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% Systems biotechnology
3 Ribosome Engineering
* Genome shuffling

> X-omics

3L Sl by opl oaiS o sl palis
OFAY) cewl ossleawsa

G Sluloe bdler wor 5l ol o Hslugsd
Dl Canory s 0h wl> slacly 5 (A slacola
ol (SeSelem ey e Hebes S bl ol
ouds ol (S 5 Hslugon oko a5 ulide il
S osliial g (ojlucanseS daiss, ol ol ,0 el
So Ojgon a5 ISl adgs yo el eols (lsiedy jlglugiS]
olaldl Ll 5l 0gd 0 Causme S g il cole
$55d slaml 5l eolinul wdlea, Coul abpoas (950
53 koS Gl Sz BB pes ag Gl Jolpe o Yol
e by ey S, (G il e ol
Gox 0> ezadye el (riilr Glapd lypea SSL
o glio ol glaoley jo Fogll als 55 o Sl
ozl b o5ples Sluls L iy aSoyl LS ool
Sy )3 pl sl plgreay lagl 5l ool oSt glghu i)
OA) Sjlo o e |, 325

4 oo gbolgilog, Copb 5l 45 sl San & aiay
a5l g ansls Jlows] slacaogas 45 sgi 00,9l Cawd
Gl SIS ssbar il gl (S5 S 0 i ol
S polie )3 1) ()l 5 olgSds sla gz Waojlyslusn
fgw Sy Dy a5 Cl agY (plply S e g oS
@lerdsn 2Uls WS g GRlEl 5 e (ol
31 SFLsS pladl adg Gl cnlply conl ok baejlgslarn
g oy See alides gloil Lawgs B)laal g wax slacS 5
Cako a3 ’L:Mis.w Seuts 31 yokaie. (F) 3,10 092 g lag 8
Sl ssrte Ban b oolsgds a0 Hlais s sladgw
05253l (goladl s o IS j5bay Cenlmos T8 a5 g (o5
"4 1) igyee sled 4 sz ladyge obml 6l Lol
sbage bog oadadys glcdpbe chle )b
S onlpls ool oz b s (olaidl slaos] ) sly o iy
o3l 4 lgs so LS slaay g Sl mel> aol p S (5 )b
Osrke wil B S5 sl al U ke b sl ae U oy
GredS Cpogar b pladign 4 Cwl (See dyon
o)lg3lwzy 95 £95 & Ay (F A Gl Sls el ogue
e St 5 lalaa Sl (e Slas 90 piasns )3
glel il wieils (s 50bsS oy oy 4 a5 widl gllas

! Strain improvement



UIJ\S@JaMD%B;\Y‘\Vt)llumj—ﬁ}ija‘)m ("Q""deg_f‘ﬂf_gfl\#tsj\}‘}&}f(su‘{)u

Sl shls gangige s dygmmgyg LoydsSe s ponlied
sl g LolS g 5i aitan Jole  SasiSay o

BT R e N i RCULIS S e

Lol 0392 i o o SloydsSy 5l Vsl wg Ll
WS (oo 4325 1) Hele (B Lgewgise s e g B (S
ol yor 1) ¥sho Sz )5 5 it 5 aalld ayja 4 008
lag,B ;0 Vsu w3l ol jlade (JS 50 ijls lal b

s 38 Bl il Ve B byl 5l S a5 el
cde cpl a5 sistis cow Ol 5 gl lag B 5l solaws
oolitul j5ubo g pls S5 (gilwaige sln L] 5l Bl s
3 eolatwl pae el oyl og lse o Bl 3l g0
L Iy opde Jobo i ly @ilsne lulyd o g
o ojlgilu; ple Gl jo lag B (als (pl o5
Sem 4 0 2l prw 5 S0 Gosbe [l
asw o inte oolol Vo Jgaz (YY) aijls gl

a3 o ol Iy Pelw oS a0 295

(YY);¥sbo o5

Fungi

Acremonium cellulolyticus

Schizophyllum commune

Aspergillus acculeatus

Sclerotium rolfsii

Aspergillus fumigatus

Sporotrichum cellulophilum

Aspergillus niger

Talaromyces emersonii

Fusarium solani

Thielavia terrestris

Irpex lacteus

Trichoderma koningii

Penicillium funmiculosum

Trichoderma reesei

Phanerochaete Trichoderma viride
Chrysosporium Actinomycetes
Bacteria

Clostridium thermocellum

Thermoactinomyces sp.

Ruminococcus albus

Thermomonospora curvata

Streptomyces sp.
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' Spontaneous mutation
% Induced mutation
* Mutagen
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5 Loss-of-function mutations

¢ Gain-of-function mutations

Lethal mutations

Harmful mutations

Beneficial mutations

19 Neutral mutations

""" N-methyl-N' nitro- N-nitrosoguanidine (NTG)
12 Fed-batch culture

3 Karyogamy
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Relative

effect Impact on DNA Mutation induced Mutagen
Single or double- Radiation
High Deletions, structural changes s Tonizing radiation
strand breakage of X ra
DNA ys, gamma
rays
Medium Transversion, deletion, Pyrimidines
frameshift, transitions from diamerization and Short wavelengths
GC == AT cross links in DNA Ultra violet rays
Resul;si ;lr:l faulty Chemicals
AT sy GC, GC o AT pairing Base analogs
transition . 5-Chlorouracil
Low AT mmpGC , GC mump AT Errors in DNA 5-Bromouracil
Low .- replication . .
L transition 2-Aminopurine
ow GC ™= AT transition L deaminating
Low S . Deamination of
Medium Bi-directional translation, in agents
ediu deletion cytosine Hydroxylamine(N
AT==GC and/or GC ==p Deamination of A,C H.ZOH)
AT and G Nitrous
acid(HNO,)
Alkylating agents
Methylation.high PH N'Mﬁfm;i'(‘:”m
High GC wmmpAT transition Alkylation of C and vanidine
High GC mmmpAT transition A g Ethvl
High GC™= AT transition Alkylation of bases C Y
and A methanesulfonate
Mustards di-(2-
chloroethyl)-
sulfide
Intercalating
. . Intercalation between agents
Low Frame shift, loss of plasmids . . .
K . two base pairs Ethidium bromide,
and microdeletions s
acridinedyes
Biological
Hich Deletion, duplication, Base substitution, Phage,
g insertion breakage plasmid,DNA
transposing
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Small-scale mutations
Large-scale mutations
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