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I．Read the following article and answer the questions. (100 Points) 

 

From chihuahuas to great Danes, dogs differ more in size than any other mammal species on the 

planet. A mutation behind such variation has been traced to an unexpected source: ancient ( 1 ). 

The mutation lies near a gene called IGF1, which researchers flagged 15 years ago as having a 

major role in the size variation of domestic dogs. It was the first of around two dozen such genes 

identified. But efforts to pinpoint the gene variant responsible had come up empty. 

“(2) IGF1 has been a thorn in our side,” says Elaine Ostrander, a geneticist at the US National 

Human Genome Research Institute in Bethesda, Maryland, who led the 2007 study that first identified 

IGF1’s role in dog size, as well as the 27 January study in Current Biology that now fulfils the quest. 

Ancient dogs, domesticated from wolves in the past 30,000 years, differed in size to some extent. 

But the current extreme size differences — the largest breeds are up to 40 times bigger than the smallest 

— emerged in the past 200 years, as humans established modern breeds. 

Ostrander and colleagues including geneticist Jocelyn Plassais at INSERM-University of Rennes, 

France, analyzed the genomes of more than 1,400 canids, including ancient dogs, wolves, coyotes and 

230 modern dog breeds. 

When they compared variation in the region around the IGF1 gene with body size in dogs and wild 

canids, one variant stood out. It lies in a stretch of DNA that encodes a molecule called a long non-

coding RNA, which is involved in controlling levels of the IGF1 protein, a potent growth hormone. 

The researchers identified two versions, or alleles, of the variant. Across all breeds, dogs with two 

copies of one allele tended to weigh less than 15 kilograms, whereas two copies of the other version 

were more common in dogs weighing more than 25 kilograms. Dogs with one copy of each allele 

tended to be intermediate in size, says Ostrander. Canines with two copies of the large-bodied allele also 

had higher levels of the IGF1 protein in their blood, compared with those with two copies of the ‘small’ 

allele. 

When the researchers looked at the genomes of other canids, they found a similar relationship. 

“This wasn’t just a dog story. This was a wolf story and a fox story and a coyote story and everything 

story. It was canine-wide,” says Ostrander. 

The researchers think that the allele linked to small bodies is, evolutionarily, much older than the 

large-bodied version. Coyotes, jackals, foxes and most other canids they analyzed had two copies of the 
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‘small’ version, suggesting that this version was present in a common ancestor of these animals. 

It’s not clear when the large-bodied allele evolved. The researchers found that an ancient wolf that 

lived in Siberia around 53,000 years ago carried one copy of this version. Other ancient wolves and 

modern grey wolves tend to have two, suggesting that the large-bodied allele might have been beneficial 

to wolves. 

The prevailing view among scientists used to be that small body size was probably linked to 

relatively new genetic changes, potentially unique to domestic dogs, says Robert Wayne, an 

evolutionary biologist at the University of California, Los Angeles. “(3) This turns the whole story on its 

head. That’s what’s marvelous about the whole thing.” 

The study could be a sign that dogs were domesticated from smaller-bodied wolves, dissimilar to 

present-day grey wolf populations, says Elinor Karlsson, a geneticist at the University of Massachusetts 

Chan Medical School in Worcester. “We don’t know what the wolves that led to dogs even looked 

like,” she says. 

Researchers also caution that the story of dog size is far from complete. Plassais wants to work out 

how the variants influence levels of the IGF1 protein. And the variant isn’t the only determinant of size 

in dogs: the IGF1 gene itself accounts for about 15% of variation between breeds. 

“We’re not talking about a mutation that makes a wolf chihuahua-sized,” says Karlsson. “We’re 

talking about one of many mutations that tends to make you a bit smaller.” 

 

Reference: Nature 2022 602: 18. 

 

 

  



 受験番号           
 

Question 1. List an animal name in ( 1 ). 

 

 

 

 

 

 

Question 2. Give reasons for the underlined part (2). 

 

 

 

 

 

 

 

 

 

 

 

 

Question 3. What is one of the things that may define the size of a dog? Explain it in your words. 
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Question 4. Give reasons for the underlined part (3). 
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II．The following sentences are a part of the preface Tomorrow’s doctor which was a guideline of 

medical education for medical schools in the United Kingdom. Read the following text and answer 

the questions. (100 Points) 

 

Doctors must be capable of regularly taking responsibility for difficult decisions in situations of clinical 

complexity and uncertainty.  

 

(1) Medical schools equip medical students with the scientific background and technical skills they need 

for practice. But, just as importantly, they must enable new graduates to both understand and commit to 

high personal and professional values. Medicine involves personal interaction with people, as well as the 

application of science and technical skills. 

 

In Good medical practice the GMC states: 

(2) ‘Good doctors make the care of their patients their first concern: they are competent, keep their 

knowledge and skills up to date, establish and maintain good relationships with patients and colleagues, 

are honest and trustworthy, and act with integrity and within the law. ’Putting patients first involves 

working with them as partners in their own care and making their safety paramount. It involves dedication 

to continuing improvement, both in the doctor’s individual practice and in the organisation and 

environment in which they work. It is not enough for a clinician to act as a practitioner in their own 

discipline. They must act as partners to their colleagues, accepting shared accountability for the service 

provided to patients. They are also expected to offer leadership, and to work with others to change systems 

when it is necessary for the benefit of patients. 

 

(3) In Tomorrow’s Doctors, we cover these themes under three headings, relating to the doctor as a 

scientist and a scholar, as a practitioner, and as a professional. These categories cover the development of 

the knowledge, skills and behaviour students must demonstrate by the time they graduate. However, the 

categories and the specific outcomes should not be considered in isolation from each other. Doctors need 

to link them routinely in clinical practice. 

 

Graduation is an early threshold in doctors’ careers. New graduates cannot be expected to have the clinical 
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experience, specialist expertise or leadership skills of a consultant or GP. But they must be able to 

demonstrate all the outcomes in Tomorrow’s Doctors in order to be properly prepared for clinical practice 

and the Foundation Programme. The Foundation Programme builds on undergraduate education, allowing 

new doctors to demonstrate performance in the workplace. 

It includes a range of clinical experience which often involves caring for acutely ill patients. 

 

The outcomes set out what the GMC expects medical schools to deliver and what the employers of new 

graduates can expect to receive although medical schools are free to require their graduates to demonstrate 

additional competences. These outcomes mark the end of the first stage of a continuum of medical 

learning that runs from the first day at medical school and continues until the doctor’s retirement from 

clinical practice. 

 

（snip） 

 

(4) Today’s undergraduates – tomorrow’s doctors – will see huge changes in medical practice. There will 

be continuing developments in biomedical sciences and clinical practice, new health priorities, rising 

expectations among patients and the public, and changing societal attitudes. Basic knowledge and skills, 

while fundamentally important, will not be enough on their own. Medical students must be inspired to 

learn about medicine in all its aspects so as to serve patients and become the doctors of the future. With 

that perspective and commitment, allied to the specific knowledge, skills and behaviours set out in 

Tomorrow’s Doctors and Good medical practice, they will be well placed to provide and to improve the 

health and care of patients, as scholars and scientists, practitioners and professionals. 

 

Quoted from: General Medical Council (GMC), Tomorrow’s doctor (2009) 
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Question 1. In paragraph (1), the author explains his idea about important roles which medical schools 

have. Please explain this author’s idea within 50 words.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Question 2. In paragraph (2), the author explains his idea about ‘good doctor’. Please explain the author’s 

idea within 50 words.  
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Question 3. Please summarize the author’s idea in paragraph (3) within 50 words. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Question 4. Please summarize the author’s idea in paragraph (4) within 50 words.  
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Select and answer any 3 questions from the following 5 ones, and enter the selected question 

numbers in the box below.  
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Question 1.  Select any four cellular organelles from the following terms A – J, and briefly explain 

each of them. (100 points) 

 

A. plasma membrane    B. cytoplasm     C. nucleus   D. endoplasmic reticulum   E. ribosomes 

F. Golgi apparatus    G. lysosome    H. mitochondria    I. cytoskeleton   J. cilia 

 

1) _____________________________ 

 

 

 

 

 

 

 

 

 

 

 

2) _____________________________                             
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3) _____________________________                             

 

 

 

 

 

 

 

 

 

 

 

 

4) _____________________________                             
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Question 2.  Briefly define any three of the following terms A-E. (100 points) 

 

A. Meiosis 

B. DNA methylation 

C. genome imprinting 

D. de novo mutation 

E. DNA microarray analysis 

 

1) _____________________________ 

 

 

 

 

 

 

 

 

 

 

2) _____________________________ 

 

 

 

 

 

 

 

 

 

 



 受験番号           
 

3) _____________________________ 
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Question 3.  Read a conversation between Students A and B, and answer the following questions 

(1) and (2). (100 points) 

 

Student A: I investigated national statistical survey data to write a report entitled ‘Health status of high 

school students in Japan’, and found the data about asthma. (a) Its prevalence around 1980 was 

about 0.2% among both men and women, but increased to around 2% in 2010s. The prevalence 

was higher in men than in women. I wonder why the prevalence increased. 

Student B: Somebody said that a research group investigated causative chemicals of allergic diseases in 

the diet. They recruited 100 patients suffering from allergic diseases such as asthma and atopic 

dermatitis, and collected their every meal including drinks throughout 3 days. They analyzed 

chemicals, and surprisingly, found that (b) about 70% of meal contained ‘Compound A’. The 

author of the web page wrote that it was the one evidence that ‘Compound A’ was the causative 

chemical of allergic diseases. I wonder if such a conclusion was right. 

Student A: It was a laborious survey! I suppose that important results should come out. 
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(1) Regarding the descriptions underlined (a), the survey to clarify health status of high school students 

in Japan is conducted among a portion of nationwide students every year in principle, which is based 

on the Statistics Act. Explain what to do to make sure that the survey results reflect the health status 

of whole students in Japan, and that the results are comparable between different years. 
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(2) Regarding the descriptions underlined (b), explain your opinions about the author’s view. 
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Question 4. Answer the following questions (1) – (4). (100 points) 

 

When 𝑓ሺ𝑡ሻ and 𝑔ሺ𝑡ሻ are both periodic functions with period T, the function 𝑅ሺ𝜏ሻ for analyzing their 

mutual correlation is defined as follows where τ is a variable that represents the time axis shift of the two 

functions. 

𝑅ሺ𝜏ሻ ൌ lim
்→ஶ

1
𝑇

න 𝑓ሺ𝑡ሻ
்

଴
𝑔ሺ𝑡 ൅ 𝜏ሻ 𝑑𝑡 

 

 

(1) Explain in detail the properties of the cross-correlation function. 

 

 

 

 

 

 

 

(2) Evaluate 𝑅ሺ𝜏ሻ when 𝑓ሺ𝑡ሻ ൌ sin 𝑡 and  𝑔ሺ𝑡ሻ ൌ cos 𝑡. 
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(3) The function that replaces the analog signal 𝑔ሺ𝑡ሻ of the cross-correlation function 𝑅ሺ𝜏ሻ by 𝑓ሺ𝑡ሻ is 

called the autocorrelation function. Explain what can be understood by using the autocorrelation 

function, considering a concrete example. 
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(4) The following table shows the average monthly temperatures in two cities. In this case, define the 

cross-correlation function for the observed values  𝑓ሺ 𝑖 ሻ and 𝑔ሺ 𝑖 ሻ  ( 𝑖 = 1, 2, ..., 6) as follows where 

𝑗 ( 𝑗 = 0, 1, ..., 5) is an integer variable and 𝑓 and 𝑔 are the average values of  𝑓 ௜  and 𝑔 ௜ , respectively. 

𝑅ሺ 𝑗 ሻ ൌ
1
6

෍ ൫ 𝑓 ௜ െ  𝑓 ൯ ൫ 𝑔௜ା௝ െ  𝑔 ൯

଺

௜ ୀ ଵ

 

Plot the cross-correlation function. The horizontal axis is the variable 𝑗 and the vertical axis is 𝑅ሺ 𝑗 ሻ. 

For missing data due to the amount of deviation 𝑗, make up the missing data by circulating the data. 

Also, explain what you found from the results. 

𝑖  １ ２ ３ ４ ５ ６ 
Month  １ ３ ５ ７ ９ 11 

City F ( 𝑓 ௜  )  ４ 10 20 25 20 ５ 
City G ( 𝑔 ௜)  20 18 15 10 17 22 

Temperature〔℃〕 
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Question 5.  Answer the following questions (1) – (4). (100 points) 

 

Let the probability density function 𝑓ሺ𝑥ሻ for a discrete random value 𝑋 be given by 

𝑓ሺ𝑥ሻ ൌ 𝑒ିఒ 𝜆௫

𝑥!
      ሺ𝑥 ൌ 0, 1, 2, … ሻ, 

where 𝜆 is a real number with λ ൐ 0.  

 

 

(1) Prove that ∑ 𝑓ሺ𝑥ሻஶ
௫ୀ଴ ൌ 1. 
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(2) Find the mean 𝐸ሺ𝑋ሻ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(3) Find the variance 𝑉ሺ𝑋ሻ.  
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(4) Prove that 𝑙𝑖𝑚
௡→ஶ

ቀ
𝑛
𝑥ቁ ൬ ఒ

ｎ
൰

௫
൬1 െ

ఒ

ｎ
൰

௡ି௫
ൌ 𝑓ሺ𝑥ሻ. 
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