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Basic Bio

สูตรลัด  M1O1  =  M2O2  :  I1 = I2

x                 = กำำ�ลังขย�ยรวม =

ME MO Mรวมx = =

ขน�ดภ�พ

ขน�ดวัตถุจริง

I
O

กำำ�ลังขย�ยของ
àÅ¹Ê�ã¡ÅŒµÒ

กำำ�ลังขย�ยของ
àÅ¹Ê�ã¡ÅŒÇÑµ¶Ø

¡ÅŒÍ§¨ØÅ·ÃÃÈ¹�

à¤ÁÕ·Õèà»š¹¾×é¹ฐÒ¹¢Í§ÊÔè§ÁÕªÕÇÔµáÅÐÊÒÃªÕÇâÁàÅ¡ØÅ
¡ÒÃÅíÒàÅÕÂ§ÊÒÃ¼‹Ò¹à¢ŒÒ-ÍÍ¡à«ÅÅ�

à«ÅÅ�¢Í§ÊÔè§ÁÕªÕÇÔµ

¡íÒË¹´ãËŒ
      Mรวม = ¡íÒÅÑ§¢ÂÒÂÃÇÁ¢Í§¡ÅŒÍ§¨ØÅ·ÃÃÈ¹�
      ME  = ¡íÒÅÑ§¢ÂÒÂ¢Í§àÅ¹Ê�ã¡ÅŒµÒ
      MO  = ¡íÒÅÑ§¢ÂÒÂ¢Í§àÅ¹Ê�ã¡ÅŒÇÑµ¶Ø
       I    = ขน�ดของภ�พ
       O  = ขน�ดของวัตถุ

*ËÁÒÂàËµØ ¶ŒÒã¹¢ŒÍÊÍºâ¨·Â�äÁ‹ä´Œ¡íÒË¹´¡íÒÅÑ§¢ÂÒÂ¢Í§
àÅ¹Ê�ã¡ÅŒµÒÁÒãËŒ ãËŒãªŒ¡íÒÅÑ§¢ÂÒÂ 10X ã¹¡ÒÃ¤íÒ¹Ç³*

•• ¡ÒÃ¤íÒ¹Ç³¡íÒÅÑ§¢ÂÒÂ¡ÅŒÍ§¨ØÅ·ÃÃÈ¹�¡ÒÃ¤íÒ¹Ç³¡íÒÅÑ§¢ÂÒÂ¡ÅŒÍ§¨ØÅ·ÃÃÈ¹�

•• ËÁÙ‹ฟ̃ั§¡�ªÑ¹ËÁÙ‹ฟั˜§¡�ªÑ¹
•• ¡ÒÃÅíÒàÅÕÂ§ÊÒÃ¢¹Ò´àÅç¡¡ÒÃÅíÒàÅÕÂ§ÊÒÃ¢¹Ò´àÅç¡

•• ¡ÒÃÅíÒàÅÕÂ§ÊÒÃ¢¹Ò´ãËÞ‹¡ÒÃÅíÒàÅÕÂ§ÊÒÃ¢¹Ò´ãËÞ‹

•• ÍÍÃ�á¡à¹ÅÅ�áÅÐË¹ŒÒ·ÕèÍÍÃ�á¡à¹ÅÅ�áÅÐË¹ŒÒ·Õè

ËÁÙ‹ฟั˜§¡�ªÑ¹ ¤Ø³ÊÁºÑµÔ
hydroxyl (-OH) - ÁÕ¢ÑéÇ äÁ‹ÁÕ»ÃÐ¨Ø

- à»š¹¡Ã´Í‹Í¹ÁÒ¡
- ÊÃŒÒ§¾Ñ¹¸ÐäÎâ´Ãà¨¹ä´Œ, ÅÐÅÒÂ¹íéÒä´Œ

carboxyl (-COOH) - ÁÕ¢ÑéÇ ÁÕ»ÃÐ¨Ø (áµ¡µÑÇãËŒ H+

áÅÐ R-COO-)
- à»š¹¡Ã´
- ÊÃŒÒ§¾Ñ¹¸ÐäÎâ´Ãà¨¹ä´Œ, ÅÐÅÒÂ¹íéÒä´Œ,

¨Ø´à´×Í´ÊÙ§
carbonyl (-CO-) - ÁÕ¢ÑéÇ äÁ‹ÁÕ»ÃÐ¨Ø

- à»š¹¡ÅÒ§
- ÊÃŒÒ§¾Ñ¹¸ÐäÎâ´Ãà¨¹ä´Œ, ÅÐÅÒÂ¹íéÒä´Œ

amino (-NH
2
)   - ÁÕ¢ÑéÇ ÁÕ»ÃÐ¨Ø (áµ¡µÑÇãËŒ OH- áÅÐ

NH
4

+)
- à»š¹àºÊ
- ÊÃŒÒ§¾Ñ¹¸ÐäÎâ´Ãà¨¹ä´Œ, ÅÐÅÒÂ¹íéÒä´Œ

ether (R-O-R) - à¡Ô´¨Ò¡ -OH + -OH
- à¡Ô´¼Å¾ÅÍÂä´Œ¤×Í¹íéÒ
- äÁ‹ÁÕ¾Ñ¹¸ÐäÎâ´Ãà¨¹

ester (-COO-) - à¡Ô´¨Ò¡ -COOH + -OH
- à¡Ô´¼Å¾ÅÍÂä´Œ¤×Í¹íéÒ
- äÁ‹ÁÕ¾Ñ¹¸ÐäÎâ´Ãà¨¹

amide (-CONH) - à¡Ô´¨Ò¡ -COOH + -NH2

- à¡Ô´¼Å¾ÅÍÂä´Œ¤×Í¹íéÒ
- à¡Ô´¾Ñ¹¸ÐäÎâ´Ãà¨¹ä´Œ

phosphodiester - à¡Ô´¨Ò¡ -PO
4

2- + -OH
- à¡Ô´¼Å¾ÅÍÂä´Œ¤×Í¹íéÒ
- äÁ‹ÁÕ¾Ñ¹¸ÐäÎâ´Ãà¨¹

1. passive transport = äÁ‹ ãªŒ¾ÅÑ§§Ò¹ ATP

1. exocytosis (ÅíÒàÅÕÂ§ÊÒÃÍÍ¡)

2. endocytosis (ÅíÒàÅÕÂ§ÊÒÃà¢ŒÒ)

2. active transport = ãªŒ¾ÅÑ§§Ò¹ ATP

1.1 ¡ÒÃá¾Ã‹áºº¸ÃÃÁ´Ò (simple diffusion)1.1 ¡ÒÃá¾Ã‹áºº¸ÃÃÁ´Ò (simple diffusion)
- à¤Å×èÍ¹·Õè¨Ò¡ºÃÔàÇ³·ÕèÁÕ¤ÇÒÁà¢ŒÁ¢Œ¹ÊÒÃÁÒ¡ä»ÂÑ§ºÃÔàÇ³·ÕèÁÕ
 ¤ÇÒÁà¢ŒÁ¢Œ¹ÊÒÃ¹ŒÍÂ ¨¹à·‹Ò¡Ñ¹·Ñé§ÊÍ§ºÃÔàÇ³

1.2 ¡ÒÃá¾Ã‹áººãªŒâ»ÃµÕ¹µÑÇ¾Ò (facilitated diffusion)1.2 ¡ÒÃá¾Ã‹áººãªŒâ»ÃµÕ¹µÑÇ¾Ò (facilitated diffusion)
- à¤Å×èÍ¹·Õè¨Ò¡ºÃÔàÇ³·ÕèÁÕ¤ÇÒÁà¢ŒÁ¢Œ¹ÊÒÃÁÒ¡ä»ÂÑ§ºÃÔàÇ³·ÕèÁÕ
 ¤ÇÒÁà¢ŒÁ¢Œ¹ÊÒÃ¹ŒÍÂ ÍÒÈÑÂâ»ÃµÕ¹µÑÇ¾Òª‹ÇÂã¹¡ÒÃÅíÒàÅÕÂ§

1.3 ¡ÒÃÍÍÊâÁ«ÔÊ (osmosis)1.3 ¡ÒÃÍÍÊâÁ«ÔÊ (osmosis)
- à¤Å×èÍ¹·Õè¢Í§¹íéÒ¨Ò¡ºÃÔàÇ³·ÕèÁÕ¤ÇÒÁà¢ŒÁ¢Œ¹¹íéÒÁÒ¡ä»ÂÑ§ºÃÔàÇ³·ÕèÁÕ

¤ÇÒÁà¢ŒÁ¢Œ¹¹íéÒ¹ŒÍÂ
- à«ÅÅ�ºÒ§ª¹Ô´äÁ‹ ãËŒ¹íéÒ¼‹Ò¹¨Ö§µŒÍ§ãªŒâ»ÃµÕ¹ª‹ÇÂÅíÒàÅÕÂ§·Õèª×èÍÇ‹Ò

aquaporin

à»š¹¡ÒÃÅíÒàÅÕÂ§ÊÒÃ¢¹Ò´ãËÞ‹ÍÍ¡¨Ò¡à«ÅÅ� 
â´Â¡ÒÃºÃÃ¨Øà»š¹¶Ø§àÇÊÔà¤ÔÅ áÅÐàÁ×èÍ¶Ø§àÇÊÔà¤ÔÅ
à¤Å×èÍ¹·ÕèÁÒÃÇÁµÑÇ¡ÑºàÂ×èÍËØŒÁà«ÅÅ� ÊÒÃ¨Ð¶Ù¡»Å‹ÍÂÍÍ¡¹Í¡à«ÅÅ�

1.1 phagocytosis1.1 phagocytosis :
    ÊÃŒÒ§à·ŒÒà·ÕÂÁÂ×è¹ä»âÍº¡Ô¹à«ÅÅ�à¢ŒÒÁÒ¤ÅŒÒÂ¡ÒÃ¡Ô¹¢Í§à«ÅÅ�
1.2 pinocytosis1.2 pinocytosis :
    àÇŒÒàÂ×èÍËØŒÁà«ÅÅ�ãËŒÊÒÃäËÅà¢ŒÒÁÒ¤ÅŒÒÂ¡ÒÃ´×èÁ¹íéÒ¢Í§à«ÅÅ�    
1.3 receptor-mediated endocytosis1.3 receptor-mediated endocytosis :
    ¡ÒÃÅíÒàÅÕÂ§ÊÒÃà¢ŒÒà«ÅÅ�â´ÂàÇŒÒàÂ×èÍËØŒÁà«ÅÅ�ãËŒÊÒÃäËÅà¢ŒÒÁÒ 

+ ÁÕµÑÇÃÑº¨íÒà¾ÒÐµ‹ÍÊÒÃ¹Ñé¹æ

- à¤Å×èÍ¹·Õè¨Ò¡ºÃÔàÇ³·ÕèÁÕ¤ÇÒÁà¢ŒÁ¢Œ¹ÊÒÃ¹ŒÍÂä»ÂÑ§ºÃÔàÇ³·ÕèÁÕ
¤ÇÒÁà¢ŒÁ¢Œ¹ÊÒÃÁÒ¡

- ÍÒÈÑÂâ»ÃµÕ¹µÑÇ¾Òª‹ÇÂã¹¡ÒÃÅíÒàÅÕÂ§
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silent = ¹Ôè§à§ÕÂº = äÁ‹ÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§
sense/silent mutation = ¡Ã´ÍÐÁÔâ¹äÁ‹à»ÅÕèÂ¹á»Å§/â»ÃµÕ¹àËÁ×Í¹à´ÔÁ

missense = ¼Ô´¾ÅÒ´ = ¼Ô´ä»¨Ò¡à´ÔÁ
missense mutation = ÁÕ¡ÒÃà»ÅÕèÂ¹ª¹Ô´¢Í§¡Ã´ÍÐÁÔâ¹

nonsense = äÁ‹ = äÁ‹ÁÕ¡ÒÃÊÃŒÒ§µ‹Í
nonsense mutation = ËÂØ´ÊÑ§à¤ÃÒÐË�â»ÃµÕ¹/¡Ã´ÍÐÁÔâ¹ÊÑé¹Å§
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Protein

5′ 3′
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U instead of A

A
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Met
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Genetics

¡ÒÃáº‹§à«ÅÅ�
¾Ñ¹¸ØÈÒÊµÃ�

กำ�รกำล�ย

¡ÒÃ¶‹ÒÂ·Í´ÅÑ¡É³Ð·Ò§¾Ñ¹¸Ø¡ÃÃÁ

วิวั²น�กำ�ร

• • ¡ÒÃáº‹§à«ÅÅ�áººäÁâ·«ÔÊ (mitosis)¡ÒÃáº‹§à«ÅÅ�áººäÁâ·«ÔÊ (mitosis)

• • ¡ÒÃáº‹§à«ÅÅ�áººäÁâÍ«ÔÊ (meiosis)¡ÒÃáº‹§à«ÅÅ�áººäÁâÍ«ÔÊ (meiosis)

• • ¡ÃÐºÇ¹¡ÒÃ Central dogma ¡ÃÐºÇ¹¡ÒÃ Central dogma 

• • ¡ÒÃà»ÅÕèÂ¹á»Å§á·¹·ÕèàºÊ¡ÒÃà»ÅÕèÂ¹á»Å§á·¹·ÕèàºÊ

• • àฟัÃÁªÔฟั·�ÁÔÇà·ªÑ¹ àฟัÃÁªÔฟั·�ÁÔÇà·ªÑ¹ 

• • àÍ¡ÅÑ¡É³�¡ÒÃ¶‹ÒÂ·Í´¼‹Ò¹â¤ÃâÁâ«Áà¾È XàÍ¡ÅÑ¡É³�¡ÒÃ¶‹ÒÂ·Í´¼‹Ò¹â¤ÃâÁâ«Áà¾È X

áº‹§à«ÅÅ� 2 ÃÍº ¤×Í IPMATCy 1 & IPMATCy 2

  

  

1. X-linked dominant
  ¶ŒÒ¼ÙŒªÒÂà»š¹âÃ¤¨ÐºÑ§¤ÑºáÁ‹áÅÐÅÙ¡ÊÒÇ·Ø¡¤¹à»š¹âÃ¤´ŒÇÂ

2. X-linked recessive
   ¶ŒÒ¼ÙŒËÞÔ§à»š¹âÃ¤¨ÐºÑ§¤Ñº¾‹ÍáÅÐÅÙ¡ªÒÂ·Ø¡¤¹à»š¹âÃ¤´ŒÇÂ
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• • ¡Ã³Õ»ÃÐªÒ¡ÃäÁ‹ÍÂÙ‹ ã¹ÊÁ´ØÅ HWE¡Ã³Õ»ÃÐªÒ¡ÃäÁ‹ÍÂÙ‹ ã¹ÊÁ´ØÅ HWE

• • ¡Ã³Õ»ÃÐªÒ¡ÃÍÂÙ‹ ã¹ÊÁ´ØÅ HWE¡Ã³Õ»ÃÐªÒ¡ÃÍÂÙ‹ ã¹ÊÁ´ØÅ HWE
P(A) + P(a) = 1
P(AA) + P(Aa) + P(aa) = 1
p2 + 2pq + q2 = 1

¤‹Ò¤ÇÒÁ¶ÕèáÍÅÅÕÅ A = 

¤‹Ò¤ÇÒÁ¶ÕèáÍÅÅÕÅ a =

¨íÒ¹Ç¹áÍÅÅÕÅ A
¨íÒ¹Ç¹áÍÅÅÕÅ·Ñé§ËÁ´ã¹»ÃÐªÒ¡Ã

¨íÒ¹Ç¹áÍÅÅÕÅ a
¨íÒ¹Ç¹áÍÅÅÕÅ·Ñé§ËÁ´ã¹»ÃÐªÒ¡Ã

¡ÒÃ¢Ò´-à¡Ô¹àºÊ ·Õè·íÒãËŒà¡Ô´¡ÒÃ¨Ñ´ÅíÒ´Ñºâ¤´Í¹ãËÁ‹ Ê‹§¼ÅãËŒª¹Ô´¢Í§
¡Ã´ÍÐÁÔâ¹à¡Ô´¡ÒÃà»ÅÕèÂ¹á»Å§

I I III

MMMMM

AAAAA
TTTTT
CyCyCyCy

PPPPP

¨íÒÅíÒ´Ñº¡Åä¡¡ÒÃáº‹§à«ÅÅ�áººäÁâ·«ÔÊâ´Â¨íÒ¤íÒÇ‹Ò

µÑÇÍÑ¡ÉÃáµ‹ÅÐµÑÇ¤×ÍÃÐÂÐµ‹Ò§æ 
àÃÕÂ§µÒÁÅíÒ´ÑºÃÐÂÐ
  I   = Interphase

  P  = Prophase

  M  = Metaphase

  A  = Anaphase

  T  = Telophase

  Cy  = Cytokinesis

“IPMATCy”“IPMATCy”
“ÍÔêº¾�-áÁ·-«Õè”

“IPMATCy”
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Taxo & Eco

Taxonomy (Í¹Ø¡ÃÁÇÔ¸Ò¹)

• ª×èÍÇÔ·ÂÒÈÒÊµÃ� (scientific name)ª×èÍÇÔ·ÂÒÈÒÊµÃ� (scientific name) = Genus + specific epithet [Homo sapiens]
• ÅíÒ Ñ́º¢Ñé¹Í¹Ø¡ÃÁÇÔ¸Ò¹ÅíÒ´Ñº¢Ñé¹Í¹Ø¡ÃÁÇÔ¸Ò¹
  Domain > Kingdom > Phylum/ Division > Class > Order > Family > Genus > Species
  â´àÁ¹ > ÍÒ³Ò¨Ñ¡Ã > äฟัÅÑÁ/ ´ÔÇÔªÑ¹ > ªÑé¹ > ÍÑ¹´Ñº > Ç§È� > Ê¡ØÅ > ª¹Ô´

»ÃÐªÒ¡Ã

• ÃÙ»áºº¡ÒÃàµÔºâµ¢Í§»ÃÐªÒ¡ÃÃÙ»áºº¡ÒÃàµÔºâµ¢Í§»ÃÐªÒ¡Ã
  - áººàÍç¡â¾à¹¹àªÕÂÅ                                                                                   - áººÅÍ¨ÔÊµÔ¡

¤ÇÒÁËÅÒ¡ËÅÒÂ¢Í§ÊÔè§ÁÕªÕÇÔµ

•  Living particleLiving particle
• Kingdom MoneraKingdom Monera : áº¤·ÕàÃÕÂ ÊÒËÃ‹ÒÂÊÕà¢ÕÂÇá¡Á¹íéÒà§Ô¹ 
  (cyanobacteria)
• Kingdom ProtistaKingdom Protista : â¾Ãâ·«ÑÇ  ÊÒËÃ‹ÒÂ ÃÒàÁ×Í¡
• Kingdom FungiKingdom Fungi 
• Kingdom PlantaeKingdom Plantae
  • ¾×ªäÁ‹ÁÕ·‹ÍÅíÒàÅÕÂ§ (bryophyte) : ÁÍÊ ÅÔàÇÍÃ�àÇÔÃ�· ÎÍÃ�¹àÇÔÃ�·
  • ¾×ªÁÕ·‹ÍÅíÒàÅÕÂ§ (tracheophyte)
     ๐ äÅâ¤äฟัµ� (lycophyte) : «ÕáÅ¡¨Ôà¹ÅÅÒ äÅâ¤â¾à´ÕÂÁ äÍâ«ÍÕà·Ê 
     ๐ ÂÙฟั�ÅâÅäฟัµ� (euphyllophyte)
       ♥ âÁ¹ÔâÅäฟัµ� (monilophyte) : àฟั�Ã�¹ ËÞŒÒ¶Í´»ÅŒÍ§ 
           ËÇÒÂ·Ð¹ÍÂ 
       ♥ Êà»ÍÃ�ÁÒâ·äฟัµ� (spermatophyte) 
           - ¾×ªàÁÅç´à»Å×ÍÂ (gymnosperm) : »Ã§ Ê¹ á»Ð¡�ÇÂ 
              ÁÐàÁ×èÍÂ 
           - ¾×ª´Í¡ (angiosperm) : ¾×ªãºàÅÕéÂ§à´ÕèÂÇ ¾×ªãºàÅÕéÂ§¤Ù‹

• Kingdom AnimaliaKingdom Animalia
  • Phylum Porifera : ฟัÍ§¹íéÒ
  • Phylum Cnidaria : áÁ§¡Ð¾ÃØ¹ äÎ´ÃÒ »Ð¡ÒÃÑ§ ´Í¡äÁŒ·ÐàÅ
  • Phylum Platyhelminthes : ¾ÅÒ¹ÒàÃÕÂ ¾ÂÒ¸Ô ãºäÁŒ 
  • Phylum Nematoda : ¾ÂÒ¸Ô»Ò¡¢Í ¾ÂÒ¸ÔáÊŒÁŒÒ
  • Phylum Annelida : äÊŒà´×Í¹´Ô¹ »ÅÔ§¹íéÒ¨×´ ·Ò¡´Ù´àÅ×Í´
  • Phylum Mollusca : ËÁÖ¡ ËÍÂ ÅÔè¹·ÐàÅ
  • Phylum Arthropoda : áÁÅ§ áÁ§ÁØÁ ¡ØŒ§ »Ù ¡Ôé§¡×Í
  • Phylum Echinodermata : ´ÒÇ·ÐàÅ àÁ‹¹·ÐàÅ »ÅÔ§·ÐàÅ
  • Phylum Chordata 
     ๐ à¾ÃÕÂ§ËÑÇËÍÁ
     ๐ »ÅÒ 
     ๐ ÊÑµÇ�ÊÐà·Ô¹¹íéÒÊÐà·Ô¹º¡ 
     ๐ ÊÑµÇ�àÅ×éÍÂ¤ÅÒ¹ 
     ๐ ÊÑµÇ�»‚¡ 
     ๐ ÊÑµÇ�àÅÕéÂ§ÅÙ¡´ŒÇÂ¹íéÒ¹Á 

ÃÐºº¹ÔàÇÈ

• äºâÍÁº¹º¡ äºâÍÁº¹º¡ ãªŒÍØ³ËÀÙÁÔáÅÐ»ÃÔÁÒ³¹íéÒฝ¹à»š¹à¡³±�
  äºâÍÁã¹¹íéÒäºâÍÁã¹¹íéÒ ãªŒ¤ÇÒÁà¤çÁ¢Í§¹íéÒà»š¹à¡³±�
• Ë¹ŒÒ·Õè¢Í§ÊÔè§ÁÕªÕÇÔµË¹ŒÒ·Õè¢Í§ÊÔè§ÁÕªÕÇÔµ
  ๐ autotroph : ¼ÙŒ¼ÅÔµ (producer) = ÅíÒ´Ñº¢Ñé¹¡ÒÃ¡Ô¹·Õè 1
  ๐ heterotroph = ÅíÒ´Ñº¢Ñé¹¡ÒÃ¡Ô¹·Õè 2 ¢Öé¹ä» 
     - ¼ÙŒºÃÔâÀ¤ (consumer) 
     - ¼ÙŒÂ‹ÍÂÊÅÒÂ (decomposer) [áº¤·ÕàÃÕÂ ÃÒ ÃÒàÁ×Í¡] 
• ¤ÇÒÁÊÑÁ¾Ñ¹ �̧¤ÇÒÁÊÑÁ¾Ñ¹¸�
  ๐ (-/-) : ÀÒÇÐá¢‹§¢Ñ¹
  ๐ (+/-) : ÀÒÇÐÅ‹ÒàËÂ×èÍ/ »ÃÊÔµ/ parasitoidism
  ๐ (+/+) : ÀÒÇÐä´Œ»ÃÐâÂª¹�Ã‹ÇÁ¡Ñ¹/ ¾Öè§¾Ò
  ๐ (+/0) : ÀÒÇÐÍÔ§ÍÒÈÑÂ/ Â‹ÍÂÊÅÒÂ
  ๐ (0/0) : ÀÒÇÐËÅÑè§ÊÒÃ/ ¡ÃÐ·º¡ÃÐà·×Í¹/ à»š¹¡ÅÒ§
• ¾ÕÃÐÁÔ´¤ÇÒÁÊÑÁ¾Ñ¹¸�¾ÕÃÐÁÔ´¤ÇÒÁÊÑÁ¾Ñ¹¸�
  ๐ ¾ÕÃÐÁÔ´¨íÒ¹Ç¹ : ËÑÇµÑé§ Â¡àÇŒ¹ÀÒÇÐ»ÃÊÔµ/ ÍÔ§ÍÒÈÑÂ/ Â‹ÍÂÊÅÒÂ
  ๐ ¾ÕÃÐÁÔ´ÁÇÅªÕÇÀÒ¾ : ËÑÇµÑé§ Â¡àÇŒ¹ã¹·ÐàÅ [á¾Å§¡�µÍ¹¾×ª]
  ๐ ¾ÕÃÐÁÔ´¾ÅÑ§§Ò¹ : ËÑÇµÑé§àÊÁÍµÒÁ¡ฎ 10%
  ๐ biomagnification : ¤ÇÒÁà¢ŒÁ¢Œ¹¢Í§ÊÒÃ¾ÔÉÊÙ§¢Öé¹µÒÁÅíÒ Ñ́º¢Ñé¹¡ÒÃ¡Ô¹

• วัฏจักำรของส�รวัฏจักำรของส�ร
  ๐ ÇÑฏ¨Ñ¡Ãä¹âµÃà¨¹
     - ¡ÒÃµÃÖ§ä¹âµÃà¨¹ (nitrogen fixation) : à»ÅÕèÂ¹á¡�Ê
        ä¹âµÃà¨¹ã¹ÍÒ¡ÒÈà»š¹áÍÁâÁà¹ÕÂ
     - áÍÁâÁ¹Ôฟั�à¤ªÑ¹ (ammonification) : à»ÅÕèÂ¹ÊÒÃ»ÃÐ¡Íº
        ä¹âµÃà¨¹ã¹«Ò¡¾×ª«Ò¡ÊÑµÇ�ÁÒà»š¹áÍÁâÁà¹ÕÂÁ
     - ä¹µÃÔฟั�à¤ªÑ¹ (nitrification) : à»ÅÕèÂ¹áÍÁâÁà¹ÕÂÁà»š¹
        ä¹äµÃ·�áÅÐä¹àµÃµµÒÁÅíÒ´Ñº 
     - ´Õä¹µÃÔฟั�à¤ªÑ¹ (denitrification) : à»ÅÕèÂ¹ä¹àµÃµ¡ÅÑºà»š¹
        á¡�Êä¹âµÃà¨¹ã¹ºÃÃÂÒ¡ÒÈ
• ¡ÒÃà»ÅÕèÂ¹á»Å§á·¹·Õè¡ÒÃà»ÅÕèÂ¹á»Å§á·¹·Õè
  ๐ »ฐÁÀÙÁÔ : äÁ‹à¤ÂÁÕÊÔè§ÁÕªÕÇÔµÍÒÈÑÂÍÂÙ‹ÁÒ¡‹Í¹
     - ÊÔè§ÁÕªÕÇÔµºØ¡àºÔ¡ : äÅà¤¹
     - äÅà¤¹ → มอส → ËÞŒÒ → äÁŒ¾Ø‹Á → äÁŒÂ×¹µŒ¹
  ๐ ·ØµÔÂÀÙÁÔ : ¾×é¹·Õèà´ÔÁ¶Ù¡·íÒãËŒà»ÅÕèÂ¹á»Å§ áµ‹ÂÑ§¤§ÁÕÊÔè§ÁÕªÕÇÔµ
     ºÒ§ª¹Ô´áÅÐÊÒÃÍÔ¹·ÃÕÂ�·ÕèÊÔè§ÁÕªÕÇÔµµŒÍ§¡ÒÃàËÅ×ÍÍÂÙ‹
     - ÊÔè§ÁÕªÕÇÔµºØ¡àºÔ¡ : ËÞŒÒ
     - ËÞŒÒ → äÁŒ¾Ø‹Á → äÁŒÂ×¹µŒ¹

Á¹ØÉÂ�¡Ñº¤ÇÒÁÂÑè§Â×¹¢Í§ÊÔè§áÇ´ÅŒÍÁ

Í‹Ò¹Ë¹Ñ§Ê×Í¡ÃÐ·ÃÇ§

po
pu

lat
ion

 si
ze

time

po
pu

lat
ion

 si
ze

time

carrying capacity
dN
dt

 = ¨íÒ¹Ç¹ÊÔè§ÁÕªÕÇÔµ·Õèà¾ÔèÁ¢Öé¹/ ª‹Ç§àÇÅÒ·Õè¡íÒË¹´
   r   = ÍÑµÃÒ¡ÒÃà¾ÔèÁ¢Í§»ÃÐªÒ¡Ãã¹ÃÐÂÐàÇÅÒË¹Öè§
   N   = ¢¹Ò´»ÃÐªÒ¡Ã
   K   = carrying capacity (ÃÐ´Ñº·ÕèÊÀÒ¾áÇ´ÅŒÍÁÊÙ§ÊØ´
         ·ÕèÊÒÁÒÃ¶ÃÍ§ÃÑº»ÃÐªÒ¡Ãä´ŒÁÒ¡·ÕèÊØ´)

dN
= rN

dt
dN

= rN
dt

N1 -
K

e e
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Human I

  ¡ÒÃËÒÂã¨

• trick ã¹¡ÒÃ¨íÒàÍ¹ä«Á�·Õèà¡ÕèÂÇ¢ŒÍ§¡Ñº¡ÒÃÂ‹ÍÂÍÒËÒÃ • ¡Åä¡¡ÒÃËÒÂã¨à¢ŒÒÍÍ¡¢Í§Á¹ØÉÂ� ãªŒ¡ÅŒÒÁà¹×éÍ·Õèáµ¡µ‹Ò§¡Ñ¹
เอนไซมจากตับออน เอนไซมจากลําไสเล็ก

ËÁÒÂàËµØ *ÍÂÙ‹ ã¹ÃÙ» inactive form à¾ÃÒÐµŒÍ§à´Ô¹·Ò§
            ¼‹Ò¹·‹Í¨Ò¡µÑºÍ‹Í¹ÁÒÂÑ§ÅíÒäÊŒàÅç¡

AA BaseBase nunu chychy tryptryp carcar

BiocodeBiocode ª×èÍàÍ¹ä«Á�ª×èÍàÍ¹ä«Á�

A amylase
Base NaHCO3

nu nuclease
chy chymotrypsinogen*
tryp trypsinogen*
car procarboxypeptidase*

ÅíÒäÊŒÅíÒäÊŒ ä´ä´ äµÃäµÃ ÍÐÁÔâ¹ÍÐÁÔâ¹

BiocodeBiocode ª×èÍàÍ¹ä«Á�ª×èÍàÍ¹ä«Á�

ÅíÒäÊŒ enterokinase

ä´
disaccharidase

dipeptidase
äµÃ tripeptidase

ÍÐÁÔâ¹ aminopeptidase

lipase ÊÒÁÒÃ¶¾ºä´Œ·Ñé§ÅíÒäÊŒàÅç¡áÅÐµÑºÍ‹Í¹

¡ÒÃËÒÂã¨
à¢ŒÒ¸ÃÃÁ´Ò

¡ÅŒÒÁà¹×éÍ
¡ÐºÑ§ÅÁ
(Ë´µÑÇ)

¡ÅŒÒÁà¹×éÍ¡ÃÐ´Ù¡
«Õè â¤Ã§á¶º¹Í¡

(Ë´µÑÇ)

¡ÅŒÒÁà¹×éÍ¡ÃÐ´Ù¡
«Õè â¤Ã§á¶º¹Í¡

(Ë´µÑÇ)

Elastic recoil
(¡ÅŒÒÁà¹×éÍ¤ÅÒÂµÑÇ)

Elastic recoil
(¡ÅŒÒÁà¹×éÍ¤ÅÒÂµÑÇ)

¡ÒÃËÒÂã¨
à¢ŒÒÊØ´

¡ÅŒÒÁà¹×éÍ
¡ÐºÑ§ÅÁ
(Ë´µÑÇ)

¡ÅŒÒÁà¹×éÍ¤Í
(Ë´µÑÇ)

+=

=

=

=

+ +

+ +

¡ÅŒÒÁà¹×éÍ
ÃÐËÇ‹Ò§

«Õè â¤Ã§á¶ºã¹
(Ë´µÑÇ)

¡ÒÃËÒÂã¨
ÍÍ¡¸ÃÃÁ´Ò

¡ÒÃËÒÂã¨
ÍÍ¡ÊØ´

¡ÅŒÒÁà¹×éÍ
Ë¹ŒÒ·ŒÍ§
(Ë´µÑÇ)

  ¡ÒÃÂ‹ÍÂÍÒËÒÃ

  ¡ÒÃÊÃŒÒ§¾ÅÑ§§Ò¹ã¹ÊÔè§ÁÕªÕÇÔµ • µŒÍ§ÃÙŒ¨Ñ¡ÊÒÃµÑé§µŒ¹ ¼ÅÔµÀÑ³±�·Õèà¡Ô´¢Öé¹ã¹áµ‹ÅÐ¢Ñé¹µÍ¹ ÃÇÁ¶Ö§¡Åä¡ÅÐàÍÕÂ´ à¹Œ¹àÅÂ!!!

1. ¡ÒÃËÒÂã¨ÃÐ´Ñºà«ÅÅ�áººãªŒÍÍ¡«Ôà¨¹

¼ÅÔµÀÑ³±�·Õè ä´Œ¨Ò¡¡ÒÃÊÅÒÂ¡ÅÙâ¤Ê 1 âÁàÅ¡ØÅ

¢Ñé¹µÍ¹¡ÒÃÊÅÒÂ¢Ñé¹µÍ¹¡ÒÃÊÅÒÂ
ÊÒÃÍÒËÒÃÃÐ Ñ́ºà«ÅÅ�ÊÒÃÍÒËÒÃÃÐ´Ñºà«ÅÅ�

áººãªŒÍÍ¡«Ôà¨¹áººãªŒÍÍ¡«Ôà¨¹
pyruvatepyruvate acetyl acetyl 

CoACoA COCO22 NADHNADH FADHFADH22 ATPATP

glycolysis 2 - - 22 - 2
acetyl CoA - 2 2 22 - -
Krebs cycle - - 4 66 22 2

electron 
transport chain
& chemiosmosis

- - - [(22+66)x3] + [(22+22)x2] = 32 ATP

[(22+22+66)x3] + [(22x2)] = 34 ATP

2. ¡ÒÃËÒÂã¨ÃÐ´Ñºà«ÅÅ�áººäÁ‹ ãªŒÍÍ¡«Ôà¨¹

¼ÅÔµÀÑ³±�·Õè ä´Œ¨Ò¡¡ÒÃÊÅÒÂ carbohydrate áºº fermentation (µ‹Í 1 glucose)

lactic acid fermentationlactic acid fermentation alcoholic fermentationalcoholic fermentation
2 lactic acid (C3H6O3),

2 ATP
2 ethanol (C2H5OH),

2 ATP,
2 CO2

  ÃÐººËÁØ¹àÇÕÂ¹àÅ×Í´ 
¹íéÒàËÅ×Í§ áÅÐÀÙÁÔ¤ØŒÁ¡Ñ¹

4 ËŒÍ§ 4 ÅÔé¹ 8 àÊŒ¹4 ËŒÍ§ 4 ÅÔé¹ 8 àÊŒ¹

Step 3 : 8 àÊŒ¹àÅ×Í´

superior vena cava 
(1 àÊŒ¹) : ¹íÒàÅ×Í´·ÕèÁÕ»ÃÔÁÒ³ 
O2 µíèÒ¨Ò¡Ê‹Ç¹º¹¢Í§Ã‹Ò§¡ÒÂ

à¢ŒÒÊÙ‹ËÑÇã¨

aorta (1 àÊŒ¹)
 : ¹íÒàÅ×Í´·ÕèÁÕ»ÃÔÁÒ³ O2 ÊÙ§
¨Ò¡ left ventricle ÊÙº©Õ´

ä»àÅÕéÂ§Ê‹Ç¹µ‹Ò§æ ¢Í§Ã‹Ò§¡ÒÂ

pulmonary vein (4 àÊŒ¹)
 : ¹íÒàÅ×Í´·ÕèÁÕ»ÃÔÁÒ³ O2 ÊÙ§
·Õè¼‹Ò¹¡ÒÃáÅ¡à»ÅÕèÂ¹á¡�Ê
·Õè»Í´áÅŒÇ¡ÅÑºà¢ŒÒÊÙ‹ËÑÇã¨

inferior vena cava
(1 àÊŒ¹) : ¹íÒàÅ×Í´·ÕèÁÕ»ÃÔÁÒ³
O2 µíèÒ¨Ò¡Ê‹Ç¹Å‹Ò§¢Í§Ã‹Ò§¡ÒÂ

à¢ŒÒÊÙ‹ËÑÇã¨

pulmonary artery
(1 àÊŒ¹) : ¹íÒàÅ×Í´·ÕèÁÕ»ÃÔÁÒ³ 
O2 µíèÒ¨Ò¡ right ventricle

ä»áÅ¡à»ÅÕèÂ¹á¡�Ê·Õè»Í´

Step 2 : 4 ÅÔé¹ËÑÇã¨

aortic 
semilunar valve

bicuspid ËÃ×Í 
mitral valve

pulmonary 
semilunar valve

tricuspid valve

Step 1 : 4 ËŒÍ§ËÑÇã¨

right atrium
ËÑÇã¨ËŒÍ§º¹¢ÇÒ

left atrium
ËÑÇã¨ËŒÍ§º¹«ŒÒÂ

left ventricle
ËÑÇã¨ËŒÍ§Å‹Ò§«ŒÒÂright ventricle

ËÑÇã¨ËŒÍ§Å‹Ò§¢ÇÒ

• ËÑÇã¨»ÃÐ¡Íº´ŒÇÂ
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Human II

• ÃÐÂÐµ‹Ò§æ ¤×Í 1. resting stage 2. depolarization 3. repolarization 4. hyperpolarization  action potential

  ¡ÒÃ·íÒ§Ò¹¢Í§ÃÐºº»ÃÐÊÒ·

• action potential ã¹ÃÐÂÐ¾Ñ¡ : Na+ ¾ºÁÒ¡¹Í¡à«ÅÅ� 
 áÅÐ K+ ¾ºÁÒ¡ã¹à«ÅÅ� 
     ·ÃÔ¤¡ÒÃ¨íÒ Na = ¹Ò/ ·Ø‹§¹Ò ÍÂÙ‹¹Í¡àÁ×Í§
             Ê‹Ç¹  K = King ÍÂÙ‹ ã¹àÁ×Í§

• sympathetic nervous system = ÊÙŒ/ Ë¹Õ
 parasympathetic nervous system = ¾Ñ¡¼‹Í¹

1.1.

2.2.

3.3.

4.4.

5.5.

5.5.

1. FSH   2. estrogen
3. LH    4. progesterone

  ÎÍÃ�âÁ¹ã¹ÃÐººÊ×º¾Ñ¹¸Ø�

  ¾ÄµÔ¡ÃÃÁ¢Í§ÊÔè§ÁÕªÕÇÔµ

• innate behavior
   - orientation : ¡ÒÃà¤Å×èÍ¹·Õèà¢ŒÒËÒ/ Ë¹ÕÊÔè§àÃŒÒÍÂ‹Ò§äÁ‹ÁÕ·ÔÈ·Ò§ (kinesis), 
  ¡ÒÃà¤Å×èÍ¹·Õèà¢ŒÒËÒ/ Ë¹ÕÊÔè§àÃŒÒÍÂ‹Ò§ÁÕ·ÔÈ·Ò§ (taxis)
   - reflex : µÍºÊ¹Í§µ‹ÍÊÔè§àÃŒÒÍÂ‹Ò§ÃÇ´àÃçÇ à¾×èÍ»‡Í§¡Ñ¹ÍÑ¹µÃÒÂ á·Ã¡á«§
  ¡ÒÃ·íÒ§Ò¹ÃÐºº»ÃÐÊÒ·
   - chain of reflexes : ÊÑÞªÒµÞÒ³ à»ÅÕèÂ¹á»Å§á¡Œä¢ãËŒ´Õ¢Öé¹µÒÁ»ÃÐÊº¡ÒÃ³� 
• learned behavior
   - imprinting : ÊÔè§àÃŒÒ¡ÃÐµØŒ¹ã¹ÃÐÂÐÇÔ¡Äµ àÁ×èÍ¾Œ¹ÃÐÂÐ¹Õé¨ÐäÁ‹áÊ´§¾ÄµÔ¡ÃÃÁ 
   - habituation : Å´¡ÒÃµÍºÊ¹Í§µ‹ÍÊÔè§àÃŒÒà´ÔÁ·Õèà¡Ô´ÍÂÙ‹º‹ÍÂæ â´ÂÊÔè§àÃŒÒäÁ‹à¡Ô´
  »ÃÐâÂª¹�ËÃ ×Íâ·Éµ‹ÍµÑÇàÍ§
   - ¡ÒÃàª×èÍÁâÂ§ (associative learning) 
     ○ ¡ÒÃÁÕà§×èÍ¹ä¢ (classical conditioning) : à¡Ô´¤ÇÒÁàª×èÍÁâÂ§ÊÔè§àÃŒÒ 2 ª¹Ô´
    ·ÕèÁÒ¾ÃŒÍÁ¡Ñ¹ ¤×Í ÊÔè§àÃŒÒäÁ‹á·Œ (ÁÕà§×èÍ¹ä¢) áÅÐÊÔè§àÃŒÒá·Œ (äÁ‹ÁÕà§×èÍ¹ä¢) 
        ̈ ¹à¢ŒÒã¨¼Ô´Ç‹ÒÊÔè§àÃŒÒäÁ‹á·Œà»š¹ÊÔè§àÃŒÒá·Œ
     ○ ¡ÒÃÅÍ§¼Ô´ÅÍ§¶Ù¡ (trial and error ËÃ×Í operant conditioning)
        : àÅ×Í¡áÊ´§áµ‹¾ÄµÔ¡ÃÃÁ·Õè¨Ðà¡Ô´¼Å´ÕËÃ ×Íä´ŒÃÑº»ÃÐâÂª¹� áÅÐ¾ÂÒÂÒÁ
        ËÅÕ¡àÅÕèÂ§ÊÔè§·Õè ãËŒâ·É
   - reasoning : ¾ÄµÔ¡ÃÃÁ¢Ñé¹ÊÙ§ÊØ´¢Í§¡ÒÃàÃÕÂ¹ÃÙŒ ãªŒÊµÔ»˜ÞÞÒã¹¡ÒÃá¡Œ»˜ÞËÒ
• social behavior : Ê×èÍÊÒÃ¡ÑºÊÔè§ÁÕªÕÇÔµµÑÇÍ×è¹ (·‹Ò·Ò§/ àÊÕÂ§/ ÊÑÁ¼ÑÊ/ ÊÒÃà¤ÁÕ) 
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Plant

  â¤Ã§ÊÃŒÒ§ ÃÒ¡ ÅíÒµŒ¹ ¢Í§¾×ª´Í¡

  ¡Åä¡¡ÒÃÊÑ§à¤ÃÒÐË�´ŒÇÂáÊ§

  »ÃÐàÀ·¢Í§¼Å

  »˜¨¨ÑÂã¹¡ÒÃà»�´»Ò¡ãº

»˜¨¨ÑÂËÅÑ¡ ¤ÇÒÁà¢ŒÁ¢Œ¹¢Í§áÊ§ÁÒ¡  

»˜¨¨ÑÂÃÍ§ (¹íéÒÃÐàËÂä´Œ´Õ)

ÅÁ¾Ñ´

¤ÇÒÁª×é¹µíèÒ

¤ÇÒÁ¡´ÍÒ¡ÒÈµíèÒ

¾×ªäÁ‹ÍÂÙ‹ ã¹ÊÀÒÇÐà¤ÃÕÂ´

»ÃÔÁÒ³¹íéÒã¹´Ô¹ÊÙ§  

ÍØ³ËÀÙÁÔÊÙ§
(25-35ðC)  

35ðC 
25ðC 

¤ÒÃ�ºÍ¹ä´ÍÍ¡ä«´Šã¹ãºµíèÒ  CO2 CO2

LL

ÃÒ¡ ÅíÒµŒ¹

ãº
àÅÕéÂ

§¤
Ù‹

ãº
àÅÕéÂ

§à´
ÕèÂÇ

ÁÑ´·‹ÍÅíÒàÅÕÂ§

xylem : polyarch

xylem : triarch,
          tetrarch, 
          pentarch

- ·‹ÍÅíÒàÅÕÂ§àÃÕÂ§   
   ¡ÃÐ¨Ñ´¡ÃÐ¨ÒÂ

- ·‹ÍÅíÒàÅÕÂ§àÃÕÂ§   
   à»š¹ÃÐàºÕÂº

phloem

xylem

phloem

xylem

solar
energy

thylakoid
membrane

H2O

O2 CH2O

Calvin
cycle

reactions

P

NADPH
lightlight

reactionsreactions

ADP +ADP +
NADPNADP++

ATP

stroma

CO2

¼Å¡ÃÐ¨Ø¡ÍÂÙ‹º¹
á¡¹¡ÅÒ§ËÃ×Íàª×èÍÁ
µÔ´¡Ñ¹¤ÅŒÒÂ¼Åà´ÕèÂÇ
○ ¨íÒ»Ò
○ ¨íÒ»‚
○ ÊµÃÍÇ�àºÍÃ�Ã Õ
○ âÃÊÎÔ»
○ ¹ŒÍÂË¹‹Ò

¼Åà´ÕèÂÇæ º¹¡ŒÒ¹´Í¡
ËÃ×Í¡ŒÒ¹ª‹Í´Í¡
○ áÍ»à»�Å
○ ÅíÒäÂ

○ Í§Ø‹¹
○ ÊŒÁ
○ ÁÐÁ‹Ç§
○ ÁÑ§¤Ø´

¼ÅÂ‹ÍÂÍÑ´á¹‹¹ÃÇÁ¡Ñ¹
à»š¹à¹×éÍà´ÕÂÇ ¤ÅŒÒÂ
¼Åà´ÕèÂÇ
○ ¢¹Ø¹
○ ËÁ‹Í¹
○ ÊÑº»ÐÃ´
○ ÁÐà´×èÍ
○ ÂÍ

´Í¡à´ÕèÂÇ´Í¡à´ÕèÂÇ ´Í¡ª‹Í´Í¡ª‹Í

>1 ÃÑ§ä¢‹

¼Å¡ÅØ‹Á

1 ÃÑ§ä¢‹

¼Åà´ÕèÂÇ
¼Åà´ÕÂÇ

¼Åà´ÕèÂÇ
à»š¹¾Ç§

¡ŒÒ¹ÂÒÇ ¡ŒÒ¹ÊÑé¹

¼ÅÃÇÁ

  à»ÃÕÂºà·ÕÂº¾×ª C3, C4, CAM

¡ÅÒ§¤×¹»Ò¡ãºà»�´ à¡Ô´ Hatch-Slack 
pathway ä´Œ malic acid 
(àµÃÕÂÁàÍÒäÇŒãªŒ¾ÃØ‹§¹Õé) 

¡ÅÒ§ÇÑ¹à¡Ố  light reaction + Hatch
-Slack pathway (mesophyll ≈ ¡Ñ¹ª¹) 
áÂ¡¡Ñº Calvin cycle (bundle sheath 

≈ ¤Ñ¹àÃ‹§) Œ́ÇÂ Kranz anatomy

¡ÅÒ§ÇÑ¹à¡Ô´ light reaction 
+ Calvin cycle (¤Ñ¹àÃ‹§)

áÅÐ photorespiration (àºÃ¡) ¡ÅÒ§ÇÑ¹»Ò¡ãº»�́  à¡Ố  light reaction 
+ Calvin cycle 

â´ÂãªŒ malic acid ·Õèà¡çºäÇŒ

C
3
 plants

CO2

RuBP

G3P
Mesophyll 

cell

Calvin
cycle

RubisCO

C
4
 plants

CO2

Bundle
sheath

cell

Calvin
cycle

PEP PEPC
Malic acid (C4)

CO2RuBP RubisCO

G3P

CAM plants

COCO22

PEP PEPC
Malic acid (C4)

RuBP RubisCO

G3P

CO2

Mesophyll 
cell

Calvin
cycle

  ¡Åä¡¡ÒÃÊ×º¾Ñ¹¸Ø�¢Í§¾×ª´Í¡

embryo sac

pollen grain

2nd sperm (n)

1st sperm (n)egg (n)

polar nuclei 
(n+n)

endosperm 
(3n)

embryo 
(2n)

à¡Ô´ double fertilization


