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Fragmentación
aleatoria del genoma

Ensamblado usando
lecturas superpuestas
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kcfe��qp[ehcxnfs^cxo^nfg�p:g�jRcfo}r4gX�2n pyj^p�nx~�o
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z~�e&w^s^cxj^c�ehcxt&s^e4pyjR~ w2pyt4p_�^s^ehnfpyt&s^o2p ezs�� n pyj^cxo2p j^cD��pyth��~�� cfor4gicf{|w ~�� ��� �0�d��~y{ ~ c�� g�e/r4cfo �0� � � �3��� ��ehs�� n pyjRcfo2pye:cfo sRo2p ezcfnfsRcfo^nxgqp � j^c �qpytz��~��o^~�Z-sRcfj2p:nx�qpytz~mnx~�{|~:cfe(w ~yehgl�R��c�nf~�oRezr4tzs^g�t�cf� �yt�� ~��2cxoDs^o rhg�cx{ w ~�� � �%�0�1�v�ythcf��pyo^j^~meh~��i~s^o
n pyt �ynxrhcft|p �qp ehcxnfs^cxo^nfg�p �Y�6ehc�r4gicfo^cxo � � ��o-sRcx�Bpye|ehcfnxs^cfoRnfgqpBe4�Iw cxth~ cf�i�qpye oR~ ez~�og�oRj^cfw cfo^jRg�cfo}rhcfe4�	� cfgio^cft � ����&'����j^gi~|cx� w^thgi{ cxt�py����~ythgirh{ ~m� � n'� ��thcxg���T}r � � �+&'����j^gi~ sRo2p{|ch
z~�t pBw^th~ � g�{ pynfgi��oDw2pBt4p&�qp nx~�o^ezrhths^nxnfgi��o jRc��Bt6� ~���cxe�j^c[ehs%��
z~�e�nfs2pyoRj^~ ezc[w^th~-nfcxe4pVp �j^ckj^cftzcfn#T2p&p�g �4Z1s^gicftzj2p%��� ~��i~:{ �ye r�pytzj^c � W Wy~�o^cxo � ���'�}�I� ������" �IjRg�~�s^o�py�i��~�thg�r4{|~ ��gio^c pBow^tz~ nxcfe4pBo^j^~|�qp&ehcxnfs^cxo^nfg�p|j^c[g �4Z1s^g�cxthj2pVp&j^cxthcfn#T^p%�
� � � � � � ��Q O � � 	 � �4� � ����� � �I
 � Q8R�� ��� R
	 � �[�I� �Bt6� ~�� j^c�ehs%��
z~yedZ1s^c�cfe|n pyw^p���j^cpy�i{ pynxcfo2pBt s^o2p nx~���cxnfnxg���o�j^c�w2py�qp��^t4pye�ezc:��~|nf~yo^~ nxcmnx~�{|~ 
 � � ��b g�cfoRcm��pyek{|g�ez{ pBe w^th~��w^gicfj2pyjRcfe Z1s^c�cf� �yt�� ~y��j^c�ehs%��
z~ w^pyt4p s^o2p ez~��qp ehcxnfs^cxo^nfg�p%� w cfth~ ezc�jRg�� cftzcfo^nxgqpyo<w ~�t&��pcxrhglZ1s^c�r�pDs^ehpyj2pDcfo nfpyj2pDs^o^~�jRc&��~�ekch
zcfe jRcf� �yt�� ~y�F� � g�cxo}r4t4pBeKZ-sRc&cf�awRthg�{|cftz~Dpy�i{ pBnfcfo^ps^o2pDnx~���cxnfnxg���o jRc thc0� cfthcxo^nfg�pye p ��p ehcxnfs^cxo^nfg�pD� ezs��^ehcxnfs^cxo^nfg�p�thcf��pynfgi~�o2pyj^p nf~yo cf�acB
zc j^cx�

�yt�� ~�� � cf�-ehcx��s^o^j^~veh~��i~vpy�i{ pBnfcfo^p�nx~���cxnfnfgi��o:jRc�ehs%�^ehcxnfs^cxo^nfg�p%�}��~�{|~vezc(�yc'�Xcf� �yt6� ~��1nf~�{ �^ocfe�s^o �yt�� ~�� ��cfo^cxt4py�ig �fpyj^~&nf~yo s^o^p �^oRg�n p&tzc]� cftzcfo^nxgqpVpV�qp {|g�eh{ p:ezcfnfsRcfo^nxgqp%�
� s^e��^cf��j wRth~�w ~�o^c cfo � �	� � j^~�e py����~ythgirh{ ~ye&j^c ~�tzj^cfo �ig�o^cfpy��Z1s^c cfoRnfs^cxo1rht4pyo rh~ j2pBethcxw c�r4ginfg�~yo^cfe&{ pX� g�{ py��cxe��+ehs^w cftz{ pX� gi{ py�icfe]�6� ezrhc�{|~-j^cf�i~ nf~�oR����c��Bp r4cfoRcftVs^o �yt6� ~��(j^cehsI��
z~�e�pyth{ pyj^~�cxo j^~yo^j^cVehcVthcfpy��g � pD��p/���^e6Z1s^cxj2p%�dlTs^cf��~�w^tz~�w ~yo^cfo s^o2p�nf~y{ w2pBnxr�pBnfg��yoj^cx� �yt6� ~�� j^cB
hpyo^j^~ ez~���~ �qpBeDt4py{ pye�j^~yo^j^c g�o}r4cxtz�-g�cxo^cfo thcxw c�r4ginfg�~yo^cfe]����~�{|~
w ~-j^thcx{ ~�e~��^ezcft/�ypBt cfo�cf�Znfpyw��irhs^��~ �&�Bpy{|~�e p&gio1rhcftzn py��pyt�cfe/r�pye�o^~-nfgi~�o^cxe�nf~�o���cxo}r�p8
hpye�tzcf�qpBnfg�~yo2pyj2pyep&�qp r 	xnfo^gin p&j^c[ehcxnfs^cxo^nfg�py{|g�cfo}rh~ py�ic pBrh~�thg�p%�
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��~�{|~Vehc:T2p&j^g�n#TR~��2cfo�s^o�{ ~-j^cf�i~Vpy��cfpBr4~ythg�~%� ��pye ehcxnfs^cxo^nfg�pyekezc[~��Rr4gicfo^cxo jRc�tzcf��gi~�o^cxepy�ic pBrh~�thg�pye j^cf� ��cfo^~y{ p%�XuvsRt4pyo}r4c�cfezrhc�w^tz~ nxcfeh~ ��pyedehcfnxs^cfoRnfgqpBe ehc��Bpyo&pB��{ pynfcxo2pyo^j^~�cfo&sRo2p

�2pyezc�j^c(j2pBr4~ye4�B�Ie/r�pV�2pBehc�j^c(j2pBrh~�eaezc��qpyednf~yo^~ nxc�nf~y{ ~ �2pyehc(j^c�j2pXr4~�e_j^c�w^tzg�{|cfthpkw2pyehpyj2p%��}piZ1s^c o^~iT^pyo�ehgij^~&nf��pyehgX�2n pyj^pye � o^g)�^�ir4thpyj2pye��#�2��o2p:��c���tzcx�-g�ehpyj2pye]�R��pye�ehcxnfs^cxo^nfg�pye�w2pyehpyop&s^o2p �2pyezc�jRc�j^pBr4~�e jRcfw^s^thpyj2p%��� e/r4c�w^th~-nfcxeh~Vr4cftz{ gio2p:nxs2pyo^j^~|ehc[~�� r4cfoR�}p|��p nf~�� cft/r4s^thpw^tzcfj^c�r4cftz{ gio2pyj2p����!���
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��� s 	�~-nfs^tzthc�nf~yo<�qpye tzcfw cxrhg�nfgi~�o^cxe j^s^thpyo}r4cDr4~-j^~ cxezrhc�wRth~-nfcfez~�� � g��qp thcfw cxrhg�nxg���o+cxenf~yo^~ nxg�j2p cfe cf�ig�{|g�o2pBj2p&w2pyt4p�Z1s^c&oR~�w^th~ ��~�Z1s^cVpy{a�Rg����^cxj2pyj^cxe cfo cx�6w^tz~ nxcfeh~�jRc cfo^ehpy{i�
�^��pyj^~��R�Io�cx�Zn pyez~ nx~�o}r4thpythgi~ ehc ��cxt � Z1s^c c�� g�e/r4c[��thpyo^j^cxe�py{a�^gi���^cfj^pyj^cfe��d� py��ez~�e�nx��s^e/r4cftzecfo�cf�Tcxo^e4pB{a�^�qpBj^~��2lT~Vg�j^cfpy�Zcxe�oR~ �i��cf��pyt�py�Tcxo^e4pB{a�^�qpBj^~Vnf~�o�thcxw c�r4ginfg�~yo^cfe]��a� g�e/r4c�sRo w^th~'�^��cx{ p g�oRo2pBr4~ Z1s^c T2pBnfc�o^~ � �ynxg��1cf�1tzcfnf~yo^~ nxg�{|g�cxo1rh~kcxo:cxezr4c�{ ~-j^cf�i~�� ��o2pnf~'� cxtzr4sRt4p j^c � �X�:g�{|w^�ig�n p Z1s^c o^cfnxcfezgir�pB{ ~�e T^p'� cxt6��c]��j^~vn pyj2p o1s^nx��cf�Br4g�jR~ cfoVw^tz~�{ cxj^g�~ � ���cxnfcxe4��� o}r4~�o^nxcfe w ~ jRcf{|~�e(cxehw cfthpyt Z1s^c s^o^p thcf�yg���o|�yp:pmr4cxo^cft�w ~�t(��~:{|cfoR~�e�� �m��cfn�r4s^thpye4�� e(sRo2p�nx~�o^nx��s^ezg���o|j^g�tzcfn�r�p[ehs^w ~�o^cxt Z1s^c�ehg�c�� giezr4c�s^o2p[thcxw c�r4ginfg��yo �Y�}w ~�t T^p'� cxt(ezg�j^~���c]��j2p
� �:�ycfnfcxe�py� �2o^py�Zj^cx�Zw^th~-nfcxj^g�{|g�cxo}r4~��1j^c]� c cxo^nf~�o}rht4pytzehc[cfo�cf� nf~�o8
zs^o}r4~Vj^c �qpBe�ehcxnfs^cxo^nfg�pye~��Rrhcfo^gij2pye�{ �Be�Z1s^cDcxezr4p n pBo1rhg�j2pBj7�M�-g�cO� g�ezrhcfo<j^~yemnx~�w^gqpBemj^c s^o2p tzcfw cxrhg�nfgi��o7�Tcxo1rh~�o^nxcfej^c]� cxo�c�� g�e/r4g�t ����cfn�r4s^thpye�j^c n pBj2p:s^o2pI� j^~yo^j^c!��cfe(�qp�nf~�� cft/r4s^thp:j2pyj2p�w2pythp:cf� ��cfoR~�{ p��-�
G_~yt���~�r�pyo}r4~%� w ~ jRcf{|~�e�pBehcf�ys^t4pyt Z-sRc ehg s^o2p:ezcfnfsRcfo^nxgqp ehcvthcfwRgir4ck{ �Be�j^c ������ycfnxcfe�cfe�sRo2pthcxw c�r4ginfg��yo�cfo��-�


:Q � O �E���	R & � c �^s^ezn p+cxo^nf~�o}rht4pyt thcfw cxrhg�nxg�~�o^cxe ezs^w cxth{ p��� g�{ py��cxe:cxo
sRo2p nf~��icfnfnxg���o<jRc�ehcfnxs^cfoRnfgqpBe|gio^j^cxw cxo^j^g�cxo}r4cfe
�2p8
z~ s^o2p�nf~�� cft/r4s^thp j^c � �8� j^~�o^jRc � cxem��p�nx~�� cxtzrhs^t4p�nf~�o�qpiZ1s^c[ehc�T2pVehcxnfs^cxo^nfg�pyj^~|�qp&thcx��g��yo�j^cf�T��cxo^~�{ p%�
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��~�{|~-T^cf{|~�e�w^�qpBo1rhc pyjR~��2o1s^cfe/r4t4p|w^thcx~ nxs^w2pynxg���o�cfek~��Rrhcfo^cxt�ezcfnxs^cfo^nxgqpyekthcxw c�r4g�j^pye�cfor 	xnfo^gin pye_j^c�ezcfnfsRcfo^nxgqpy{|g�cxo1rh~ e6TR~yr4��sRo7�X�mj^c(�qpk{|g�ez{ p\T2pvezs^th�yg�j^~k�qpyedehgi��s^g�cxo}r4c�gio^nf�y��o^gir4p �
� g cfe/r�py{|~�e�~�� r4cfoRg�cfoRj^~&ehcxnfs^cxo^nfg�pye�py��cfpBr4~ythgqpB{ cxo1rhc'�}w ~ jRcf{|~�e�nx~�o^nf�is^g�t Z1s^c w ~-j^cx{ ~�eehcxnfs^cxo^nfg�pyt(�Bpytzgqpye �ycfnfcxe��qp[{|g�eh{ p thcx��g���o)�}cfe�{ �ye]�}ehcvcxehw cfthpmr4cxo^cft�ehcxnfs^cxo^nfg�pyj^~&py��{|cfo^~ye

�4�&r4~-j^~�e ��pye �2pyezcfe�j^cf�2��cxo^~�{ p py�^r4cxth{|g�o^~vj^cf��ehcxnfs^cxo^nfg�py{|g�cfo}rh~ �'�����y� ��pv��c��k��pye ehcxnfs^cxoI�nfg�pye�thcxw c�r4g�j^pye r4g�cxo^cfo�{ �ye j^c�s^o2pVnf~�w^g�p&j^cfo}r4tz~ jRcf� ��cfoR~�{ pI�2� o1rh~�o^nxcfe � ����{|~Ve4p'� cft�ezgs^o2p�ehcxnfs^cxo^nfg�p�cxemtzcfw cxrhg�j2p�~�cfe�s^o � t4py��{|cfo}rh~D�ypBthgqpBe ��cfnxcfemehcfnxs^cfoRnfgqpBj^~�� ��� s 	V~ nxs^thtzcnf~yo �qpyekthcfw cxrhg�nxg�~�o^cxe nfs^pyo^j^~Drhcfo^cx{ ~�evcfo nfsRcfo}r�p Z1s^c cxezr�pB{ ~�evcfo s^o w^tz~ nxcfeh~�jR~�o^j^c ezc�Bp&~��Rr4cxo^g�cxo^j^~|o1s^cx�Bpye�ehcxnfs^cxo^nfg�pyekjRs^t4pyo}rhc[rh~ jR~|cx�Tw^th~-nfcxeh~����o2p&ehcfnxs^cfoRnfgqp&cxezr�p&tzcfw cxr4gij2p ehg ehc w^s^cxj^c[thcxnf~�o^~-nfcxt cfo}r4tzc[��~�eY� t4py��{|cfo}rh~�e�{ �ye�j^c � �nf~yw^gqpye jRc s^o^p�tzcfw cxrhg�nfgi��o7� �-c|wRs^cfj^c|ehcxtm{ �ye cxehw cfn4�X�2nf~�� j^cxnfg�tKZ1s^c�� ehg �qp�nfpyo}r4g�j^pyj j^cnf~yw^gqpye cxo^nf~yo1rht4pyj^pyekcxekjRc � � �2cfo}rh~�o^nfcxekjRc4� cfo cO� g�ezrhg�t�py� { cxo^~�e�� � nf~�wRgqpye�cfo�cf�T�ycfo^~�{ p%�� ezr4pmpywRth~ � g�{ pynfgi��o&g�o^�ycfo1s2p[pyehcx��s^thp�j^c�r4cxnxr�pBtIrh~ j^pyeI�qpye tzcfw cxr4ginfgi~�o^cfeIpB���2o2py�^jRcf��ehcxnfs^cxoI�nfg�py{|g�cfo}rh~��^�}p�Z1s^c ezg_ezc cfoRnfs^cxo1rht4p�s^o2p thcfw cxrhg�nxg���o cfo s^of� thpy��{|cfo}r4~%� cxezrhc o^~Dehpy�ir4p p ��p�-g�e/r�piT2pye/r�p&r4cfoRcft��qp nx~�� cxtzrhs^t4p ����cfo�cf�T{|g�eh{|~��
� � � � ��� � � O Q8R 	�� Q8�%$ � P �ES�� ��
 �I� �

G_pyt4p j^cxehnxthgl�Rg�t_��j^cx{ ~yezr4thpyta��pknx~�thtzcfnfnxg���o&jRcf� py����~ythgirh{ ~\Z1s^c�wRthcfezcfo}r�pBthcf{|~�e j^c]� cx{ ~yeg�o}rhth~-j^s^nfgitTo1s^cx�Bpyedo^~-nfg�~yo^cfe eh~'�^thcIthcxw c�r4ginfg�~yo^cfe Z1s^c�o^~�e ehcxt �yom{ sR���Rrhg��icfe4� �Iomehsmnf~�o�
zsRo1rh~w^��pyo}r4c pBt � s^o2p ezcfo^nxg�����pv� o1s^c��yp �y�i��c4�^thpV�2pyehpyj2p cfo|c�� w^tzcfehgi~�o^cxe�tzcf��sR�qpytzcfe6�&cxo|nx~�o�
zs^o}rh~�e
�2o^g�r4~�e]�^w2pythp&��s^cx��~Vj^cfj^sRnfg�t�w^tz~�w^gicfj2pyjRcfe�eh~��Rthc[thcxw c�r4g�nxg�~�oRcfe4�

G_pytzrhg�cfoRj^~vj^cx�1{ ~-j^cf�i~�w^th~�wRs^cfe/r4~vw ~�t �[sRe��2cx��j 
zs^o}r4~vnx~�o:��p��ycfo^cxt4py�ig � pBnfg��yo w^th~�wRs^cfe/r�pw2pythp��^s^ehnfpytdthcfw cxrhg�nxg�~�o^cxeTcfo�s^o�nf~�o�
zsRo1rh~kjRc(ezcfnfsRcfo^nxgqpye � ��� �I��� � � ehc�w^��pyo}r4c pBo���pyeTehgi��s^gicfo}r4cxej^c0�2o^g�nxg�~�oRcfe�ez~��^thcvcf� nx~�o�
zs^o}rh~&j^c ehcxnfs^cxo^nfg�pye J<nf~�tzthcfezw ~yo^j^g�cxo}r4cfe�pms^o�py��� p�� c�r4~ �-j^~�oRj^cn pBj2p ehcfnxs^cfoRnfgqp�ehcIgij^cfo}r4gX�2n p�sRo��i�y~ nfpy{ cxo}r4c w ~�tTs^o[o��^{ cxth~�cfo}rhcfth~ � � ��J�
Icfe ��p�ehcfnxs^cfoRnfgqpI�
� gicfo^j^~ J �	� �qp�ehcxnfs^cxo^nfg�p g�jRcfo}r4gX�2n pyj^p nf~yo cf��o��^{|cfth~����%�d�ko^p ehs%�^ehcxnfs^cxo^nfg�p j^c J�� Z1s^c

� �
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nf~y{ gicfo^nxc cfo��qp:w ~�ezg�nfgi��o � �Drhcfth{|g�oRc cfo � �qp:gio^j^gin pytzcf{|~�e�nf~y{ ~ J�� ��� ��� �0��Gd~�t ch
zcx{ wR��~��ehgd�qp|ehcxnfs^cxo^nfg�p � �������
	 cxezr4p g�j^cxo}r4g��^n pyj2p|nf~�o cf�do��R{ cxth~ ���I� cxo}r4~�o^nxcfe�J �	� � � � 
 � � ����� �
� g)� cfe:{ p ��~�t[~ g���s2pB� p �M��J�� ��� ��� � j^p���p�ezcfnfsRcfo^nxgqp��Bpyn]�qp #TjRc gi��s2py� { pyo^cxt4p�ehg)� ~ �cfe/r �yo/� s^cxt4pVj^cf�Tthpyo^��~Vj^c[�qp ezcfnxs^cfo^nxgqp J�� �

����� �����������	� �%� �I���%�Tldp�r4s^wR�qp�j^c�ezs��^ehcxnfs^cxo^nfg�pye � ! � � ����� � g�j^cxo1rhg��2nfpvp��qp�ehs��^ezcfnxs^cfo^nxgqpj^c��qp�ehcxnfs^cxo^nfg�p ! �8Z1s^c�w cft/r4cxo^cfnxc py�1nf~�o8
zs^o}r4~KJ �8Z1s^c�nx~�{|g�cfo�� p�cfo:��p�w ~�ezg�nfgi��o � � rhcfth{|g�o^pcfo��qp w ~�ezg�nfgi��o �M���o2p_.#(�&%*01I; DF$&eh~��^tzc s^o2p nx~���cxnfnxg���o j^c ehcxnfs^cxo^nfg�pye J+cfe�sRo�nf~�o�
zsRo1rh~
� �|j^ckr4s^w^��pye�j^cehs%�^ehcxnfs^cxo^nfg�pye4�M� g w2pythp�rh~ j2p�r4sRw^�qp�j^cV�qp�nf~�oRehs^��r�p�� � cO� g�ezrhc sRo2p�ezcfnxs^cfo^nxgqpye � Z-sRc ��cnf~yththcxehw ~�o^j^c ��p�rhs^w^�qpBe � ! � � ����� � r4py�)Z1s^c:J�� ��� � � � � � jRg�thcx{ ~ye Z1s^c �qp .#(�&%*01I; DF$ >#*a
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,/5;MS¯C14:QMS¯�RAX+)�¯~,98pHI5;*-³/HI*-5I¯~8;,y¯uRQMS¯�³9,/®b¯�,9®�M¶,9M¶FE57:µ¯-X &±R²b®b¯uRv,9R
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,/5;MS¯C14:QMS¯�RQ,/8�H�¯�M�P6: V/®¶H;:Q,9®-,*6®n³9F�MS3cFE57HI¯�M¶:Q,9®�H;F�¯�3-5;F°14:QMS¯�>b¯�M¶,9®�HI, RQ:=®6,°¯�Rc³9F�®¦57,9873
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,2HI:=³9:Q<�® ®6FK8;F�P65;,/8I¯�R=��¯O¯NRµ¯NRQ*6�uX + 87HI,`365;F�P6RQ,/MG¯z36*6,/>6,�57,987FER=.�,95;87,�³/FE®5;,/3
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F�57H�¯u®KR=,9³2HI*65;¯�8 ¯�RQ,9¯uHIFE57:µ¯�8 >6*65;¯�®�HI, HIF+>6Fn,9R >($Q¯-�s,98 ®6,/³9,98;¯�5;:=F¯uH;,9®6>-,95�x~F�5;��¯�®-:Q�°¯u5�Rµ¯ MS¯°xEFE5�³°¯�®�HI:=>b¯�>�>6,d:=®-JLFE57MG¯�³/:Q<E®ª,9® ,9R4HI:Q,/MS3cF±MSt�8�³/FE57H;F3cFE8;:=P6RQ,uX
��� / (�)&% $&6(9 �&% 8*6�� � 6($3%���%=2"% ��9 � 9<!	�&%=/�> ­�FEMSF�87,��b¯�>6,987³957:Q3-H;F¶,/®nRµ¯~:Q®�H;5;F+>6*6³2´³/:Q<E®s�+Rµ¯u8�5;,/3
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