao vdi chat ngan can té bao buwdc vao anaphase

- Trai té bao lén lame, c& dinh té bao, nhuém véi thuéc nhuém.

- Quan sat té bao cé nhiém sac thé dang trai=> chup hinh > sl
dung phan mém may tinh = thiét 1ap bd NST.
- Nhiéu ky thuat nhuém dac biét > phan biét cac NST.
- Nhudm G band: phan biét DNA giau A-T
- Nhuom Q band: phan biét DNA giau C-G.
- Nhudm C band : phan biét ving DNA dj nhiém sac
- Nhudm R band: phan biét DNA giau C-G.




2. Cac loai d6t bién nhiém sac thé
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II. D6t bién ciu tric nhiém sac theé.

1. Binh nghia.

(a) Duplication (c) Inversion

A B C D E F G A B C D E F "
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Original chromosome “—— PR ' M 1 :
In a chromosome duplication, l : J In a chromosome inversion, a
a segment of the _— segment of the chromosome
chromosome is duplicated. 1 is turned 180°.
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Rearranged chromosome

(b) Deletion A B C
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J In a chromosome deletion, a I EREED EED EER EB\Y :
segment of the chromosome In a translocation, a

x "f::;:i is deleted. segment of a chromosome

moves from one chromo-
some to a nonhomologous
chromosome (shown here)
or to another place on the
same chromosome

(not shown).
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9.4 The four basic types of chromosome rearrangements are
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duplication, deletion, inversion, and translocation. ) B e I I 1 ]



2. Dot bién 1ap doan.

Nermal chromosome + DN: Mot doan NST nao do dwoc

BT Cmememem lap mot hoac nhiéu lan.

One chromosome has \
a duplication (E and F).

Chromosome with

duplication A

+ Phan loai:

e ie— Lap cung vi tri
I I ?
propAhIeilggrlnce)::nigiosis Lap dao-
ST i P Lap khac vi tri.
e mmemee +Co ché:
-

- Trao d6i chéo khéng can
The duplicated EF region must loop out to allowlihe homologous - H O at dé n g C G a n h é n t6 n h éyo

sequences of the chromosomes to align.




Anh hwdng cda l3p doan.

N

&u hién cha kiéu hinh S6 lwgng thé ba cang

* Thay do6i su bié

nhiéu 2 mat ruoi

@) Bar region

o N \
Wild type . am e ||| Cang dEt
female O
B'B* .l e
(b)
Heterozygous Bar . EE e
female Wild-type chromosomes Bar chromosomes
. e e Chromosomes do not align Unequal crossing over
B'B - properly, resulting in S between chromosomes
unequal crossing over. containing two copies of Bar...
G e _ e
...produces a chromosome
(C) with three Bar copies
Homozygous Bar G i @ nen (double-Bar mutation)...
One chromosome has a Bar _---—
fBFB[Tléﬂe e ) _--—ﬂduplication and the other % .and a wild-type ]
a deletion chromosome.
D O )
(d) 9.7 Unequal crossing over produces Bar and double-Bar mutations.
Heterozygous . EE e
double Bar
female I
B*BP

Vi du vé su trao dbi chéo

khong can




* Thay d6i can bang lwong.

Duplications and other chromosome mutations
produce extra copies of some, but not all, genes,...

V
l’ Developmental processes often require the interaction of many genes.] i BA " o
\/ Mutant LG00)  JINNC ) J—) ) |
chromosome
A bbb
fA B o h Gene ) ® ® ®
Wild-type  @0EEERNDelm | expression l ] ] ]
chromosome l l
Interaction of
Gene : D @ gene products
expression L | | l
T ...which alters the relative
5 ® amounts (doses) of
Interaction of %o interacting products. I
gene products
i Development may be affected
by the relative amounts of SR X
oo gene products. Embryo Abnormal

development

- , If the amount of one product increases but amounts of other
, products remain the same, developmental problems often result.
\ 1 —— =

Embryo Normal
development

San pham gen twong tac theo ty |&------- Poét bién 13p doan = mat can

----------------- - phat trién phoi tao kiéu bang lvgng = ki€u hinh




Phan tich vi du: Dot bién 13p doan gdy mu mau do luc &

NgUWo'
Red Creen

_ opsin opsin
C heomosomes do gene  gene
not align propedy, |
resuffing ;m unegual |
CIOSSM] Over .
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One resulting crossing over
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no green opsmn gene
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Hién twong lap trinh tw Nu.

-Pho bién & nguwoi, Tha.

-Trinh ty 13p c6 thé 1000 or 100 Nu trén cung NST
hoac @ cac NST khac nhau

-Nhirng ngwoi khac nhau = so 1an 13p lai khac
nhau = co s& dé xac dinh dau van DNA

- SSR
-VNTR. ( Phan tich cac marker phan t).



am quan trong cua lap doan trong tién hda

+ Hinh thanh nhirng gen ¢é chirc nang maoi
Vi du gen ma hoa globin khac nhau o nguoi:
mot so globin & nguwoi trwdng thanh,
mot s6 hoat ddng giai doan phoi,
mot s6 hoat dong giai doan thai.



3. D6t bién méit doan.

A B C D E F G \
ol B B O N . The heterozygote has one
CaEms B B B B normal chromosome...
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e
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I B ...and one chromosome
| with a deletion.

Formation of deletion loop during
pairing of homologs in prophase |
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In prophase |, the normal chromosome must
loop out in order for the homologous
sequences of the chromosomes to align.
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Appearance of homologous
chromosomes during pairing
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1. Binh nghia: mot
doan NST bi mat—=>

2. Bang cach nao quan
sat d6t bién mat
doan?
-. Quan sat thé

- nhuom band




Co ché gay dot bién mat doan NST

(a) Origin of terminal deletion

Al A
A B € D _E F B D A
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Anh hudng clia dot bién
. _y\‘ % X ‘

B L TR 1. Mat doan chtra tam dong :
n d' )C )i g g( N .l 2. Mat doan chtra gen quan trong :

” " n 7} 317‘ " _5“;\;}; B 3. Mat doan & thé dong hgp ( 2 NST déu
s ou ) mt doan
S - 4. Mat doan di hop (1 NST binh thwong: 1
NST mat doan:
- hién twgng gia troi.
- Mat can bang gen
- Khong du lwong gen




R 1 2004, it was reported that the portion of the

chromosome that is missing contains the TERT gene, which
encodes telomerase reverse transcriptase, an enzyme essential
for the maintenance of telomeres during DNA replication



Mot s6 hoi chirng do dot bién mat doan NST & ngu o

Deletion 5, short arm Cri-du-chat syndrome Small head, distinctive cry, widely spaced eyes,
round face, mental retardation

Deletion 4, short arm Wolf-Hirschhorn syndrome ~ Small head with high forehead, wide nose, cleft
lip and palate, severe mental retardation

Deletion 4, long arm — Small head, from mild to moderate mental
retardation, cleft lip and palate, hand and foot
abnormalities

Deletion 7, long arm Williams—Beuren syndrome  Facial features, heart defects, mental impairment

Deletion 15, long arm Prader-Willi syndrome Feeding difficulty at early age, but becoming
obese after 1 year of age, from mild to
moderate mental retardation

Deletion 18, short arm — Round face, large low-set ears, from mild to
moderate mental retardation

Deletion 18, long arm — Distinctive mouth shape, small hands, small

head, mental retardation




4. Dot bién dao doan

Centromere
Human chromosome 4

Pericentric L
inversion ‘

Chimpanzee chromosome 4

A third type of chromosome rearrangement is a chromo-
some inversion, in which a chromosome segment is inverted —
turned 180 degrees (see Figure 8.4c). If a chromosome origi-
nally had segments AB*CDEFG, then chmomosome
AB+*CEFEDG represents an inversion that includes segments
DEE For an inversion to take place, the chromosome must
break in two places. Inversions that do not include the
centromere, such as AB*CFEDG, are termed paracentric in-
versions (para meaning “next to”), whereas inversions that
include the centromere, such as ADC*BEFG, are termed
pericentric inversions ( peri meaning “around’ ).



Gaps
created




Anh hudng clia dao doan

- Khong lam mat or them gen | -mmmmmmmeo
---------- - anh hwong dén -----------—------

- Vj tri d&rt hdy nam gilra gen --------------—-——--

- Ca thé di hop ( INST -----------, 1 NST ---------
-) trong giam phan cé su trao do6i chéo
trong vung dao -----------------------
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Bai tap: MOt ca thé cd kiéu gen ABXCDEFKI, ABxCKFEDI, trong
gidm phan cé sy trao d6i chéo gitra D-E cd thé hinh thanh nhirng
loai giao tl* nao? Viét tén giao tir do.



TAM QUAN TRONG CUA DAO DOAN TRONG TIEN HOA.

- Giam tan s tai to hop trong bd gen > —-—---------m -



5. Dot bién chuyén doan

A translocation entails the movement of genetic material
between nonhomologous chromosomes (see Figure 8.4d) or
within the same chromosome, Translocation should not be
confused with crossing over, in which there is an exchange of

genetic mate rial between homaol OEOUS chromosomes.

In a nonreciprocal translocation, genetic material mowves
from one chromosome to another without any recipro-

cal exchange. Consider the following two nonhomologous
chromosomes: AB*CDEFG and MN+OPQRS. If chromo-

a reciprocal translocation. A reciprocal translocation be-

tween chromosomes AB*CDEFG and MN*OPQRS might
give rise to chromosomes AB*CDQRS and MN*OPEEG.



Anh hudng cla dot bién chuyén doan

- chuyén doan gitra hai NST khéng twong
déng = doi nhém gen lién két > --—-—--—--——--
- Trong qua trinh chuyén doan = bé giy giira
GON =D -~

- Chuyén doan robersonian = lam giam so
lwong NST va gay dot bién mat doan.

- Co thé dj hop vé nhiém sac thé chuyén
doan =2 giam ------------mmmm-




| @ SNOT arm o7 one
acrocentric chromosome. . .

_
.. exchanged with the
Break h}ng arm of ancther, .
points #
Robertsonian
translocation
Metacentric l .Lreating a large
chromosome meatacentnc chromosome. .

& ..and a fragment that often
Fragment i fails to segregate and & lost.
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Bai tdp: mot ca thé cd kiéu NST nhw sau

ABCDEFK, MNOPQ, ABCOPQ, MNODEFK = khi giam phan
c6 thé hinh thanh nhirng loai giao tlr nao. Xac dinh dac
diém clha nhirng giao tir do.



Vai tro cua dot bién chuyén doan vdi tién hda

- chuyén doan robersonian =2 quan

trong hinh thanh loai méi.

Human chmmnmme:_
NIRRT emienamin)

Note that bands on chromosomes |
of different speces ane hamabq:)u&-

Chimpanzee chromosomes

HEHIN AN In
i iitnmmn
Corilla chromosomes

RN R
BT

Orangutan chromosome
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Vi tri dé v& chla nhiém sac thé.

-Thwong gap trong nhirng té bao nudi cay invitro

Trong té bao ngwoi binh thwong: cé khoang 100 vij tri dé
gay NST.

Dang chung: c6 & tat ca moi ngudi — dac diém chung
cGa nhiém sic thé. O vj tri nay thwong gay bé giy tai
xép NST trong té bao ung thu.

Dang hiém: chi & mot vai nguwoi, di truyén theo tinh
trang menden, lién két v&i bénh di truyén (giam thong
minh), da so lién quan dén trinh tu 13p lai.

Vi du: Hoi chirng X- dé v&




* Phan tich phan t& nhirng vung NST dé v&.
* Dai 100000 Nu, chtra 1 or nhiéu gen
e Thwong coé trinh tw lap lai.
* Nhan d6i cham : Thao xoan van xay ra, enzym
nhan doi nging lai > ADN dé bi be gay.



L

Su bién di vé sb ban sao cac trinh tu.

» Khéng quan sat dwoc bang kinh hién vi

* Nhi*ng trinh tw Nu I3p lai hodac mat doan nhiéu lan (kéo dai hang ngan
= hang triéu Nu, déi khi mdt gen or nhiéu gen).

« O ngudi: 1000 bién di s6 ban sao, it anh huwdng dén kiéu hinh, mét s khac I3
nguyén nhan gay bénh (lién quan dén tri tué, tu ky, tdm than phén liét, lodng
xuong....)



The Link between Fragile Sites
and Cancer

While the study of the fragile-X syndrome first brought un-
stable chromosome regions to the attention of geneticists,
a link between an autosomal fragile site and lung cancer
was reported in 1996 by Carlo Croce, Kay Huebner, and




their colleagues. They have subsequently postulated that
the defect is associated with the formation of a variety of
different tumor types. Croce and Huebner first showed
that the FHIT gene (standing for fragile histidine friad),
located within the well-defined fragile site designated as
FRA3B on the p arm of chromosome 3, is often altered
or missing in cells taken from tumors of individuals with
lung cancer. More extensive studies have now revealed that
the normal protein product of this gene is absent in cells
of many other cancers, including those of the esophagus,
breast, cervix, liver, kidney, pancreas, colon, and stomach.
Genes such as FHIT that are located within fragile regions
undoubtedly have an increased susceptibility to mutations
and deletions.

More recently, Muller Fabbri and Kay Huebner, working
with others in Croce’s lab, have identified and studied another
fragile site, with most interesting results. Found within the
FRA16D site on chromosome 16 is the WWOX gene. Like the
FHIT gene, it has been implicated in a range of human can-
cers. In particular, like FHIT, it has been found to be either lost
or genetically silenced in the large majority of lung tumors, as
well as in cancer tissue of the breast, ovary, prostate, bladder,
esophagus, and pancreas. When the gene is present but silent,
its DNA is thought to be heavily methylated, rendering it in-
active. Furthermore, the active gene is also thought to behave
as a tumor suppressor, providing a surveillance function by
recognizing cancer cells and inducing apoptosis, effectively
eliminating them before malignant tumors can be initiated.



1. D6t bién [éch bai.

1. Pinh nghia va phan loai dot bién |éch boi

TABLE 8.1

Terminology for Variation in Chromosome Numbers

Term Explanation
Aneuploidy 2n £+ x chromosomes
Monosomy 2n—1
Disomy 2n
Trisomy 2n+ 1

Tetrasomy, pentasomy, etc. 2n+2,2n+ 3, etc.



2. Co ché gay léch boi
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3. Anh hudng cla dot bién léch bbi.

* Othucvat. 3ted Cata

l Trisomics

Rolled Glossy Buckling  Elongate

Cocklebur Microcarpic

| Spinach Poinsettia



* C4 thé |éch bdi khi gidm phan tao giao tl&r thwong tao giao tlr mat cén
bang gen va chét.

* Viét giao tlr clia ca thé Aaa Bb Dd Ee

* Bai tap: Viét giao tlr clia ca thé Aaa BBb Dd Ee



*Léch bdi 0 nguwoi va dong vat
*Gay mat can bang lwong gen I&n = da sé

*O' Thu ( nguwoi):
*Co hién twong bu lwong trén NST X = léch
bdi trén NST gidi tinh c6 thé---------------
*NSTY chtra it gen = —————=——mmmemmmmemeeoee e
 Nhirng nhiém sac thé cé kich thwéc cang nho-



MOt sb cdc hdi chirng l1éch bdi & neudi

Table 13.2 Human Aneuploidies and Frequencies at Birth

Aneuploidy Syndrome Frequency at Birth Syndrome Characteristics

Autosomal Aneuploidy

Trisomy 13 Patau syndrome 1in 15,000 Mental retardation and developmental
delay, possible deafness, major organ
abnormalities, early death

Trisomy 18 Edward syndrome 1in 8000 Mental retardation and developmental
delay, skull and facial abnormalities,
early death

Trisomy 21 Down syndrome 1in 1500 Mental retardation and developmental

delay, characteristic facial abnormalities,
short stature, variable life span

Sex-Chromosome Aneuploidy

47, XXY Klinefelter syndrome (males) 1in 1000 Variable secondary sexual characteristics,
infertility, frequent breast swelling;
no impact on mental capacity

47, XYY Jacob syndrome (males) 1in 1000 Tall stature common; possible reduction
but not loss of fertility; no impact on
mental capacity

47, XXX Triple X syndrome (females) 1in 1000 Tall stature common; possible reduction
of fertility; menstrual irregularity;
no impact on mental capacity

45, XO Turner syndrome (females) 1in 5000 No secondary sexual characteristics;
infertility, short stature; webbed neck
common; no impact on mental capacity



HOiI chirng bénh Down
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If a normal person mates

with a translocation carrier, .

Ik

...two-thirds of their offspring will be healthy and
normal—even the translocation carriers—...

. ™\
P generation  Normal A parent who is a carrier for a Parent who is a
parent 14-21 translocation is normal. translocation carrier
l ' I I Gametogenesis produces | I I
21 14 gametes in these possible 21 14=21 14
chromosome combinations. translocation
Gametogenesis Gametogenesis
f — ]
@ | row ' © 1
Y
@ il | @ 1)
14-21 21 14 14-21 21 14 14-21 14 21
: } : } :  —
Y
F, generation N A
cameces ({]] | g e U o e el
Translocation Normal Down Monosomy Trisomy Monosomy
carrier syndrome 21 (aborted) 14 (aborted) 14 (aborted)
- J . J
Y Y
VAN 245 of I/i?}fe births 15 of live births Y,

/|
...but one-third will Other chromosomal combinations
have Down syndrome. result in aborted embryos.

9.23 Translocation carriers are at increased risk for producing children with Down syndrome.



Number of children afflicted with
Down syndrome per thousand births

. P

Tai sao léch bdi lién quan dén tudi cla ngudi
me.

0 ) n ]
Older mothers are more —_— O’}ez'” -
likely to give birth to a
80 child with Down syndrome. ..
70
60
50
40
30 ...than are ®
younger mothers.
-
[
20 I
lf
;"I One in
10 : One in 100
One in ad
2000 900 /
— ° *—°
20 30 40 50

Maternal age



Hién tuwong NST cd nguon goc 1 bén.

Binh thuong: 1 NST tuw cha, 1 NST tw me
POt bién: 2 chiéc NST déu dwoc di truyén tir cha or me?

Nguyén nhan:

- Thé ba = qua nguyén phan = -—-—--—---mem e tao thé ludng
boi binh thuong.

- Bai tap: bénh xo hda co nang do gen lan/ NST thuwong quy dinh. Gia dinh cd
ngudi cha khdng mang alen bénh, ngudi me cé kiéu gen di hop vé alen bénh
sinh ra nguoi con binh thwong. Hay giai thich nguyén nhan bi bénh cua nguoi
con



N

Dang léch bdi thé kham

* Dinh nghia: Trong qua trinh-------------------- , mot vai NST khong phan
li hinh thanh nhitng-------------------- NST nam xen v@i té bao-------------
------- - tao thé kham.

* Vi du: 50% hoi chirng turner (Nguyén nhéan tir thé kham):

nnnnnn - /\
o o N
«.“ 4

Mosaic karyotype



Bai tap hay gidi thich tai sao rudi giam cd ty |1é
kiéu hinh nhu sau?

Q phenotype & phenotype
(XX) (X0O)

Y Xl

Red eye —— M —White eye

/;'*

Wild-type wing / Miniature wing




Pot bién da bai.

Dinh nghia: dot bién lam --------------emmee e don boi.
Phan loai.

- Ty da bdi: thay d6i sé lwong bd NST trong 1 loai.

- Dj da boi.



1. Co ché gay dot bién tu da bdi.

(a) Autopolyploidy through mitosis

' MmITOSIS b
P Separ‘atlon i ( Nondisjunction
— Replication — —  sister —» (- JI(no cell divisi n)_*
chromatids < 0Ce 310
< 2
Diploid (2n) early Autotetra;;lloid
. 4n) ce
kembryonlc cell (4n) )
(b) Autopolyploidy through meiosis Gametes Zygotes
/MEIOSIS I "\ (MEIOSIS I é h
-
—Laisjunction™ // 2” @
p disjunction \I " l\l I’,
Diploid (2n) j @
q D 2n Triploid (3n)

9.26 Autopolyploidy can arise through nondisjunction in mitosis or meiosis.

Nondisjunction in meiosis |
produces a 2n gamete...

...that then fuses with a
1n gamete to produce
an autotriploid.




https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5909307/

Pé tai nghién ctru trén doi lwgng thudc nhém cdy nao>

Sophora tonkinensis Gapnep., belonging to Leguminosae family, 1s mainly distributed in Southern China
and the north of Vietnam. It is an important medicinal plant in China and the radix ex rhizoma of S.
fonkinensis 1s known as Shan-Dou-Gen in Chinese.[1] The active drug of S. fonkinensis derived from
Guangxi Province of China possess the best curative effect for conditions such as eczema, colitis, acute
pharyngolaryngeal infection, sore throat, acute dysentery, and gastrointestinal hemorrhage, and it is
conventionally known as the famous authentic Chinese herbal medicine of China.[2] Pharmacological
research indicated that the main active components of S. fonkinensis are alkaloids, and matrine and
oxymatrine are the main active components of $ tonkinensis alkaloids,[3] both of which possess a wide
range of pharmacological actions including those that are anti-inflammatory,[4] anti-arrhythmic.[5] anti-
tumor,[6] and liver-protective.[7] S. fonkinensis i1s a perennial plant, and from seed germination to the
mature plant in readiness for harvest of the drug, it can take more than 3 years. Due to it being a perennial



Hence, we have tried to set up a method to generate some excellent varieties by polyploid breeding. We
report here a convenient and effective method for generating polyploid plants by colchicine treatment,
whereby the adventitious buds of S. fonkinensis from tissue culture were submerged into different aqueous
concentrations of colchicine solution for different times to induce mutations. The root-tip chromosome
determination, leaf characteristics, and matrine and oxymatrine content of polyploid plants were used as
criteria to identify and select the best varieties.

Muc tiéu cua dé tai thuc hién la gi?




Material disinfection and adventitious bud induction

Seeds of S. ronkinensis (2x = 18) collected in October were sterilized using 1% v/v sodium hypochlorite
solution (containing 3—35 drops of Tween-20/1) for 10 min and washed with sterile distilled water 3—5 times,
and the excess surface water removed using sterile filter paper. Then, the surface-sterilized seeds were
placed onto Murashige and Skoog medium (MS medium)[17] containing 3% w/v sucrose and 0.35% w/v
agar powder (gel strength: 1100 g/cm?) supplemented with 0.5 mg/L 6-benzylaminopurine (BAP) at pH
5.8 for 30 days to induce germination. The epicotyls excised from seedlings of seed germination were
inoculated into MS medium containing 3% w/v sucrose and 0.35% w/v agar powder (gel strength: 1100
g/cm) supplemented with 1.5 mg/L. BAP, 0.5 mg/L indole-3-acetic acid (IAA), and 0.5 mg/L kinetin (KT)
according to the method established by Kun-Hua ef a/.[16] The inoculated epicotyl was kept in an
illuminated incubator for a 16-h photoperiod under a 1200 lux light intensity and 25°C = 1°C to induce
clump buds.

Kh{r trung mau va cdm &ng choéi dwoc thuc hién nhw thé

nao?




Thirty adventitious buds regenerated from the epicotyls were submerged in five different concentrations of
colchicine (0, 0.1, 0.2, 0.3, and 0.4% w/v) for 24 h to select the optimum treatment concentration for
polyploidy induction, and thirty adventitious buds regenerated from the epicotyls were submerged in 0.2%
w/v colchicine solution for 0, 6, 12, 18, 24, 30, 36, 42, or 48 h to select the optimum treatment time of
polyploidy induction. All of the treated buds were then transferred to MS media supplemented with 1.5
mg/L. BAP, 0.5 mg/L TAA, and 0.5 mg/LL KT and cultured in an illuminated incubator under a 16-h
photoperiod of 1200 lux light intensity at 25°C for 30 days. After the survival rate counted, all of the
survived materials were transferred to the MS solid medium supplemented with 1.5 mg/I. BAP, 0.5 mg/L
TAA, and 0.5 mg/IL KT for 30 days. Then, the seedling of the subculture materials was transferred to the
rooting solid MS medium at half the macronutrient concentration supplemented with 1.0 mg/L
a-naphthalene acetic acid (NAA), 0.4 mg/L indole-3-butyric acid (IBA), and 0.1 mg/L rooting power
(ABT) to induce root formation for chromosome determination.

‘A.

oi da bOoi

Vé minh hoa phwong phap cam &ng tao ch




Chromosome determination

As S. tonkinensis and Sophora flavescens Aiton. belong to the same genus of the same family, the
chromosome determination of S. fonkinensis polyploids was carried out according to the method
established by Kun-Hua ef @/.[18] Root tips approximately 0.5 cm in length were excised and pretreated in
0.2% w/v colchicine solution for 3 h. After pretreatment, the root tips were transferred to Carnoy's fixative
(containing 3:1 ethanol and glacial acetic acid) and stored at 3°C —5°C for 2—24 h, rinsed with 95% (w/v)
alcohol, 70% (w/v) alcohol, and distilled water, respectively, three times, and then macerated for 15 min
with 0.2 M HCI at 60°C. After soaking in distilled water for 30 min, the fixed root tips were stained with
improved carbol fuchsin (1.8 g sorbitol dissolved in 10 mL carbol fuchsin and then mixed with 90 mL of
45% v/v acetic acid). A photomicroscope (Leica DM 2000) was used for chromosome determination. A
minimum of 50 cells during metaphase showing well-scattered and contracted chromosomes were counted
for each plantlet. The chromosome count of each tetraploid (4x = 36) line was repeated for at least three
generations.

Trinh bay phwong phap xac dinh s6 lwgng nhiém sac thé




Leaf characteristics estimation of polyploid plants

Leaf characteristics were obtained from diploid plants and polyploid plants of 30-day-old grown in vitro
rooting culture and greenhouse transplanted for 90 days. For stomata measurements, about 0.1 cm? on the
lower epidermis of the leaf was peeled off and spread onto a glass microscope slide. A photomicroscope
(Leica DM 2000) was used to measure the stomatal apparatus length and width. Four unifoliate leaves
were chosen from the same part of each of five diploid plants, and each of five tetraploid plants and 20

stomatal apparatus was measured for each leaf.

Cay da bdi cd dac diém 1a nhw thé nao? Lam sao xac dinh d6 la cay

da boi




Anh hudng clia dot bién tu da bo

Doi vdi thé da boi
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Poi vdi da bdi chan = ¢é thé tao giao t& can
bang gen, nhung doi khi van han ché sinh san.

Pa bdi & ddng vat hiém khi xay ra. Do roi loan
nhiém sac thé gidi tinh va hé than kinh phurc tap.



Hién tuong di da boi

L V=l = Ay HI LY LN LW L sl R
e ; 1
= gemeradon Coueias "F, generation .a hybrid with six
Species 1 pec1es Hybrld nonhomologous
*: chromosomes. ..
..that do not pair and
l l segregate properly in
meiosis, resulting in
AA BBCC ABCGH | unbalanced, nonviable
(2n 0) (2n 6) gametes.
Gametogenesis l
Nond|51unct|on at //
an early mitotic :
cell division r Gametogenems-}
Gametes
L . ) I
L Fuse\!{' Hybridization between Nonviable ‘B H

two dlp'Old SpECieS Y gametes
\ (2n = 6) produces. ..




gamertes

v
Allotetraploid (amphidiploid) I3 Nondisjunction leads |

to a doubling of
all chromosomes,

producing an allo-
l | l I tetraploid (2n = 12).
AABBCCGGHHI | \
(4n=12)

Gametngenesm

B Chromosome pairing
and segregation are
normal, producing
balanced gametes.

GCametes




[ .
P generation
Einkorn wheat Wild grass

(Triticum monococcum) (Triticum searsii)

|

Genome AA Genome BB
(2n=14) (2n— 14)
Gametes
o J
/F, generation ' R
II Hybrid
Genome AB
2n=14)
Mitotic
nondisjunction
Emmer wheat Wild grass
(Triticum turgidum) (Triticum tauschi)
/
- Genome AA BB Genome DD
(4n = 28) | 2n=14)
& 4

/Fz generation
II I Hybrid

Genome ABD
B3n=21)

Mitotic

nondisjunction

Bread wheat
(Triticum aestwum)

(bn=42)




The Significance of Polyploidy

In many organisms, cell volume is correlated with nuclear
volume, which, in turn, is determined by genome size. Thus,
the increase in chromosome number in polyploidy is often
associated with an increase in cell size, and many polyploids
are physically larger than diploids. Breeders have used this
effect to produce plants with larger leaves, flowers, fruits,
and seeds. The hexaploid (6n = 42) genome of wheat prob-
ably contains chromosomes derived from three different
wild species (Figure 9.29). As a result, the seeds of modern
wheat are larger than those of its ancestors. Many other cul-
tivated plants also are polyploid (Table 9.2).




. - -

Polyploidy is less common in animals than in plants for
several reasons. As discussed, allopolyploids require hybridiza-
tion between different species, which happens less frequently
in animals than in plants. Animal behavior often prevents
interbreeding among species, and the complexity of animal
development causes most interspecific hybrids to be nonviable.
Many of the polyploid animals that do arise are in groups that
reproduce through parthenogenesis (a type of reproduction
in which the animal develops from an unfertilized egg). Thus,
asexual reproduction may facilitate the development of poly-
ploids, perhaps because the perpetuation of hybrids through
asexual reproduction provides greater opportunities for non-
disjunction than does sexual reproduction. Only a few human
polyploid babies have been reported, and most died within a
few days of birth. Polyploidy—usually triploidy—is seen in
about 10% of all spontaneously aborted human fetuses.



LE- 11 R Examples of polyploid crop plants

Type of Chromosome
Plant Polyploidy Ploidy Number
Potato Autopolyploid 4n 48
Banana Autopolyploid 3n 33
Peanut Autopolyploid 4n 40
Sweet potato Autopolyploid 6n 90
Tobacco Allopolyploid 4n 48
Cotton Allopolyploid 4n 52
Wheat Allopolyploid 6n 42
Oats Allopolyploid 6n 42
Sugar cane Allopolyploid 8n 80
Strawberry Allopolyploid 8n 56

Source: After F. C. Elliot, Plant Breeding and Cytogenetics

(New York: McGraw-Hill, 1958).




9.5 Chromosome Variation Plays
an Important Role in Evolution

Chromosome variations are potentially important in evo-
lution and, within a number of different groups of organ-
isms, have clearly played a significant role in past evolution.
Chromosome duplications provide one way in which new
genes evolve. In many cases, existing copies of a gene are not
free to vary, because they encode a product that is essential
to development or function. However, after a chromosome
undergoes duplication, extra copies of genes within the
duplicated region are present. The original copy can provide
the essential function, whereas an extra copy from the dupli-
cation is free to undergo mutation and change. Over evolu-
tionary time, the extra copy may acquire enough mutations
to assume a new function that benefits the organism.
Inversions also can play important evolutionary roles
by suppressing recombination among a set of genes. As we
have seen, crossing over within an inversion in an individual



heterozygous for a pericentric or paracentric inversion leads
to unbalanced gametes and no recombinant progeny. This
suppression of recombination allows particular sets of co-
adapted alleles that function well together to remain intact,
unshuftled by recombination,

Polyploidy, particularly allopolyploidy, often gives rise to
new species and has been particularly important in the evolu-
tion of flowering plants. Occasional genome doubling through
polyploidy has been a major contributor to evolutionary suc-

cess in animal groups. For example, Saccharomyces cerevisiae
(veast) is a tetraploid, having undergone whole-genome dupli-
cation about 100 million years ago. The vertebrate genome
has duplicated twice, once in the common ancestor to jawed
vertebrates and again in the ancestor of fishes. Certain groups
of vertebrates, such as some frogs and some fishes, have under-
gone additional polyploidy. Cereal plants have undergone
several genome-duplication events. Different types of chromo-
some mutations are summarized in Table 9.3,



Mot s cau hoi.

Ciu: dot bi€n notch- mat doan trén NST X, cai di hop — cé canh xoan, déng hop va dot
bién 13n cda duc gay chét. Poan NST bj mat ciing chira gen quy dinh mat trang. Xac dinh
ty 1& KG va kiéu hinh trong phép lai sau

a. Cai Notch mat dé x duc mat trang

b. Cai notch mat trang x duc mat do

c. Cai notch mat trang x dwc mat trang.

Cau 2: loai ru6i A cd 2n=6, c6 2 NST tdm gitra, 4 NST tdm can gitra. Nguoi ta phat hién
chiing dot bién c6 5 NST trong d6 ¢ 3 NST tam gilra, 2 NST tdm can gilra. Hay giai thich
dot bién [am thay doi s luong NST nay.

C4au 3: cho NST gdc va cac ching dot bién sau. H3y vé qua trinh bat cip cda thé di hop
tlr mang 1 NST thirong va 1 NST dét bién => xac dinh céc loai giao tl néu cd trao doi
chéo gilta E va F tao ra

a. ABC*DEFDEFGHI
b. ABC-DHI

c. ABC-DGFEHI

d. ABED-CFGH]I

ABC-DEFGHI
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C4au. Nghién clru té bao tinh trung ciia ngwoi dan 6ng di hop tir 1
NST s6 8 dao doan. Qua trinh hdan vi xay ra vdi tan s 26%. Néu
ban la m&t nha tu van di truyén, mét cap vo chong- chéng mang di
hop tir- dot bién dao doan NST so 18, ngudi vo binh thuong dén tu
van => xac suat sinh dira tré bj tat (do nhan giao tir thira hoac thiéu
gen tu me) la bao nhiéu?



-Néu 26% cé hdan vi & nam => tao ra 4 loai giao t&r => 2 giao ti binh
thuwong = 13%, 2giao tir bat thwong 13%. kha nang sinh con bénh 13 13%
-Néu 26% xay ra & Nt phat trién thanh trirng => kha nang trirng mang doét
bién la 13%, kha ndng sinh con bénh cling 13%.

Mot thé di hop t&r mang dét bién chuyén doan sau, hdy viét qua trinh
bat cap => qua trinh phan li trong ky sau | => tén caac loai giao t tao ra.

ABCDEFG 1l F
AB CDH---}} E
— ! .

AB-CDVWX
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Cau: bénh A do d6t bién 13n ndm trén NST thudng quy dinh xdy ra & 1
trong 3 locut. M6t dira tré mdi sinh mang 2 alen mac bénh c6 cha me
khong cé quan hé huyét thong binh thuong, bd NST cia dira tré 46 NST
thwong, phan tich AAN- ngudi me di hgp tlr alen dot bién — trén NST so
1; nguoi cha mang 2 alen binh thwong. Hay giai thich tai sao dira tre lai
c6 2 alen 13n. Lam thé& nao dé chirng minh gid thuyét => gid st cé dd
marker di truyén trén NST

Cha AA x me Aa, => con phai nhan 2 NST s6 1 clia me.

Me giam phan NST s6 1 khéng phan |i => tao trirng mang 2 NST s6 21 x
vai tinh trung 1 NST 21 tir b6 => tao con mang 3 NST Aaa.

Giai doan dau cla hop tir => 1 NST ti bo A bi mat trong phan bao =>
con t& bao aa binh thudng => phat trién thanh tré.

Dung marker phan tlr => so sanh hai NST s0 1 => gidng nhau => dén tu
NST me.



Anh A va chj B cé hai dra con mac hdi chirng down. Anh trai clia
anh A bi down, chi gai cia anh A ciing c6 hai dira con down. Dua
trén thong tin do, cho biét két ludn nao sau day la chinh xac tai sao?

a.Anh A c6 47NST; b. chi B c6 47 NST; c. nhirng dira con
clUa anh A va chi B c6 47NST

d. Chi gai anh A c6 45NST, anh a c6 46NST, chi B c6
45NST, anh trai A co 45NST



& 1&p tha, dot bién léch boi trén NST gidi tinh xay ra thwong xuyén hon trén NST thuong.
Nhuwng & ca léch bdi trén NST gidi tinh va NST thudng xay ra vdi tan sd bang nhau. Hay
giai thich tai sao co su khac nhau do.

Hién twong bu lvgng ¢ thu

Hién twong bu lvgng & ca

Tang or giam NST gidi tinh & thd => it anh hwdng dén sirc séng => do chi tac
ddéng mét s6 gen lién quan dén sy phat trién sém cuia phdi.



Mot cap vo chdng du dinh sinh con, bén phia ngwoi chong
cé tién st kho thu thai, cd mot vai tré bat thuong. Phan tich
karyotype chirng minh nguoi vo binh thirong, ngudi chong
cd 45NST 1 chuyén doan roberson 22-13

liét ké tat ca cac giao t&r ngudi ta dan 6ng cé thé tao ra

loai hop tl&r nao sé phat trién

néu thé ba nhiém or thé 1 NST trén NST s6 13 va 22
gdy chét => ti |&é tré séng mang dot bién chuyén doan la bao
nhiéu.



MOt loai sinh vat co 2n=4, mang 1 cap NST tam
gitra va 1 cap NST tdm cén gilra. Gia st té bao
khong phan li hinh thanh té bao 3n, té bao nay
qua giam phan hinh thanh giao t&. Hay vé hinh mo
ta tat ca cac loai giao tr tao ra. Dung mau khac
nhau dé chd thich NST.



Loai A cd 2n=24, loai B c6 2n= 48, hai loai c6 quan hé tién hda gan,
lai v&i nhau. Da so con lai F1 bat thu, cé 1 cdy F1 hitu thu, cé kha
nang tu thu phan hinh thanh hat F2, nhung cay F2 hoan toan hitu
thu va cho hat binh thuong, dém so lvgng NST F2 xuat hién 36 cap
NST & ky gitra 1 va 36 NST & ky gitra Il. Hay giadi thich nguén gbc cay
F2 thu duoc

Cay F2 vao ky gilra | c6 36 cdp NST => s& NST kép trong té bao ldc nay 1a 72, va moi
NST déu cd cap tuong dong

Vaio ky gitra hai, moi t& bao cd n NST kép cd 36 NST => bd NST don bdi n =36 chiéc.
Khi lai 2n =24 x 24n= 48 cay lai mang bd NST don boi cta hai loai la 12 + 24 =36
nhung khoéng cé cdp twong dong=> da so bat thu.

Tuy nhién trong qua hinh giam phan: vi mot |i do nao dé ca hai loai hinh thanh giao
tlr lwdng bdi 2n A x 2nB => thé song nhj bdi => hiru thu => san xuat tat ca cac ciy F2
hitu thu

Trong sO F1 na + nb bat thu => dot bién lam NST khéng phan li trong 1an NP cda hop
tr dau tién => tao thé sone nhi boi.



Cau: mot nha khoa hoc lai loai co hoang dai 2n =28 vadi loai la mi 2n =42,
thu cay lai F1 c6 35 NST, quan sat NST & ky gitra | thay ca 7 cap NST bat cip
twong dong, 21 NST khéng bat cdp. Néu NST khéng bat cdp phan li ngau
nhién, s6 NST xuat hién trong giao tlr F1 sé nhu thé nao. Giai thich sy xuat
hién cla 7 cap NST trong con lai F1.

-7 cdp NST => phan li déu maoi giao tl chira 7 chiéc.
-21 NST khbéng c6 cap => tao giao t& chira t&r o dén 21 chiéc
-C6 22 loai giao tir Ikhac nhau.



Con lai F1 mang n =14 NST cd + 21 NST t& [ta mi = 35 chiéc:

7 cap NST tuong dong = 14 chiéc hai loai c6 cung 1 tb tién
chung

con lai 7 chiéc cla cd + 14 chiéc cda lta mi : khdng cé
chung t6 tién => khéng bat cdp twong dong vdi nhau.



Con la : k&t qua lai gitra con Iira va con ngua, c6 63 NST, hadu hét bat thu. Tuy nhién 1895 lai con la cdi A x lira duc
B => sinh con la con C. Phan tich té bao mau cta con C la dwc mang 63 NST.con C mang % NST ctia con A va % NST
cla con B. phan tich marker di truyén cho thay con C di truyén 1 bd NST nguwa cla con A. theo so d6 pha hé sau.

Donkey E_:} Horse

2Zn=b2 Z2n= 64

1 “* " -
./ Mule "Krause

2n=63, XX

Mule “Blue Moon”
2n=~063, XY

Ca con cai A va con C cé chung gen cua con lira
B, con cdi A va con ducC : c6 mdi quan hé me -
con cling cé mdi quan hé anh em. Hay giai
thich tai sao?

b. Gia st con la cdi x con ngwa duc => con sé
nhu thé nao.

Con la cdi x con ltra duc => con s& nhuw thé nao.
Gia st rang con cla con la cai chi di truyén 1
bo NST tw ngua or tu [ra ( tr me no).

c. Hady duwa ra mot co ché lam thé nao con cua
con cai A ¢ thé truyén 1 bo NST ngua hoan
chinh cho con cua ching.



30 X+31-X:bO NSTcllaconcaiA30+31+XX=nl+nn

Con duc C: nl ( bd) x n n( tlr con cai A) => con C: nl +nn- XY

Quan sat bd NST clia con A va con C: déu nhan 1 bd NST tir Ilra duwc va 1 bd NST tur
ngua cai ban dau => hai con nay cé quan hé anh em, nhung con A lai sinh ra con C
gua hé me con

b. Con la cai => giao t&r nn x ngwa duc nn =>con 2n n : gibng con ngua

. Con la cai c lra duc => con lwra.

c. Co ché tai sao con la cdi lai tao giao t&* mang toan bd NST cla ngua.

Qua trinh hinh thanh giao tl cdi: 1 té bao => trirng, 3 té bao teo thanh thé dinh huéng.

Trong giam phan: 1 bd NST nn =>vé 1 cuwc, bd NST nl vé mot cue ( ky sau 1) => hinh thanh 4 giao tl, 2 giao t&r mang
nn, 2 giao t* mang nl.

-Trong qua trinh nhan d6i:bd NST ngwa nhan déi hai lan, bd NST Itra nhan d6i 1 [an => GP1, bd NST ngwa phan li déu
nn, bd NST Itra phan li ngau nhién(0 — 31 NST) => cé thé tao 1 trirng mang n NST nguwa.

-BO NST Ilra va ngua trong bat cap => khi phan li bd NST ngua 1&n hinh thanh trirng, bé NST Itra hinh thanh thé dinh
huwéng.



Cau: nguoi va cac sinh vat khac c6 bo NST 2n mang hai bd gen 1 nhan tu
me va 1 nhan tr bd. Mot sb loai sinh vat nhan that trai qua chu ky song
mang bd gen don bdi n. mot so loai cd co ché sinh san hitu tinh kém sinh
san vo tinh ( ndm men) nhwng hau hét té bao déu mang bd NST don bdi.
Néu nhirng loai don bodi cé kha nang sinh san hitu tinh, tao sy da dang di
truyén, vay tai sao nhiéu loai sinh vat van chon ton tai dang lu&ng boi,
diéu nay cé thuan lgi gi trong tién hda. Vi sao modt s6 loai van chon cach
ton tai song song don boi va ludng bdi,



Thuan loi cdia hé théng bd NST 2n:

dot bién — gay hai — déu ton tai & trang thai |3n => lu&ng boi gilp sinh vat van
séng sot du mang mot lwong Idn dot bién & nhitng gen quan trong- diéu nay cang dac
biét & l1d6ai cé bd genom 1&n, phirc tap, chu ky séng dai, co ché phat trién phirc tap.

murc d6 biéu hién gen cao hon thé don bdi => té bao co kich thudc 1én => sinh
vat to hon.

vi du loai da bdi : tdc d6 tang trudng va nang suat cao hon thé ludng boii

binh thuong.

mang doét bién 1an nhiéu, khéng bi &nh huwdng => co thé sinh vat tich Ty lwong
da dang di truyén I&n , gitp sinh vat thich nghi va tién héda.
Nhirng thuan lgi nay: it quan trong cho sinh vat cé bd genom nho, don gian.

nhirng sinh vat nay : c6 kha nang thich nghi cao véi 6 sinh thai clia ching,

bé NST don bdi, thic day sy tang trwdng, nhan déi nhanh => thich nghi tét hon

khi diéu kién it thuan lgi => ching chuyén sang ludng bdi => thich nghi.



